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COVPCSI TI ONS AND METHODS FOR DETERM NI NG s ANTI - VI RAL DRUG
SUSCEPTI BI LI TY AND RESI STANCE AND ANTI - VI RAL DRUG
SCREENI NG This application clains priority of U S rial No. 10
08/903,50??09?m§%7July 30, 1997, the content of which is §%T“ER¥H?§Brated
by reference into this application. Background of the Invention 15
Viral Drug Resistance .. The use of anti-viral conpounds for
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efficiency between cellular and virus-specific functions. In
addi tion, because of the nature of virus replication, 30 eval uati on of
the in vitro sensitivity of virus isolates to anti-viral conpounds

must be cabghggrguhdigfatﬁ%nﬁhggntion culture system consisting of living
cells ge.g. I'ssue culture). e results fromsuch assay systens vary
wi del ¢ according to the type of tissue culture cells which are 35
enpl oyed andilzza oondi Reeigtahncassay. Viral drug resistance is a
substant i al 9oLl TENLDE virar MORREERSEs Ol UndRBhIGALP" A¥
chemoprophylaxis of viral diseases is a relatively new
development in the field of infectious diseases,

20 particularly when compared with the more than 50 years of
experience with antibacterial antibiotics. The design of
anti-viral compounds is not straightforward because viruses
present a number of unique problems. Viruses must replicate
intracellularly and often employ host <c¢ell enzymes,

25 macromolecules, and organelles for the synthesis of virus
particles. Therefore, safe and effective anti-viral
compounds must be able to discriminate with a high degree of
efficiency between cellular and virus-specific functions.

In addition, because of the nature of virus replication,

30 evaluation of the in vitro sensitivity of virus isolates to
anti-viral compounds must be .carried out in a complex
culture system consisting of living cells (e.g. tissue
culture). The results from such assay systems vary widely
according to the type of tissue culture cells which are

35 employed and the conditions of assay.

Viral drug resistance is a substantial problem given the
high rate of viral replication and mutation frequencies.
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mutants were first recognized for poxviruses wi th thiosem carbazone
(Appl eyard and-Way (1966) Brit. J. Exptl. Pathol. 47, 144-51), for
pol i ovi r uswi §dhegsani di ne (Mel nick et al. (1961) Sciengadsdéussa®’) .
for influenza A5 virus with amantadi ne (Oxford et al. (1970) Nature
226, 82- 83; Cochran et al. (1965)-Ann. NY Acad Sci 130, 423-429)
and for herpes sinplex virus with iododeoxyuridine (Jawetz et

al.  (1970) ArPrud\tedst agt | muyst 2 8@r20 firstAppcognized| for poxvitdgeld V
drug resistancg; gyt ?Biagémi&i‘@dcﬁ‘fés @%?le%'i'al a%@ Wayag?@%%)h%ﬁ coeen

identified to date_ (Mellors et al Antivira
suppl ement andEXBEdr aPathel - 47 144-51), (ﬁ%ﬂ)"l%}’“\ﬁ% wiglh 3312‘?’6%21?6)

Approxi mately e mi@ et al CYi%gaéﬁléﬂdts J(jviclwé)sﬂrusigres.ln?u&aﬁea é?
mut ati ons_t o various FVIT nts hav nti t ate
(Biron 1956) 1%rrus Kﬁttlr\/lafnﬁP @éﬁ%@ th 1?2%1 katire izesclj'he%sznall
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replicative cycles o m)st | por t ant human viral pathogens.
consequence, ??ﬁe $1828) aftgn- PNy Aﬁé@h-ﬁﬁ%sﬁ%:*ha%%zb%%w chaﬁ%ﬁ:’f‘@ﬁ%lfyor
both the actividy oftv drug apdsiesindanpacioicms i cvi rx@lr:.@hug&r[ﬁlr-eflral

reci sely_ than_ha hose, f ar her, ¢l a
?199|4) ignds geylgsl\/f‘%‘r’%bﬁ%?g 12C§ %%r%(#tt da?l’ﬁeﬁ§1 g{?ld% od af]g Fesl stant
25 mut ant s Bhkhlemdngdvisad NQM@tlﬁﬁmeemnﬁ el qangiraf, ach-&t-s: et al. 1)

the viral nutaihggefreAueiay;. 2')oth82*76‘1é2'7‘§)'c Mt Abbkih¥cely 200 midih
viral target site wth respect to a specific anti- viral; 3 t he

sel ecti ve pres§MF‘ém%$a]thYelr§ﬁt (HGHY b dhpq  gresistance mutations to various

anti-viral agents have been identified to date (Biron (1996)
15 Antiviral Chemotherapy, 4, 135-143).

The small and efficient genomes of viruses have lent

. themselves to the intensive investigation of the molecular
genetics, structure and replicative cycles of most important

20 human viral pathogens. As a consequence, the sites and
mechanisms have been characterized for both the activity of

and resistance to anti-viral drugs more precisely than have
those for any other class of drugs. (Richman (1994) Trends
Microbiol. 2, 401-407). The 1likelihood that resistant

25 mutants will emerge is a function of at least four factors:
1) the viral mutation frequency; 2) the intrinsic mutability

of the viral target site with respect to a specific anti-
viral; 3) -the selective pressure of the anti-viral drug;

and, 4) the magnitude and rate of virus replication. With

30 regard to the first factor, for single stranded RNA viruses,
_ whose genome replication lacks a proofreading mechanism, the
mutation frequencies are approximately 3x10°° per base-pair

per replicative cycle (Holland et al. (1992) Curr. Topics
Microbiol Immunol. 176, 1-20; Mansky et al. (1995) J Virol.

35 69, 5087-94; Coffin (1995) Science 267, 483-489). Thus. a
single 10 kilobase genome, like that of human
immunodeficiency virus (HIV) or hepatitis C virus (HCV),

would be expected to contain on average one mutation for



and, 4) the magnitude and rate of virus replication. Wth 30 regard to
the first factor, for single stranded RNA viruses, whose genone
replication |acks a proofreadi ng nechanism the mut ati on frequencies
are approxi mately 3xl O[err] per base-pair per replicative cycle

(Hol | and etW8P904¢52992) Curr. Topics M crobi ol | nunol PCTAG98/1598D;
Mansky et al. (1995) J Virol. 35 69, 5087-94; Coffin (1995) Science 267,
483-489) . Thus, a single 10 ki3obase genone, i ke t hat

of human i nodeficiency virus (H'V) or hepatitis C virus (HCV),
woul d be expeﬁvﬁfﬁ%ﬁﬁtﬁww FiEragEeBPReFUt &S G/ EBe second faamor,
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(stavudine). does théOmhepcabppsvedevhiabdene creapemae qkrhbgqasti on of
an 10 anti-viral drug is that it confers sufficient selective

pressure on virus replication to select for drug-resistant mut ant s
(Herrmann et d&ne ( 1pg7hapainingvitabdlscicongsquesge of th®  adiidnrespent to

the thirgh factfisi Wirdhl NGFERSHBY WM it coRtROSUTrAiRE e80! 8RR 1 ve
pressure on the replicati Q% virus 15 popul ati on increases to pronote the
nmore rapid ené?ﬁ%?%g%fon rusyreglicatiPAntoniLARES. LOFoirusRfi it amtgher

doses of AZT mutant®nd(Hermsminectetf @l .drag7re¢shshant Xtadssaprass a3y

t han do ower..dase | t.al.. {199 J. S, 3. 743-6).. This
sel ective pres’}s’u‘reW gr“ F§§§%§n %u}{eéarﬁ slridn(]:f%é:g)ggéz Y?‘éﬁ)zbncreﬁlﬁ’@ WY of

such nutants @FROFiFDs HmEakediign fpxegrure on the efepldfcatings virus
replication amgomllsitdicAedncreases to promote the more rapid emergence of
drug resistant mutants. For example, higher doses of AZT
tend to select for drug resistant virus more rapidly than do
lower doses (Richman et al. (1990) J. AIDS. 3. 743-6). This
selective pressure for resistant mutants increases the
20 likelihood of such mutants arising as long as significant
levels of virus replication are sustained.

The fourth factor, the magnitude and rate of replication of

the virus population, has major consequences on the

25 likelihood of emergence of resistant mutants. Many virus
infections are characterized by high 1levels of virus
replication with high rates of virus turnover. (Perelson et

al. (1996} . Science, 271, 1582-1586; Nowak et al. (1996),

PNAS 93, 4398-4402). This is especially true of chronic

30 infections with HIV as well as hepatitis B and C viruses.
.The likelihood cf emergence of AZT resistance increases in
HIV-infected patients with diminishing CD4 lymphocyte counts
which are associated with increasing levels of HIV

replication (Ibid).

Higher 1levels of virus increase the probability of
preexisting mutants. It has been shown that the emergence
of & resistant population results from the survival and



The fourth factor, the magnitude and rate of replication of the virus
popul ati on, has nmj or consequences on the 25 | i kel i hood of energence of

resi stant mutants. Many virus i nfections are characterized by high

| evel s of virus replication with high rates of virus turnover.

(Perel son al. (1996) Science, 271, 1582-1586;
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®* is also well documented (Ahmad et al. {1987) Antiviral
Res. 8, 27-39).

-HEPATITIS C VIRUS (HCV)

20 Hepatitis C wvirus (ﬁCV) infection occurs throughout the
world and, prior to its identification, represented the
major cause of transfusion-associated hepatitis. The
seroprevalence of anti-HCV in blood donors from around the
world has been shown to vary between 0.02% and 1.23%. HCV is

25 also a ccmmon cause of hepatitis in individuals exposed to
blood products. There have been an estimated 150,000 new
cases of HCV infection each year in the United States alone
during the past decade (Alter 1993, Infect. Agents Dis. 2,
155-166; Houghton 1996, in Fields Virology, 3rd Edition, pp.

30 1035-1058}.

The hepatitis C virus (HCV) is a membexr of the flaviviridae

family of viruses, which are positive stranded,
non-segmented, RNA viruses with a lipid envelope. Other
35 members cf the family are the pestiviruses (e.g. bovine

viral diarrheal virus, or BVDV, and classical swine fever
virus, or CSFV), and flaviviruses (e.g. yellow fever virus

and Dengue wvirus). See Rice, 1996 in Fields Virology, 3rd



Res. 8, 27-39). HEPATITIS C VIRUS (HCV) 20 Hepatitis C virus

(HCV) infection occurs throughout the world and, prior to its
identification, represented the maj or cause of

transfusio ted hepatitis. The seropreval en
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encoded proteins, advance e Virus
and seqd@h0|rmFQNAtq%9nﬁﬁwﬂf ome, has been 5 hanmpered by the | ack of
an efficient cell culture systemfor . production of native or

reconbi nant H nol ecul ar | ow-1 evel repllcatlon
has been obser dxegﬁlcates in 1nfecteé) éils in tge cytoplasm,

association with the endoplasmic reticulum (see Figure 1).
Incoming positive sense RNA is released and translation is

15 initiated via an internal initiation mechanism (Wang et al.
1993, J. Virol. 67. 3338-3344; Tsukiyama-Kohara et al. 1992,

J. Virol. 66, 1476-1483). Internal initiation is directed by

a cis-acting RNA element at the 5’ end of the genome; some
‘reports have suggested that full activity of this internal

20 ribosome entry site, or IRES, is seen with the first 700
nucleotides, which spans the 5’ untranslated region (UTR)

and the first 123 amino acids of the open reading frame

(ORF} (Lu and Wimmer, PNAS 93, 1412, 1996). All of the
protein products of HCV are produced by proteolytic cleavage

25 of a large (3010-3030 amino acids, depending on the isolate}
polyprotein, carried out by one of three proteases: the host
signal peptidase, the viral self-cleaving metalloproteinase,

NS2, or the viral serine protease NS3/4A (see Figure 2). The
combined action of these enzymes produces the structural

30 proteins (C, E1 and E2) and non-structural (NS2, NS3, NS4A,
_NS4B, NSSA, and NS5B) proteins which are required for
replication and packaging of viral genomic RNA. NSSB is the

viral RNA-dependent RNA polymerase (RDRP) that is
responsible for the conversion of the input genomic RNA into

35 a negative stranded copy (complimentary RNA, or cRNA); the
cRNA then serves as a template for transcription by NSSB of

more positive sense genomic/messenger RNA.



several cell lines infected with virus from HCV-i nfected humans or
chi npanzees, or transfected with RNA derived from 10 cDNA cl ones of HCV.
HCV replicates in infected cells in the cytoplasm in close

association wth the endoplasmc reticulum (see Figure 1). | ncom ng
posi tive: seno/bdA i s rel eased and translation is 15 I niplciralsaglidskm an
internal initiation nmechani.sm (Wang et al. 1993, J. Virol. 67.
3338-3344; Tsuki yama- Kohara et al. 1992, -6- J. Virol. 66, 1476-1483).
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struct ural SOStrBF&ngn Eﬁggnﬁeﬁiﬁeéﬁﬁpﬁﬁﬁﬁﬁﬂ:R%?(@%aqHFNSZEtNgé * NS4A, -
NS4B, NSSA, aﬂQSNSSBglpr%LeBﬁg-ﬁh?chKameeteqhtrx&BéxnCell 87,r 8pBr885) opn and
packagi ng of %hhmsdﬁﬂggg é%N@'pN%@%asé H%ﬁlblgfrsviﬁakﬂelQ@eggﬂgﬂgeg RNA

pol yner ase %ﬁ t hat responS| e conversion of the
i nput genoni c Nﬁ%rﬂ%ﬁ@ﬁ?tl°Q1ruﬁﬁﬁFQMa% Puktedsedpy PeonpiltRERRALVERNA,
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15 internal initiation directed by the IRES, RDRP activity
encoded by NS5B, or RNA helicase activity encoded by NS3.

As a result of a high error rate of their RDRPs, RNA'viruses

are particularly able to adapt to many new: growth

20 conditions. Most polymerases in this c¢lass have an
estimated error rate of 1 in 10,000 nucleotides copied. With

a genome size of approximately 9.5 kb, at least one
nucleotide position in the genome of HCV is likely to
sustain a mutation every time the genome is copied. It is

25 therefore 1likely for drug resistance to develop during
chronic exposure to an anti-viral agent. As in the case of

HIV, a rapid and convenient assay for drug resistant HCV
would greatly improve the likelihood of successful antiviral
therapy, given a selection of drugs and non-overlapping

30 patterns of drug resistant genotypes. Resistance-associated
_ mutations can sometimes be identified rapidly by growing the
virus in cell culture in the presence of the drug, an
approach used with considerable success for HIV-1. To date,
however, a convenient cell culture system £for HCV is

35 lacking. It is therefore not possible to determine the
precise nature of genetic changes which confer drug
resistance in vitro. Thus, in the absence of a 1list of
known resistance-associated wmutations, the preferred



identify and devel op anti-HCV drugs. Currently the only effective

t herapy agai nst HCV is al pha-interferon, which can control the anopunt
of virus in the liver and blood (viral 5 load) in only a small
proportion of infected patients (Houghton 199G in Fields Virol ogy,
3rd Editi o067 1035- 1058) . However, given the avai | BBR/PSIB{A527 t he
nol ecul ar structure of the HCV serine protease, NS3/4A (Love et al.,
1996, Cell 87, 331-342; Kimet al. 1996, Terl 87, 343-355), 10 and

success using { e inhiLbitors in the tr nent of H V-1

i nfection, th]géré;lg :sﬁ%hcﬁﬁ &ssg o%‘)s B2 HReer %%fn 2 PhepgrYRAF e¥egdout
addi tion to HxAapher cthan inlgaidatypic oneer i nhi bitors which m ght
specifically interfere with HCV replication could target virus

specific activities such_as, 15 _internal initiation directed by the |IRES
RDRP activity Presentiy AeiiaPisdivud, Reis tRececdsean@tivity encoded by
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25t her ef or 2% | PkISPFELTIAFFer ediSs t3FRYAYY v IDh RKIWHFY.  Theseonic
exposurelt o anspstéemsyi wake agenisedsihnokfercasesehdy varidly, agpéapd doand

conveni ent assgg?,f Of 0 I{eghgt gﬂs H%\éfatcf%:or m%%}sre%lalél Ztec:’ rercp?%%\ég E)Qg

| i kel i hood of 'successtul antivir erapy,

drugs and non-BY¥eEPtYReRgE®0 celjathameds dafugdisggerpingt aggayfenot ypes.

Resi st ance- associ at ed mut ati ons can sonetinmes be identified rapidly
by grow ng the ell_culture in the presence of the drug, an

, Virus i
approach used WIREGHS (férﬁgl gAEEQ:ce%JsO‘FB‘FmHI 35 T1Py d4P8) construgheder,
a convenignt cahl ocutfgngssionst evedtsr HCYol s Smthdsdeki ngan khdbpglabeief ore

not possible tp.detef i Nehleeq st~19§§9ﬁ.%§1 NALLY ?hgro%%@ﬁt ‘(Eaﬁaﬁgﬁ‘é{a&h‘ ch
confer drug resjstance In vitro.. Us, 1'h the absence of a Tist of
known resi st aRERVEIERGIANed traRatadHy/atorhdropr gieHBY -1 retrovirus).

Upon cleavage by NS3 (or NS2), the taxl transactivator is
released and migrates to the nucleus, where it acts to

20 activate the expression of a reporter gene (CAT) controlled
by the HTLV-1 LTR.

Hahm et al (Virclogy 226:318, 1996} constructed a chimeric
poliovirus containing HCV NS3 upétream of the poliovirus
25 polyprotein; replication of the chimera is dependent on NS3
protease activity, since liberation of the native N-terminus
of the poliovirus polyprotein is essential for initiation of

poliovirus replication. However, this chimera does not
include the NS4A protein of HCV, which has been shown to
30 modify the activity of NS3.

Filocamo et al (J. Virol. 71:1417, 1997) constructed a
chimeric Sindbis virus containing HCV NS3/4A upstream of the
Sindbis virus polyprotein; replication of the chimera is
35 dependent on NS3 protease activity, since liberation of the
native N-terminus of the Sindbis virus polyprotein is
essential for initiation of Sindbis virus replication.



WO 99/ 06597 PCT/ US98/ 15967

resi stance assay is one that relies on a phenotypic readout r at her
than a genotypi c one. Presently Avail abl e Drug Resi stance Assays 5
There are no well established drug resistance assays for HCV

currently eoagologdize. However, several investigators have pcrushenssed

chinmeric virus. systens contai ning the HCV NS3 pr ot ease such. t hat
replication of the chimera, or expressioR8- of a reporter gene, is
dependent on NS3 activity.’ These 10 systens were devised in order to
study vari ousifspddEe Expressiomisvgtgus jon and its cofactor, NS4A, and to
serve as prototypes for cell-based drug screeni ng assays.

H rowatari et al.%énal. Bi ochem 225:11%, 1995) %ggstr cted 15 an
expressi on vEEEIFTAEe SFRENYEFLRTS aRel¥nABpRaShit culture system for

reticul umt et lteraes tNS2iNE3- raglitatsiom, pimd edxprdsadion ®ft tke indicator

transcrigtion ans LY a f P t i . Upon
cleavage%by N%%m%%r h@g§%f¥h% %x?gg%%%gggT%§%%%¢§i§8¥ Eggk?%?%%?@ﬁ §§d
mgrates to tAOYAFH SE Rifer sypthesized oinovitracfromt eDNhe coppreystsn of -

a reporter gengtoCAlh7COMIN! la@d have dBMob8€rdfdd/-thdelReplicationHablfn et
al (Virology 226:31

3 1996) .co ructed g, chi neric pal i ovi.rus

cont ai ni ng HCY<R83 ggg?r%tarﬁlof rﬁhaggo‘?i o‘&?‘{}s 58 32:3fflypr dPepfidition,
replication ofseveeradhigedila liineseparveeiieenn iNsRtified phdtkaseppott VHCY,
since | ijheratinat4the n?5118w55§eiﬂfggé'on witPly L& %nggﬁhr#ﬁ HCV-

pol yprotein is ssential fof |n|t,at|on.d} p81|ov rus replication
However, this idHigfed dp@erner chimpappee yserhoNSIR SN0t diad Léf eHC¥L - whi ch
has been shown19g730ResOdifd] t hasactigyit¥eof shiSdizu et al. Rirsecanpnak al

Cont ai i ng LI NSe) 5K AT e B Ahet a1- &1 Rabl Vs usBoopar e din:
replication ofShtiwgzhi eeda Yeshikura (1994) J. Virol. 68, 8406-8408;
15 Shimizu et al.(1994) J. Virol. 68, 1494-1500; Mizutani et
al. .19%¢6) J. Virol. 70, 7219-7223). Currently these
systems are limited to those in which replication is
detected by sensitive methods such as RT/PCR, and are
unlikely to allow for efficient production of an indicator
20 gene {IG). Improved methods may soon become available as new
cell lines and transfection methods are discovered. One
examcle of a potential improvement would be to transfect the
RNA as RNP complexes, prepared by in vitro transcription in
the rresence of purified NS5B, so that transcription can
25 commence immediately upon uptake into the cells; this
strategy has been applied to the negative-stranded RNA
viruses such as influenza virus (Enami and Palese (19%1) J.
Virci. 65, 2711-2713, rabies virus (Schnell et al. (1994}
EMBC J. 13, 4195-4203), and vesicular stomatitis wvirus
30 (Lawson et al. (1995) PNAS 92, 4477-4481).

Sincs the genome length RNA of flaviviruses is infectious,
HCV vectors may be in the form of a c¢cDNA construct
contzining a promoter for the T7 RNA polymerase at the 5
3s end, and a T7 polymerase terminator sequence at the 3 end.
Thus RNA can be synthesized in large quantities in vitro and
transiected into cells. An alternative approach is toO

transfect DNA constructs, which contain a strong eucaryotic



35 dependent on NS3 protease activity, since liberation of the

native N-term nus of the Sindbis virus polyproteinis essential for
initiation of Sindbis virus replication. WO 99/ 06597
PCT/U898/1§/% - 8- In vitro

D
Expr essi on' Sy st arg Resi stance test vectors rely on a&<EPP3daMeur e

system f or transfection, replicati ong_and expression of the i'ndicator
5 gene. Q hers have descrl bed systens for transfection of i nt act

HCV RNA synt Ak rxs\ﬁbhrasft@én@aN& h

and have dentr}gﬁdé é 1th t egl | catlonEccg’%a;mwg]bS dqu){%gt 91’6‘8 ;ef%‘%g%)

J. Virol. 35e38¥3L | AAXABFREGR. °f tran?é\?&FéPnc&fl %esr%"ak}%r bekar

i denti fied whblh, suppode HEY £61lowimp! i trdrnsfedwdldnowitngNanteetigiemt s h

Virus present,j = i t or__chi pzee serum or asma

(Valli et al. pweﬁgl?llgg%enRe ﬁ%é&% SPLrgReigns ;of Prai’&?’iggz)

PNAS 5 goactiniag trsnﬁiraiaomoéwecqmmmt@on 663318940¢curs

Shl mzu and woshikur &in(:£884) td. hb’hf:@' fﬁﬁlovﬁﬁ%ﬁ %%séénoéh' zu et
.(1994) J. Vlr? 68,. 1494- 1503&1 ta ni 1996 . Virol.

70 7219-722 OFhrFERY | S HES esﬁ?'?l‘geﬁfa&lséaltP'ﬁf‘t éalﬁewmssemn

whi ch repli catransfsction mietecdbved precededi tbwetlﬂ‘ahbaﬂspsﬂ@b] andRTRIPLR,

and are F&éé%i t8véh£QW Wl B TGl e cﬁ’éfaa?gc“om?“hou 3" '“d'gg%or 20

gene (I é rove ds nmay soon beconme ava e as new I
lines ahtl traneferei on“\?é‘tlﬁ@éls arexXpfessian ed. levehe  are examphehef. a

potential i nprépes@mdiitativhdobevifal IARTI@eEcINS is more MRS gRIPoERAPh EXES,
prepared by i V|tro t t he Presence of purlfled NS5B,

I p.
so that transer] pt"f%ar?sg%ﬁ%gg ﬁﬁlgﬁm&ufﬁﬁﬁ‘bﬂ’%t%i}‘t&ﬁ&ﬁ%ﬁfa@A Fato
the cells; bhl syntbes‘sedafegy Ihnasldsmaail anmlpreﬂnutcast be negatdvegstranded

RNA V'rgéﬁﬁeﬁeéhoﬂs al Mddiens; iébh eﬁﬁgggﬁg] f6%4%§§ {d%) e

Vi r ol 65 2711-2713, rabl es virus
primer. Thig approac

has been own to preserve
quasigpecies diversity of poliovirus (Chumakov, J. Virol.
70:7331-7334, 1996). Generation of precise 5’and 3’ termini
on the RNA is more easily achieved by in vitro
transcription, through the placement of the promoter
20 sequence at the 5’ end and a restriction endonuclease
recognition site at the 3’ end (used for DNA template
linearization prior to transcription) relative to the viral
sequences. However, the 3’ terminus may also be generated
precisely via the placement of a self-cleaving RNA ribozyme
sequence, present in a cDNA construct f(e.g. see Chowrira et
al. (1994), J. Biol. Chem. 269, 25856-25864.).

Q0]
n

A third transfection strategy, which possesses some of the
advantages of RNA trénsfection, is DNA transfection of

30 constructs containing a T7 RNA polymerase promoter at the 5
end, and a T7 RNA polymerase terminator at the 3’ end, into
cells which express the T7 RNA polymerase. Expression of the
polymerase may be achieved by various means, perhaps the
most efficient of these being the infection of the

35 transfected cells with a recombinant T7 polymerase/vaccinia
virus (Fuerst et al. (1986) PNAS 83, 8122-8126.)



EMBO J. 13, 4195-4203), and vesicular stomatitis virus 30 (Lawson et al.

(1995) PNAS 92, 4477-4481). Since the genone | ength RNA of
flaviviruses is infectious, HCV vectors may be in the formof a cDNA
construct - containing a pronoter for the T7 RNA polynerase at the 5 35
end, and awdgopedsynerase term nator sequence at the 3 end. pcrayseshisky RNA
can be synthesized in large.quantities in vitro and transfected into
cells. An alternative apgroach is to -10- transfect DNA constructs,

whi ch contain a strong eucaryotic WO 99/ 06597

PCTI US98/ 1596 HUMAN CYTOVFEGREOVIRUS, {HCM¥) t he CW | E pronoter), directly
into cells. Humfrptcey@bhegawﬁmsaqmi 16 AeRAL! Qﬂr&j%}fg% ! %&mhan

DNA, include the_fo) transfection of RNA circunve nti al
cel | -type sped®dc 3r oR3tEF pRBRRREr % begcielrtively aﬁﬁnét‘:?ﬁﬁ of
r econbi nant prmmughtaualdne ogeAy Srather WHaRN rsea@olﬁalles Hulm@nshawes the

foll
o1l v e, ot ool SLecervod OFQ0! SALAY. 8611 YSCERY MISKERS cocon

transcription mey dipeeesyl nnéieecs, pevisoh-tacpessarl apntekthours

to days 10  bel@€en G MBlA 2. AXRE3%iFARes bbEY LS the Uifired %%'a%d
Representation of vyiral E"fﬁkj %IE:S ecies is nore straightforward
freci

transfecting FNEE sHREES FRTQuantRPiRRE dt% Fiea &8 becomeoémsfﬁ’ﬁtﬁésl zed-
from uncl oned ®RGRy adiectsrdy sinclmotithg dbhelife assaquemekrt aif anfection

bact er i oppage %ﬂf&dv@amg birde» s AR IRg b esggs%ue?dﬂoaf »: gach

has been shown 3&2%' spec ' Ver si I OVI rus
(Churmakov, J. SArhe high vrmm&cer re?@&?@)fat@éne@étfﬁ@ﬁ’oﬁnfm@ép@el& and

3 termini cmﬂ bbaﬁat\_lﬁ b¥eHBEE A Lﬁkaﬁféﬁil‘%‘éggnb)&ohﬂdv'rte’ersen*‘ the ]
transcription, thro t he pl ac t he pronoter sequence at the
5 end and a TRt r?‘g‘f“f‘%"h ‘%‘g‘%f‘o ?fcrelgé@g transnistisgn “ﬁrdl‘?wé'fifae at™t f€5%  end
(used for DNA devplaped counttiewar4@®attonspki of tahifldzescraret ijorfleateldative
to the vigal paefore puberty. In other areas of the world, 90% to 100% of

the population become infected during childhood.

Human cytomegalovirus (HCMV) is a member of the herpesvirus
family. A typical herpes virion consists of -a core

20 containing a linear double-stranded DNA and icosadeltahedral
capsid approx. 100 - 110 nm in diameter containing 162
capsomeres with a hole running down the long axis, an
amorphous “tegument” that surrounds the core and an envelope
containing viral glycoprotein spikes on its surface. Virion

25 sizes range from 120 - 300 nm due to differences in the
thickness of the tegument layer. There are three subgroups
of herpesviruses:

1. Alphaherpesvirinae: HSV, VZV. variable host range.
30 relatively short reproductive cycle, rapid spread 1in
_culture, efficient destruction of infected cells, capacity

to establish latent infections in sensory ganglia.

2. Betaherpesvirinae: HCMV. Restricted host range, long
35 reproductive cycle, slow progression of infection in
culture. Infected cells become enlarged and carrier cells
are readily established. Virus can be maintained in latent
form in secretory glands, lymphoreticular cells, kidneys and



sequences. However, the 3' termnus may al so be generated precisely
via the placenent of a self-cleaving RNA ribozyne 25 sequence, present in
a cDNA construct (e.g. see Chowira et al. (1994), J. Biol. Chem

269, 25856- 25864.3. A third transfection strategy, which possesses
sone of thd¥0990655qyant ages of RNA transfection, is DNA tr2AEMISYI%E7 of 30
constructs containing a T7 RNA pol ynerase pronoter at the 5 - end, and
a T7 RNA pol ynerase term nator at the 3 “édd, into cells which
express the T7,RNA. gpiég{persése. Expressi on of the pol ymerase nmay be
achi eved by various neans, ‘perhaps the nost efficient of these being
the infection of the 35 transfected cells wwth a reconbi nant T7

pol yITer ase/ vacs| nidhmmanerphsvis1aEHer St sy al oA 83 8122-8126.)
VO 99/ 06597 erpesviti BV égﬁ%‘ﬂ'ﬁé@wg%t tange

- 10- HUNBRF ESARNEGREERPIRUS Hemdigpte  inplymphoplaseoid orelds (HEW)
is endeni® througheutlytie whifebtions ang is@i‘n@%ﬁgﬁeé abes RN ike beng
rel atively cons blastoi rC%lig_I;out t he year rather than seasonal. Hunans
are the 5 onl'y known reservoir for HOW and natural transm ssion
occurs by direct or indirect person-to-person contact. Bet ween 0. 2%

and 2. 2% of i nfieets RPE NG I Pnddie | . LN ' tero.
Anot her 8% to 8_?% becone ';nf ect elgﬁr\at:?% ur i ggutsﬁes'f ?P@?hsflgfér%%f%%‘%ffl ife

as a result of “HRSE iSofiP18* VI dirr E§Vady i ngumat tiereesy drrswt niferrest
f eedi ng.10 Becasismplex oirtbe hegh i mswence ofgumRact i ieddgdsvafruldCW 3
st comon ML PO T LD hor VR do. PRiEDs FeTpesvERAGe  hed
countries, 40%ERSBOURRaRhi VdEES -ar EBVhf eclemiart 5 hergesfvdraspuber {jumar n
other areas Ofcyjttnedillotrir3990 tRuddD RO pesvirud e RRRYhALL PP HELATE 7,
I nf ect ed durlngnghlf—}ugng%()dherpesvirus 8. The genomes of her};es viruses
15 consist of a linear double-stranded (ds) DNA in the virion
which circularizes and concatamerizes upon release from the
virus capsid in the nucleus of infected cells (See Figure
10) . The genomes of herpesviruses range in size from 120 to
230 kilobase pairs (kbp). The genomes are polymorphic in
20 size (up to 10 kbp differences) within an individual
population of virus. This variation is due to the presence
of terminal and internal reiterated sequences. 'Herpes
viruses can be classified into six groups, A through F.
based on their overall genome organization. HSV and HCMV
25 fall into group E, in which sequences from both termini are
repeated in an inverted orientation and juxtaposed
internally, dividing the genomes into two components,
L(long) and S{short), each of which consists of unique
sequences, U, and Ug, flanked by inverted repeats (Figure 10).
30 In these viruses both components can invert relative to each
. other and DNA extracted form virions consists of four
equimolar populations differing in the relative orientation
of the two components (See Figure 11).

35 HCMV is a betaherpesvirus and is unique among the
betaherpesvirinae in that it falls into the class E genome
type. The genome of HCMV is approximately 230 kbp in length
and has been completely sequenced (EMBL Seq database



Human cyt onegal ovirus (HCW) is a nenber of the herpesvirus famly.

A typical herpes virion consists of a core 20 containing a linear
doubl e- stranded DNA and i cosadel t ahedr al capsid approx. 100 - 110 nm
in diameter containing 162 capsoneres with a hole running down the

| ong axis, wadngenessy anor phous "tegunent” that surrounds thep, SogA3sk,AN
envel ope containing viral glycoprotein spikes on its surface. Virion
25 sizes range from 120 - 300 nmdue tog-d fferences in the

t hi ckness of the tegunent Tayer There are three subgroups of

her pesvi ruses: accessionl# Xiphaberaedvisnteiai 208HPred¥éVed Mﬁéhaﬁé&:h%t
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cycle, res ection culture. 1nfected ceIIs
becone en%argeg{: ﬂd c%"(r)?e?r‘l%@el |§hee et eﬁjle r $387PY &YEEhI t¥helficxphirl can
be maint ai ned Immuabéntl54:1251k0N.i n SeREDr wrgl adelsiglamgehobet | Chié bt )

cells, kidneys : : i 9 7
PCTIUS98/15967188Qt10n w1th1nm€hg éﬁﬁﬁﬁ% and repeat?q_ eglons Oftﬁ Y}E%hes.

3. Gammaher pesPPPPR&e: TREBV.UL, J&R3eri ARSt aRn@os¥S) r atge are @umméneﬁy

narrow, replicgkgueAthynpfobl astoid cells and 5 cause lytic infections
in some types of epithelial and fibroblastoid cells.

In a naturally occurring'population of wvirus the genome

exists in 4 isomers (See figure 11). In HCMV, as in HSV,

the L-S junction can be deleted, thereby freezing the genome

in one of four isomers without dramatically affecting the
15 ability of the wvirus to grow in cultured cells.

The HCMV genome contains terminal repeat sequences “a” and

*a’” present in a variable number in direct orientation at

both ends of the linear genome. A variable number of “a”

20 repeats are also present in an inverted orientation at the
L-S Jjunction. The number of “a” sequences in these
locations ranges from 1 - 10 with 1 predominating. The size

of “a” in HCMV ranges from 700 - 900 bp. The “a” sequence
carries the cleavage and packaging signal. The packaging

25 signals are two highly conserved short sequence elements
located within “a” designated pac-1 and pac-2. A 220-bp
fragment that carries both the pac-1 and pac-2 elements is
sufficient to convey sites for cleavage/packaging as well as
inversion on a recombinant CMV construct. The termini of the

30 linear genome are generated by a cleavage event that leaves
. a single 3’ overhanging nucleotide at either end of the
genome. The genome is further characterized by large
inverted repeats called “b” and “b’“ (or TRL and IRL) and “c”

and “c’” (or IRS and TRS) that flank unique sequences U, and
35 Us that make up the L and S components of the genome (See
Figure 10)

The HCMV replication cycle is relatively slow compared to



There are 8 known human herpesviruses: Human herpesvirus 1 (Her pes
sinplex virus 1, HSV-1) , Human herpesvirus 2 (Herpes 10 si npl ex Vi rus
2, HSV-2), . Human her pesvi rus 3 (Varicel l a-zoster virus,

vzV) , Hu esvi rus 4 (Epstein-Barr virus, g@ Human
her pesvi ru?&?f&?%rmn ~ cytonegal ovirus), Human herpeS\?l‘l’::E 9%359 man
her pesvirus 7, and Human herpesvirus 8. The genones or herpes viruses
15 consi st of a linear double-stranded gds) DNA in the virion

whi ch circul arézes: aRApeedtahdse! | 2851PQRpI ELLESGh THBIMR. the ordbidid
capsid in the nucleus,of ipnfected cells (See E genones

P qure 10), . The

of her pesvi r usTEPTERTECT 5| FPFTOH %D 8§55 °f Virsd Rep§SaseTpartsSekdp) .
The genones ararecixpresskedcat ndRfferersi zdmegupfter lihfdnr idnf badeines)de

wi thin an indiydual,. : p [,on LU Ls_vaki aLiopn. i s elo

t he presence Xﬁg gé%mm?g%%?%aggg%gpin?%rég ?%igg?g?ggésgé%g téség& ¥§rpes
viruses can beandiagsi f(lade) nsetsi bagedups, thAet RiaeghfEer infecbasgdthat
their overall &enone organi zati on. HSV. and HCW 25 fall into group E,
in which sequehR83r TFANTAERELE npAfuBRiate.  PEPeRLEIGRAEPT nyvERER

orientation andatuwdtapesatd viriohnherphddenedsis ifbengddreiganedeshrotght wo
conponents, I a (: rt}, of _which, Sj Laue
sequences, U[%??]E&ﬁﬁg%%%r%%Fﬁggﬁigg 6§??%§%r?%%r¢§%%a@£ %§%§u§%°§g§g%0

In these virusesgbdredcboponanhsster.i nExpreseiiani vé Bogeaghproductset her
T e e T
Figure 11). BsogeniCwirions hegipetaherpesylats 4&dwbunss pogti-gaéecuhong
the bet abgaPeREdH Nadinhl hdévéis f gkl $2.860 gLl assnEpaeneaBive
Lype. The genof, of KMol TaLel . 200 g 10 1Sl e ousfal®s
PCTI US98/ 1596714-16 hours post-infection. HCMV stiltlates host DNA, RNA
15 and protein synthesis. HCMV replicates more rapidly in
actively dividing cells and HCMV replication is inhibited by
pretreating cells with agents that reduce host cell
metabolism. The HCMV genome circularizes soon after
infection. Circles give rise to concatamers and genomic
20 inversion occurs within concatameric forms of the DNA. The
majority of replicating DNA is larger than unit length and
lacks terminal fragments based on southern blot analysis.

Targets for Drug Resistance

25 The drugs currently used to treat HCMV (ganciclovir (GCV),
foscarnet, cidofovir) are known to select for mutations in
two viral genes, the UL97 phosphotransferase and the UL54
viral DNA polymerase.

30 UL97: phosphotransferase 707 aminc acids (aa) (2121 bp).
- Mutations associated with GCV resistance include aa#: 460,

520, 590, 591, 592, 593, 594, 595, 596, 600, 603, 607, 659,

665. The phosphotransferase protein has two functional
domains, 1) the amino terminal 300 aa code for a regulatory

35 domain and 2) the carboxy terminal 400 aa define the
catalytic domain. All known drug-resistance mutations are

found in the catalytic domain (approx 1.2 kb of sequence).

In HSV the thymidine kinase gene product (TK) is responsible



accession # X17403) and contain 208 predicted open readi ng frames

(ORFs) of greater than 100 am no acids in length (Mocarski, E.S.
(1996) Ch.76 In Fields Virology, Third Edition edited by B.N. Fields,
DM Knipe, PM Howey, 5 etal . 2447-2492; Chee et al. (1990) Curr
top M crobipa)ggneses | mmunol 154: 125-170). are dﬁé# gﬁhggmby
their | ocation within.the uni que and repeat ed regi ons e viral
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conponents of genome D) domain. The HOW replication
cycle is relatively slow conpared to

New therapies in development include agents targeted to the
CMV protease (UL80) and the DNA maturational' enzyme
(“terminase”) .
20
GCV-resistant HCMV has been recovered from the central
nervous system (CNS) of patients with HCMV-associated
neurologic disease who had received long-term GCV
maintenance therapy. Resistant strains of HCMV may be
25 selected and preferentially located in the CNS, It is
frequently not possible to culture virus from the cerebral
spinal fluid (CSF) but it is possible to amplify HCMV DNA
using PCR.

30 Primary isolates cf CMV may replicate slowly. In addition,
_there is a marked delay in the growth rate of some of the
drug resistant clinical isolates. In a mixed virus
population, a resistant virus population could be masked by
a sensitive one. Thus assay results that depend on the
35 growth of virus could be unreliable.

Most assays for wviral culture use blood or urine. because
they are easy to obtain. However, the virus from these
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- 13- ot her herpesviruses. Viral replication involves the ordered
expressi on of consecutive sets of viral genes. These sets are
expressed at different tines after infection and include t he Lerr
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i nver si Qn

concataneric forns o
majority of réﬁ’l‘f lé{uﬁl& Iﬁ\ﬁ‘? % af QPgFﬁana{ﬁl tcorngf]@ aa‘%c\ilAvanabF'ﬁcksa
t er m nallof r agimeniloghasbdtest simxt kvt - Mmtalamalsyzspsmlhty of THCNfétwoilak

Drug Resistangg 25 Thefobgsecurrently used to treat HCW (ganciclovir
(), %oscarrr?etl rg Fov?r) are known to select for nutations in
two viral genes, the UL97 phosphotransferase and the UL54 viral DNA

pol ynerase.  Bfksedd137 avhlioaphet vapsierasesfdcamswnaci ds (aa) (2121

bp) . - ation assocl ated w reS| sta I I ude aa#
520, 590, 591, HAeEy H3IEEYy © %9%“%36,%9/ Q@%} & %%%PlyThe
phosphothﬁansfenamsmqncblw Ares tihso cbmentmaallon of dbﬁ'&&hS’ q;raheammo

termnal 300 aa cqfg dfidr ;2 §e9shal U YedPragddOB NARE12) YEPEICREDOXY is
term nal 400 aa define the

inhibited Ee g. the IC,, for an anti-viral agent is the
concentration at which 50% of wvirus replication is
‘inhibited). Thus, a decrease in viral drug susceptibility

20 is the hallmark that an anti-viral has selected for mutant
virus that is resistant to that anti-viral drug. Viral drug
resistance is generally defined as a decrease in viral drug
susceptibility in a given patient over time. In the
clinical context, viral drug resistance is evidenced by the

25 anti-viral drug being less effective or no longer being
clinically effective in a patient.

Several types of assays are available to detect and measure
antiviral drug susceptibility of HCMV. The two most
30 commonly used methods are a plaque reduction assay and a DNA
_hybridization assay. At present the plaque reduction assay
is considered the standard. Both assays require HCMV
isoclation and passage in cell culture. Generally, it takes
four to six weeks to obtain the results from the assays.
35
Plaque reduction assays with increased sensitivity can now
be performed directly on clinical specimens, including
blood, urine, bronchoalveolar lavage, and cerebrospinal



catal ytic domain. Al known drug-resistance nutations are found in

the catal ytic domain (approx 1.2 kb of sequence). In HSV t he

t hym di ne ki nase gene product (TK) is responsible WO 99106597
PCT/ US98/ 15967 -14- for the
phosphor yl gid 06887 GCV in cells and resistance to GCV poTAO0SNE/is567
associated wth nutations in the thym dine ki nase gene. HCW has no
honol og to the HSV thynidi.ne ki nase-gene. The gene honol ogous to UL97
in HSV (UL13) is 5 a protein kinase. UL54: viral DNA pol ymerase,

1242 a.a. (37Z84s). Twbt asiseys which raltehimo@ﬁeﬁised:aﬁ”omsuhe istandairst ance
to GCV and ot Bebque redW& £RSIaE8a aag{:&g@ e.:L ?Joﬂﬂéné’MV O R R\ ea?ly vel |

as 10 f oscar net’. Mut at.i ons aSSOCIa ed scarnet resistance
i ncl ude aa # 2PAS3-98TY oF13atfueatigRa- as%‘Bél Ef‘éﬁe%nf?l \essentipddiysthfce

i nclude aa#: 33ie é&%h@%arﬁf&d AR/ redutbéon assirptéﬁcﬁegﬁ thah:n thas
four rec%gnlzed domai ns:

-5
pr oposed “cat al ftrucs diﬁﬁaltﬁs d iﬁ%%%cgégg[\lagl SFBPE. @ﬂﬁﬁ?&%ﬁgnﬁ%é?‘ﬁe
New t her api es inculbetéboprione ismgleddeedgentminatyyetisdhowrs heGerna eEMVel.

protease (UL8Goaad becPNA MRIAIAIANaLINYEE s . (FAETIIMASE by 20

GCV-resi stant HCW has been recovered fromthe cen{ra nervous system
(CNS) of pati éReSeWPERRHEME dcitdieyd can ondyyps| BeT Eormrd dds @atwsdtshad
recei ved | ongeitttf Thi&kV level naf ntdianda .t hendpys clRasirsd apémsidiai as of

Froquently notSSSEeiresFob ot (e ARG POt RBCeF BBHaT R TRolgfelay
fluid (CSF) but it is possible to anplify HCW DNA
An alternative approach i1s the detection of specific viral
DNA =utations related to drug resistance. 1In this assay.
PCR rrimers are used to amplify wviral DNA and restriction
15 sites present in mutant viral DNA but not wildtype DNA are
used to determine the genotype of the viral DNA. It is
suggested that the analysis of two PCR products with a total
of three or four restriction digests is adequate o detect
78-83% of UL97 (certain mutations of UL97 which codes for a
20 phosphotransferase, result in resistance to ganciclovir)
mutancs resistant to ganciclovir (Chou et al. (1985) J.
Infecz. Dis. 172, 239-242.), The main limitation of this
assay is that infrequent or new resistance mutations are not
idenz:Zied. Also, DNA polymerase mutations (UL54) which are
25 indicztive of high-level ganciclovir resistance and a high
probability of multidrug resistance are not detected.

It is an -object of this invention to provide a drug
suscepribility and resistance test capable of showing

30 whether a viral population in a patient is resistant to a
_given prescribed drug. Another object of this invention is

to vrovide a test that will enable the physician to
substitute one or more drugs in a therapeutic regimen for a

pati

(l)

that has become resistant to a given drug or drugs
35 after a previous course of therapy. Yet another object of
this invention is to provide a test that will enable
selection of an effective drug regimen for the treatment of
viruvs infections. Yet another object of this invention is



usi ng PCR 30 Primary isolates of CW may replicate slowy. In

addi tion, there is a nmarked delay in the gromh rate of sone of the
drug resistant _clinical isolates. In a mxed virus popul ati on, a
resistant vi rglﬁﬁgopul ation could be masked by a sensitive one.

assay resuVP¥P43l depend on the 35 growth of virus coul crcﬂéuﬁﬂ‘ff’é?q"abl e
Mbst assays for viral culture use bl ood o% urine, because they are
easy to obtain. However, the virus from f hése WO 99/ 06597

PCTI US98/ 1596 oo de SPRA, IR AT O8h | ERERERLLE Dol Igts L angel T C

ti ssues whefe di sease IS occurri ng (especla reous
Csf). AlthougRnghspdiable A558Y QF ﬁﬁuaﬁ‘éﬁml@l}éétlfha@daif%SlS’anCFﬂ)cﬁqll‘ ed

relatively fr%qtiem:hl aﬁangedéugcheapﬁmaacﬁéﬁ ai ;xsi By a&ichiler:ﬂfiﬁéﬂtr Hes

d t t di stri but f
ho maj ority OPiETAPRERRARRS T8 0 ABFEVighes c RefeoAPg AELHONS or |
i npracti Gl . levednedinigy the blczﬂ;qg;e:atlheaﬁﬁamg.mszeept idd {gandigtsseotdmes
resulting froggy lpest'dgo'vyﬂl%i?'a&?“ 89%@9 Svi‘%ﬁlc S%Vﬁ?i%éﬂrx}@éﬁlg a

10 bi ol ogi cal ranti-vira cetl
nor e i nfor mat PFetreins parp@ulanly WA\F&a F&ﬁPéCV laa| vreééir sEBE eregfance

The definitiomandf virbak dreh Stkaced!ibiittyid sagepera! y:blﬁct updersigpd to
be t he concentratl Qn of he anti -

ira i ven
per cent age of " lF’élpl 8at P5ﬁv|1§ knd, ﬂﬁ?ﬁ?teﬁn‘? §°m?<ﬁ%€rr f dr°%n
anti - vi rd agavtah@tntmg viral dmngembsaStancataM|mtnSt5®pﬁmlht§us This
replication isng ouhéJ"Bﬂ#éé%Q ofl WUSr s & ARG Ji VISR afdine rom

susceptibility _
the specification as a whole.



20 is the hallmark that an anti-viral has selected for nutant
virus that is resistant to that anti-viral drug. Viral drug
resistance is generally defined as a decrease in viral drug

susceptibility in a given patient over tine. In the clinical
context, woabpéptg resistance is evidenced by the 25 antderyidogh sogh Ud
being |l ess effective or no.longer being clinically effective in a
patient. Several types of assaysigre available to detect and
measur e antiviral drug susceptibility of HCW. The two nost 30
commonl y use@xieth dbsepiptionl ofitheeBighres assay and a DNA

hybri di zati on assay. At present the plaque reduction assay S

consi dered t he, standard. Bot h_assays require HCW i sol ati on and
passage in ceftoexg+ he. GeR&VaRepliratigres four to six weeks to

obtain the resthdntatfiicodraRen@s6hytshe Feplicat idnagyeleeddCrPN agsaddnaM t h
i ncrease,g sensi t%vi t)éhcagefgwu ce PgsRerf or med di rect IX on_cljnical
speci mend, i nertdiTy T | BEESEi Ne2 Br SR Fro Y dOFSFAF Ryl LS HeFD

cerebrospi nala viral surf@ce9gl§eeprotein and a cell surface receptor

PCT/ US98/ 1596¢1) . Followi tor-mediat docytbsi 2), bh&l fow o
assays which gr)e m)odi for]éggf¥%cﬁ$ h%r s,nt“aanldaareci1 enceq I g’sﬁg r(e()juct I on “z’as%ay
det ect eit herORPRALIARF | RAFETARR- &4sipn  (3) anthgemuslepsprsaft iG9&®. The

procedure is esseaséal iytsd hthe cytcmmsmas(ahhe stiandar dnNpl agueragsilgtédn
assay exgcept that, the 5 LVLEUS sted.diyectly wthout prio assage
and thei(g ‘lﬂfl1 n%lu YAt iP0h f?relcly% “Flet ucg_‘g ?8‘1??%%?@7‘-%}")? tFiSHr gm( Gaérrl(ria&éef al .
(1995) J. dipelyprotdiml B3, P88cedd¢d Theg | sperafion ehdoprotecohgsic

assays is. that1ddeygaMmaid a8 PErAGEeLi 4 PALESE Sase in Yhd e 0 | evel

of virem a, Virus_culture remains an 10 essential step in the .
det ection of PBg Pesi¥PanV>Fih| R¥Rreases (5). After encugh of the

non-structural proteins have been produced, the viral RNA is
15 replicated through a negative strand intermediate. to

generate more positive sense RNA for translation and

packaging into new virions (6). Structural proteins and RNA

assemble to form new viral particles which bud into-the ER

(7) and are secreted via the cellular pathway (8, 9) to
20 release the progeny virions.

Figure 2: HCV Genome Struéture
Schematic diagram of the ~9.5 kb HCV RNA. The order of the
individual HCV proteins is indicated in the HCV polyprotein,
25 with putative functions associated indicated below. Cleavage
sites for proteolytic processing are indicated by triangles
(open triangles for host signal peptidase, black triangle
for NS2/3, -and grey triangles for NS3/4A). The internal
ribosome entry site (IRES) is located at the 5’ end of the
30 RNA and comprises the entire untranslated region (UTR) and
_some sequences at the beginning of the C ORF. The 3’ end of
the RNA contains either a poly(A)} or poly{(U)} tail, depending

on the type of HCV.



An aternative approach is the detection of specific viral DNA

nmut ati ons related to drug resistance. In this assay, PCR priners
are used to anplify viral DNA and restriction 15 sites present in nutant
viral DNA but not wildtype DNA are used to determ ne the enots}/ee of
the viral DXRAM065P% g suggested that the analysis of Pt%%ggfﬁs 6
products with a total “of three or fqu_restriction digests i's
adequate to detect 78-83% of UL97 (cCertain mutations of UL97 which

codes for a 20p4 p@osphotﬁgg@w, dfsUlifed Si gapgLehlqvir)
mut ant s resi sta%\ to ganciclovir (Chc?u sgcts a\fédﬂj(zlrsg%l)%tu%?.%grgge ?ﬁ%gég
Dis. 172, 239-B¥9t§in)The main limtation of this assay is that

i nfrequent or mewifftainanee feprddatardon B8t the residiomicel kedr HbseorDNA

pol ynmer ase mnut at UL54) . which are 25 indicativ f high-1evel

ganci cl ovi r re??%ﬁgibéu%'nda'geﬁ?g% 1s ei5hsEat t9r0&73rul t‘f%? gPPELPEFance
are not d&tecteequence accpptor sa’.m:.e@bjﬁcn:r tohnsthis off nvaniemn deeipedvide
a drug ;Hé%xgé’ﬁ D L&Y AN N85 BLANE oy %{éa*ﬂtogygﬁco%@ﬂ‘ S?\%%) :

whet her a vir pulation in a _patient 1s resistant _ar
Prescri bed dr u§heAnBERBPLSE| e8Rdof CLRKMANARGENt S§AURPRCES argy ppgirased

test that willgenebiealiie iphyBici Bigure as well3UBS!ih U RRReBt FREArdEUJS
in a therapeutic rseeg,i men fdor Arent ¢ aeti ent ;t:hatlha()s begggeexgtesi sgant to a
given drug or arudSvasdl SfESFeRt PESuL L olir TR AT hef Y T e 2 AnSEher
obj ect ot0 usedi (24 Meseriibadi belowpr ovitle duckberadrmireapdriteangbhe is

sel ection of apyxglE8ELLVEs s UBus£&h NBRofOIn thech raal MR ﬁl\mrotei\ﬁ' 1ok
Infections. Yet another object of this invention is 99/ 06597

PCT/ US98/ 15967then cleaved off by the action of NS374A. to provide a

saf e, standardiBzedvetaiddr dabl erandyfiedt iphechistng DNAand ameifieatrlienassfy aof

drug susceptibiLit nd_resj st o] 14.nl,c d. rese h
appl i cation. st ?ngﬁggﬁegg‘%‘bj \Z%?@%% fpcm%\?si}lmn)vggn n:y(%rfﬁnllgét g%%r (C):\I>1|V d% IE:a
t est andifret honsofgtes aegal 9 npalivadsmoilegiion sigeeti veéfhass RIR  is

-candi date druUgranscribed in the nucleus of transfected cells by cellular
RNA polymerases, then transported tc the cytoplasm where
translation and replication can occur.

C. Method for transfection using DNA transfection of a

20 resistance test vector (pT7HCV-lucl) containing the T7 RNA

polymerase promoter and T7 RNA polymerase terminator. The

DNA is transfected into cells expressing T7 RNA polymerase

{for example, after infection with zrecombinant vaccinia

virus or by co-transfection with a T7 RNA polymerase

25 expression plasmid); RNA is transcribed in the cytoplasm by
T7 polymerase.

D. Method for transfection using RNA transfection of RNA

derived from a resistance test vectcr (pT7HCV-luc2)

containing.the T7 RNA polymerase promoter and a restriction

30 site placed at the 3’ end for linearization of the DNA prior

_ to transcription in wvitro. The synthetic RNA is then

transfected directly into cells and translation and

replication can cccur.

35



conpounds whi ch act on specific viral genes and/or viral pr ot ei ns
particularly with respect to viral drug resistance and cross

resi st ance. It is also an object of this i nvention to provide the
means and conpositions for 10 eval uating viral drug resistance and
suscept i bi Wwd 99/0659Fhi s and other objects of this invent

apparent from. the specification as a whol e. P@ﬂgy%%\%%e
PCT/ US98/ 15967 : -20- - 18- Bri ef
Description of the Figur es’ Figure. 1: HCV Replication

Schematic dr af¥Past 4nheReeistanad dPesty cVectdr+iCibidistmmeid ludifukdse t he
cell surface, e%si@ﬂﬁl fi c i nteraction between a viral surface

gl ycoprotein d a .cel ce receptor (1). Follow ng

r ecept or - medi etﬁ’(fc?cy?g & e IR pEest  VegEeEndEPHGEARBIaIFlusi on
(3), the nucl &mma&lrxingom IIRES elemeheased Rﬁ&Qféf@s&Y&:%{@%ﬂﬁcﬂ-) ™d i on

RNA is trgnsl 1 I,N S C | thth endo

reticul ur%Sl angﬁﬁﬁs Hay vk l-T‘:ﬂe.[;rltq; éf&é’l igé{[{r de’%y ’ﬁé'ﬁ?‘? 2“"“‘ other
endopr ot eol yt idruses Jéﬁva’g?@s shedli elenebyshbsr $ngemabiadeptitdass dm dfhe
ER, or Qe 1 10 mRNAMD. V'E}?ﬂ)reégaﬁne@iesluéfﬁeras@ct ﬁm@wgnﬂrnatlhe

non- st ruct ur al, otet Ns have beerl pr.oduced, the viral

replicated t gt e3P g dtiane Latioen F rdmitdiendicdss rondg RNA ingdiher at e
nore positive cydpd aRNAoffot ranafistadd ore Bhal. packagi ng into new
virions 4(6). Structural proteins and RNA assenble to formnew viral
particles which bud into the ER (7) and are secreted via the cellular
pat hway (8, 9FYBE® 5:rcResdstansepr Aty vWecopss (positiFegurserie HCOV
Genome Struct wrihigenome8g¢henati ¢ di agram of the ~9.5 kb HCV RNA. The order

of the . : p = .
Diagrammatic representation of the resistance testc vectors

(PXHCV and pXIRESluc) comprising a positive sense luciferase

15 RNA wminigenome. The two constructs are co-transfected into
cells; HCV non-structural proteins expressed from pXHCV act
on both RNAs to replicate and package them. The replicated
RNA are packaged into progeny virions which can then be used
for infection of fresh target cells; the target célls are

20 also infected with HCV or transfected with pXHCV, and the
luciferase minigenome is expressed.

Figure 6: Resistance Test Vectors (negative sense
minigenomes) .
25 Diagrammatic representation of the resistance test vector

(PXHCV-ASIRESluc) comprising a negative sense RNA
minigenome. The two constructs are co-transfected into
cells; HCV non-structural proteins expressed from pXHCV act
on both RNAs, leading to their replication. The replicated
30 RNA are packaged into progeny virions which can then be used
for infection of fresh target cells; the target cells are
alsc infected with HCV or transfected with pXHCV, and the
luciferase minigenome (now positive sense RNA) is expressed.

35 Figure 7: Resistance Test Vectors (defective genome).
Diagrammatic representation of the resistance test vectors
(pPX1uc-NSHCV and pXSHCV) expressing defective genomic RNAs.
The two constructs are co-transfected into cells;



I ndi vidual HCV proteins is indicated in the HCV polyprotein, 25 wth
putative functions associ ated indi cated bel ow. C eavage sites for
proteol ytic processing are indicated by triangles (open triangles for
host signal_peptidase, black triangle for NS2/3, and gr triangles
for Ns3/4A)Y wo 8‘??153 i nt er nal ri bosone entry site (I RES)P%UF%Ié?@d at
the 5° end of the 30 RNA and conprises the entire untranslated region
(UTR) and ~ sone sequences at the begifii ng of the C ORF. The 3' end of
ESSeRyﬁ ﬁgsta'ﬂénebﬁgﬁét@rQ? %Qé%e?ﬁsp8&¥£&%ség'kroﬂegiﬂglnQSHCV ac?n Lhe
PCTI US98/ 15967repllcateF|t§ar U -NIESVs tRiffoe gt ngely okepllicatedr &¥a fussi on

prot ei n). Acngéﬂr afwet yeri 8RS eﬁsﬂﬁ@téeﬂu@éufatue S SIANCE: L §8L Jpgct or
(pXHCV- | uc, %g X 1S ei %Eﬁé}’mﬁ or T7é with patient 5 sequence_ -
acceptor sites for th%hsP RenpPr g?mfed”rmnsse@ﬁ%nt@"ﬁ“nd?%%@eé‘oby
arrows bebBow thefpgtq@rmwcr\e?(ISAS) The pronoter and terni nator
sequences are indicated generically in this figure as well as in
subsequent fi gures, as several different types of regulatory el enents
my be 10 usEd9pEe BreRasistansel Sest Vemrons dBVEVaNS3f4hrhimexpse lus
expressed as afﬁuihﬁnpﬁds@éﬁm V\Ath the HCV poI yprotein and t hen

| d off b t hod f f ect
E)Nia;/reangf ect|y Qb?gréamma G E?P&ﬁﬁ’&téart’e%rf % rgfﬁeﬁﬂr?/l—ﬁ',{/aﬁfns P lévsﬁ: 23

the CW RBE 15 atptdeoter. afifV il epcley adeayaatel arites gnal mdﬁ]mteBN/hy S
transcribed in n tr f c
g&@ Hek gHg10f 48T a5 %}ﬁﬂ %Jot W%)é Sié%%?rans %ﬂ &g

pol ymer ases, en“transported t asm
replication caﬁe&?@ﬁ?nted by G:roﬁ,élf‘ﬁ%‘ah?%rd%?W%cff‘r%ﬂP%ﬂs|R@Wse and
transfecti on ofisa/20 proesdsd arGeahvegle veetor (4 HEGH ughbwaont ai ni Aget he

DNA 15 transt oCFEuor BRecCEPTE SR5FeshET T BRAT Pirer sBu wine Yg by
exanpl e, 15af t eetruteerdloprptein genedi YRV Wi HICH N83/4A protease, and
BVDV NS4B and NS5; the cleavage sites in the nonstructural

protein region are altered so that they are recognized by

the HCV NS3/4A protease. The luciferase reporter gene is

 expressed as a fusion with the chimeric polyprotein, and

20 released by cleavage by HCV NS3/4A.

Figure 9: Resistance Test Vectors (BVDV NSS5B chimeras, luc
fusion protein).
The resistance test vector pXBVDV{HCVNSSB)luc comprising the
25 BVDV structural protein genes, BVDV NS2, NS3/4A protease,
NS4B and NSS5A, and HCV NS5B; the cis-acting regulatory
elements recognized by the NS5B polymerase, located in the
3’ UTR and 5’ UTR and amino terminal region of the C ORF,
are derived from HCV. The luciferase reporter gene is
30 expressed as a fusion with the chimeric polyprotein, and
. released by cleavage by BVDV NS3/4A.

Figure 10:
A. Diagrammatic representation of the HCMV genome. The
35 genome has terminal direct repeats designated as “a” which

exist in 1-10 copies per genome. The “a” sequences are also
present in an inverted orientation at the L-S junction (a').
Inverted repeats "b” and “c¢” are designated as blocks, “b’”



virus or by co-transfec ion with a T7 RNA pol ynerase 25 expression
plasmid); RNA is transcribed in the cytoplasm by T7 pol yner ase.

D. Method for transfection using RNA transfection of RNA derived from
a resistance test vector (pT7HCV-1uc2) containing the T7 RNA

pol ymer ase way ¢9xgeger and a restriction 30 site placed at tpéT/%fSS'@ﬁSﬁﬁ or
| ineari zation of the DNA prior to transcription in vitro. e

synthetic RNA is then ., transfected dpzectly into cells and transl ation
and replication can occur. 35 W99/ 06597
PCT/ US. 8/ 15968nd “c’” are used to designate the “b20and “c” rEpgedre 4n

Resi stance TegheVagkqrsenBbChslibRPACidMCI f@r QYRS Lan)...
Structure of thee,resi ) g&geg t est ve%c%# (pt;'l—lgc,\/ﬁ-al gES‘?eu%J) v scn%o%il ‘éﬁr‘fleng an
| RES el enent F&S1PREI Pord% It ARG SafPBRONSAES Gf the mpanomg. h&losksnafi ve

HCV | RES, or daFsvadef siiowotdediow the gehbiees Thi6ed ¢S uthtel@niesf or

i nternal dnitiat] of { hei . Si f luciferase occurs
by internal t:%trlg%'lr&nsl t PEt i B ot Ilf’aezans ﬁ??’sh%ﬁ‘t hgﬂ'g;aci §?$o i a7SRNRr|en t he
cytopl asm of tindaspbedddy ciirows.100rilYT refieqar 6o Bhe HRMV sityamice orfgdn - :
Vect ors (poYtt ré®1i880%6n. m ni genones) . D agrammati c
representation of the resistance test vectors (pXHCV and pXI RESI uc)
conprising a positive sense luciferase 15. RNA mnigenone. The two .
constructs ar@®.cociranseidegddmtof a momsidrsc HMWMOReabidCtidldlowdhat ei ns
expressqg fro?n@g_lgg{o ct on both RNAs to replicate and package them
The replicate are packaged into progeny virions which can then

be used

Figure 11:
A. Diagrammatic representation of the HCMV genome.
B. Circularization of the HCMV genome following infection.
15 C. Four isomers of HCMV genome following inversion of the
genome during replication. Arrows under the U, and U
segments emphasize the inversion of the L and S segments of
the genome relative to each other. ~
20 Figure 12:
Diagrammatic representation of the HCMV genome. The £, ,
transcript present in the “b” region of the genome is shown
as it exists in the wild type HCMV (A) and as it is modified
in the HCMV-8, .-F-IG (B). '
25
Figure 13:
Diagrammatic representation of the amplicon plasmid lacking
a funcrional indicator gene. ORF Gene X designates an
anti-viral target (e.g. ULS54, UL80, UL97) The large black
30 arrow represents a promoter and the circle {(pA+) indicates
_a polyadenylation signal. The promoter and polyadenylation
signal can be derived from the HCMV genome and appropriate
to the viral gene/drug target (gene X) or may be exogenous
regulatory elements as described in the text. PSAS indicates
35 patient sequence acceptor sites.

Figure 14:
Diagrammatic representation of the amplicon plasmid



for infection of fresh target cells; the target cells are 20 al so
infected with HCV or transfected with pXHCV, and the | uci f erase
m ni genome i s expressed. Figure 6: Resistance Test Vectors

(negative e m ni genomes). 25 D agrammati c repr I on_ of

t he resi sté‘ﬁrﬂ:g?@gggt vector ( pXHCV- ASI RESI uc) conpri s?ﬁgmsgé(15967
negative sense RNA m ni genone. __.The two constructs are -
co-transfected into .cells; HCV non-%%7 uct ur al protei ns expressed from

PXHCV act comBRiBohd Bw-ém@iieaaioim%sc ERLLEAINL, THETiRRL4 Gat od
30 RNA are packaged Tnto progeny Virions Ich can then be used for
infecti on of PEEENTES RMOMRS%s: t ARFt Sefet ¥ePpsigpates an gauye iviwak ed

\(/vith HCV or t ranrsfetct ed-gvitlurusxlﬂc\mﬁmd U%eﬂ ThkUCQIA1RfeASB1AtRI GERQNE
now positive _sense RNA) i S_expresse 5 FLgure 7. Istance Test
Vectors (def edTRFIE TS t-‘os)m?) .prom%terDiaﬁarBﬂﬁaf?ﬁnﬁaeﬁ]@%‘e‘?\t &fe‘?"'c}n ’tﬂ&t%‘:es
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A diagranmatic representation of the genone of BVDV is shown 10 at the

top. HCV protease cleavage sites are indicated by
Figure 15:

Diagrammatic representation of the amplicon plasmid
comprising a non-functional indicator gene with a permuted

15 coding region. ORF Gene X designates an anti-viral target
(e.g. ULS54, UL80, UL97) The large black arrow represents a
promoter and the circle (pA+) indicates a polyadenylation
signal. The promoter and polyadenylation signal can be
‘derived from the HCMV genome and appropriate to the viral

20 gene/drug target (gene X) or may be exogenous regulatory
elements as described in the text. PSAS indicates patient
sequence acceptor sites. This amplicon contains the
permuted coding region cassettes as described in the text.

25 Figure 16:
Diagrammatic representation of the four isomers of the HCMV
genome present after viral replication and the relative
position of the permuted coding region cassettes after
rearrangement. Note that in panel C the 2 halves of the

30 cassette are now in the proper orientation to direct
_expression of the reporter gene. The arrangement shown in
panel B will also result in an appropriate juxtaposition of
the 2 halves of the cassette following concatamerization of
the rearranged genomes.

Figure 17:
Diagrammatic representation of amplicon plasmid comprising
a functional indicator gene. ORF Gene X designates an



grey triangles, and BVDV protease cl eavage sites are represented by
crosshat ched di anonds (signal peptidase and NS2/ 3 protease cleavage
sites are not shown). The resi stance test vector

pXBVDV( HCVNS3) | uc contains the BVDV 15 structural protein genes, BVDV
NS2, HCV Rpsbhdldsser ot ease, and BVDV NS4B and NS5; the ekbeasgssogrtes in
t he nonstructural protein region are altered so that they are

recogni zed by the HCY NS3/ 4A proteage- The luciferase reporter gene is
expressed as a fusion with the chineric polyprotein, and 20 rel eased by
cl eavage by HOWNSBizg\ target (eRigguiUds5g. RESOst R} TeThe \Vearge sblBUOV
NSSB chi Mer aspidf represdits N g¥icRieD) and the FiScHESIBARNCEHLSIcagCt OF
pXBVDV( HCVNS5B) | uc conpti sj nlg t he 25 gVDV structural, protein genes, BVDV
NS2 , NS3/4A PrReRgenylation Ngaing PronPtasyaRS5BO Y ARCRY 52 5k4R ng
regul atory sign&l eg®mmtlse réencigridz €ddny tHee HIMAVB gpabyeeandeapbpepialcén t he

3 TR 200 5 JTR\ands Al Al el O loct U5 Gy we exodlfoder i ved

from HCV: e lfuciteras expres as a’tusion
with the chi meedgwlafgixypedenents anl described| tastee hextl.c REA§eingiGVIRS

NS3/ 4A. pat fd U & Ance accePtol 8gkapmatic representation-of the HOW
genone. The 35 genope has terimnal direct repeat?L desi %nat ed as "a"

whi ch ekR3F | AMALYEPTE o AL PES gdhishe FuRRE 1opals o dfighERECLr e98PS 0
present in ancagyettehordeanirdbedn iat thketkx8.j unction (a'). | nvert ed
repeats..b" and "c" are designated as blocks, "b"" WO 99/ 06597
PCT/ US987 15967 . -22- and "c'" are
used to designate the "b" and "c" repeats in the anti-sense

orientation. Uerr] and Uerr] designate the unique



regions of the L and S conponents of the genone. Bl ocks of ORF[ err]

are shown bel ow t he genone. Three genes that code for 5 targets of
anti-viral drugs, UL54, UL80 and UL97 are i ndi cated by arroms
OiLYT refers to the HCW |ytic origin of replication

Gircul ari zZ¥ABM¥ a nonomeri ¢ HOW genone fol | owi ng 10 Fﬁ?’é’é?qf’éﬁm
Figure 11: A. Diagrammatic represe #@IIOH of the HCW genong.

B. Circularization of the. HOW genonme folfbw ng infection. 15 C. Four

i somers of H%tqgagaenég&g_et&%ﬂsn'&y%ﬂ 0&&5&#@ genome during
replication I T OWS e yer segnment s enphasi ze
the inversion of the L and S segnents of the genone relative to each
other. 20 InFigkded kHat the Dlagﬁamta@sé@m&senéﬁémnma{r tae nfddV

: h "h" h
Genoms i s shofitty”ohbszeprod | ERE Tolleig B e tem oA Sindostn s

nodi fieds in the HCOW- [err] -F-1G (B). 25 Figure 13:
Di agrammat i C 3@‘\ r%éﬁﬂ&@{x&&’ElQJ&féﬁéer%”phngEeré‘é”&é'réé‘ﬁ‘f'6'9 the vaﬁo s
functi onal cat or gene esl gnates an anti-v

target (e. g UESEOIFJLW hysg7cede wWaigh BP&C’ReB’@SEd B r'on-§ e}ﬂ‘é%ﬂéh‘t@ a
pronoter and trite i¢l hokeinpéridedndbCBé €51l includif@l.yadenyl ati on signal. The
pronot er and pol yadenyl ati on signal can be derived fromthe HCW
genone and appropriate to the viral gene/drug target (gene X) or may
be exogéfous Vectomnseqgul atory el ements as described in the text. PSAS

i ndi cates 35 p qiabiGRt (SRAUEREE-BEEEPLOr Sites.  yira) Klegube 14:
D agrammati c r@pnesesh f ndthenafpl i con plasqbgnomlc or subgenomic)
indicator gene)

K3

v

Indicator Gene Viral Vecrtor
(functional/nonfunctional indicator gene)

20
+ Patient sequence
acceptor sites
| + Patient-derived
25
] segments
H
Resistance Test Vector
30 (patient-derived segments + indicator gene)
Host Cells
35 ‘
Packaging Host Cell - transfected with packaging expression
vectors
Resistance Test Vector Host Cell - a packaging host cell
40 transfected with a resistance test vector
"Target Host Cell - a host cell to be infected by a
resistance test vector viral particle produced by the
resistance test wvector host cell. The component of the
45 resistance test vector system that contains the indicator

gene can be delivered to the target host cell at the time of
infection or may be stably integrated into the target host
cell chromosomal DNA.
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-23- conprising a non-functional indicator gene which includes a
pernmuted pronoter. ORF Gene X designates an anti-viral target (e.g.
UL54, UL80, UL97) The | arge bl ack arrow represents a pronoter and
t he round gjig®jogsshpA+) indicates 5 a pol yadenyl ati on si gp&tuseosHiSer
pronoter and pol yadenyl ati on signal can be derived fromthe HCW

genonme and appropriate ., to the viral-zgene/drug target (gene X) or may
be exogenous regul at ory el enents as described in the text. PSAS
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pol yadenyl at |ﬁﬁC§Pgn§hecnhtb%nt derlw iseanhefnto mayh beHEWtgénedeiandne
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exogenous regul atogl el enents as described in the text.
i ndi cat es pat #ehtSt tances’é*&ﬁ&n’&%“%c‘é‘ﬁ?%’?ls’é}ﬁ gore thang OnﬁnﬁFFEBH is
contains thereferreperauhedetndangar egbdsranseetéss asctdesceybedni fokhe

t ext. 85 Egﬁ%%gslgf clarl%)g'&% amat | e %Irtgg %ggnh%degg&% at b £§Ur

| soners of th present After vira ron an
relative regbitanasn t@stt Hecker nutlhe &Y8i ay REyiam ace@@etsﬂ:égcaf test

rearrangement vechgte raljatt Hus p@@ebo&abﬁea H%' \eﬁfe obrt R8rad0 pNa CasSSeihe
are now |nthe er _orientatio di expressi on of the

L r
reporter gene® ngu ‘ang@nBRE S “}eﬁ‘t the B%?r’e?rta@% Itlesél YE°ERLULE in
an appropri ateafextigposhseoniof of a phei2nhaivesved tshegmeasseinw an

foIIomﬁ@g CO”§ﬁE§H§E£ZaEEBQ %Eral vec%%?.reaﬁ£aggggh99nggggdi§§nt. the
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resistance test vector is made by insertion of a
patient-derived segment into a packaging vector while the
indicator gene is contained in a second vector, for'éXample
an indicator gene vwviral vector. As wused ‘herein,
20 "patient-derived segment® refers to one or more viral
segments obtained directly from a patient using various
means, for example, molecular cloning or polymerase chain
reaction (PCR) amplification of a population of
patient-derived segments using viral DNA or complementary

25 DNA (cDNA) prepared from viral RNA, present in the cells
{e.g. peripheral blood wmononuclear célls, PBMC), serum orx
other bodily fluids of infected patients. When a viral

segment is "obtained directly" from a patient it is obtained
without passage of the wvirus through culture, or if the
30 virus is cultured, then by a minimum number of passages to
_essentially eliminate the selection of mutations in culture.
The term “viral segment"” refers to any functional wviral
sequence or viral gene encoding a gene product (e.g., a
protein) that is the target of an anti-viral drug. The term
35 "functional viral sequence" as used herein refers to any
nucleic acid sequence (DNA or RNA) with functional activity
such as enhancers, promoters, polyadenylation sites, sites

of action of trans-acting factors, internal ribosome entry
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the resistance test vector. In the case of combination
therapy where two or mwore anti-virals targeting two
different functional viral sequences or viral gene products
are being evaluated, patient-derived segments corresponding
to each functional viral sequence or viral gene product
would be inserted in the resistance test vector. The
patient-derived segments are insertead into unique
restriction sites or specified locations, called patient
sequence acceptor sites, in the indicator gene viral vector
or for example, a packaging vector depending on the
particular construction being used as described herein.

As used herein, ‘'patient-derived segment" encompasses

segments derived from human and various animal species.

Such species include, but are not limited to chimpanzees and

other primates, horses, cattles, cats and dogs.

Patient-derived segments can also be Incorporated into
resistance test vectors using any of several alternative
cloning techniques. For example, <cloning wvia the
introduction of class II restriction sites into both the
plasmid backbone and the patient-derived segments or by
uracil DNA glycosylase primer cloning, or by site specific
recombination, or by exonuclease overhang cloning.

The patient-derived segment may be obtained by any method of

molecular cloning or gene amplification, or modifications
thereof, by introducing patient sequence acceptor sites, as
described below, at the ends of the patient-derived segment
zo be introduced into the resistance test vector. For
example, in a gene amplification wmethcd such as PCR,
restriction sites corresponding to the patient-sequence

acceptor sites can be incorporated at the ends of the



The followng flow chart illustrates certain of the various vectors

and host cells which may be used in this invention. It is not intended
to be all inclusive. 10 Vect ors I ndi cat or gene cassette +
Viral vector (functional / nonfuncti onal (genom c or

subgenom c)wo 99/06597 ndi cat or gene) pLRAiso@t £%7 Gene
Viral Vector - (functional /nonfunctional indicator gene)
20 N -¢gPRat i ent sequence

acceptor sites + Patient-derived 25
segment s primers used in the PCRReshstaoge THEstildedyor iRla molecular

d
(patient- erlv%,ﬁqgj%ttgod SA l%f %{é%ﬁg s3 reg‘g%ﬁl“t*"s" 35%?%rs

Packagi ng Host Cel | transfecte
Resi st ance Test3WeREoriNGEPOTatrd. ag etk o ﬁ%stﬁ gelprimgrs useghsfert ed

Wi ]E h a (rje5| st afitest est @l strand cM%&nHﬁéFx@?'br ln';l Q%%tl?@%'«iﬁ&xﬁe
infected by a sistance test yect iral _particle prqduce t he
resi stanc% t est® vggtl&g ho%ﬁJ tel P E bu¥ She Bth & Ql %‘h

test vector sysaknungsdricomnoni ﬂsteshe:amdza:alrmorporategematoaﬂhé)epﬁlﬁheyer ed

to the target hasi f3¥|th@tréﬁ§if'f3%dgaon. T?%E?é%%@ﬂ@n géﬁgggebgbééﬁggy

I ntegrated into, the target host
sites and primers are des1gned to improve the representation

of patient-derived segments. Sets of resistance test

10 vectors having designed patient sequence acceptor sites
provide representation of patient-derived segments that
would be underrepresented in one resistance test vector
alone.

15 Resistance test vectors systems are prepared by modifying an
indicator gene viral vector (described below),or packaging
vector, by introducing patient sequence acceptor sites,

. amplifying or cloning patient-derived segments and iﬁéerting
the amplified or cloned sequences precisely into indicator

20 gene viral vectors, or packaging vectors, at the patient
sequence acceptor sites. Resistance test vector systems
that are constructed from indicator gene viral vectors are
in turn derived from genomic viral vectors or subgenomic
viral vectors and an indicator gene cassette, each of which

25 is described below. Resistance test vector systems that are
constructed from packaging indicator vectors are in turn
derived from genomic packaging vectors or subgenomic
packaging vectors and an indicator gene cassette, each of
which is described below. Resistance test vectors are then

30 introduced into a host cell. Alternatively, a resistance

. test vector (also referred to as a resistance test vector
system) is prepared by introducing patient sequence acceptor
sites into a packaging vector, amplifying or cloning
patient-derived segments and inserting the amplified or

35 cloned sequences precisely into the packaging vector at the
patient sequence acceptor sites and co-transfecting this

packaging vector with an indicator gene viral vector.



50 WD 99/ 06597

PCT/ US98/ 15967 - 26- Resi st ance Test
Vect or "Resi stance test vector" nmeans one or nore vectors which
taken togeth contain DNA or RNA conprising a

patient- dervmg%i 6Q%gment and an indicator gene. In the case BCT/UPIIWST he
resi stance test vector conprises nore thag one vector the
patient-derived segment may be contained A one vector and the

[ ndi cator generd fd PrbBEPll YRGIAInentCllne recdSEARLR! BACE LERLYEELON

conprising noré than-one vecto erern-as a-rasi 8¥hnce
test vector syR¢emFgiodured pirpesaadfading i hgsbutceElserogelidleasswith

under st ood to §§bﬁbg1ng éﬁ?ﬂéﬁéﬂbﬁev%%%brﬁechgrdef@ﬁeﬁ*ﬁe?éwRNeooﬁvaduce
resi stance test s .be_contajned in one or nore DNA or RNA

nma
nol ecul es. In ’6?1%"%81 ﬁﬁﬁf‘ %/Cﬁte°§ &diradaRectielgs Ftopresused ippdEugy
i nsertionsof aa:mmemcdeandedusegphmbllﬁtp amsths thamdizat oremﬂeedll tal

vector. In anﬂépgfnergﬁodhm?arttﬁ%e baseﬁeséé%@npe te3t MeClote rpde by

insertion of a t1ent-derived segnent 0 a packaging Vec or“Wﬁe
t he i ndi car%ﬁe)g@f% P@b@@h‘f‘%ﬁ“ﬁedthﬁ XFEETINOeecteFt Vertexampie be

an indicator 1Q@ﬁ6du<\!édahnté$e%t Most cef@ 1HSQ@|1e f‘aﬁh@xﬂze 20f packagin
pat i ent-deriv to on m)re segmengs

obt ai ned di rec?’l‘?/r??%ﬁ?% |5’§t""|t§’ﬁ'tg 3%‘? né"a\’félyl o‘&‘ét dr‘t’r%arEESide:rar’é?anfﬁP
nol ecul akOcl onswgcept ol iter agesthaichat  is resfdfosd  HoPCReredmpl ki cation

of a popul at i gn. ; _paded iell- derived segnments using viral DNA or
conpl ementary 25 Daﬂc](cclﬁN&a prep(%r ed fromviral RNA, present in the cells

(e.g. peripheral blood nmononuclear cells, PBMC), serum or ot her

bodi l'y f1uids pé usdedeedipaki eﬁéékaglr\@%krﬂréésﬁ.@n vectorseﬁﬂ‘émidég the
"obt ai ned diregt| froma patient it is obtai % hout ﬁassagg of

the virus throt@‘ﬁg%ﬁftur%lfc a§ (RRSFING i Brotedngy t(&r‘gd ShERCHYEL

i n|nunlhanberbnbtpassag§90ho as core and envelope polypeptldesl,
transacting factors, or gernes required by
replication-defective virus. In such a situation, a
replication-competent viral genome is enfeebled in a manner
such that it cannot replicate on its own. This means that,

20 although the packaging expression vector can produce the
trans-acting or missing genes required to rescue a defective
viral genome present in a cell containing the enfeebled
genome, the enfeebled genome cannot rescue itself.

25 Indicator or Indicator Gene
*Indicator or indicator gene" refers to a nucleic acid
encoding a protein, DNA or RNA structure that either
directly or through a reaction gives rise to a measurable or
noticeable aspect, e.g. a color or light of a measurable
30 wavelength or in the case of DNA or RNA used as an indicator
. a change or generation of a specific DNA or RNA structure.
Preferred examples of an indicator gene is the E. coli lacZ
gene which encodes beta-galactosidase, the luc gene which
encodes luciferase either from, for example, Photonis
35 pyralis (the firefly) or Renilla reniformis (the sea pansy),
the E. coli phoA gene which encodes alkaline phosphatase,
green fluorescent protein, the bacterial CAT gene which
enccdes chloramphenicol acetyltransferase, and the bacterial



essentially elimnate the selection of nutations in culture. The term

"viral segnent" refers to any functional viral sequence or viral gene
encodi ng a gene product (e.g., a protein) that is the target of an
anti-viral drug. The term 35 "functional viral sequence"” as used herein
refers to @Ryssnesey Nucleic acid sequence (DNA or RNA) wit hpdpinedq Rpal
activity such as enhancers, pronoters, polyadenylation si tes sites

of action of trans-acting. factors [ nternaﬁom bosone entry WO

99/ 06597 PCTI US98115967

-27- si tRed adthiSEe tgeams] at i dddfytoreshi presétesd m@h@gb&g of an

sequences, | oyl SEANENCESe OleSRldd NG seaYRDCeS,

were to target mor e one functional Vit SeqUience e]b]r ﬂWr%acﬁene
product then pRdt&insderhebd aegmeeslidy werswspbndivngassayachswelid as ral

gene woul d be JaeJit@thnoBssay {REAS €SI SFaNERudLSIcfCt Yot ivdred h%eqq_se of

conblnatlon t he ra &1 nore anti-virals tar etlnfg

di f f er ent® f un&GHRT v )SEQ&E\FI?\@BEJ‘BQ‘VI% SRR 0ggEPtDL  facharsyeing
eval uat ed, patdymik:dﬁs \eemli segirie ndwr fote eapoingingg () g. tgreeath Hoamedriegnal -
viral sequenceoh Ll 8hs SRS ANRLy,  BHLELDE 1 9SELI o6 [hddlEicooa

resi stance test vec errve
inserted intdo @uhﬁSauénCtheréstﬁeil@lqt(}@ns|Qeé§;oralsﬂ®c¥¢f%ﬁr¢d)c§@| é8s a

cal | ed pat I entselectaweulaﬂgee@ccwawpl%lst 8%, shﬂt&ﬂ?e' @Ql@@&&slegmmefsal
vect or packag

part i culjaq corfsqrr uE‘PWBﬁ?g%‘ néje&ggd e délég?’ii g"ﬂ%‘i’%l r’fp HUSHN A@}[fssfgd

herein, "pati ertyntetinee dk seapeenot Encamldsspst or gsegsenhatdenidesd farom
huren and var ious ANl SPSCi efie o2 fhre iBICRSRCCHESIRRIITE, illoffe 10!

limted to chinpanzees and her prima cattles, cats and
dogs. PHOETE R eF | %%%C@bgmarrﬂ §h@al¢a§|es@fbéh? né@?%@‘?h‘#@cﬁﬁ%ﬂ@es
of indicator genes, the indicator gene and the
15 patient-derived segment are discrete, 1i.e. distinct and

separate genes. In some cases a patient-derived segment may
also be used asg an indicator gene. In one such embodiment
.in which the patient-derived segment corresponds to more
than one viral gene which is the target of an anti-viral,
20 one of said viral genes may also serve as the indicator
gene. For example, the HCV proteaée gene may Sserve as an
indicator gene by virtue of its ability to cleave a
chromogenic substrate or its ability to activate an inactive
zymogen which in turn cleaves a chromogenic substrate,
25 giving rise in each case to a color reaction. In a second
example, the HCMV phosphotransferase gene may serve as an
indicator gene by virtue of its ability to phosphorylate a
substrate -thereby up-regulating or down-regulating its
activity. 1In all of the above examples of indicator genes,
30 the indicator gene may be either nfunctional® or
_"non-functional® but in each case the expression of the
indicator gene in the target cell is ultimately dependent

upon the action of the patient-derived segment.

- 35 Functional Indicator Gene
In the case of a "functional indicator gene" the indicator
gene may be capable of being expressed in a "packaging host
cell/resistance test vector host cell" as defined below,



resi stance test vectors using any of several alternative 25 cl oni ng

t echni ques. For exanple, <cloning via the I ntroduction of
class Il restrjction sites into both the pl asm d backbone and the
pati ent-derived segnents or by uraci| DNA gl ycosyl ase nmer clonlng,
or by site §E§@P Fi'c reconbi nati on, or by exonucl ease ¥ dﬁ%?

cloning. 30 The patient-derived seghent may be obtained by any met hod
of nol ecul ar cloning or gene anplification, or nodifications

thereof, by i Rhisedicidagpald eEEeS%@.%%%—%%‘i‘i%ﬁr S AShowever d¢3Gr | bed

bel ow, at the endsS of the patient-derived se nt td be I ntroduced

into the resi SURRELOPALL J\T@é’tc&tt gsgte coul e?@ﬁplh? $¥PregRate in the

anplificati onteeidead iseh c@d1PCRs defined €Béldw) lmrsddcea:weogx%m&twdw to
E)Pet Egt lent- S%%UGWEEJ]CH% ?ecsefétoafncsel ttegstca\r}eggozlr ng(a).;' es an tt@'leelends
PCTI US9/ £5967 effective infection of the target 2Bost cellprimels weed in

the PCR react ig@hodiidddtardy/, al auﬁce%ﬁ&yl #hdic tofl gea&g FRENAd el A4S
CcDNA cloning, said restriction site can e I nCor porated_at the ends

of the priner 9%i&ed pgpette, f‘i‘?“b‘tn@rmgecﬁﬁﬂt§‘t’+arf‘c?'e(‘,‘m&ssyﬂ{lﬂesa}s g in a

met hod such ‘®nccaSingf i @y - Lafacatot Dbhfotahe} he:ts cl imhvedd uri@itfwectﬂa\lA
said restricti, ' cor ated int he pr for
the repair rea%‘[ |18%E8‘T'hé&p b‘%lj ¢ sgggéen'ce adc %F P Vu[raels vecstoarn’d Wﬁ'r q‘rrers
are desilghed ttde n@&@@e@h@m@@emmmwwtlmaﬂf opkantahtiater agedthe

segnents. elsi @ beskstanss ehﬁﬁﬁcéP/pr&e&é@f Sofayhagvdeahgnadat i ent
sequence acceptor Sltesloekﬁef LFE de represe tation of patient-derived

segments t hat o7 © LG Toe 95881 takdEs CESE Wt or
al one. 15 HRB5, spbaoses ttest axrehtm:smmrrsanair a gy epamedely (ROdMWITR) an

i ndi cator geng ML e Ve HorbdSEh! PRD BEREWLOLpBBEKAY Whinscriptional
15 orientation as the HCV enhancer-promoter, respectively, or
the T7 phage RNA polymerase promoter (herein referred to as

T7 promoter) associated with the viral vector.

' Non-Functional Inaicator Gene

20 Alternatively the indicator gene, may be "non-functional! in
that the indicator gene is not efficiently expressed in a
packaging host cell transfected with the resistance test
vector, which is then referred to a resistance test vector
host cell, until it is converted into a functional indicator

25 gene through the action of one or mwmore of the
patient-derived segment products. An indicator gene 1is
rendered non-functional through genetic manipulation
according to this invention.

30 1. Permuted Promoter In one embodiment an indicator gene is
_ rendered non-functional due to the location of the promoter,

in that, although the promoter 1is in the same
transcriptional orientation as the indicator gene, it
follows rather than precedes the indicator gene coding

3c sequence. This misplaced promoter is referred to as a
"permuted promoter." The non-functional indicator gene and

its permuted promoter is rendered functional by the action

of one or more of the wviral proteins. One example of a



vector, by introducing patient sequence acceptor sites, anplifying or

cloning patient-derived segnents and inserting the anplified or

cl oned sequences precisely into indicator 20 gene viral vectors, or
packagi ng vectors, at the patient sequence acceptor sites.

Resi st ance w@3%063¢Tt or systens t hat are constructed fpomusegtisat or
gene viral vectors are - in turn derived fromgenomc viral vectors or
subgenom ¢ viral vectors and an indBeator gene cassette, each of

whi ch 25 i's described bel ow. Resistance test vector systens that are

construct ed f reR padiigiangli ddidisasrry @sner widthe & rpeumuted nronel:areivvemf rom

genomi ¢ packaging ¥££4 058 mwquﬁ&% G promotRAckagifie
i ndi cat or gene_.cass WhI ccj)”imoi s described bel o‘% q%ejm st ance

e,
test vectors ar@® tﬁgﬁé 0”°311?3it?%u‘&%’8“’r1?'ﬂ%1%9 hordiqng |of thq cindicatedy, a
resi stance gend est thect bfar(dmmoatigheenedit eegson. I etieS nAAC EuhE€SionLTt Or

Mo peskag) m ety JRIE T PR Sl IS FEERR s e S

segments and i IR t iangfﬂﬂ-’:‘-wli fiwceﬁtcas gen@I Gimr§eqaem%stpeedl oLy

into the packaﬂiﬂt@n\&ph@bnainfé&mn of RAd %@.trg%%qe@mis aLEERI OInS! ££5m and
co- transfecthghthls qg%ng vector with an indi cator gene viral
veet or . eVEF@@?@% ng he CMV IE promoter relative to the

PCTI US98/ 15967indicator gene coding reglon Fol28wing the ninmvnerpieigerred

enmbodi mep, 5§€é§?ff%aQ9§ﬁ£§§& %%&ﬁ%&t enes P&eNL the

packaging hos oget packagi ng expre i on vec#ors as
defi ned belom/t%€9%wdﬂ%eb resi stance test vector viral particles t hat
are used in drug 5 resi stance and susceptibility tests that are referred
to herein,as a “particle:-based an alternative

st.” I
preferred enbddi REAFUCTHRe PFREPETANERY 2’& %t%&wtb‘é: Or PIILMRICET
into a host ceprorptehevabdencm dfe pacloagimded in ekpr essgen hest orsllo

carry oy a dwgoias%ﬁm&e gk ¥y 1 tla&éighxani:&?tre&b@ﬁ cdf be

referred to herein "non rticle-
used. Ln a second examp e the promoter will be small in

size to =enable insertion in the viral genome without
~disturbing viral replication. More preferably, 'a promoter

that is small in size and is capable of transcription by a

20 single subunit RNA polymerase introduced into the target
host cell, such as a bacteriophage promoter, will be used.
Examples cf such bacteriophage promoters and their cognate

RNA polymarases include those of phages T7, T3 and Sp6. A
nuclear iocalization sequence (NLS) may be attached to the

25 RNA polymerase to localize expression of the RNA polymerase
to the nucleus where they may be needed to transcribed the
repaired indicator gene. Such an NLS may be obtained from

any nuclear-transported protein such as the SV40 T antigen.

If a phage RNA polymerase is employed, an internal ribosome

30 entry site (IRES) such as the EMC virus 5’ untranslated
region (UTR) may be added in front of the indicator gene,
for translation of the transcripts which are generally
uncapped. In the case of HCMV, the permuted promoter can be
introduced at any position that does not disrupt the cis
35 acting elements that are necessary for HCMV DNA replication.
Blocking sequences may be added at the ends of the
resistance test vector should there be inappropriate

expressicn c¢f the non-functional indicator gene due €O



As used herein a "packagi ng expression vector" provides the factors,
such as packaging proteins (e.g. structural 15 proteins such as core

and envel ope polypeptides), transacting factors, or

genes r | T by replication-defective virus. In such a

si tuati on, %&gh/&g” repiication-conpetent viral genome is enfEEMSEFIH a
manner such that it cannot replicate ,on its own. This nmeans that, 20
al though the packagi ng expyession vector Tan produce the trans-acting
or 1M SSINg 0CRESIAYAIIRH (0-IGHENS A SRt enariondll 3l OCURUE pafseNt
in a cell containing the enfeebl ed genonme , the erif eebl e genorre

cannot rescue SPSBe of othe pgamubedr T9r RuSHIEEXorgiceste above. " pudhca or

or i?mi cat or g;%e:‘khi&@f e_é&ﬁ\h@n@e nucaygi @oﬁ@%igt of haen'ﬁﬁditf‘ﬁar?sdi!’i@t@dﬁalDNA
or structyre t.hat either., . irect or_t u reaction giyves
rise to a rrealséﬁrrgﬁpgtt(?? . positigped. tyy }]é%b(ecr[‘?a‘{et%d%“g%to?’ﬁnﬁﬁrliﬂ 2 of a
measur ablSe 30 reswdvdingngirbmoPNAncomeatoaset iain .DNA or RNA used as an

i ndi cat or a change or generation of a specific DNA or RNA structure.
Preferred exanples of an_indicator_gene is the E. coli_lacZ _. gene

whi ch encodes %pet BegArERE 0§0dd8s, R¥BELQUC gBheawrfedpnd embedipges, an

| uci Harase e} iRy id‘artmﬁa fg@heexﬂﬁmﬁencf&)ﬁ&d)niﬁ%n35unc}ﬂbﬁﬁ'ﬂ.s dtde dd refdey) or
Renilla reni 1.5 (1 sea .pansy, , , 1 col.i. 0A gene i C
encodes alkaﬁﬁ%?ﬁ)ég%ﬁﬁcﬁggfn o Ehg e2n ??gogésg8ﬁ%n§r5F§gﬁ?stﬁg the
bact eri al0 CAT igeliecafinchgene, isncoikis, chher @fphevdind aegtipht raresfediesse,

and the bact eidher than foMB.9ME5Y coding region. This misplaced
PCT/ US98/ 15967 an 30— CONP& (T SCt ammse gener oc®

Addi tional pr &EHPEdTEARDI e TEeHTed to PRIRCAPBFTYERR erdii@ciatian- "
proteins. or calle switAt&tion oprdieines -tthattabfal eaniiyateasyures hyy assay,

S %S racl B SRR AL o Tl Spoal, SHL oo

15 promoter/enhancer of the viral vector, as mRNA coding for a

functional indicator gene will be produced in the event of

either orientation. The non-functional indicator gene and

its permuted coding region is rendered functional by the

‘action of one or more of the patienc-derived segment

20 products. An example of a non-functional indicator gene

with a permuted coding region in the case of HCMV, places a

5/ indicator gene coding region with an associated promoter

in the b region and a 3’ indicator gene coding region in the

c’ region and/or adjacent U, region of the HCMV genome, with

25 the coding region having the oppogite transcriptional

orientation. In both examples, the 5’ and 3’ coding regions

may also have associated splice donor and acceptor

sequences, respectively, which may be heterologous or

artificial splicing signals. The indicator gene cannot be

30 functionally transcribed either by the associated promoter

_or viral promoters, as the permuted coding region prevents

the formation of functional transcripts. The non-functional

indicator gene in the resistance test vector is converted

into a functional indicator gene by inversion of the U, /U

35 junction upon infection of the target cells, resulting from

the repositioning of the 5’ and 3’ indicator gene coding

regicns relative to one another. Following transcription by

the promoter associated with the 5’ coding region, RNA with



cytoki nes and cell surface antigens (e.g. growth hornone, | 1-2 or CD4,

respectively). "lIndicator gene" is understood to also include a

sel ection gene, also referred to as a sel ect abl e marker. Exanpl es of
sui tabl e sel ectabl e markers 10 for manmalian cells are di hydrofol ate
reduct ase wholaskbder t hym di ne ki nase or E. coli gpt or pgangmshiiy codes
for resistance to the antibiotics hygromycin, neonycin,

puromycin or zeocin. In the case of the fiaregoing exanpl es of

I ndi cat or genes, the 1 ndi cat or gene and the 15 pati ent-derived

segnent are dapprepeiatelye. atrspgedtSanand 3° sefhanat cegbves. proé®ucHNE
cases a patiepf-defiy ggggg be used as an indicator gene.
I n one such eg%ggen%n%ﬂ B ﬁg%%? goggtlent derived segnent
corresponds to nore than one viral gene which is the target of an

anti-viral, 28, N@@@cﬁfe Siren¥i RIGA me@ FBYiShSOIS & (Ridy taaaoumaéﬁ@t or
gene. Far exanp he Hcvzgrotease |caLor

e e

gene by Virtu@® Pnﬁﬁ§a58FI9? €t 55cf gé'%§WF6ﬁ86§ﬁlcb¥uH§FFﬁ?e Sr its,
ability to actheatfmcan thetctiveis expry:s’egén foimc RNAN thatn meaegatavf_a
chronmogeni ¢ Sggﬁtséamtkﬁzies[;%c‘@ %\/ré% %ﬁ‘%sgﬁégdé@ efi8! 5:0&6895' on.

In a second erase g ne serve as an
i ndi cat or gen@xﬁyeﬁﬁﬁPDeoéf1“F§£§5P5Pt§rP@ PHedpEBRGT @t BNAS contaéﬁb§8rate
thereby up-regukatifggdie doWietegsé aémr&mlatcs.on requﬁeés Welgutika stkanl the
above exa nplegp%f I ndi ator enes icator_. gene may be

)

Rafe u5+ng 1ru3rﬁﬁ?%ﬁﬁﬁﬁﬁ°8ng “9BEE Pheach case the

ei t her fun

expression of the i ndicator gene in the target cell is ultimately
dependent TadiRARoLNBAE! VoPa PIvi it 0Al IRRlsudaplved seament. 35
Funct i onal Indlcator In the case "functi onal |nd|cator

gene" the i ndPSatiEed -erel&enelﬁﬁﬁCBEOEaﬁﬁﬁFeva“%eVﬁﬁt%§prE%E%ﬁs|EO

"packagi ng hosftec:ov(s)ce&cbn{m&ss;&iganaﬂ tiesti caeetorgdpst andl | itas cdatirotd

bel ow,

51596?1ewe§%s a&é one or more viral genes The indicator gene

PCTI US98/ 31-
viral vector is assembled fxrom an indicator gene cassette
and a "viral vector," defined below. The indicator éene
.viral vector may additionally include an enhancer, dgplicing
signals, polyadenylation sequences, transcriptional
20 terminators, or other regulatory sequences. Additionally

the indicator gene viral vector wmay be functional or
nonfunctional. In the event that the viral segments which

are the target of the anti-viral drug (which for drug
resistance and susceptibility testing are patient derived)

25 are not included in the indicator gene viral vector they are
provided in a second vector, which may be a packaging viral
vector. An “"indicator gene cassette" comprises an indicator

gene and control elements. "Viral vector" refers to a
vector comprising some or all of the following: viral genes

30 encoding a gene product, control sequences, viral packaging
_sequences. The viral vector may additionally include one or
more viral segments one or more of which may be the target

of an anti-viral drug. Two examples of a viral vector which
contain wviral genes are referred to herein as an "genomic

35 viral vector" and a "subgenomic viral vector." A "genomic
viral vector" is a vector which may comprise a deletion of

a one or more viral genes to render the virus replication

incompetent, but which otherwise preserves the mRNA



| ndependent of the patient-derived segnent, however the functi onal
I ndi cat or gene coul d not be expressed in the target host cell, as
defi ned bel ow, .wi t hout the production of functional resistance test
vector par nd their 5 effective infection of the _target host
ell. W&Jgﬁ%ﬁ enbodi ment of a functional indicator gehel/Up3pasoe

|nd|cator "gene cassette, conpri sing_ ggntrol el enrents and a g€ene
encodi ng an indicator protgin, is inserted”into the i ndi cat or gene
viral vector. cpaasl Hhd/igleotaib clldcl®s op 1EOCo3ATR O gpn0Si g ©
transcrlptlonal orlentatlon as the native or foreign enhance préﬁnter
of the viral Vedt6r One exanpl e of a functional indicator gene in the
case of HCV, places the indicator gene and its pronDter (a CW I E

enhancer/ prongter) in or osit anscri ptional orient at i on
as the HCV enhanc)é)r-pr%mrrse? er%tesgg i 98 ?’lé\y L S‘t‘ﬁ‘e’eﬁ*’?’*‘ﬁh)abe‘f RgRd

pol ymer ase pr gt e éiafﬁtr efcder sénbmlasvual vddrqur crmoipersess Sncigd ,ed
with the viralgveaier. Ns3, Nsa, Ned- E§§'C 03y A,adi £aLoL £Xns; 20

Al ternatively ttlgo ndi cat r gene bte nor?f'I unc n%l " r*se3 in that the
i ndi cator gené™ ené:ff I%Wﬁ”éﬁ%eﬁ@?ﬁ%ﬁlbllltvpé’é}@agﬁfﬁjmc%el I
transfected wtdstt, heheegeﬁctmm:erm vector we&peisem:c:hls& tderevead e ed

to a resist angn C;%&I Vgg %enes CJ}LIO%'[ %Fﬁé Bgépr 04%115'9 (ignye&%greed #?g{;(‘g a

functi onal tor 5 ough
t he 10 pat iveialdeveesariegafersprisriust svectoan melca‘-’emg gthe i®ding

render ed non‘zfég%‘éri 08@' onkthWGRordefethe d&%‘cp%kﬁ"dr‘)%a\r enc@ﬁ%or’dieng to
this invention. . PernuH}d Pronoter ~ L.n one enbodjrent _an i ndi cat or

gene is Hré’r‘?&éf’éd“ﬁ?)ﬁ Fh At FEF98Ge SP 0°EhERE 0RREF O A RS Dr ot er
in that, alttwughsethbd HIVONOL eprefsrréd embedim&@®is a subgenomic
Lransor pti ona), ot epLal LoncAs LB AU etay 9888, ks, wag | RdsDUR L e
t han precedes tJhe I ndi cat or ‘?h e
promot erli s reffdgEg 6o-asin *he casen OEmHCMY . pﬁo?ﬁ?é@—rrec}'@mmmmsbnal

i ndi cator gene a@dbgenomlbt Sr IRQIMK 88k HF O@éﬁx@heinger&er eﬁcﬁvnceldlﬂ‘@éorpy

t he action nor.e of the vir roteyns. One exampl e of a
lasmlég contalnlna one or a %ewpvgra genes such agW%L54

of

UL80, UL90. Examples of viral clones used for viral vector
construction are: Towne, Toledo, and AD169. The viral coding
20 genes may be under the control of a native enhancer/promoter
or a foreign viral or cellular enhancer/promoter. A
preferred embodiment for an HCV drug susceptibility and
resistance test, is to place the genomic or subgenomic viral
coding regions under the control of the T7 promoter. A
25 preferred embodiment for an HCMVV drug susceptibility and
resistance test, is to place the genomic or subgenomic viral
coding regions under the control of the endogenous HCMV
promoters. 1In the case of an indicator gene viral vector
that contains one or more viral genes which are the targets
30 or encode proteins which are the targets of an anti-viral
_drug(s) then said vector contains the patient sequence
acceptor sites. The patient-derived segments are inserted
in the patient sequence acceptor site in the indicator gene
viral vector which is then referred to as the resistance

35 test vector, as described above.

"Patient sequence acceptor sites" are sites in a vector for

insertion of patient-derived segments and said sites may be:
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- 32- non-functional indicator gene with a pernmuted pronoter in

the case of HCOW, places a pronoter in the "'b" region and t he | RES,

coding and term nating regions of the indicator gene in the c'/and/or
adj acent Umar9906592gi on. The non-functional 5 i ndi cat or geperiSoaif36s7

resi stance test vector is converted into a functional indicator gene
inversion of the Uerr] junction wsan infection of the target cells,
resulting from the repositioning of the CW | E pronoter relative to

t he i ndi tht SigBife ESERCHiayi oaltesFdldtowidugetiheoy neet s bredded

properly arratngeﬂgéﬁasggt thgeﬁe%e@'t%xe)(pf)esﬁﬁ&iﬂf occurv.trgarggt cell
rom)

A per mut ed prom)%| Eﬁé be an% eukaryot'i ¢ or
whi ch can be TPERELFFHRA Fitehet® aFrktf'etV%r'cé’lxl 3)1§elepﬁe@né+éﬁarrpﬁlé0 t he
CW I E prormtwhiehhamcezratrlegltedeﬁav\e&e segmeritseﬁlay| bal a%@@&deaxaun@iﬁgt he

wi t hout Qi sturbrng vita cation. PEMEBY yEXGPFoRD
that is snal | OVATEpDg gﬁenitggtapébl @J(ﬂetﬁamsxzflqatr@cpdﬂylmamn sanhgée

subunit RNA p@i&@@fa$@1b&br@ﬂﬂé&ihédg(EhEhEaEﬁéﬁﬁnseque CQOQE %§£$r sied as a
bact eri ophage, es of suc cterrophage

te
pronoters and* g F& 88b‘ﬁ§f3elnt° t%ﬂAlﬁéllfﬁéPé's@?nlené’PE@é RsEeTf phages
T7, T3 and Sppatdent semenear hocaptanat IsﬁJteSSEQHE@CQn{é‘ﬂeS)ablI@'y b@c@&é@ched

to the 25— Ripol Wehase Eﬁe'QS&‘iﬂéerdeeg?{% 28 ey aﬁthAtggnyﬁb‘gﬁred

to the nucl eus where they neede T ranscri Be
i ndi cator gen&S SBEhtéﬁg?xl-_So Db diired drme. The yhyal sequences

nucl ear - t r anspsed e@bmrtﬂie@lﬁtsﬁ@libtﬁ?ori g §¥é@e£[t3§3 Re acceptbl &iPbage

RNA pol ynerasg, Ls_e n_internal rlboso entry Site (IRES)
such as the Sv F%ge ngsﬁt&é%ss?rhtséﬂ that égﬁea(‘i‘ﬁe( UPR) anﬁ?”ﬁ%r‘éﬂﬁbﬁel n

front of the fhahgatoisgeade in the faowirta arts]datdodlingf sthaehtanseundt $t whi ch
are gengsal | yehat pd#itaBRed. dibidiadiasepl peMend he.pelil egﬁé’fo{fgt er
0

can be i nt roduced at ang positio es not st upt
sites are located within a relatlvely conserved region of

the viral genome to facilitate introduction of the

pronotergw | | ?Eeﬂfg{ivénclo :Ln “fe| % en(%bl e Ir;:tell on_in the vi % I?genome

patient-derived segments. Alternatively, the “patient
sequence acceptor sites are located between functionally
20 important genes or regulatory sequences. Patient-sequence

acceptor sites may be located at or near regions in the
viral genome that are relatively conserved to permit priming
by the primer wused to introduce the corresponding
restriction site into the patient-derived segment. To
25 improve the representation of patient-derived segments
further, such primers may be designed as degenerate pools to
accommodate viral sequence heterogeneity, or may incorporate
residues such as deoxyinosine (I) which have multiple
base-pairing capabilities. Sets of resistance test vectors
30 having patient sequence acceptor sites that define the same
Or overlapping restriction site intervals may be used
together in the drug resistance and susceptibility tests to
provide representation of patient-derived segments that
contain internal restriction sites identical to a given
35 patient sequence acceptor site, and would thus be

underrepresented in either resistance test vector alone.



35 acting elenents that are necessary for HCW DNA replication.

Bl ocki ng sequences may be added at the ends of the resi stance test
vect or should there be inappropriate expression of the non-functional
i ndi cat or to WD 99/ 06597
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artifacts (DNA concatenation). |In the HCW exanpl e of the pernuted
T7 pronoter given above, such a bIoc§|ng sequence may consist of a T7
transcripti ongyper ceiftm nator, positioned to block readthrough
transcription 5 resulting fron1DNA concat enati on. 2. Pernuted

Codi ng Regi on The resSeeIRe SfftdiViRevor ignintrodiped chitoe gemsst sceEnder ed

non-functi onalswita¥e theést cells! aEéVﬁ\aln'ﬁﬁQEthcQﬁ.ltshe Prdla Gling
regions of the %ﬂﬂg i_ndi.cat or 3 dr regi on

precedes ArEn SR HETE g’%f“’t l?é““%n Eb%‘i“?‘?gs raé‘&l ﬁllSTWP‘sc% ¥R Jhel
codi ng reyi on psineipte cthtgetas of "piralutafaadiong r &g ale case W HCV

orientation of Cha! o | r sa
opposite to th%%é% ’Rhg.hl%g ltlve or éflor egﬁER %“Q% raonnyggfénﬂén%%?m%fc%
viral vector, BHOHRNREHREMRY fGlls - In’ theneabonaf HEMYVcaswitajehe widd be

produced in theele.\serﬂncthde MRCS eiHFehuRbhepbAddian FI1REcHPRsf 4NEhd ANAler
i ndi cat or gene, er nut ed _codi ng?ije% on.i.s rendered funct | onal

by the acttoh of %‘H%arbrgﬁﬁ?ge f R9RE p t ¥deti \RIF SRy nERat20-he
productsi0  Ammxanpleabf daugonwiflincénoenl thadiczalt]oregﬁﬂelercly wnahkae

pernuted codi ng, ROy i By, trlﬁuéaﬁ‘él?glgp/kér}zq)m%%g% qnachutrher};b 185p Leahor

gene codi ng regi on w th anh associ ate on and a
3' indicator JEHARVMGREIegFRIETRRE héorm of ¢her eafiteir v lor 1k kicean -

Uerr] region t&is:t hee&iwvag%nof@newé&l 28 hetr@:lzn i ag "ﬂa@&'a%'inahaﬁldé'tg
the opposi te . L&ns,cn,l tho n hoth exanmple the 5'

and 3' coding regl ons resn‘sgérl‘naca a1y P{é’ﬁg %Sc‘l & :} Sepl PEe tROTHTE
acceptorl5 cesldguéncds ,"paelsmmg vedst, qmﬂc*h refprbethedehosogoekl arhat

provides the trans-acting factors and viral packaging
proteins required by the replication defective viral vectors

used herein, such as the resistance test vectors, to produce
resistance test vector viral particles. The packaging

20 proteins may be provided for by the expression of viral
genes contained within the resistance test vector itself, a
packaging expression vector(s), or both. A packaging host

celi is a host cell which is transfected with one or more
packaging expression vectors and when transfected with a

25 res.stance test vector is then referred to herein as a
"resistance <tTest vector host cellr and is sometimes
referred to as a packaging host cell/resistance test vector

host cell. Preferred host cells for use as packaging host
cells for HCV include huh7, HepG2. Preferred host cells for

30 use as packaging host cells for HCMV include MRCS and HF. A
. "target host cell" refers to a cell to be infected by
resistance test vector viral particles produced by the
reszstance test vector host cell in which expression or
inhibition of the indicator gene takes place. Preferred

35 host cells for use as target host cells for HCV include
HepG2 (Hiramatsu et al. (1997), J.Viral Hepatol. 4 (suppl.l),
61-67), Euh7 (Yoo et al. (1995), J. Virol. 69, 22-38), Vero
(Vaili et al. {(1997) Res. Virol. 148, 181-186), Molt4Ma



artificial splicing signals. The indicator gene cannot be 30 functionally
transcri bed either by the associ ated pronoter or viral pronoters, as
t he permuted codi ng region prevents the formati on of functional
transcripts. The non-functional. i ndi cator gene in the resistance

t est vect ogyg ggrvert ed into a functional indicator gemesdsyisoss

i nversion of the [err] 35 . junction upon infection of the target.cells,
resulting from t he rep05|t|on|ng ofsg-he 5 and 3' indicator gene

codi ng regions relative to one another. Follow ng transcription by

t he pronoter dShivizt ezt wilt.h (RRE25, ENAS ngp r 670 S4RNA .WHPBMa (ShimizuWD

99106597 et al. (1993), PNAS 90, 6037 604ggéﬂ§ﬁ8é&5gﬁ§ Yoshikura
-34- appropriatel’y arranged 5 "and regi ons 8uce a

functional indi*é3tor 6en¥1696du€? 8406- 849? PVe°§tFand‘Rﬂﬁ4coang

region- In a tiizod .end®di mepa-1500) an Mmdi catdiugene es rendersss; . J.
non- f uncti onal VI ue the S _expre

that is %%gatﬁré' $ien%%{%ﬁ¥%?respe% %er¥%é éo?glfe gnc?%éd d%gnggNA
product s. taEgptehesbnceil$u®¢féﬂﬁ@blﬁm@@nﬁ1MRCQeﬁodeHFmMS cont ai ni ng
the luc gene in reverse orientation requires negative strand 10 RNA nmade
during virus replication | ndi cator CGene Viral Vector -

FL ure 5 .
Construction Drug Rusgepy hé?éFﬁ,a&4rﬁﬁﬁiﬁQﬁnﬂﬁeﬁ€s§FraI vector" refers to a-
vector(s) conmHesi ragrugn Eastept Dbipene amd | kastovnanod Iesteel efenthiand

one or qﬁge viiral genes. rﬁ%lggkgfégraggnen one %%fa$o¥$C§8%t'% jssenbl ed

from an di cator gene R vect or Fnéd bel ow.
The indicat or Wyemé drug &HSQ%PU@@eﬁe¥YnH§<hﬂ@$?i@ﬁ@1¢%’qhﬁﬂQﬂﬁ§e@ﬁréﬁH§ﬁcer

splicing o geﬁésantlpeuaﬂe@gleetl wBEaNencasiven t papssntRyd ond 20
termnators, 1nd?.tc:ag<r>rrgeegrl1g aetx%r esggoue{]scelshhlbléggl EI Pnal ll'}/\. IC50 for an
anti-viral agent is the concentration at which 50% of
15 indicator gene expression is inhibited). A standard curve
for drug susceptibility of a given anti-viral drug can be
developed for a viral segment that is either a stardard
_laboratory viral segment or from a drug-naive patient (i.e.
a patient who has not received any anti-viral drug} using
20 the method of this invention. Correspondingly, viral -drug
resistance is a decrease in viral drug susceptibility for a
given patient either by comparing the drug susceptibility to
such a given standard or by making sequential measurement in
the same patient over time, as determined by increased
25 inhibition of indicator gene expression (i.e. decreased

indicator gene expression).

In the first type of drug susceptibility and resistance

test, resistance test vector viral particles are produced by

30 a first host cell (the resistance test vector host cell)
_that is prepared by transfecting a packaging host cell with

the resistance test vector and packaging expression
vector{s). The resistance test vector viral particles are

then used to infect a second host cell (the target host

W
N

cell) in which the expression of the indicator gene is
measured. Such a two cell system comprising a packaging
host cell which is transfected with a resistance test
vector, which is then referred to as a resistance test



the indicator gene viral vector may be functional or nonf uncti onal .
In the event that the viral segnments which are the target of the
anti-viral drug (which for drug resi stance and susceptibility testing
are patlent“gﬁﬁo&sq) 25 are not included in the indicator gene vira
vector they ar prOV|ded in a second vector, which nmafBa8AMkagi ng
vi ral vector. An "indi cator gene cqfsette conpri ses an indicator
gene and control elenents.. "Viral vector”refers to a vect or

CoNpri si ng sompegtod! hodtf 6e|1?t f obhowi r}.%rg‘é'tr élelﬂe&ees u%ggcégnggg;“g?gaggne

product, control, g uence viral _packa
vector may addPtFBRAI 1§ | RAISdEGe 6F “non- fVQ#Q#Qn& | ivdgaenbs ogener

nore of which Fapchéohh® tadgedtor gen@f aReaBEEiVviédt1dr 8oy JV0- £X30R) €S

of a viral vec i ntain,viral genes are referted to herein as
an "genomi ¢ SSEQEnQQ %9588 f"ER RdPECkEIIENBRAFE GRthl 2RRcrFRrLid raguisaoni c

viral vecBor" iBfgcvien mf \ﬁhtshgﬁ'ayhostrpq:elsb Wi tdelrelsigiante test Qe@P6rOr
nore viral gengssto é@mersutpg%n\éhéﬂﬁ r@@' '&ﬂfyon%tgg%%g%%@ete@t,hnggt

whi ch ot herw se preserves
PCTI t S98/ | 5967+Rvention Non- functlonal indicator. ggnes withegppessivaedand

processi ng chapaometesti @s pefrmhl&edCdelelbe regionVl rdiS -an negatide Q8fse

enbodi mrent fo H ept.i bi | |ty nd reS|stance test, the
genomi ¢ viral \%egtgg?i (C:%édlgl ggg g&iE are nogpef RARESSHRA NGBOR See

infra, pafes SQrBBFfecthonneﬁf theenb@dkmﬁmmgfamsan bENV dnmg thus the
susceptibilityia t c ri ses
p yi ﬂ@cﬁﬁ&iiﬁa@ﬁg tar?eﬁeﬁést é@iﬂqgﬁphﬁléﬁﬁﬁkyég &%EB%QW%

viruses deleted in ew genes such as
"subgenoni ¢ 10°°~ 9P}§FV9é&?6rbYr%@%r%ﬁ?%ﬁ%ﬁﬂ&ﬁnQﬁStcGﬁﬁFP§|h@SFh@eébdan@

regi on of one ohenoaeyat Malstgeaks d*“ﬂﬂfdﬂ@h Qﬁ@@@ﬁuﬁh%f the tQEQé@lﬂésEhat
ey Oe L e e A el W Do e SRR oy

NS2, NS315Ns4, Imsgh§em@§onq type of drug susceptibility and resistance

test, a single host cell (the resistance test vector host

cell) also serves as a target host cell. The packaging host

cells are transfected and produce resistance test vector

viral particles and some of the packaging host cells also

20 become the target of infection by the resistance test vector

particles. Drug susceptibility and resistance tests

employing a single host cell type are possible with viral

resistance test vectors comprising a non-functional

indicator gene with a permuted promoter. a permuted coding

25 region, or negative sense strand indicator RNA. Such

indicator genes are not efficiently expressed upon

transfection of a first cell, but are only efficiently

expressed upon infection of a second cell, and thus provide

an opportunity to measure the effect of the anti-viral agent

30 under evaluation. 1In the case of a drug susceptibility and

. resistance test using a resistance test vector comprising a

functional indicator gene, neither the co-cultivation

procedure nor the resistance and susceptibility test using

a single cell type can be used for the infection of target

35 cells (is this true for HCMV). A resistance test vector

comprising a functional indicator gene requires a two cell

system using filtered supernatants from the resistance test

vector host cells to infect the target host cell.



15 (Figure 6). In the case of HCOW, a preferred enbodinent is a
subgenom ¢ viral vector conprising the HCOW anplicon pl asm ds
containing one or a few viral genes such as UL54. uL80, UL9O0.
Exanpl es of viral clones used for viral vector construction are:
Towne, Tol wagseasd AD169. The viral coding 20 genes may eTunsgfsdshe
control of a native enhancer/ pronoter or a foreign viral or.cellular
enhancer/pronoter. A . preferred enbadi-nent for an HCV drug
susceptibility and resistance test, is to place the genom c or
subgenom ¢ viral codi ng regions under the control of the T7 pronoter.

A 25  prefertadogebedisdiheher o&n t'ﬂ@W\év‘é’n'tE&o U§GeRka b'éa'stey Fey, o
resi st ance test Elgg}ﬁt}?% a(ge the enom Cc or genomc Vvira CO:al ng

regi ons underP®h f e 6@§tﬂCM§'re Carp%@fﬂmt@t% with he
case of an indesdstangenesti vattyesiddrived friditlgetORial B8y N6y b SP4 €

viral gepes Igh are ts 30 e _protei ich are the
targets gf a\rll\@a%t | - Vi r%?ﬁctva&g% S))(H?:&eﬁﬁggg’d C{ect opgﬁgﬁv?%’i‘WQW
patient sequeREECY/PXASERESEpICGY ?X ES NSHES/ prsHEHt - ;iKBVD@dHG‘ﬂmmlsc are

i nsert ed pXBVDVhﬁC?ﬁQSEﬁIu@equﬁﬂ%@%ﬁi&ﬁheﬁht B¢l E‘h&h :?'50{ gene
viral vector gglch is then_ referred to as the resistance VEect or,

as described SBBv&ase °t H tFelﬁar%&ééﬁé’és&écéfﬁtsélst§rﬁés'teért'@ s#¥®s in
a vector for carriednsertd i edthf pedismindgtericeed Seghmids aedisald sid®s nay
be: 106

PCT/U898/1596%eXg%gg Q §31 vectors, i.e., pA- CMV3%§ geneX; 33 med%%_
restriction sPEReX| RAGANCYE-g5neX+ ARt FRRRY DA -CMV- CRugegeke WS- IGLRP a

vector; 2) naput:aMVW@QféﬂéXﬂ(mmﬁ'quP@R/nA CMVeéf;fé&ﬁé}@ﬂ(I@ 1128 Pl .t hea -

vector; or 3) I ted _sites a_patient-derived segrrent may
be inserted ug;ﬁﬁg §5g““a%(tgrﬁé??@eC%Yothaeﬁﬁf(hSdg Gfe.g. UDESH oni mFe

exonucl ease cotraneféearg cl oikhg) ,thy siphekapenyf i expressibnat iesctar gr et
sites. 18 oneyembediFmitaddiexPall BhlvREEHERCe acceptor site

In the case of the particle-based susceptibility ~and
.resistance test, resistance test vector viral particles are
produced by a first host cell (the resistance test-vector

20 host cell} that is prepared by transfecting a packaging host
cell with the resistance test vector and packaging
expression vector(s). The resistance test wvector wviral
particles are then used to infect a second host cell (the
target hcst cell) in which the expression of the indicator

25 gene 1is measured. In a second type of particle-based
susceptibility and resistance test, a single host cell type

(the resistance test vector host cell) serves both purposes:

some of the packaging host cells in a given culture- are
transfected and produce resistance test vector viral

30 particles and some of the host cells in the same culture are
.the targez of infection by the resistance test vector
particles thus produced. Resistance tests employing a
single host cell type are possible with resistance test
vectors comprising a non-functional indicator gene with a

35 permuted cromoter since such indicator genes are efficiently
expressed upon infection of a permissive host cell, they are

not efficiently expressed upon transfection of the same host

cell type, and thus provide an opportunity to measure the



I's introduced into the indicator gene viral vector. The pati ent
sequence acceptor sites are preferably | ocated 10 within or near the

coding region of the viral protein which is the target of the
anti-viral e viral sequences used for the introduction of
pati ent sequence acceptor sites are preferably chosenP SHUBHBAS9¢0
change, or a conservative change, is nmade in t-he am no aci d codi ng

sequence found at '5 t hat position. Tﬁ%ﬁerably t he patient seqguence
accept or £Eel®S 3fe diecat gd; Wi Al atjvely rved regign_of
the viral gengrre.go facilitate ?ﬁt rio%fgt %8%81& ‘%rhagé _gggig‘éﬁeﬁt-de PYed
segments. ABEBRAREE| FER§ONSt hESSHREIRGR Tests egwdoyind swcepedl sipes are

| ocat ed bet weamyf BRcidaghakllyodf by tEPOEIENatISRETHR keJWLat oLy nagdygnces.
' may _be |l ocate or near, fggi,ons in

Patient-sequen%Q qﬁgﬁp or.S|te§. p d %é S
t he vi r aPRgBRBRERTRE &P IPERSELRRI PR otk Fald foPfi #ishi gt
by the 5prinpartisdes vbtainedofiuoe théesupsarmasmrdiofgthe fikest Beltli on

site into thetgﬁg[ent-derived segnent . To 25 i nprove the
representation”“of patient-derived segnents further, such priners
may be designed as degenerate pools to accomodat e viral sequence

het er ogenei t y Ther pat¥aditePetatells are 't@SndEEStSAUGH @S t#a0kisAeshAge( )
whi ch have nultlgle basg-pgérlngﬁéa abjlities. . Sets of resistance
test vectors 36°° hdFChG patfent “88queRRECRETANSR 0PAGKASI NEN 2 £XREFEREO e

sane 10 or veespirdgpi N reseduct | grsistancat epsal srammprbehasedcells.

t oget her 'n,t&ﬁd@&?&uéf%&ﬁpQQEQagng éHé§qg&]Ebbltyhéfﬁgf%#(lhe. rotggg%lde
representation of patlent-dérlye“s%gnents t hat conmtain therna
restriction sitPEIbiFerei cAREFo1BNEPYEPrRSs andfijeemol veeg@snc anhibiEpTss
site, and wag dvellhuss bémbinatidlerrepsesenies hadeqt her ihgsivibaace

t est vector a%&g%eS of W0 .99/ 0

PCT/ US98/ 1596 packaging %%2@ cells at_sgpe timel*%ﬁ &8FP§
The resil$t ancéreasitegsdror iad ianr agprepriate zahest ofeldoncentraSdnabl e

host cells arewapigakbad GR) |88 noBhef &lfd hOSinsfectithl,! Sc@F§edehbued
fromhuman tissyes and cells |3b are the ) . )
cells are infecte Yy co-cultivation with resistance test

vector host cells or with resistance test vector wviral
particles obtained from filtered supernatants cf resistance
20 test vector host cells. Each anti-viral agent, or
combination thereof, is added to the target host cells prior
to or at the time of infection to achieve the same final
concentration of the given agent, or agents, present during
the transfection.
25
Determination of the expression or inhibition of the
indicator gene in the target host cells infected by
co-cultivation or with filtered viral supernatants is made
by assay of indicator gene expression, for example in the
30 case where the indicator gene is the firefly luc gene, by
' .measuring luciferase activity. The reduction in luciferase
activity ocbserved for target host cells infected with a
given preparation of resistance test vector viral particles
in the presence of a given antiviral agent, or agents, as
35 compared to a control rxrun in the absence of the antiviral
agent, generally relates to the log of the concentration of
the antiviral agent as a sigmoidal curve. This inhibition

curve is used to <calculate the apparent inhibitory



5 principle targets of viral infection. 1In the case of HCV t hese

I ncl ude human cells such as hepatocytes, hepatoma cell lines and
other cells. In the case of HCOW. suitable host cells include MRC5,
HF, human foreskin fibroblasts and ot her cells. Human derived host
cells wllwassue®rt hat the 10 anti-viral drug wll entermrpcriigsosgeidsy
efficiently and be converted by the cellular enzymatic machinery into
t he met abolically rel evant form of-4he anti-viral inhibitor

Host cells are referred to herein as a " packagi ng host cells,”

"resistance tesncestratidrostI®eldfs thaor ageatr gedr hogtbitfmtioncelfl sgénta,
"packagi ng hog,,Cehb"y %ffrtsaﬁggtap%ahcee&hcw@a by .thd PAH;daS - hgfhvﬁa

trans-acting factors and viral packagi ng proteins required
replication défEEEN:E FFﬁﬁPHQec?o’i%e resigiacgenELEFnYeSEeR: as t he
resi stance test vectors, to produce resistance test vector viral

i cl K b ded_f
bxpr esst oh of i rane cds89sE o B3 BRT TFeRRrEb AL FEC el reE b &P S ect or
itself, a tegacKmgthreabds s diransdfieptes) wish lbdeh reAipsekagi ngshost
cell is a host&eld %actthé Spgrepeiacs gls*aaoeég}lngnsngeé@f&l vectorRa¢kagi ng

expression vectors and when transfecte resistance test vector
i s then refer RPIKEheFEFASEANGe Ctest . vegtorsnhast 8liRct JRdiggdpalcel |

and is sonetdd®Sriral agéﬁﬁgredrt@o&blaapackagmmgrbost¢aﬁd/addé¢taoce

test vectpr has . C f kagi host
col| s 1 o Hov imiivgdion oRlAted s PraReraRE by Fells B | 4R il BE FHY
packagi ng hosttussisifect den HGNY amcapmr@pwpz@seananw ofp Concentﬂftaé}r-’k@@ls -hé&t

cell" refers tg %o%%brmt@ecinwf eted R¥ansfectisg] StANLS dstcotael@edvi ral
particles produced by e test vector host cell in mhlc

tap
expr essi on or nd aSSPﬁﬁ?bf?“f oqfr(ﬁlﬁ‘yh UFHR AR ACGERLEY akdy® firamsfecte
Preferred 35 cdidse cel | shkor culeuns tcta getothosffteléstipr dPrtassc| tithe

Eﬁﬁ(?;z(%&o ot s 89%%’3 depie et S\%&%leélH%%g)lgl ot hPRuthe |aset 107
(1997) Res. vsrtme*lpisctemcq@@ invsheqsplture, can Sm@gﬁmet host
PCT/ US98/ 15967ce1ls for indicator gene expression. The reductioh in
 luciferase activity observed for cells transfected” in the
presence of a given antiviral agent, or agents as Compared
20 to a control run in the absence of the antiviral agent(s),
generally relates to the log of the concentration of the
antiviral agent as a sigmoidal curve. This inhibition curve
is used to calculate the apparent inhibitory concentration
(IC) of an agent, or combination of agents, for the viral

N
()]

target product encoded by the patient-derived segments
present in the resistance test vector.

Antiviral Drugs/Drug Candidates
The antiviral drugs being added to the test system are added
30 at selected times depending upon the target of the antiviral
_ drug. For example, in the case of HCV protease inhibitors,
they are added to individual plates of packaging host cells
at the time of their transfection with a resistance test
vector, at an appropriate range of concentrations. HCV
35 protease inhibitors may also be added to the target host
cells at the time of infection to achieve the same £final
concentration added during transfections. For HCMV,
phosphotransferase, DNA polymerase and protease inhibitors,



- 38- (Shimzu et al. (1992). PNAS 89, 5477-5481), HPBMa (Shim zu

et al. (1993), PNAS 90, 6037-6041; Shim zu and Yoshi kura (1994), J.
Virol. 68, 8406-8408; Shimzu et al. (1994) ,J Virol. 68, 1494-1500),
MI-2 (M zut ani eé al.(1996). J. 5 Virol. 70, 7219-7223). Preferred host
celI's for u¥@°%3465 target host cells for HOW include VREG TAIRIS/Lf967

Drug Susceptibility and Resistance Tests ,_. The drug susceptibility and
resistance tests of this 10 i nvention ﬁﬁ?”be carried out in one or nore

host cells. 1nc¥%&fﬁ%Qﬁﬂﬂ %EEBEB@?P"fé%E %g?é?é aﬁﬂgdaﬁotgﬁdiv%dual

concentration anti-vira ch a grven Percentage of
i ndi cat or genePéRfELEssi 6h |stPﬁﬁ?%lte%P§% CQM&? | C8G foﬁhan time of

anti-viral ageBEah%fb661§ﬂﬂ£ﬁiéé&idﬁﬂbfﬂtﬂﬂﬂfékf@@%h@% Last {Bdteat pLgene

expression is in ed) rd susc t|b|||ty
of a given antP? 5?F8ﬁeﬁru§ éﬁ 388@ conie @35?6&88 forAik%fh nenF ®hat
i's eltherSa st antavdral drugabmaatbeypresahtsegnemghmutfthﬂnasshpg nah&e
patient (i.e. p.qr 2 ?é égg has 4 not%%;ggﬂégﬂj %QXPanté \Mﬂgﬂ drug%

0 'S

using 20 the et hod" I nvention rresponding vi ral
resistance is ﬁoﬁééﬂéﬁéél?%svﬁﬁthdﬂﬁb @ﬁ%k@%@¢bFP|E&NﬁoﬁiasatleagFoﬁﬁ

patient either ihni®ERaAI Phofibe dd1Y rHiSGRRINDRLAL ¥ehOitive iSdIGIted given
standard or by maki ng sequential mneasurenent in t he sane patient over

time, as determ ned by increased 25 i nhi bition of indicator gene
expressi 8@ (i Ie. adethezsegmbodimentndicfat thigenknexpriassi o). candidatel| n

the first {YPeatli0i v SUSERALOLL] LioREd LRSLAL Ay suscepteBlsEgoLanance

test vector viral particles are produced rst. host ce

resi stance testevéeEdpchdstcO| phis invepgiops thgpseadispter éﬁ§#¥&i—”?ng a
packagi ng hOStc@&bmeﬂfks added heor egist 886€ s§8temecicoramndppackaghng
expr essi on The r S|stan t_vect.or vital tlc are
then used to inPncena secéﬁd Igétag (ia shgepegglnchﬁf Lﬁ%

whi ch théSexpr@ggsennotaIgﬁ¥|Qth@§tGangedetesantl Vlnﬁ&%suﬂé&ernsueheémeo

cel SySte”1CO%BEBStHQnamﬂﬂQ&%mﬂaQte ant109§£105%$ dﬁﬂdﬂhéySBEr%@%Eéat@Q
with a resistance tg 5 vect which_.is then refer to as
reS| st ance tesla candliaatce ant1v1ra compound may be teste 1n com. 1nat10n

with an approved antiviral drug such as GCV for HCMV or a
compound which 1is undergoing c¢linical trials. The

20 effectiveness of the candidate antiviral will be evaluated
by measuring the expression or inhibition of the indicator

" gene. In another aspect of this embodiment, the drug

susceptibility and resistance test may be used to screen for

viral mutants. Followihg the identification of resistant
25 mutants to either known anti-virals or candidate anti-virals
the resistant mutants are isolated and the DNA is analyzed.
A library of viral resistant mutants can thus be assembled
enabling the screening of candidate anti-virals, alone or in
combination. This will enable one of ordinary skill to
30 identify effective anti-virals and design effective
_ therapeutic regimens.

General Materials and Methods

Most of the techniques used to construct vectors. and
35 transfect and infect cells, are widely practiced in the art,

and most practitioners are familiar with the standard

resource materials which describe specific conditions and

procedures. However, for convenience, the following
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-39 - vector host cell, and a target cell are used in the case of
either a functional or non-functional indicator gene. Funct i onal

i ndi cator genes are efficiently expressed upon transfection of the
packagi ng Waesdsesd7l and would require 5 i nfection of ap@Eeek/1best cell
W th resistance test vector: host cell supernatant to carry out the
test of this invention. Non-functieamal indicator genes with a

per nut ed pr onot er, a pernmuted codi ng region, or an negative sense
strand i ndi c&%ﬁaﬂ%h%lm@y’néﬁréfﬁf F%l@@%d%l(m%ssed upon 10 transfection
of the packaging host cell and thus the i nfection of the target
host cell can be achj eved ei t her co cultlﬁaglon by the resistance

test vector hoSteTBIYSgipd "vec é"t ar§etdarignacef| by at IerUﬁﬁhCPﬁﬁec‘tl on
of the tar getfdﬂbbéwed by bssiﬁenslam@/bhennabes*sancehé esttan/caﬁigarp]lmldsel |
super nat ant Q ep istance
test, a %l nglr}éﬂ E"cr}ee"l P%f?%g C[rljgnénlte ?gﬁgi é&l\%é%ég() 5\5]191 élQ’ d%qlaﬁs‘l) al so
serves as a t@Rgetn howressrictahe hasdleagi A hear be copstructgd from

transfected a&‘@bp‘rélﬁléc 16881 8¢ ancadRsly Vﬁ%hobubllshe&'ﬁlaécé?ﬁfﬁésd esrrand
sone of the (%ag%rg ost, cIIsaso 28 becgmet tar i.nfection
by the resist3te-1¥5t ent p BSPERE| £8. thosegy ?(}gecdter?ﬁeol‘ﬂoc@ and -
resistance tistshe avteapdioynhg e sapgaeehiosto cethd dygimeaar:d yes<silllest Wi t h
viral ;45 regi éi@%c test vectors conprising a non-functional

th ap

i ndi cator gene w ernuted pronoter, a pernuted coding 25 regi on,
or negative sense strand indicator RNA  Such i ndi cat or genes are

nolt efHCI entt?‘n@%?ﬁ@@ﬁ@d Ltrionthe vettansf est | @heof ;AvERE Sdn CRllpidd are
only e |C|ent

tessed i.nfecti f.a secand cell t hus
provi de %n %b%r]tlgﬁl 9t " esﬁr]:rr ‘itﬁ‘émegfeggfug‘fla ‘?%uacfﬂ ang ¢ E?rﬂagent
30 under evahdetsored im the zase(ode addsupbusteplibi (1%87)arthrrent
resistapge tepiodsiffs 1he MM 88lo IRRL, OTwLIPr L S'I'?ﬁe%scleﬁcfaur‘t%' onal

i ndi cator gene, neither the co- cul t| vat 1 on procedure nor
resi stance and2BH&EEHtEhi Aty 11232 us‘lrh@wlec‘llérspﬁﬁpén%elzi* 3hrrasfrpe
used for the MaﬁeaktomcsﬁqtapgeﬁgSEr{arb@ﬁl | Babétstdly s trye)forigdddbed A

resistance teSEaggf s, DNA sequences, or synthesized ollgonucleotides are
cleaved, tailored, and relegated in the form desiréd. The
20 sequences of all DNA constructs incorporating synthetic DNA
were confirmed by DNA seQuence analysis (Sanger et al.
(1977} Proc. Natl. Acad. Sci. 74, 5463-5467).

"Digestion" of DNA refers to catalytic cleavage of the DNA
25 witlh a restriction enzyme that acts only at certain
sequences, restriction sites, in the DNA. The wvarious
restriction enzymes used herein are commercially available
and their. reaction conditions, cofactors and other
requirements are known to the ordinarily skilled artisan.
30 For analytical purposes, typically 1ug of plasmid or DNA
_fragment is used with about 2 units of enzyme in about 20ul
of buffer solution. Alternatively, an excess of restriction
enzyme is used to insure complete digestion of the DNA
substrate. Incubation times of about one hour to two hours
35 at =about 37°C are workable, although wvariations can be
tolerated. After each incubation, protein is removed by
extraction with phenol/chloroform, and may be followed by
ether extraction, and the nucleic acid recovered from



conprising a functional indicator gene requires a two cell system

using filtered supernatants fromthe resistance test vector host cells
to infect the target host cell. WO 99/ 06597

PCT/ US98/ 13%cb /06597 - 40- I n one efy0GédgRE4s,0f the
I nvention in t(1e case of HCV, a particl e-based resistance tests are
carried out with resi stance test vegéors derived from genom c viral
vectors, 5 i.e., pXHCV- | uc; pXHCV- | RESI uc; pXHCV/ px| RESI uc;

PXHCV/ pXASI RESlgigsou s XfuachBbay/ me HPtec IDRMRYOHCVNEB | Usthanol.  If
pXBVDV( HCVNS5B) | uc. J n one enhodi t of .t I nyention.in -t he case of
HCW, a particeés-l_braeéiéd_ 81 s ena}:rlear?t%'tra&s SO%_r'gge CYS%%?% E5oUERTF ¢ B B
resi stance tegenisomeds déyi vegolyaprybamidgenagk vioml \Aaaress, ged.

PA- CW- VS- gengXie c tROEMeEPs  using9eRR%ndard techniques. A general
pA- CW- VS- geneX- ( NF- IpG) PP/ pA- CIW- Cg geneX- (NF-1 G PP; . .

PA- CW- VS genSeSTEAGICR hASER- GSRANADESF- 18 PeRnd it Methods of
CW- VS- geneX- ErzampAdgW66S4genede F{1480).  which are

cotransfected with the packagi ng expression vector 15

HCW][ err] FIG [ err] geneX or HCWAgeneX. In the case of the
parti cl e- baseReswgdepiprhi t1eaveshdragment s andys thenddunbsended N thneed ingst

vector viral pantj ¢heS18k8e fragmeRtOHECEd &v1ia ONal pbiprstaseld (H1ow)
resi stance test vector 20 'h(ﬁfst cel If% thgt IS pr egar.ecfl bt)cllf,tr.ansfe%tl ng a
packagi nf hosti® the Brpsencs (pf the LBk degreRicie]ids dmospigtes
packagi ng (dNTHelessing imeofip(ion timblse ofeabstant® tesi5 wecturesyiatal
particles are ic{tﬂd'i%s%ﬂ &ﬁ.fbﬁsechx-ﬁ.%%c demPP%ElE@?'L: fhNac1z, & WM hose
cell) in which the expression of € I'ndicator 25" "gene ~i's_neasured. In
a second type ¥4 parii gricunpede dNTPs.sugbepKLpRPit jragietest stidncd dst, a
EI nﬁl e host cedd Joip&y endsflﬁﬁ@h%}{@@ék%a@kc%r%%§hd\iﬁ?f@l’_Qi.)ﬁéle_s?eédﬁarﬁfg,ves
a?te purfé)ses.even th%%@% Othé Ej\fo%arc gﬁ'TBQ ar%St pggsersxtl.n aIgl Vc?ensicrueé,ure
selective repair can be performed by supplying only one of
the dNTPs, or with selected dNTPs, within the limitations
dictated by the nature of the sticky ends. After treatment
‘with Klenow, the mixture is extracted with phenol/chloroform
20 and ethanol precipitated. Treatment under appropriate
conditions with S1 nuclease or Bal-31 results in hydrolysis
of any single-stranded portion.

Ligatiocns are performed in 15-50 ul volumes under the

25 following standard conditions and temperatures: 20 mM
Tris-Cl pH 7.5, 10 mM MgCl2, 10 mM DTT, 33 wmg/ml BSA, 10 mM-

S0 wmM NaCl, and either 40 pM ATP, 0.01-0.02 (Weiss) units T4

DNA ligase at 0°C (for "sticky end" ligation) or 1mM ATP, 0.3

- 0.6 (Weiss) units T4 DNA ligase at 14°C (for "blunt end"

30 ligation}. Intermolecular ‘"sticky end" 1ligations are
_usually performed at 33-100 ug/ml total DNA concentrations
(5-100 mM total end concentration). Intermolecular blunt

end ligations (usually employing a 10-30 fold molar excess

of linkers) are performed at 1 uM total ends concentration.

At
w

"Transient expression" refers to unamplified expression
within about one day to two weeks of transfection. The

optimal time for transient expression of a particular



transfected and produce resistance test vector viral 30 particles and

sone of the host cells in the sane culture are the target of
i nfection by the resistance test vector particles thus produced.
Resi stance tests enploying a single host cell type are possible with

r esi st ance w®ed06597 vectors conprising a non-functional imceogispsegene
with a 35 permut ed pronoter since such indicator genes are efficiently
expressed upon infection of a perm ssive-4mst cell, they are not
efficiently expressed upon’transfection of the same host cell type,
and thus providésizedoppterahPgous opnetsin andthevary dependiWiy96h0869&ral

PCT1US98/ 1596 %actors including, for example, anﬁltransactfrg eeLpbrkhe
anti-viral agent under eval uatlon, For I m | ar reasons, reS|stance

tests enpl oyi Hgichomak| pe gppdoyed, tﬁﬁ93%%tb%H4%(QPQEH9lb956538&FP§v§F@ng
the two Cell tHeeshast celln al reansiéne texprebeibhngoddierseamat cehk type

h 5 g , |
type. '3 peRaE SR Cchpe halC BUBET ERMGRSRa | BinbkiBhel N
test vector aride-he Jaﬁpmi@plﬁmbeéaénégthgn%kfﬁ%a Amripg tdet sims) theo

produce resi Q?a%%lae@mvmaf hlggsgn@@féé the celi nel Vdrﬁiii@'fe%@'feb' ¥br 2he
agents for i_.ncl udi n r.ot eas I nhi bitors, inhibitors,
and t he polyné?%ﬁﬁ?qﬁThlﬂﬁFbF¥$A is l&samEPFl%EeQRﬂﬁﬁquﬁﬁﬁ5ﬁs fEFeYftRaFe
added to i ndi whualucleus.pl aranseiripatéagofgtimgilaelilds takenhept bye the

Lhelr 10, T A°REAR o Af AR GELBRS T RO0RnE MGSNALIGRS ce

Twenty- four t RoarsS af on, tar s are
i nfected by cdﬂ@GWPﬂvaﬂBdWWNQQ¢QW@sﬁ@géﬁéﬁiKésﬂ11UtedJ@tﬁ@ﬂlhééﬁléépps or

with resistangadfst ¥eeh@hatibhalithin B tdlieshebhatnadoteansfiltered
supernatants of resistance 20 test vector host cells. Each

anti-viral agent, or conbi nation thereof, is added to the target
host cells prilit genextad .or va@ctiors t cpetaining eqiyaw tersac ingy e comé rodme

final 15 sequences which are derived from species compatible with the
host cell are used with the particular host cell. Promoters

suitable for use with prokaryotic hosts illustratively

“include the beta-lactamase and lactose promoter -Systems,

alkaline phosphatase, the tryptophan (trp) promoter system

20 and hybrid promoters such as tac promoter. However, other
functional bacterial promoters are suitable. In addition to

prokaryotes, eukaryotic microbes such as yeast cultures may

also be used. Saccharomyces cerevisiae, or common baker'’s

yeast is the most commonly used eukaryotic microorganism,

25 although a number of other strains are commonly available.

Promoters controlling transcription from vectors in
mammalian host cells may be obtained from various sources,
for example, the genomes of viruses such as: polyoma, gimian
30 virus 40 (Sv40), adenovirus, retroviruses. hepatitis B virus
~and preferably cytomegalovirus, or from heterologous
mammalian promoters, e.g. R-actin promoter. The early and
late promoters of the SV 40 virus are conveniently obtained
as an SV40 restriction fragment which also contains the SV40
35 viral origin of replication. The immediate early promoter
of the human cytomegalovirus is conveniently obtained as a
HindIII E restriction fragment. Of course, promoters from

the host cell or related species also are useful herein.



concentration of the given agent, or agents, present during t he

transfection. 25 Determ nation of the expression or inhibition of the
i ndi cator gene .in the target host cells infected by co-cultivation or
with filter | supernatants i s nade by assay of i|ndicator gene
expr essi on,&ag?’bgesgjérrpl e in the 30 case where the indicatof C§3a%1¥6T he
firefly luc gene, by measuring luciferase activity. The reddction in
| uci f erase activity observed for ta?%%i host cells infected with a

gi ven preparation of resisfance test vector viral particles in the

presence of a given antiviral agent, or agents, as 35_ conpared to a
control run in VASEETSe USPdt RBYEMR | DY afontain mF@iectioncoehky adkat es

to the log of themehcensebécoabld marker! heAarEél\éidt@|ona€tﬁéﬁe agénéod gnyi dal
T b oy | "HOEELR pecoscaBll ¥Br! End!Wii%al R AR B PPRALE Cers
PCTI US98/ 5967 transformed with the vector. -ZRamples ofncentitablen
(19 of that agallectabIGOMiRehaN Hora0olialian (G11de yhLAlad ar OEL

product encoded by the Ratlent-der ive segnment s presen e -
resi stance t esPifiydrgfolate redugtisecasgers a (BHERel | Bimsceprnbthing and

resi stance delcastboxpQakecgkhs , atdet mansfieated Wekhsthfcéeghatangayy est

vector and the r ' agi ng expression,vector(s) to oduce
resi st ance testﬁi\%gc%g% %)J{g}eogg% SRS U ral 229 th%n?ﬁﬁ%?‘&f‘n?agﬁﬁf‘gglaﬁ?
combi nat i*®ns t ENEOf , aWBendorurh o sE}ectabidi vinavleerp| stress slucceasshdtyed

cells at the tivmneffehRelr into 4" ABRMEEIARNholt ALIAPPr ORLI %ﬁngﬁp?ﬁ\eaf
concentrations. At erate tine after tranSfeCt|0n, ce S are

- 3{51) appr‘eg > aft, .
col | ect ed ARy P SFo et SRRy SUFVLVEr dde PAGCRE Lpdens SeAgREREBt ed
cells in the curesserdo rrheref firel entl yidxpy essed eiskthinet idadiegatoesgene,

transfected CeQeﬁekEiQQen%HhE%ne’T%% %@%Lt category is based on a cell’s
1s metabolism and the use of a mutant cell line which lacks the
ability to grow independent of a supplemented media. The
second category is referred to as dominant selection which
refers to a selection scheme used in any cell type and does

' not require the use of a mutant cell line. These schemes

20 typically use a drug to arrest growth of a host cell. Those
cells which have a novel gene would express a protein
conveying drug resistance and would survive the selection.
Examples of such dominant selection use the drugs neomycin
{Southern and Berg (1982) J. Molec. Appl. Genet. 1, 327).

25 mycophenolic acid (Mulligan and Berg (1980) Science 209,
1422), or hygromycin (Sugden et al. (1985) Mol. Cell. Biol.
S, 410-413). The three examples given above employ

bacterial genes under eukaryotic <control to convey
resistance to the appropriate drug neomycin (G418 or

30 genticin}, xgpt (mycophenolic acid) or hygromycin,
respectively.

"Transfection" means introducing DNA into a host cell so
that the DNA is expressed, whether functionally expressed or
35 otherwise; the DNA may also replicate either as an
extrachromosomal element or by chromosomal integration.
Unless otherwise provided, the method used herein for
transformation of the host cells is the calcium phosphate



superinfected cells in the culture, can serve as target host cells
for indicator gene expression. The reduction in | uci ferase activity
observed for cells transfected in the presence of a given antiviral
agent, or agents as conpared 20 to a control run in the absence of the
antiviral WESAMI6T generally relates to the | og of Puwusesip®e:ration
of the antiviral agent as a signoidal curve. This inhibition curve

is used to cal cul ate the apparent inhibit¥ty concentration (1© of an

agent, or conbjnatiQn t the viral 25 target product
encoded by tﬂgbpgkkggp?%%%gdaggéﬁénf% raham, andnvahn Ogke Eresi 39 Bhte

test vector. Virology . wWiS6ahSPr ughlDrxmaChvelimksttesls for tFagspedt vor al

drugs being added diedchepbestisyst egra d el | res
dependi ng upon_t.he ta}{. E %Il t he ang%vib?gi% Q@Q&Qﬁr%?{mébrf%égﬁ%% “O%n the
case of HCV pfofease ii6Ps, (Krieglerey (3980hddeene o Transdetual and at es
of packa§i ng BFspreselibs: A Labatattdiy Mamadf Sbetktds amsffgtion with a

resi stance test vector, at an appropriate range of concentrations.
HCV 35 protease inhibitors nay al so be added to the target host

cells at the HPRE ©flihfmsgt Pentiansfantedewihh therexXpnesbicn vectors of

concentr ati onthadgedserttiiinl@nt 1 6ANSAECE L PASred P condeMVional nutrien
phosphot r ansf er ase, Dlggfpol ynmer ase and CE)rot ease_i nhibitors, %
99/ 06597 medid’ modified’ as 1s appropriate pEgy USDERqHYspPromoters,

-43- 10 | nekldrnin@tansifdohants orf espaifelngreemddedubsr i A6 Vi duad

pl at es of : ) Il S t (L of . .
transfection/ FE? ggtg%%nug%a th.HgM.rggs i(é%%%%)te Oe‘s%l?\)"eltrtthog%\?lefia?mtam”b%r?’i‘%I es,
at a test con¥efbeafi oantibigtigmati vy, culters comditiidnsal dnahs amy be
present througbrpbrib@raSTAY and e like, LES! tho§@'£ﬁ%’%5@%i?n\1sé§_wit

sel ected frorrklfe a rarﬂe of concentrations \/\/m'c1 s designed to
give a satisfa8Fof§St cell isheGrefofohrexPressinn r afidsWaRE BRACRRRFESTRS ve
i sol at eg5 to the ordinarily skilled artisan.

The following examples merely illustrate the best mode now
~known for practicing the invention, but should#not be
construed to limit the invention. All literature references

20 throughout this application are expressly incorporated by
reference.

EXAMPLE 1

HCV Drug Susceptibility And Resistance Test
25 Using Resistance Test Vectors Comprising

Patient-Derived Segment{s) And A Functional

Indicator Gene Fused To The HCV Polyprotein.

Indicator Gene Viral Vector - Construction
30 The indicator gene viral vector (IGVV) pXHCV-luc was
i designed using HCV genomic viral vectors containing a
functional indicator gene fused to the HCV pclyprotein.. The
IGVV is constructed by inserting the open reading frame for
the indicator gene in a cDNA construct containing the entire

35 HCV genome producing an in-frame fusion protein. The IGVV
also contains all the cis-acting regulatory elements in the
57 and 3’ untranslated regions (UTRs) required for

replication, transcription, and translation of the HCV RNA.



10 In another enbodinent of this invention, a candidate
antiviral conpound is tested in the drug susceptibility and

resi stance test of this invention. The candi date antiviral conpound

I s added tg,d;ﬁ)gg@st system at an appropriate concentlr&t/b% Y at
(134

sel ected times

ependi ng upon the 15 protein target of the ca

anti-viral. Alternatively, nor e thgg_one candi date antiviral
conmpound may be tested or -, a candidate antiviral conmpound may be

tested in conflimabhen embodiméht &heaPRIORE 238 ioddral rdidiths UERAs GV for

HCW or a

C .which . is __undergoin Linical trials.
The 20 ef f chilﬁc\%gggé @gg%a\{?%léz SENESHRE AT a%)it\;’l%r ggs\/\f‘?c?i’l?e TEFHFat ¥dth
by neasuring theep@gsresegbon orontsiitding aheofretbgni i ateayuence fogemde

anot her as DECth@,f/4EAhE§QEEQQQi (e Yure tﬁ.?d?r L\ exar{}]?lr% Iuéfrrueéfl{a&{)g ictl%gl%‘:agﬁ ng

resi stance test, may,

used to SCreen n

In

the identdficatitth ¥ TENGGEIMSYSWT. nerpesenbing tthe Runswiocanbetweeanl s or
candi date antiNsSx akaid NS5Bt Heraksist @Rt fUt aBbs, are. i 99kat ed sandghhe DNA

i s anal yzed.
assenbl ed
in conbi

AL brary of i resi st ant t s, can.thus be
Steipkihtey ?%ea or elérﬁaéng Jof L"iéﬁdr dg]t’lé?g% § - viThe $XPRCERE or

Headvage Phpduets| ageabHeV onessf wrrdiataringskal IC-{ter8Gnal

identify effeGldagsig@ntiaViral desj ' : apeutic
20 ) TRt SEE LI AGNE oy 185 o0

regi nens.

CGener_al ials a

techni quel usdbr TF IR r SEEESRSEOSY s, (Salid + 35 SMSYEFEhsf ect 1Bnda nB&EEDEel | s,
are widely pramibadidndrt,t hehar Luciferas@ndpdBStrdddelyl tF e Siar @ifaad i ar

with the st an%?e[tg”een pth@e lslaceal{aat ﬁ%%%{,??‘é@ ]E:r(r;era li%;lil%eﬁmz ecifi %hean

condi ti ons an
foll ow ng

PCT/ US98/ 1596 7and c-terminal luc-NS5B junctions.'T%%’lucifer%%%a%&%Qgﬁnnay

serve as ui
& 9

20

25

30

35

w
rocedures. e, "
NS5A-5B Wl o5 9fequence at both the N-terminal NSS5A-luc

é¥gddg%d from this construct contains an N-terminal SMSYTWT
and a C-terminal TEDVVCC extension. 1In a third embodiment,
the luciferase open reading frame is placed between the NS4B
and NS5A open reading frames, with an NS4B-5A cleavage
sequence (SECTTPC-SGSWLRD) at both the N-terminal NS4B-1luc
and C-terminal luc-NS5A junctions. The luciferase protein
produced from this construct contains an N-terminal SGSWLRD
and a C-terminal SECTTPC extension. In a fourth embodiment,
the luciferase open reading frame is placed between the NS4A
and NS4B open reading frames, with an NS4A-4B cleavage
sequence (FDEMEEC-SQHLPYI) at both the N-terminal NS4A-luc
and C-terminal luc-NS4B junctions. The luciferase protein
produced from this construct contains an N-terminal SQHLPYI
and a C-terminal FDEMEEC extensicn. The short extensions at
the N and C-termini of luciferase or at the C-terminus of
NS5B do not dramatically affect activity.

The wviral vector is assembled from a full length cDNA
construct of HCV, which consists of (in the 5’ to 3¢
orientation) the 5’ UTR, the open reading frame for the 3010
amino acid polyprotein, and the 3’ UTR. The polyprotein
contains within it the capsid (C) open reading frame, the
envelope glycoprotein genes (El1 and E2), the NS2 (a

cis-acting auto-protease that cleaves the polyprotein at a



"Plasm ds" and "vectors" are designated by a | ower case p fol |l oned by
| etters and/or nunbers. The starting plasmds 5 herein are either

comercially available, publicly available on an unrestricted basis,

or can be constructed from avai l abl e plasmds in accord with published
procedur esWQ /06597 addi ti on, equivalent plasm ds to those pg5agdshiped, are
known in the art and will be apparent to the ordinarily skilled 10
artisan. Constructi-pn of the vect-dits of the invention enploys
standard ligation.,and restriction techni ques which are well under st ood
in the art (s«?é’e,ﬁiu‘%&l?eISléfa 3. the1¥82yNBar junetion) , WDt obel scase Mrdcul ar

Bi ol ogy, W eperihet epssteanes 0rNsaa (Maghakes 8k al - co€2293) if%év%sﬁf“' ar

Cloning: A | ahar nu Col i.ng Harbar_Laboratory, Y.).

| sol at ed Q%Itgéf%g%%,’ mlggeqﬁ TRes 20 %ﬁ hégg?eMW%ﬂéﬁéét iR are
cl eaved, tail ®cdymezpgel elenpn ederdinge frammsdesi ek TheiZ@raseSesp@nces
of all DMA corehRURY SFHANELLROLALLN i re confirmed by
DNA sequence anal ){s%s Sanéer etE"baIgc.)ﬁﬁlgjil}ﬂ&i ﬁngPO&fF”%&%a‘?p?ci . i
74, 5463-5467)Fading. frame, lppatad MIKicusdrsas (lesemilad mhgveavage of the
DNA 25 wth a restriction enzyne that acts only at certain
sequences, restricti I3t . 1Dt . The vari pus , restriction
enzymes used ﬁrgr g?l% %&gg%rﬁrﬁt&tigﬁﬁ%&lﬁoﬁa&ns a CUSRYYOLKE| PTORRRR i on
conditions, @&&f BBeof's ensh@f bhadiCV sequenegsai fammiites papduktbon ¢H KNFe

ordi nar iy skithl edaétdnan c301s, Fona A M LA RUBRORESm hAPLEAL Yeld €T 1T g
of plasm d or .DNA fragment is used with about 2 units of enzyne in
about 20[err]f ©€nd- of“a’ﬁ@‘t‘l\if’a&s 81 HEPBSCTAPE EPRaPTBPYeT BniRskudsy, diut

restriction are nenzyimeties usedthe MW Uit cxaiEdliate -dagest hoBnOfet Na,DNA
substrate. |ngyhatdp ti ab ne hour to two. hours 35 . at about
37[err] C are workabl e, 25ai t htgjrdh %’ggrnllpa Song” ¢ ﬁa%%c‘llpcloq oF BT RO SAf t er
each incubati dRC1PABt ei RUEs pBARDvEAtbylimitedexteact tba wktranscription
phenol / a8l or otekinaB8r Mpol9atiehy P¥ELbPYsignals CEOEha €Xh! &%hboRy all t he
nucleic acid Eecovergd from .

uman ~globin gene (see Figure 3B). In a second

embodiment, the promoter is a promoter for bacteriophage RNA
polymerases such as T7. T3, or SP6, and the terminaégr is a
sequence signalling termination of transcriptiondghat is

20 recognized by the polymerase, or a self-cleaving ribozyme
(e.g. see Chowrira et al. 1994, J. Biol. Chem. 269: 25864).

The IGVV is transfected as DNA into cells expressing the RNA
polymerase in the cytoplasm. Such expression is achieved by
several methods including cotransfection with a polymerase

25 expression vector, infection with a recombinant vaccinia
virus expressing the polymerase (Fuerst et al. 1986, PNAS
83:8122), or by previously establishing a cell line
permanently expressing the polymerase (see Figure 3C). The

IGVV additionally contains a poly-A or poly-U sequence

30 immediately following the HCV 3’ terminus, so that the
.transcribed RNA contains a poly-A or poly-U tail at the 3

end. In a third embodiment, the IGVV with a bacteriophage

RNA polymerase promoter at the 5’ end and a terminator
sequence at the 3’ end is transcribed in vitro and the

35 nucleic acid representing the IGVV is transfected as RNA.
The terminator may be a specific sequence recognized by the
bacteriophage RNA polymerase as a termination site or a
self-cleaving ribozyme (see chowrira et al. (1994) J. Biol.
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- 45- aqueous fractions by precipitation with ethanol. If

desired, size separation of the cleaved fragnents may be per f or med

by poI yacr%I am de gel or agar ose gel el ectrophoresi s using
standard t AAYYGS. A general 5 description of size sepg 9§75
found in N@thods of Enzynol ogy 65: 49% 560 (1980). Réstriction
cl eaved fragnents may be blunt ended by treatlng with the |arge

four deoxynucl €ofi de tri phosphates usf ng_1 ncu atron times of
about 15 to 252n¥REEE3CHIOn endomyyesase @Gtmwai PYipgHFOB) lEnearizgaon 6 vl

MyCl 2, 6 mM DTEFf the DNM@ehplfcei pfmmlteo AERscrabieck! esew M@@f@rﬁmfl I'l's
in at

I.cky ends t chews ba rotrudlng 3' e strands, 15
even though tﬁ% ftg’ % NI glree vﬁrcé:§5ntcl ‘P ForFET e posly‘% a? By

fragment of E. cgahi B4\ pofyswrased) . (KlAqrt%‘Q‘)nai:gvel i nehde. presence. of the

repair cah be pegfiengedabpythri@dl windg only one of t he dNTPs, or mnth
sel ected dNTPs, within the limtations dictated by the nature of the
sticky ends. After treatnent with Kl enow, the mixture is extracted

wi th phenol / chBr PR ERFEEA afifil 18t hdkd RMBcils t hrapslatedy ousdBAL aMder
appropriate 1nteQﬁBﬂil tirgnd astibh Meddiglicasevid Bak- ?'aJntl’éB:Sidlt SrilFosome

hydr ol ysi s any._singl er nde pOLLLgN. 0 re
performed in gtgﬁ S%y % Iuﬁr]rs'resg} unger tﬁLéL8 §ne I%CYI BWi gérbtg d@fc
condi ti oA$ andusnenpprratams Rgleagmof actifrg suCifpHages5fran wine NECY 2,

10 mM DTT, 33 apfigh BeAinl@uabbn is depdniidnbadh aRd fidihel 6@ ﬁﬁ%fiﬁAAJP
0.01-0.02 (Vélss) units T4 | 'gase at Of err%H (for

PNA cky e
| i gation) or 1&1‘6’??&*!9 Gxpressed _L¥OW (RF sTCRASs THADNA Iflb% e & ve
l4[err] C (for éhbueksénd” t3aRes plagat wheh. the ahentol RXAl &s réplickyedend”

concent rat | ong ¢ ametT¥ist IFERE PP Ghectid SF. iflath 1 Beothenr
bl unt 15 en@nl itet idendopusfarchy @#ﬁaéyp@éyaezesaoN$%$daﬁDVQ}le&%e%%e
of l'inkers) areipanfosrmbalesl ¥&s rhivh tehalanendsigoraenidadlel Gherd the
luciferase is inactive when it is part of the large HCV
polyprotein, activity can be measured directly in the
 transfected cells since release of active luciferase is
20 dependent on HCV RNA replication {one cell assay). In the
case where luciferase has significant activity as a fusion
proctein, progeny virions will be collected and used to
infect new target cells (two cell assay). Transfer of the
IGVV RNA from the transfected cells to the infected target
25 cells is dependent on replication and encapsidation of the
RNA in the transfected cells, which in turn is dependent on
the correct expression, processing and activity of the HCV
viral structural and non-structural proteins. To augment
the efficiency of transfer {i.e. packaging of the IGVV RNA
30 into new virions) the target cells may be simultaneously
_ infected with wild-type HCV virus or transfected with wild
type HCV RNA or cDNA expression constructs. To further
augment the replication and packaging of the IGVV RNA, input
RNAs (see Figure 3D) are cotransfected with purified NS5B
35 protein (i.e. as RNP complexes), so that transcription can
commence immediately upon uptake into the cells. This
strategy or variation of it has been applied to the
negative-strxanded RNA viruses such as influenza virus



"Transi ent expression” refers to unanplified expression wi t hi n about

one day to two weeks of transfection. The optimal time for

transi ent expression of a particular WO 99/ 06597

PCT/ US98/ | 5967 - 46- desired
het er ol ogows> gvogsei n nmay vary dependi ng on several f agicarGsokAsdsydi NQ,
for exanple, any transacting factors whi ch may be enpl oyed, .

transl ational control mechani sns and -s2t-he host cell. Tr ansi ent
expressi on occurs when the 5 particul ar plasm d that has been

transfected f4Boeaménand Palese @991 s J&.r aVisorl .begb anal71x-@&l3at,edecabias i ng
this time theyirus @&ﬁf@l‘i @YAM' chsd2sS efthe" 8d dﬁe Elds f4§05r‘ans r?cired
reé

to the nucl eu DNA,is in a nonintegrated state,

t he nucl eus. TPﬁﬁgBiFEt |S(’5Hm6F1Fh% BB dLP%% 66 By -t A@950 pNA@elfr'?- occurs
during this peairgdaasEpl| owi ng transfection the pl asm d DNA may
becone dﬁgraded or diluted by cell division. Random i nt egrati on
within the cell chromatin occurs. I n general, vectors containing
pronot ers andRegastancesTest sépfanseSonsiteiciiender i ved from speci es

conpati bl e w gh fé‘@lstance h@éét cellrare uyged Wd thBEtP@&%é&“'f?Eth%e cell.

Pronot ers . .Suitable f W th prokaryotic hosts | ustratlve\}/
ne

i ncl ude the béflﬁl?%té?ﬁr%f‘srﬁ Xﬁﬁa a‘fﬁ‘?)'soé' E’Voﬁﬁ?%?cuﬁlét gRgion of t
phosphat ase, thaohe yeboeponAing) cer®t@rotsyisi ami2d is ehd dybiiwiral

pronot egg sucg_r@lgt aﬁreé)‘[ﬁonqgeél t Inggﬁx_er ’N&%@er f%é)l O”abgba@l eri al

pronoters are su n ad on‘to’ 01Rﬂaryot gukar
m cr obes suchcasresperding rggésn dgrived frams‘ollb@%@ud/ SuCRIFA IRt

cerevisiae, OfnCOMRRN b@ie%d S and/or ye@éltlé S 4ihe fpst: cAm Y Hsetenc
eukaryotic m croorgani §m .2 1ver'_4) 5 al t hough a_number _of other strains are
r

comonly avai I'BBf&=2 ﬁ%’f‘%‘i% %n??%)H i ng? PRANSERIHIBH - F1%m

vectors in the case of an NS3/4A protease inhibitcr, the IGVV is
15 modified by introducing unique restriction sites, called
patient sequence acceptor sites (PSAS), in or near the
NS3/4A genes {(nucleotides 3418-5473 of the H strain of HCV).

‘The patient derived segment obtained from the patient
derived virus is then transferred into the PSAS in ‘the IGVV

20 (Figure 3A). The wild-type NS3/4A region is removed from the
IGVV by digestion with restriction endonucleases recognizing

the patient sequence acceptor sites; these sequences are

then replaced with DNA fragments generated by RT/PCR from
patient-derived viral RNA obtained from plasma or serum or

25 cells. The PCR products are generated using primers which
contain the restriction endonuclease sites required for
generation of compatible cohesive ends for cloning into the
digested IGVV. RT and PCR primer binding sites are selected,

and primer sequences designed, to enable amplification of as

30 many different subtypes of HCV as possible. In a second
_embodiment, in the case of an inhibitor of the NS5B RDRP,

the sequences spanning the NSSB open reading frame
(nucleotides 7601-9373 of the H strain of HCV) are removed

from the IGVV at unique patient sequence acceptor sites;

35 these sequences are then replaced with the corresponding PDS
generated by RT/PCR from patient wviral RNA obtained from
plasma or serum or cells. In a third embodiment, in the

case of IRES inhibitors, the sequences spanning the IRES



manmal i an host cells may be obtained fromvarious sources, for

exanpl e, the genones of viruses such as: polyonma, siman 30 virus 40
(Sv40), adenovirus, retroviruses, hepatitis B virus and preferably
cyt onegal owyHuWsmese®r Tfrom heterol ogous manmal i an pr [ e.g.
[err]-actin pronoter. The early and | ate pronoters OPE?'{?%@V%?O

virus are conveniently obtained as _%P_S\MO restriction fragnment which
al so contains the SvV40 35 viral origin of replication. The immedi ate

early pronoter (nucieotnfdeishe-MogBof CyROMEGA QMK b BEVEORYENLERLL Y5 OBt gl ned

as a Hi n I - estrictl r.a nt. O course, pronoters from

the host cell gbgréﬁgpe Es%rg%#&e)% éi ts%’r;’g\tr EIENGF REFBPROT sites; yigse
99/ 06597 sequences are then replaced with c®¥IE/HgBR3Ah598FS generated
-47- The ¢agbeks r4oad A8 ehR ORLA l.ectd on gene, al so
terned a gel ectgbl g%r:ar ker.. ptAal Sel ec??%rﬁige%rl\% e%r?%gggls?%a £rch %l&s&aeloﬂf

necessar y>for FREVCUPYI VEILLSr grdtR HEregpinss tmasdiadss are tappisiaabied ton t h
the vector. otkxanmkegetsf ofsuaddblicy drugsebectiahe #9EKE" $he0rgene
manmal i an cel Igngngwgetkgetar - gi h glr ofdor]f_l ate reductase Qgene g(,Iﬁ—lFR),
the ornithine - eCaT b3y PE5eCende (HeOmiht i thf Ut YEsi SREFRAIGdI®
(mdr) . t Aelgdenpsthenteastivenee gereeptand giteglittanivte syeuhasmd o
gene. When repchcisg! @fd %@z%et”@(éh‘é%,i arg pssccessfully _
transferrgd into a manmal i an hdst Cel |, tﬁe t ransf or ned manmal i an
host cel Focan survive if pl aced under sel ective pressure. There are
two w del y usebrdgsSuscéptibility enddResistange! eestye regi nes. The first

category is baggd.o : ' net aboli.sm and the use of a . nutant cell
l'ine which Iac _29; hge%lg?%%%i rl“ugfiy st“é”"’&?%#%i:&%ﬁeﬁ&éﬂ? G Ca @AFFH ted
medi a. The WitIgs@carglghregeryest veteor edrémarsd dosi daestr sedd ctbomr

which — reteisato asseiedi atunChidsegde 8 any GeLhqlynmand dges
not requipe the $se of a nutant cell_ line. These schenpes” 2 ypically
use a dr 05 to afrestSHRBRh BT R @9y . Fraeefection cef |kosthiesllsave a

novel gene \/\ouWﬂt'exprees:_‘Latmm elegbt vectodORreMuBgsdAUY Ve84 BtHEE ARG
woul d survive Egﬁtéfﬁfﬁﬁ'éHlencapsidated indicator gene RNA.

RepZicate transfections are performed on a series of

20 packaging host cell cultures maintained either in the

absence of the anti-viral drug or in increasing

concentrations of the anti-HCV drug (e.g., an HCV NS3/4A

prczease inhibitor, NS5B polymerase inhibitor, or IRES

inkizitor). After maintaining the packaging host cells for

25 sevaeral days in the presence or absence of the anti-HCV drug

the level of drug susceptibility or resistance can be

assessed by measuring indicator gene expression either

directly in the host packaging cell lysates or in isolated

HCV particles obtained by harvesting the host packaging cell

30 culzure media. Alternative approaches can be used to

. evaluate drug susceptibility and resistance in the cell
lysaces and the isolated HCV particles.

In cne embodiment, referred to as the one cell assay, drug
35 susceptibility or resistance is assessed by measuring
lucZferase expression or activity in the transfected
packaging host cells in the presence or absence of

anct>-viral drug. A reduction in luciferase activity



Exanpl es of such dom nant sel ection use the drugs neonycin ( Sout hern
and Berg (1982) J. Molec. Appl. CGenet. 1, 327), 25 mycophenol i ¢ acid
(Mull'igan and Berg (1980) Science 209. 1422), or hygronycin (Sugden
et al. (1985) M. Cell. Biol. 5, 410-413). The three exanples
gi ven abowe 992683 0y bacterial genes under eukaryoti @ceRRbEHeet O
convey resistance to- the appropriate drug neonycin (G418 or 30
genticin), xgpt (nycophenollc aci d) -s4er hygronycin,

respectively. "Transfection" nmeans introducing DNA into a host cel
so t hat obhervrid for explbssevansgirtest inurtdiel grasiepcex pfessedven 35

ot herw se; tQﬁtl£®¥¥aﬂ“@§en€|38r ESRI LA ®n Skl H§Ent 8Sas Abmpared to a
extrachronosonmal el enent’, or chronmosopal  infegratiaqn. Unl ess

ot herw se proGPBEHOitﬁ%nn%?hEBeuégﬁeﬂ%?e?% PRy anti-viral, Fasntdsion i6F t he

host cells isukbé taleiltulphesphatmhibiting conM@a3Y Q&P 7of that agent
PCT/ US98L1596

co- pre0|%ltat;5n netﬂ r?t%} éﬁﬁgﬁédvanrgérﬁﬁ}ﬁﬁﬁ%ﬁnthe *°9vaoF85y 52,
456- 457. Al t ecnacentrabitodsofor theansnbttviral agendy e % ectuwifinraseon,

t he DEAE- dextpgpijgetpod, |ipofection and biolistics (Kriegler
(1990) Cene Transfer and 5 Expression: A Laboratory Mnual, Stockton
Press). Host cells nay be transfected with the expression vectors of”-

t he present i oweat iseroaddembbdimenk | nredfimreedt tonak nhértedtcell aswdi,a

modi fiedqas 'ér?@p 8?&%@&?}:{9& e’@#%%ﬁts‘%r %]%Et %Saségssedsﬁ'rerﬁ ' -ing

transfornants 0
F12: DVEM (G bée\)ng@rsgewg@neaea@aegﬁm@wwcemcactlwtm tifpthe aﬁfﬁwﬁtot i cS.

The culture h@gedbkmgsfolﬁwm@slnfect1dnemehahuvepa9{i@n@lstds@calld@.ea are

h revi h [ 1
fMloisebg :ppg:ﬂgp{y gggsfectlng host cefl OStAt?ethe %?.lm%(:to%dt;gzrlsre tglegrxsloon and

infection, depending on the drug target, the appropriate

15 concentration of the anti-viral drug is added to the host or
target cell cultures. Several days following the infection,
the target host cells are lysed and luciferase expression is
measured. A reduction in luciferase expression‘ﬁill be
observed for cells infected in the presence of drugs which

20 inhibit HCV replication, for example by inhibiting either
the protease (NS3/4A) or RDRP (NSS5B) activities of HCV as
compared to a control run in the absence of drug.

In a third embodiment. in which changes in RNA structure are
25 used as an indicator, drug susceptibility or resistance is
assessed by measuring the level of HCV RNA replication that
has occurred within the transfected host cells. In host
cells transfected with the DNA of the HCV viral vector, RNA
is transcribed (or alternatively, the RNA is transcribed in
30 vitro and transfected directly) as positive (mRNA) sense
RNA, which can then serve as a template for the production
of negative sense CcRNA by the action of NS5B polymerase.
Alternatively, positive sense RNA is transfected, which is
translated and serves as a template for negative sense cRNA
35 synthesis. To measure HCV RNA replication, RNA is isolated
from the transfected cells and treated with DNAse to remove
residual input DNA (the DNAse treatment would not be
absolutely required if the cells were transfected with



15 to the ordinarily skilled artisan. The foll ow ng exanpl es
nerely illustrate the best nobde now known for practicing the

i nvention, but should not be construed to limt the invention. Al
literature es 20 t hroughout this application are I

I ncor por at %@Bbsgésgﬂﬁ ref er ence. PE%BE%Z\%I?%E 1
HCV Drug Susceptibility And Resistance Tegg-25 Usi ng Resistance
Test Vectors Conprising -, Pat i ent-Derived Segnment(s) And A
Funct i onal positive damiec®NF) .GameREUpednds Theddkdgmad WY MyBirdidize

I ndi cator Gen o res I on, 30 e .l.hdicator |, gene. viral
vector (I C;\/\/)esﬁépc;(la%\?\%qﬁlé{) \1/3/85,(32,@5;’1&J:l\(;d‘%asisnger%uesc‘ie uglggg % g‘é‘?‘norﬁ%"“?gﬁ r &he
vectors cont aiS¥HHgpesis of magiddivensensadicBibor afieere BNAw digreshd diC¥e

pol yprotein... gigvenc redddé ierafitnipiaiad Y duaeivEngahlie MRRN JA3g N
frame for t(I}.gC ndi.cat or g ne_ig a, cDNA construct contai ni ng heé
entire 35 HXGOMEIr6aGei geaﬁ MR- 15 AP {86 byr BCBiin. The | GW

al so contains all the cis-acting regulatory elenents in the 5" and 3
untransl ated regiRRS 41 rephi-fatiaon, .tr.anscription,
and transl ati o]ﬁﬁlof, tﬁgﬁgéwllﬁcgeiowwf&%ﬁ}& ot Psitive Serlse
PCT/ US98115967#ithin the transfected cells follows4fnitiation dfiy HEVe RNA

enbodi ment,  thep] Led d Wi SLe AP icPagh NGhET 2BBnhfion of RledsedvhmEdialely
dovvnstr%ac[n of e NS3 codi m? iegi on, with , . —a sgacer r égi on contai ni ng
the recognition sequélice VorathdTugs thads iphihih eHS¥ REPgReP ARt iIgR
exanpl e of suctRN@-clepaudget RNA wilyeerssd ERMOALSVEYdWprodpreasantdMart he
junction betwegitive robiRSAr Atk NABmeEh koL, Gt‘:theahsg‘;;gﬁ’pr]ote\ggeql,' W1122832;
limit the formation of the RNA target sequence, which is
measured as a decrease in the amplified DNA product using

15 any one of a number of quantitative amplification assays.

In an alternative embodiment in which changes in RNA

structure are used as the indicator, the 5’ exonuclease

“activity of the amplification.enzyme (e.g. Tag polymerase)

20 is measured rather than the production of amplified DNA

(Heid et al., 1996, Genome Research 6:986-994). 'The 5

exonuclease activity is measured by monitoring the

nucleolytic cleavage of a fluorescently tagged

oligonucleotide probe capable of binding to the amplified

25 DNA template region flanked by the PCR primer binding sites.

The performance of this assay is dependent on the close

proximity of the 3’ end of the upstream primer to the 5’ end

of the oligonucleotide probe. When the primer.is extended

it displacés the 5’ end of the oligonuclectide probe such

30 that the 5’ exonuclease activity of the polymerase cleaves
. the oligonucleotide probe.

Drug Screening

Drug screening is carried out using an indicator gene viral
35 vector containing a functional indicator gene fused to the

HCV polyprotein. In transfected host cells, the indicator

gene viral vector produces an RNA transcript containing the

indicator gene {(or alternatively, the RNA is transcribed in



St ei nkuhler et al., 1996, J. Virol. 70:6694). The expected cl eavage
products are HCV NSG5B containing a Cterm nal extension (e.qg.,
TEDWCC), and | uciferase containing an 10 N-term nal extension (e.g.,
SMSYTWI) . In a second enbodi nent, the luciferase open

readi ng fr &n@e9¥es$l aced bet ween the NS5A and NS5B operCT/usasiings7
frames, with an NS5A-5B cl eavage sequence at both the N-term nal
NS5A- | uc and C-term.pal |uc-NS5B jurfdtdi ons. The luciferase protein 15
produced fromthis construct cont ains, an N-term nal SMSYTWI and a

C terninal TEDW®EE%edensrarsiented ihirertehbodi fEfnslation efiethieiMRase

](c)pen r eadi ?ﬁ f baiTe oifS me(bﬂlﬂm@ﬁn e BIS45esu1tS ﬁﬂdéﬁggﬁgcaﬁﬂanr?&gd?ﬁ
rames, W a ava, at_bo
the N-terninal Qlﬁéﬁs’%%l t%ﬁ 5 ncfhf té’rlﬁﬁa al ﬂﬁﬁg m@%}?uncPFS BC

| uci f er ase proséirpctural gndodneyvationvihad Twmstianst tbemnt aras—lanessarv

N-term nalg SCSWERD viral Rl a-dp1tieat:Ral é@TgQ&féi&n% Macidnd | OHELD
enbodi rrent t he Iu0| ferase open reading Trane 1S ace et ween the
NS4A and tN8MSLE6ERdr eS8 AG fFAVRSs, Thieh BR NBGE- 4Bl€%ava@*étﬂzeles

sequence ( FDEMcbatSQRYI3n @hclaptshdaheal\hh@iﬁatfta& JepAita]l vectoRNRINA,
C-termnal |uc- ] ti . e | uctferase pratej.n roduce from
Chi ' conet ruct Lot el e oS ORERER R, HaF et pumd! WeiGaror pefErRHRER &

FDEVEEC extensﬁ@ﬁ:. HfVepohpprogirgsnens at the N and C-termini of

luci feragg or at the Cterm nus of 30 NS5B do not dramatically affect
activity. The viral vector |sasenbl fromadfull | ength ¢
construct of HEYUIWRFERERIE LSt Eeﬁon‘??Star%fS’ pys g+ indicatog, peReaViEA} t he

5" UTR, the operdweadi nyaf rare N tike 3@Ed 3bo ErANEFeand dhpeltypt:elesn
d the 3 UTR,_. | I - t th d (
an € Repht% aﬁc% YDLQLSEQ ST C‘%{L a?p% £ f0j N é.rE GEE?EEE & E2)

open reading fra rotern
the NS2 (a packagiggacheay eﬁﬁld— pfa@%eal;eﬂmﬁnmaé@@ s wréreml Wi oFBen at

a 15 VAEYE596r presence of potential anti-viral compounds
PCT/ US98/ 15967( e.g., candidate HCV NS3/4A protea_sgo_or NSSB polymerase
inhibitors). After maintaining the transfected host cells

 for up to several days in the presence or absenée of the

candidate anti-viral drugs the level of inhibitidh of RNA

20 replication 1is assessed by measuring indicator gene

expression either directly in the transfected host cell

lysates, or in isolated HCV particles obtained by harvesting

the host transfected cell culture media, or in target cells

which are infected with the isolated HCV particles. Either

25 RNA detection or indicator gene activity methods, described

above, can be used to evaluate potential anti-HCV drug
candidates.

EXAMPLE 2

{9
(o]

HCV Drug Susceptibility And Resistance Test
Using Resistance Test Vectors Comprising
Patient-Derived Segment(s) And A Functional

35 Indicator Gene Expressed From An Internal
Ribosomal Initiation Sequence.

Indicator Gene Viral Vector - Construction
Initiation of translation of the HCV polyprotein occurs via
40 a cap-independent internal initiation mechanism. The 5’ end

of the viral RNA, comprising the untranslated region (UTR)



specific site at the NS2-NS3 junction), NS3 (helicase and serine

protease), NS4A (required as a cofactor for NS3 activity), NS4B,
NS5A, and NS5B (the RNA- dependent RNA pol ymerase) open reading
frames. iferase open 5 reading frane is als | ned
within the po?yprg{:el n open. readi ng franme, |ocated va?ﬁ:’g/t?l@{’@”ﬁg’
descri bed above. I n one enbodi nentg, the 1 GYW contains a eukaryotic
pronot er at the 5 end of the HCV sequences for the production of RNA
10 in transhgat edecelib-st 269 méz@dﬁﬁésptdfo&hteert:ﬁbﬁahoteé\&ﬁ@efva 3
end. Exanpl es of %é\anscrl ption ormters ncI udeIL but re- not T$ mted
to, the CW i nteFrédrat eleart§t strugqpresyMPiftonoterects

exanpl es of treaapcingependensr mraasba‘smn mlti:m:hmde ,{ Teuk i gama AROGhATH éed
to, the transcgjpt '30%1:%1 fse&%@at 95§2P°k¥ﬁ‘§e&¥'§g of \?i:ggg' Sed ¢ é’?ﬂa' n

SV40 or the human  [err]-gl obi éne
second 5  efB8ai néit a%éﬂlm“}ﬁ’fbt éFNASs B proiot &2 r ba@ﬂéﬁll‘ oﬁhalg@eﬁNA

pol ynf:lr ases suglichs ak/, pcgﬁ,owirrug%cmnd(ﬁ@méﬂéﬂ NI sbferverg éw@éwence
signalling tergination tr t1on at. 1s rrecogni ze

pol ymer ase, Wgtgﬁﬁf a%eaw%bsg ZyngReep alo(“«‘é’oérargéﬁléh ‘%rrl“\sa &]XQY')
1994, J. Bi oI . (Chem e2Z6%1.25868p), J. VikHed.| G3V i1§50ra666bct ediasviNgsi nt o
cell s expressingyihe gy oc BOLYTPIGSE | nheyeylopl aym Syeh pxgrpssion

i s achi eved by several met hods Tncludi ng cotransfection wt
pol yneras8 25 PePaxpriish oitrvEct BAY) l‘]ﬁﬁf@&%l%ﬁf\ & t H129%%ecotfhi Karelvat®ini a
Virus expressi ngesheopo] YoIRisaset (£LEr 8ol #Mirol198653 PBAS-852), 83 BdRR),

or, by Previousky ectaplyshinied Bslod Mgy giarBEIIGILL Yoait Sr8LA e
or poly-U sequéiicezB0 (199mredVinalagyf.ol 18 ng8t5hé9HC\/t3i veioh nESV, 59
that the t:liaasw Q@%B&ﬁ\ C&wssﬁnpﬂ{ly ofd MarR Y- @o&‘atiraﬁlé\l%\!a@?oé

end. In a_third enbodi nent, a bacteri ophage
pol ymer a%é pr of‘rBfLéra&t"OPhe ) t‘é‘%ﬁ‘ arkdP®y SEAHPAGESr WhiCH s@gI¥Rcedst the 3
end is transcr nhedrlnla lviribosonadehtiey 39ite NIRRY)C adel difgprefentongeddie

IGW s ”anstz?& §?1E£\|Acellulga-rh%tﬁfg m.pat g mﬁ ](ngr?' Srpechfﬁ&ace

sequence recognlze act'er| ophage Mer ase
termnation si f-€a5|slatlon irgermadlyavy iy enbolREe (i%@emhbmmda 8@1‘%@‘"

(1994) J. Biol (1991), Nature, 353, 90-94). These RNA elements have been
20 shown to be capable of directing translation initiation when

located in between two open reading frames, as well as at

the 3’ end of RNAs. These bicistronic RNAs can be used to

obtain expression of two proteins from the same RNA by

independently directing the translation of both open reading

tJ
1

frames.

Indicator gene viral vectors containing a functional IG
expressed from an internal ribosomal initiation sequence are
constructed by inserting the open reading frame for an

30 indicator gene, for example, luciferase, in a <cDNA
_ comstruct, containing the entire HCV genome, as a second
cistronic element preceded by an IRES. Insertion of the IRES
(eithexr the native HCV 5’ UTR or that of another virus) and
luciferase downstream of the HCV polyprotein provides for

35 luciferase gene expression independently of that of HCV
proteins (see Figure 4). Note that when testing for
resistance to a drug that inhibits the function of the HCV

IRES, the IRES used for expression of luciferase must be



WD 99/ 06597 PCTUS9&q5967

-51- Chem 269, 25856-25864). Alternatively, the termnator is a
restriction endonucl ease site allowing for linearization of the DNA
tenplate prior to transcription (see Figure 3D) In this case the
vect or al swooemésat ns a poly-A or poly-U 5 sequence at thecBuUseso6?

In transfected cells, the RNA is translated, using an I nt er nal
initiation nechanismvia the internal ri-B@sone entry sequence (IRES) ,

to yield the HCV polyp rot el n- luc 10 fusmnﬁgrotel n. Rel ease of .actjve

| uci f er ase fréﬁfFﬁH@dHé%'Pm a VHES Ridtes Fheds HON . | whieRehtieR?t A fantestt i on
of NS3/4A, Ey théedfug. expu'nﬁsm\rvfmm cbﬁﬁauﬂﬁﬁﬂflé\ QolRNAlng éieg\{mndével
expression takes_place when nomic RNA is replicate B I

arpl 1 red i n e F Andt oy 8 SBFRERSTL ) owpssehashiete. the e i on
of the viral PBRynehaswidsBealCWebdlypraotrin codingr aEqpenceasm NS .and |
NS3/4A. g In EB@ Cf@@lﬂbleéseet%dlng LAE $BT 2%Bel Spbpacid vgpahenahg i part

of the Iarge rotejn acttvity can be nmeasured directly in

t he tran§1’-”é8€§61€ %‘P% %ﬁ”—ﬁ&’é’artéﬁrease of active luciferase is 20
dependent on HCV RNA replication (one cell assay). |In the case where
| uci ferase ha nifica Y SR '

virions wll %Iel e(':“% glmg EUS%%X éoli&l q?’s 2 ﬁg\}fvg%g%g%? %P(F i t wo
cel | assay). ’Eltahhée$ ofng lef the memesrfﬁmu%@ W§ﬁ§¢éé?’éd°% A to

the infeg ed HargehnePect&Elded 1isS Qﬁ&eﬂdﬁfﬁnéﬁkﬂpﬁﬁ'dncﬁfelrﬁﬂnaﬂgr at the

encapsi dation_of the the transfected J: q&n turt_p S
dependent on 3 €RG-he BXAY é%prté%aé’isé’ﬁlpﬁfLBEengﬂﬁt%%ﬁ é’&‘f Wigy Bttt he
HCV © Vi r alreshotclimidedand, nmhescmcim@tmqﬂmw-rssrlvaramgnent or

the eff f f
e o) L ek glmggd;ﬂ:%m&e.be BRGKORLDT0P! chafstEN: N BmibRienow

Wi | d-type HCV iwicrlysieor tbruéinsfaé’@t edol t Hifiitgd ~ to. t {pe H@VaRﬁlﬁert{:ﬁ\lA
expr ession Cort%trrrrli(ﬂa?tor/ -Bblfylardelﬁ?'latlon saygaEst rfbhadr épl iswio wr arkle

ot r anst act ed WM pirPEPRINGBERSs (555 ottidine: . d57as. REPcofipl 1889 so
that transcri @uiuaalaéﬂt the p%meagelé beéy £RObatisak ephaye nm
cells. This . wSLLalegy qr vauiatign of LL has been qnplhed to §he,
sequence signalling termination of transcrlptloﬁ that is
20 recognized by the polymerase, or a self-cleaving ribozyme.
The IGVV is transfected as DNA into cells expressing the RNA
polymerase in the cytoplasm. Such expression is achieved by
several methods including cotransfection with a polymerase
expression vector, infection with a recombinant vaccinia
25 virus expressing the polymerase, or by ©previously
establishing a cell 1line permanently expressing the
polvmerase (see Figure 3C). The IGVV additionally contains
a poly-A or poly-U sequence immediately following the HCV 3’
terminus, so that the transcribed RNA contains a poly-A or
30 poly-U tail at the 3’ end. In a third embodiment, the IGVV
_with a bacteriophage RNA polymerase promoter at the 5’ end
and a terminator sequence at the 3’ end is transcribed in
vitro and the nucleic acid representing the IGVV is
transfected as RNA. The terminator may be a specific
35 sequence recognized by the bacteriophage RNA polymerase as
a termination site or a self-cleaving ribozyme.
Alternatively, the terminator is a restriction endonuclease

site allowing for linearization of the DNA template prior to



negati ve-stranded RNA viruses such as influenza virus WD 99/ 06597

PCT/ US98/ 15967 -52- (Enam and

Pal ese 1991, J. Virol. 65: 2711-2713), rabies virus (Schnell et al.
1994, EMBOwo oglgtse#195-4203), and vesi cul ar stomatiti pc¥iksifisodaANS0oN
et al. 1995, PNAS 92: .4477-4481) . Resi stance Test .

Vect or s- Constructi on A resistance tegt vector (RTV) 1is constructed
fromthe i ndicator gene viral vector by replacing a region of the HCV

genome corresparshiguripeibhe (peotRigurehdoh. | s1d Mhianthsyi fRé Jdetor Hlkb
target (e.g. 4A 5B... qr th R_Eg) with th ; ,carr.espondi ng
regi on deri vedCN?%lraéoan%I%/sl ru é’s%yandf%r Sﬂkﬁ& r BEANTCE 5t th¢ Pheeﬂldc)od and/ or

cells of an infected patient (patient-derived segnent, or PDS). In

one enbodi NENtgedflstance FE GRS -eBaNB3GAA I Hr Ot ease inhibitor, the | GW
is 15 nodi fied py introduci 2% uni gue restriction sites, _called

pati ent sequemRESET OIS FECEPERSFORFALRINGEYREional IQdirakogenes
(nucl eoti des 3dfdiBe SebhfFredseidh Erdms thaiint 8fnklC\Vibosomal The tiafiient derived
segnent obtain fr t i erl virus .i.s then transferred
into the PSAS %%q‘f%rgég I%\%\/Q%&S%'}hf EFSquggA;g%eéevﬁ cf‘-hieépg 3/ 2R§r egi on
is renoved frapatient-derive@/MdYy s¢ayepresnasi descridiad ¢n dxagpdenic| eases

recogni zing rhe di@v PA iRy fIRAUGRBCENALGER! PEAS| £55 thd NeSRReGWEREES are
then replaced with DNA_ fragnent ener at ed, by RT/ PCR

h / fro . .
patient Hori veNSH{15i N8B ofiaiIRES CPBARPIARHAERS WRSARIeGEn Exapie.

The PCR producls see Binefeaati®d .using prinmers which contain the
restriction endonucl ease sites required for generation of conpatible
cohesive ends for cloning into the di gested 1GW. RT and PCR pri ner

bi ndi ng sites Brugs8ugeereibility andi Resiigsanseqliesic®s designed, to enable

anplification sfugs r2@istBRAY dinkf enenleprubtiypes ebskHeV 3% passiide . outIn a
second 15 with a resistance test vector prepared as described above
(either as DNA or RNA) by transfection, using either a one
cell or two cell assay. Transfection of host cells with a
resistance test vector ©produces HCV viral particles
" containing an encapsidated indicator gene RNA. Drug
20 resistance and susceptibility tests are performed as

described in Example 1.

Drug Screening

Drug screening using an IGVV containing a functional
25 indicator gene expressed from an internal ribosomal

initiation sequence is performed essentially as described in

Example 1 above.

3C EXAMPLE 3

HCV Drug Susceptibility And Resistance Test
Using Resistance Test Vectors Comprising
Patient-Derived Segment(s) And A Functional

35 Indicator Gene Expressed from a Replication
Defective Minigenome.

Indicator Gene Viral Vector - Construction
HCV replication-dependent expression of an indicator gene is
40 achieved by constructing an artificial HCV subgenomic viral

vector, or "minigenome", consisting of the HCV 5’ UTR and,



enbodi nent, in the case of an inhibitor of the NS5B RDRP, t he
sequences spanni ng the NS5B open readi ng frane (nucl eoti des 7601-9373
of the H strain of HCV) are renoved fromthe 1 GYW at uni que patient
sequence acceptor sites; 35 t hese sequences are then replaced with the
cor r espondW@9RIES7 generated by RT/PCR from pati ent virGa/usiAsmht ai ned
from pl asma or serumor cells. 1In a third enbodi nent, in the

case of IRES inhibitors, the sequences sp&®ning the | RES WO

99/ 06597 PCT/ US98/ 15967 ,

-53- (rifc FESHEES 13 FPigP-EREmiRat Rathisr PE\Bhea S oPeRpTERIEPEM
the | GW at urfimpme patequnireskeqenperaceepthe SRESS, athse for examglences
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patient viral rom plasma or
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by identifying t pe@PN@eading efest Ng e ratgob1pf the dilg I att hehleGVV

i nt roduci ng unj que patien uence.acceptor sites into and-
bl a1 ng She HegGHLAERf Whe & B8 1690086 “Bhile " LhcBubt e Foy LRl

Resi st ance Testranslatidd Ugegies sttance aATG soScikptibetddey. t eShs afeUTRIri ed
out Wil b rad eéﬁftrﬁrlf‘e%:r&l% L YECLOLAR! $PAfEY Son il E110E:800Kein
(either as y trans ectlon usin e|t a one 1 cel'r gssa
or a two cell sd&*’&%/ls TrefRYie@d of Wt hostrang aé"lon: wePh igakéenst anbd test

vector plronducq&dﬁéiﬁgaloﬂ)arﬁnéslem THONt BidH fg-adR eﬂﬁaﬂgéﬁahed :LS
I ndi cat or gene iLcate t per.f or.ne

e sfe
series of 20 copafl?é‘&f'fﬁﬁtﬁ%m&télgﬁ ase gﬁi%gfsﬁ?aﬁ’ﬁ 18 the lguﬁeﬁhe
absence of t3R-3&ntiwithak fudduyength hnlpencﬁ@&sigaagomlc construct;

concentr ati ons. 4f: the ANt i JHEY Ma i D- meg 6 diruces RID! EREC

I nhi bi tor, NS5B poI ynmerase | nhibitor, or | tor Af ter
mai Nt ai ni ng t ARSI g WPt il |degegdent  on  th e 'HCV "epllcat on

15 machinery, including the N83/4A protease and NS5B RDRP,
produced from the helper HCV genomic RNA, as well as of the
cig-acting regulatory elements of the minigenome.

Indicator gene viral vectors comprising a functional

20 indicator gene expressed from a replication defective
minigenome and a helper HCV genomic construct are
constructed as follows. The minigenome contains the
following elements in a 5’ to 3’ orientation: a promoter
sequence, the HCV 5’ UTR, the first 24 or 369 nucleotides of

25 the C open reading frame, the luciferase open reading frame,
the HCV 3’ UTR, and a transcription terminator. The helper
HCV genomic construct contains a promoter, the complete HCV
cDNA, and a terminator.

30 In one embodiment, the IGVV contains a eukaryotic promoter
~at the 5’ end of the HCV sequences for the production of RNA

in transfected cells, and a transcription terminator at the

3’ end. Examples of transcription promoters include, but

are not limited to, the CMV intermediate-early promoter, or

35 the S8SV40 promoter; examples of transcription terminators
include, but are not limited to, the transcription
terminator/ polyadenylation signals found in SV40 or the
human B-globin gene (see Figure 3B). In a second



25 several days in the presence or absence of the anti-HCV drug

the I evel of drug susceptibility or resistance can be assessed by
measuri ng indicator gene expression either directly in the host
packagi ng cel | sates or in isolated HCV particl es obtai ned by

har vesti ng ‘Y(ﬂ? &t packaging cell 30 culture media. Al (PEAVIRIBAE967
approaches ‘can be used to eval uat e drug susceptibility and resistance
in the cell | ysates apd the isol ated Slicv partlcles In one

enbodi ment, refield8dehe. as%é t];gro%%ece |§ assagm%ﬁﬁ% iL}J@@csusceptl bili tX or

resistance is _assessed measuri N
activity int tR?JtYF“&F@ﬁéét@éFh as Thadagiory SP6st avdl khei nehhﬁnaoui@ﬁe:n@&a or
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- 54- obFEPERIASA B¥ (the; PRISTETRER i ATt ReSPLEsEheRVHRT ar Hharyme .
anti-vird agdite IGVVcoabtremsfimrtell ageDNA ﬁﬁt@ctfal&l’seéxf@e&s:mg t 16O N0

run in the ab ent to calclate
the inhibiti n}ea?%s? %n% ?%};ér ]C;Qtog &f"ﬁgf a%‘é%ﬁ %‘presﬁﬁ'oflol@e‘?'fé}f“a?\ée

si gnoi d cur ve §8ed ngatthedsognsfudiag cotrapefieehioat with of pdﬂByMasau r al
agent to luci fafmsassion véﬁﬂdﬂltYnfectlon whiBha oS eg éE%bé%p%¥y'%%E inia

referred to as, the two_cell drug suscept resi stance
i s assessed by redsur Fﬁ@ressmgl u&PPer RRLLGeHASSepr eSEj o#VandWé?We@ﬁWt Y,

in the tidrget establimisingceld s delll owl inge i nﬁ%tﬁ&x@éhﬂl)t h dptasgiris! eshe
obt ai ned OQéwnteE:égéf d u%% Il's. A e, of Liansfection or
i nfection, dependi_.ng on {?ﬁ é(r}gl ar3g(t§t tﬁf;é a:c);t‘}?o rl a{:éo’i%“y contains
concentration aoﬁ’Ot*HeAaﬁFlpc?/]rYéJ SHAUGIFS am@@m@ltyhéoﬁégmw the HCY a3 get

cell cultures.teSevianal, dayTHa® ltow Reahle riBEBCRNRNcontains a poly-A or
poly-U tail at the 3’ end. 1In a third embodimenz, the IGVV

15 with a bacteriophage RNA polymerase promoter at the 5' end

and a terminator sequence at the 3’ end is transcribed in

vitre and the nucleic acid representing cthe IGVV is
transfected as RNA. The terminator may be a specific
sequence recognized by the bacteriophage RNA pclymerase as
20 a termination site ‘-or a self-cleaving ribozyme.
Alternatively, the terminator is a restriction endonuclease
site allowing for linearization of the DNA template prior to
transcription (see Figure 3D). 1In this case the vector also
contains a poly-A or poly-U sequence at the 3’ end.

28]
h

Resistance Test Vectors-Construction
Resistance test vectors comprising a functional indicator
gene expresgssed from a replication defective minigenome and
a helper HCV genomic construct are constructed from the
30 helper HCV genomic construct and patient-derived HCV
. seguences as described in Example 1. The helper HCV genomic
construct is modified to include PSAS for the insertion of
NS3/4A or NS5B-containing PDS (described in Example 1, see
Figure 3A). In the case of a drug which targets the
35 function of the IRES, the PSAS are introduced into the
minigenome construct as well.

Drug Susceptibility and Resistance Tests



the target host cells are |lysed and luciferase expression is

measured. A reduction in luciferase expression wll be observed for
cells infected in the presence of drugs which 20 i nhibit HCV
replication, for exanple by inhibiting either t he protease (NS3/4A)
or RDRP ( ivities of HCV as conpared to a co l,n the
absence of rug?% In.a third enbodi ment, in which Ch@é(?}lggssis{i%dﬁm
structure are 25 used as an indicator,gdrug susceptibility or resistance
S assessed by neasuring the level of HCV RNA replication that

has occurred pir:fi Nrddissdanesl andedumeeptddilsty Idedtastusing el tsvv
transfected with_ the ,DNA of th i.ral.vector, ..RNA I s.transcri bed
(or alternati \?g?g‘/?mt%}éatRﬁRmP%lg reg%c%il%%{dl T30 1'idlc\/a‘lttorro 95hG £ %Bﬁg?gﬁ?ed
directly) as foom iavenirigRuamesense a help®RNAECVhgehoman chantresveans a
tenplate for the REEdUEhEON,ieh rddfidtegdkl VeeseNSeeoiA: by lha aat i g of

NS5B pol ynerase. . . A ternaé%i;/el y, positive sense RNA iS tiansfected,
which is deprzabrdt @POXRd KHE o35 aPNBMATat Ao PHe fERRFESSERSB cRNA
35 synt hesusingleirBasuacohEVc&NA o2 ptws ate XN, adddy .| Traswifetedon of
fromthe transfect |.|.5.a0d _t : 1.1 h : Ldual
nput DNA (1 nEobRagst £ bt The, SER1BEaNED (e DO AP TR ncieakagell
the cells ver@inigaséeetmdsnithe helper HCWegpmbsgonstruct containing
Eﬁ;;usiglé$96zhe PDS)d produce? ﬁC% _Eiral partﬁgieﬁ_ caﬁtﬁ@?&hQVeaﬁense

. An primer | esigned to hybridize specifically e ive
sense H&Y RNAePSaB?Faﬁt?‘iel%Cl%ergfﬁt gspsRER #R( ‘?’fp\/%n seé}f‘sa@%ﬁﬁ%?ga%?gr
RNAse di gesti emeniotnic RNApr eDenty reséssente amsdrsysdcept Giilpdy ttiesessemee RNA

using 5 th PSR RLEARLS 5 L%ﬁ%&%ﬁﬂ&i anpld fied by PCR For mati on
of the arrplif?:(?ae i &5 targef c of positive s?én%sg wi thin the
transfected cells follows initiation of HCV RNA replication resulting
in the formtimmplsdreaatinge sense

15 Drug screening using an IGVV system that comprises a

functional indicator gene expressed from a minigenome and a
helper HCV genomic construct is performed essentially as
.described in Example 1 above. '

20
EXAMPLE 4

HCV Drug Susceptibility And Resistance Test
Using Resistance Test Vectors Comprising

25 Patient-Derived Segment{s) And A Nonfunctional
Indicator Gene Expressed From Antisense
Replication Defective Minigenomes.

Indicator Gene Viral Vector - Comnstruction
30 Indicator gene viral vectors comprising a non-functional
indicator 'gene expressed from a replication defective
minigenome and a helper HCV genomic construct are
constructed as follows. The minigenome contains the
_following elements in a 5’ to 3’ orientation: a promoter
35 sequence, the HCV 3’ UTR (in antisense orientation), the
luciferase open reading frame (antisense), the first 24 or
369 nucleotides of the C open reading frame (antisense). the
HCV 5’ UTR (antisense), and a transcription terminator. The
helper HCV genomic construct contains a promoter, the
40 complete HCV cDNA (in sense orientation), and a terminator.



10 RNA.  Anti-viral drugs that inhibit HCV RNA replication

(RNA- dependent RNA pol ynerase activity), or production of an active
formof the polynmerase (by the NS3/4A protease), will limt the
formation of the RNA target sequence, which is nmeasured as a decrease
in the anmpPrPE659DNA product using 15 any one of a numbePCHIS98/15967
quantitative anplification assays. In an alternative enbodi nent in
whi ch changes in RNA : structure are"®3ed as the indicator, the 5
exonucl ease ti he anp |ificatjon enz e,

pol yrer ase) 207 thgg %%% réd gtWéP RIS e &PBHB%P?%% %#k%uﬁgngQ%}sDNA
(Heid et al. a§99§ga@mm§-m@§@ér BNAG: D86- 331 m replheabive int.emne(mmﬂeease

activity is ”Q%%P@%%vbﬂF”QBht%ﬁh@gehgﬁe d scr?ﬂ&ée£$%$éc(se of
a fluorescently “tagged onucl ot 1 de probe _capabl |nd|ng

to the anplif Eé&rﬁsmnmﬂ t BRI &Fénﬁégpéﬁdf caARed tiﬁﬁerprpnerthe
bi ndi ng sitesactivityThe mshormaaec@iohhbﬁ wBSay iS dependiait 6D tdlie
cl ose prOXI ty gf t he o§ §§§248 zgﬁh}ea rlner tqwth 5" end
of the ol i gonG& ot o® %rdbe ri Tegu ﬁtory
di spl aces the eaen@mdsofsmm alsi g@mlcllaﬁsl dél'lpmabehsucincﬂﬁcatozt hg#-,ne hesb'

exonucl ease aafanwﬁm&fmha@ nﬁiairiera?é&&'&gefﬁsb the &4 | £aldde
pr obe. Scr eeni ng Drug s eenYng I's carrie ou u3|ng an
i ndi cat or gen@aﬁpﬂ§ﬁr§5 vector containing a functional indicator gene
fused tadothe HCV pol yprotein. In transfected host cells, the
I ndi cat or e tor,pr es,_apn_RNA transcri t caontaini ng the
i ndi cat or gengr?ggﬁﬁl%g¥%gf%§%r thggg&A g??%ﬁs%r?ﬁ%%rYQ ic"promo
99/ 06597 at the 5’ end of the HCV sequenceﬂp@fkusgslpsg@qation of RNA
- 56- Vi ti0 r@Rds EE AN @ehed digrRChl WranEtalst 8bh0Pe PhiAdE Sr RYA the

3 end. Examples of transcription promoters include., but

b
uy

are not limited to, the CMV intermediate-early promoter, or
the SV40 promoter; examples of transcription cterminators
include, but are not limited to, the transcription
terminator/ polyadenylation signals found in SV40 or the
human B-globin gene (see Figure 3B). In a second

20 embodiment, the promoter is a promoter for bacteriophage RNA
polymerases such as T7, T3, or SP6, and the terminator is a
sequence signalling termination of transcription that is
recognized by the polymerase., or a self-cleaving ribozyme.
The IGVV is transfected as DNA into cells expressing the RNA

25 polymerase in the cytoplasm. Such expression is achieved by
several methods including cotransfection with a polymerase
expression vector, infection with a recombinant vaccinia
virus expressing the polymerase, or by ©previously
establishing a «c¢ell 1line permanently expressing the

30 polymerase (see Figure 3C). The IGVV additionally contains

a poly-A or poly-U sequence immediately following the HCV 3’

terminus, so that the transcribed RNA contains a poly-A or

poly-U tail at the 3’ end. In a third embodiment, the IGVV
with a bacteriophage RNA polymerase promoter at the 5’ end

'

35 and a terminator sequence at the 3’ end is transcribed in
vitro and the nucleiec acid representing the IGVV 1is
transfected as RNA. The terminator may be a specific
sequence recognized by the bacteriophage RNA polymerase as



or of nmRNA produced as a result of replication and transcription by

the viral RDRP (NS5B), produces the structural and enzymatic viral
functions that are necessary 5 for viral RNA replication and particle
formati on. The transfected cells give rise to HCV viral particles
cont ai ni Nngy8Be/GEsoRPSi dat ed i ndi cator gene viral vector RNAp Hbyesh al so
contains the functional indicator gene fused to t he HCV poﬁ yprot ein
gene. 10 Drug screening is performedgqas follows: indicator gene viral
vector DNA or RNA is used to transfect host cells. Replicate

transfecti onsaar ecpemfmatnieh on sdteeri o5 ofa  selackagivigghoskibekime.

cul tures i ket deghieiddiy, Lhe berdfnagbience, Madesqasecnabnuagiegtial

anti-viral conpounds g., candida rotease or
pol ymerase  Sitejshigyimgy §pr hinearimatics efnghe FRMA ﬂ@ﬁ‘@ﬂéé?eﬁrhestteel |'s

for up to sevefadxsellaygsudh t(eeeppwemr almeaﬁ@s O&adehehe vectbangdigdat e

anti-vir dru s, the |evel I nhi biti Jication is
assessed %ﬁﬁ?b??n@ ?Hﬁ'%;ﬁ%,POIgeE{]e SequenchﬁFeE)Q e?’f er directly
in the transfect ed host cell | ysates, or in isolated HCV particles

obt ai ned by hgLyes Test VAE:LQS! &}s{ d cell culture nedia, or in
target cells # tt:\!;'lﬁﬁge a?e I nfecte C{II\A{th tcﬁ%to?lsol ated HCV particles.

Either 25 RRRSHBEBREFon tEFLI nRSHAHS geRRMREIF G y fret ROBs TuBESaPRBEd

above, can beiugtdatorevgénat egtietydleidal fashi - HIC\kdblitation @Gafdidates.

30 EXAVPLE 2 HCV Dx bil
And Resit8t ancBipdggnome and "a helpexr, HQY genomic, c%‘ﬂg%ﬁggep“ ility

Conprising  constructeBatfem - Beei vedlSeynsiiy speAnuid Romttimwal 364

I ndi cat or GenSatlg%Er@§$§geErQEVA%éd@€% 3 as described RPOSRERbIe 1.
Initiation Se%uence | ndi cator Gene Viral Vector - Const ructi on

Initiati on of TPPaR@HERY JHFoPePREIAEPIUINT ot RoBeEIRS bR dnsdude, PSAS
cap-i ndependetibri ntegrenal irdgeirtiiahi o fNMENERYI4M orThalsEB-eddtainingof PDBe

viral RN%’ conpy %%bﬁgedh§nuﬁ%a88féa{edsé§9é£ghéé“§§) In the case of a
drug which targets the function of the IRES, the PSAS are
introduced intc the minigenome construct as well.

Drug Susceptibility and Resistance Tests
20 Drug resistance and susceptibility tests using resistance
test vectors comprising a non-functional indicator gene
expressed from a minigenome and a helper HCV genomic
construct are carried out with resistance test vectors
prepared as described above (either as DNA or RNA) by
25 transfection, using either a one cell or two cell assay.
Transfection of host cells with the resistance test vectors
(the luciferase minigenome plus the helper HCV genomic
construct containing the PDS) produces HCV viral particles
containing an encapsidated luciferase gene RNA and/or an
30 encapsidated HCV genomic RNA. Drug resistance and
_susceptibility tests are then performed as described in
Example 1.

Drug Screening

35 Drug screening using resistance test vectors comprising a
non-functional indicator gene expressed from a minigenome
and a helper HCV genomic construct is performed essentially

as described in Example 1 above.
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-57- and the first 369 nucleotides of the C open reading frane,
contains a sequence and/or structure which directs cap-i ndependent
translation initiation (Tsuki yama- Kohara et al, J Virol. 66:1476,
1992; V\anQV%?9/%§I597J Virol. 67:3338, 5 1993; Lu and W m@ICT/U88835%3: 1412,
1996) O her viruses ° such as poliovirus (PV) (Pelletier and
Sonenberg (1988), Nature, 334, 3206325), encephal omyocarditis virus

( EMCV) " (Jang et al. (1989) J. Virol. 63, 1651-1660), rhinovirus

(RV) (Rohil et al. (1994), J. Virol. 68, 4384-4391), 10 hepatitis
A virus (HAV) (Brown et al. (1994), EXAMPIH S 68, 1066-1074; d ass et
al. (1993) Virol. 193, 842-852), as well as the pestivirus, bovine

viral diarrhea vir G%F‘{ BVD%% (peseptibilityt Mpd ResdSranceo|Trpt 189,
285-2925 to whi ch H&iN% Resistanass| yTestat MECtomRs oyCamprisngrechani sns
for translation 15Fatiemt-Degriygd %‘F f(s) h@ndseddhematiqpakh serve

as the i nt em& fenent BpEePEed| RR8) ar RPIFAEHMfor each
virus. Sone cellul & &880 known to initiate transl ation
Internally via an I RES (Macej ak and Sar now (1991) , Nature, 353,

90- 94) 10Thesliratian@iene Nivelbéeatod - Cemstwudwidie capabl e of directing
translation imjdialdan Yagp P]flr%ll O%E%@rbn QSMIQ%EQ:L:E&‘D LPep, headbng)

franmes, as well_.as at ese Dbicistroni ¢ RNAs can
be used to Indicghey; ﬁe%%pﬁ’%%’é*iséﬁd Feroapﬁﬁ%%lPPoﬁ#%tg&%eeW%y
i ndependent | yandi mephtRggife vacans! abhetradt ot dmelarﬁeadangs 2Bollodsanes.

| ndi cator geng, i talVeetong conbal niog 8, Lunctional LGy, o sexipessed
Ia I’

froman internal rI bosorr%fl | on~ seque cohstructed by
i nsert iy thewgatataadi ne foxametesr sagueice, uhﬂjﬁéﬁt 6f UgBnethefpirst

exanple, lucig 95§5%69 I fucPeotGlNA of theONStEPeh. r%QB&ﬁgn'fEhr&é‘e ERkire
HCV genone, aitsl’hﬂ\ secon ci stroni.c el enent” preceded

| nsertion of GRS gene PBFE h&FAHBM A TaRE HCXLS' NBTR %f’cl“}%} Npss
anot her virugoxmicbn of tHaidd®ereseowoWMishebaon itded e744C\8 37 ypff ot lee nH

provides for 35,5, | WH TREGFE GSNE ERF €SI Ofpp Ndepgpdent Ly gL Lhgtsgh HOV

20 terminator. The packaging vector contains a promoter, the
C, El1 and E2 open reading frames of HCV (nucleotides
342-2578 of the H strain of HCV), and a terminator. In the
case where the indicator gene is luciferase or another
cytoplasmic protein, certain modifications will be made to

25 ensure proper processing of the IG-NS2 junction by the host
signal peptidase in the endoplasmic reticulum. In the case
of a secreted indicator gene, for example secreted alkaline
phosphatase, no such modifications may be required.

30 Infectious recombinant virions are produced from cells
transfected with two vectors: an IGVV containing an IG and
the viral non-structural proteins, and a second vector, the
packaging vector, containing the viral structural proteins
"(C/E1/E2; see Figure 7). To generate infectious particles,

35 the IGVV DNA (or its corresponding RNA, see Example 1,
Figures 3B-3D) is co-transfected with the packaging vector.
Alternatively, particles are pseudotyped with envelope
glycoprotein genes from related flaviviruses such as BVDV or
classical swine fever virus (CSFV). The pseudotyped viruses

40 afe used to establish of a cell culture system for
single-cycle infection assays. Viruses produced in this



proteins (see Figure 4). Note that when testing for resi stance

to a drug that inhibits the function of the HCV | RES, the | RES used
for expression of luciferase nust be WO 99106597

PCT/ US98/ 15967- - 58- derived froma
virus ot heywddaksohiCV, which is not affected by the dru&rmgagﬁs;&vv
thus contains the follow ng el enents inab to 3 orientation:
pronoter sequence, the HCV 5' UTR, the.conplete HCV pol yprotein codlng
sequence, an IRES, 5 the luciferase coding region, the HCV 3" UIR
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or t he SV40 pronDter exanpl es of transcription term nators
incl ude, Dut aFRESOHLUSHAGERED, t he transcription 15 term nator/
polyadenylatlon signals found in SV40 or the human [err]-globin

gene (see rg e 3By dlmér&\m(%he contai %n‘goglqu H-S;Qel-’fg&%@é’gpe
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Figure 3C). TheelfW¥a@88) 1 benphB¥ng0at 86ASsignals AfBGhY- AnOISWAYl Yo the
sequence |nnedh tely &oll W ng the HCV 3'
15 uman ln gene (see Figure 3B). In a second

embodiment, the promoter is a promoter for bacteriophage RNA
polymerases such as T7. T3, or SP6, and the terminator is a
sequence signalling termination of transcription that is
recognized by the polymerase, or a self-cleaving ribozyme.
20 The IGVV is transfected as DNA into cells expressing the RNA
polymerase in the cytoplasm. Such expression is achieved by
several methods including cotransfection with a polymerase
expression vector, infection with a reccmbinant vaccinia
virus expressing the polymerase, or by previously
25 establishing a «cell 1line permanently expressing the
polymerase (see Figure 3C). The IGVV additionally contains
a poly-A or poly-U sequence immediately following the HCV 3’
terminus, so that the transcribed RNA contains a poly-A or
poly-U tail at the 3’ end. In a third embodiment, the IGVV
30 with a bacreriophage RNA polymerase promoter at the 5’ end
and a terminator sequence at the 3’ end is transcribed in
vitro and the nucleic acid representing the IGVV is
transfected as RNA. The terminator may be a specific
sequence recognized by the bacteriophage RNA polymerase as
35 a terminacion site or a self-cleaving ribozyme.
Alternatively, the terminator is a restriction endonuclease
site allowing for linearization of the DNA template prior to
transcription (see Figure 3D). In this case the vector also



termnus, so that the transcribed RNA contains a poly-A or 30 poly-U tail
at the 3' end. In a third enbodi nent, the |IGwW with a bacteriophage
RNA pol ynerase pronoter at the 5 end and a term nator sequence at
the 3' end is transcribed in vitro and the nucleic acid

representi NP MEST'GwW i s transfected as RNA.  The t @CATUsas@s96may be
a specific 35 sequence récogni zed by the bacteriophage RNA pol ynerase as
a termnation site or. a sel f - cl e&Virng ri bozyme.

Al ternatively, fermnator .is_a restriction endonucl ease site

al | owi ng for Icfénrle]cgarlinzsatai %l F& RE Bﬂgyfénﬁ?ﬁ?ﬁn‘b‘?i% §Re 37 end. ywpo

99/ 06597 PCTI US98/ 15967

- 50- {1 30614 A A ASAL VB IS 3Dhs il kb case the vector also
contains a poly-A or poly-U sequence at tﬁe‘ 5_ end. Resi st ance Test
Vect or s- Const TR e TGRS SYSFI T IPMRELI IS 2ofunrhionph fudtcavonl

i ndi cat ors gegenceRppESSeRdfEoNMaReplieaRabn IdeFeeBlel Ydilel Uha a
sequence are ggp r:ﬁ;edv%% gklcgvs descri bed above and

pati ent-deriv dEuenceSTas“gReETYokd 7F BEoRfitEuEted freme TEWSI s
nmodi fi ed to i rigsciRIAS dtmvet hanidns parientofletivedNSBEYA, sdlGaEnces | BES
contai ni ng PDQdLesasdbed, i I . e Fi SA ... Drug
Suscepti bili ty%eg;md Reés%)s%ém%é eg%)sf’ TheDrJilS;éﬁ}(rae*sélzs anicafelé(:gnd“o include
suscepti bi | i t PI3tOh S g%t 1o ofs NS3(j4@h ¥SPBsi SrahBESt esntatuing
prepared.tas dedig i fiboalited in Exahpléhel 3se DNAy@re YY), by transfecti on,
using either a one cell or two cell assay. Transfection of host cells
with a resi stance test vector produces HCV viral particles

cont ai ni ng an EuapBiskandd biddityarod BesésRice FagtL0 resi stance and

suscepti bi li tyordpstssiSf&ncPCREAr BBdcepRibilitydeactiPedd XA eode

with a resistance test vector prepared as described above

is {either as DNA or RNA) by transfection, using either a one
cell or two cell assay. Transfection of host cells with a
resistance test vector produces HCV viral particles
lcontaining an encapsidated indicator gene RNA. Drug
resistance and susceptibility tests are performed as
20 described in Example 1.

Drug Screening
Drug screening using an IGVV comprising a functional
indicator gene expressed from a replication defective genome

25 and a packaging vector construct is performed eSsentially as
described in Example 1 above.

3C EXAMPLE 6

HCV Protease Inhibitor Susceptibility And
Resistance Test Using Resistance Test Vectors
Comprising Patient-Derived Segment(s) And A

35 Functional Indicator Gene In An NS3/4A BVDV
Chimeric Viral Vector.

Indicator Gene Viral Vector - Construction

A chimeric IGVV containing a functional indicator gene and
40 the relevant portion(s) of HCV {for example, the NS3/4A

protease domain} were designed with a backbone of a related



Drug Screening Drug screening using an | GW containing a functional

25 I ndi cator gene expressed from an internal ribosonal

initiation sequence is perforned essentially as described in Exanpl e
1 above. 30 EXAVPLE 3 HCV Drug
Suscepti bly{;@t)yoesgml Resi st ance Test Usi ng Resi ${gAsRs1IRst
Vectors Conpri sing - Pati ent-Derived Segment(s) And A Funct | onal
35 | ndi cator Geng Expressed frowsa Replication

Def ective M ni genone. | ndi cator Gene Viral Vector - Construction

HCV repl i cat ivirugepdiganrepkprassd oveldf ian duldiuget.or Ageasangidlof suachi eved
by constructifg,amsahl fBVﬁ“]al ZH mwﬁtigggneghﬁ Yoot ne genomgv\%go%‘}nagsgais

"m ni genone", consi sti t he H
PCT/USQQ/lSQéfﬁn asse ed and shown to generate Hfectious RNA rsguired,

an am ?o}] er nhato mmahsampﬁmrhe(vasle@eavreadwg 1997, Jf raﬁol(reﬂmvfd as
part o e | , a a . erase 3" UTR
(see Fi g%re 5).7 Luci Pleﬂrx%sBem peo)&yigé)roglg&&ué‘gdpﬁé’gﬁﬁﬁa aﬁnl\ft@?ﬂ?ﬁ’él very

ext ensi on derdieila¥ obe t Heats of HCV,oplaingr datindostr dsignadl pephadasel vy,
the ATG at gddieyiral eREHINIgIHeRGRe CT%@@Qh ﬁ@gh891509n3%$§?3§§356d SO

t hat transl ation begins at the ATG of luciferase !
plus the Nt &¥Rhu826kPengndoRta TR EBAt MiSF ATCtEaeeadqufin ©Fr eBv§Fal s
requi red forNs3/4x anget i @-eadmgpl feaheéONof AWV 1Qhichpaekpdhbgs Ofhet he

RNA. TP@ 'LEééégéﬁéhdiﬁé“éﬁgl on of SvDv (Figure 8). By mutating the
cleavage sites normally recognized by BVDV NS3 protease to
those recognized by HCV NS3/4A, replication of BVDV chimeric

RNA and expression of the IG will be dependent on HCV NS3/4A
activity.

[
u

Chimeric indicator gene viral vectors «containing a
functional indicator gene in an NS3/4A BVDV chimeric viral
.vector are constructed as follows. The IGVV contains the
following elements in a 5’ to 3’ orientation: a prowmoter
20 sequence, the BVDV 5’ UTR, the C through NS2 regions of BVDV
(NADL strain), the NS3/4A region of HCV, the HCV NS4A/4B
cleavage site, the BVDV NS4B open reading frame, the HCV
NS4B/S5A cleavage site, the BVDV NSS5A open reading frame, the
HCV NSS5A/SB cleavage site, the BVDV NSSB open reading frame,
25 the luciferase open reading £frame, the BVDV 3’ UTR and a
transcription terminator. In a second embodiment, the IGVV
contains the luciferase open reading frame preceeded by an
IRES in a similar configuration to that described in Example
2. In a third embodiment, the luciferase gene is expressed

30 from a minigenome similar to that described in Examples 3 or
4.

In one embodiment, the IGVV contains a eukaryotic promotexr
at the 5’ end of the HCV sequences for the production of RNA
35 in transfected cells, and a transcription terminator at the
3’ end. Examples of transcription promoters include, but
are not limited to, the CMV intermediate-early promoter, or

the SV40 promoter: examples of transcription terminators



co-transfected, either as DNA or RNA (see Exanple 1, Figures 3B- 3D),
with a full-length hel per HCV genom ¢ construct; replication and
packaging into progeny viruses of the m ni genonme RNA i s dependent
on the HCV regl i cation 15 machi nery, including the NS3/4A protease and
NS5B RDRP, WO 99/8659% oduced from the hel per HCV genomic RNA, BSTHEIHISAE of
t he cis-acting regulatory elenents_qgf the m ni genone. i
| ndi cat or gene viral vectors conpri si ng a°functional 20 i ndi cator gene
expressed frQy,pe reglicatiQn gef eciiyreq oM NERENOREaREBH; oA ofi€! Per
HCV genom c ~construct —are constructed as_fol |l ows. The m™igenone
contai ns t he termingtqu/ovPryadeametdam sigraksy Bourd| aht Viddn.or athe
pr onot er nursgduaneaorine geMeS' (LER, FhgubbrssgR4 or 889 auckeebdbhdes of
25 the C open reading frane, the luciferase open reading frane,
the HOV 3' UWknkofinent: ahberpyanasern ésnRnprerotemhdorebpekeriophage\R¥Bnoni ¢
construcd Co%cgfﬂaﬁﬁrﬁlsﬁéogﬁéﬁras the, cenplst &fdCVand theCbhifmiAlbo? is a

n

term nator. one ﬁbed' ment, the | contai n§ _a.eukaryatic

pr onot er segiendr 8LIRAH BRIt HETIERRELGUeR eé“ﬁ‘ad’#sclrﬁé’%dwpgd&c% n*Bf RNA
i n transfect eteedlivednsy ata araomeptaisen tosr @ seildr-cdkavipg ribozgmeend.
Exanpl es of t o) AIo) 1N de.,..pbu . 41 to,
the CW int erir%a%islgc{‘)é’?égr Pliglrb%)%@n%ﬁd? ,asor%k\%nggt%%l Wg&%ﬁg?gr %:hgxfa{ﬁngl es
of transcri ptpeiyneyasenanotbe cytoplassl.udsuchuexpression fenpcddevsd Pie
transcrigti ongeveral tRERAE Ofdc R irR B rald Fo ctlighakd thoun@ol gme¥deeor

- 6l - enbods nerixpreleipgonttler | podypevanter foor bavt ePrephays lRNA

pol yrer ases sugh.ag; Jind3: 2 0" oS00, 8ol NOLAGALARLQN bipRessing Seddence
signalling termnation of transcription that 1s . X
polymerase (see Figure 3C). The IGVV additionally contains
15 a poly-A or poly-U sequence immediately following the HCV 3’
terminus, so that the transcribed RNA contains a poly-A or
poly-U tail at the 3’ end. In a third embodiment, the IGVV
with a bacteriophage RNA polymerase promoter at the 5’ end
and a terminator seguence at the 3’ end is transcribed in
20 vitro and the nucleic acid representing the IGVV is
transfected as RNA. The terminator may be a specific
sequence recognized by the bacteriophage RNA polymerase as
a termination site or a self-cleaving ribozyme.
Alternatively, the terminator is a restriction endonuclease
25 site allowing for linearization of the DNA template prior to
transcription (see Figure 3D). In this case the vector also
contains a poly-A or poly-U sequence at the 3’ end.

Resistance Test Vectors-Construction
30 Resistance test vectors containing a functional indicatoxr
.gene in an NS3/4A BVDV chimeric viral vector are constructed
from IGVVs described above and patient-derived HCV NS3/4A
sequences as described in Example 1. The IGVV is modified
to include PSAS for the insertion of NS3/4A-containing PDS
35 {described in Example 1, see Figure 3A).

Drug Susceptibility and Resistance Tests
Drug resistance and susceptibility tests are carried out



recogni zed by the pol ynerase, or a self-cleaving ribozyne. 5 The IGW is
transfected as DNA into cells expressing the RNA pol ynerase in the
cytoplasm Such expression is achi eved by several nethods including
cotransfection-with a pol ynerase expression vector, infection with a
reconbi na LWl a virus expressing the polynera y
previ ousl w?\g%&bgst ablishing a cell [line permanently §’gj>{ é‘g’é?%ﬁg t he
pol ymerase {see Figure 3C). The |GW additionally contains a poly-A
or poly-U sequence i nmmedi at el y follow ng the HCV 3 term nus, so that
the transcri bBﬁIudijAe@Qatahaé anaolsxrs&eg,&lbllltpoltgsyst @rle %afzfieecﬁ o&d. In

a third enbod] t W th a bacteriophage pol yner ase
pronot er at t‘ﬁggg e SSlStanc%nEleﬁtt‘é?ﬁ’f'ﬂﬁt%?e% n%'% desSThiPYE Ve s

transcri bed i keither astPMA omRNAhdynurdagisEecadbd, r epirgeaitingr tdeond GW

s Lranstest e Baorben adbey! SHOLRGEOLITY B HAPILMIS wieh

sequence_recogni zed b acferi phag Mer ase as
t erm nat Pon §?Fé5t%‘f*ce ates%eIYe‘é‘F‘é’avaOdu‘Ferﬁ)oné viral Al P@tﬁh@l@%ly,

the terninat oeonSaanmgtrarct lekaprdanuelieastdicatodi er@l | Q¥WANY folbru
| i neari zation_of .t | at e ranscriptio ure

e ri.or. .t se

3D). In this €ass” P%%c?/e rbd’r‘paﬁ%soce%tl%l&c}%ﬁ’ai ﬁgsg Spof¥EA B?rg%ﬁg?e% s&Tuence
at the 3' enddeg&ribed irRdivagpdiecd .Test Vect ors-Construction :
Resi stance test vectors conprising a functional indicator gene
expr essed froma replication defective m nigenone and a hel per HCV
genoni c1Bonst PERE SrEee@i ructed fromthe 30 hel per HCV genomic

construct anbrugatserdemlitig vedingdCVan IGVeeqnicaniay dascerihedibial
Exanple 1. The.h H en onstruct is_no o_include
PSAS for the |§§e§%?§ﬁ 0 ené &ng%ﬁ&d orET\%%B-%%nt é?ﬁ?’ﬁﬁabDS*f%(égﬂ‘? ed in
Exanpl e 1, seénitiation ggemaeng)is penfornedcesserdfiadlyr ag dhschibedgens t he
35 functi ongbmpe 1 RERSve the PSAS are introduced into the

m ni genope construct as well. Drug Susceptibility and Resi stance
Tests

EXAMPLE 7

HCV Drug Susceptibility And Resistance Test

20 Using Resistance Test Vectors Comprising
Patient-Derived Segment(s) And A Functional
Indicator Gene In An NSS5B BVDV Chimeric Viral
Vector.

25 Indicator Gene Viral Vector.- Construction
A chimeric IGVV containing the BVDV structural and
non-structural proteins, with the exception of NSSB which is
derived from HCV, 1is designed with a backbone of BVDV. In
addition, the BVDV 5’ and 3’ UTRs are replaced with the
30 corresponding regions from HCV, to ensure recognition by the

cognate polymerase (Figure 9).

Indicator gene viral vectors containing a functional
‘indicator gene in an NS5B BVDV chimeric viral vector are
35 constructed as follows. The IGVV contains the following
elements in a 5’ to 3’ orientation: a promoter sequence,
the HCV 5’ UTR, sequences from the N-terminus of the HCV C
open reading frame required for IRES function, the Npro
through NS5A regions of BVDV (NADL strain), the NSSB region
40 of HCV, the luciferase open reading frame, the HCV 3’ UTR,
and a transcription terminator. In a second embodiment, the
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-62- Drug resistance and susceptibility tests using an | GW

system that conprises a functional indicator gene expressed froma

m ni genone and a hel per HCV genomic construct are carried out with
resi stance W@8¥08tt ors prepared as 5 described above (eiROTE&ISIBBSHNA or
RNA) by transfection, using either a one cell or two cell assay.
Transfection of host cells with the “f’ési st ance test vectors (the

| uci f erase ni_ genone us, t e% hel per enon ¢ construct contai ni ng

the PDS) produtas ﬁ@% FiPal ﬁb artteEE3E n?B‘?‘hl‘??ga%ﬁ‘gléraménlﬁﬁ%‘?%%%dby

| uci f erase gersn RNAEénd/mra asimibtapscdafedutfdion togenat cdAidddIdin

resi stance ancb§é§%§@ti bil ¢fyat gﬁ%ﬁdag%odlmeﬁpen - ReT { QLI d as described in
2% 9TRENS

Exampl e 1. ug Scr eenl ng Cfeeni ng usl

system that eEFRFeEd fyem a mlﬂ@lﬁéilpmﬁalsmhéliitatt@r tg}mfe @@Eﬁmﬂ inom a
m ni genon® andegamples N&Jpar. HCV genomi c construct is perforned
essentially as described in Exanple 1 above. 20

EXAMPLE 4 HCV Drug Susceptibility And Resistance Test

Usi ng Resi st afmeond estbodfowdror s thHeoMBWsSicamtains a eukarPatienprbestaed

Segrent (s) And,A é\l@pfsunghaogal the HCV. seqbe?J:Q%'f:c@t %Ihe_ g@ggdct%gr e§S§IQA

From Antisense &ﬁ]ca I on ective
| ndi cator GenellVitzansfiected cetbhstanfttd srag@eripsdreaterngaacoyianl the

vecfors B@npélengna nOExﬁﬁﬂEéSOBﬂ|transcrhﬁé%@?tchﬂ@ﬂ@r@xﬁﬁ@§§@@ frem a
replication ct 0 el per enoni ¢ _const r uct
are cons%érauc C’e"d TAmiEed O%Bq"ehl%re@ﬁ? rﬁrﬁ-’eeﬁg}?éh@&ﬁt 5Pﬁgyt Rgomoter. or

fol | owi ng el enelhe sSVAOa pyompges’: cieamtlatsi ovf brpnenpiprid®d tesmip@noes t he

HCV 3" UTR (i nwﬁ@iuégnsebx%'eﬁ@“ﬁ@é ﬁi‘ﬁlted cbuci ﬁéasergﬁse [sadhng
frame (antisense), the first_24 o 69 nucl eoti des of f: ‘open

readi ng frame (SRPIRRNRS . P?%)éadenylaw 55198'1‘R15( afPRRends) SV4Qd Pche

transcripsion mwﬁhmnaﬂ-cglob'ﬂme gene helkper rlig\rgengy) ¢ conshrugt sesbaans a
ronmoter, the ,
P embodiment, the promoter is a promoter for bacteriophage RNA

polymerases such as T7, T3, or SP6, and the terminator is a
. sequence signalling termination of transcription that is
recognized by the polymerase, or a self-cleaving ribozyme.
20 The IGVV is transfected as DNA into cells expressing the RNA
polymerase in the cytoplasm. Such expression is achieved by
several methods including cotransfection with a polymerase

expression vectecr, infection with a recombinant wvaccinia

virus expressing the polymerase, or by previously
25 establishing a cell 1line permanently expressing the
polymerase (see Figure 3C). The IGVV additionally contains

a poly-A or poly-U sequence immediately following the HCV 3’
terminus, so that the transcribed RNA contains a poly-A or
poly-U tail at the 3’ end. 1In a third embodiment, the IGVV

30 with a bacteriophage RNA polymerase promoter at the 5’ end
-and a terminator sequence at the 3’ end is transcribed in
vitro and the nucleic acid representing the IGVV is
transfected as RNA. The terminator may be a specific
sequence recognized by the bacteriophage RNA polymerase as

35 a termination site or a gelf-cleaving ribozyme.
Alternatively, the terminator is a restriction endonuclease

site allowing for linearization of the DNA template prior to
transcription (see Figure 3D). 1In this case the vector also



40 conpl ete HCV cDNA (in sense orientation), and a term nator.
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- 63- In this exanple, the mnigenone is introduced into the cells

as negative stranded RNA, i.e. as a replicative internediate RNA copy
of the m nigpsEBs,descri bed above (see Figure 6). t he
transfectegﬂgells7?s dependent on the 5 activity of NSSB pro%gé%gkn of
which is dependent in turn on the acjjon of NS3/4A and of the

ci s-acting regul atory “elements such as the IRES. Thus the indicator
gene is eonthinst hopalyunted peaeds ehet BR ¥heahs repgication

machi nery. 10 In one enbodi nent, the 1GW contains a eukaryotic

pr onot er at the 5 end of the HCV sequences for the production of RNA
in transfecteamsébwgpcanmeattVeme@r$1ndnntnnmtﬁamator at the 3" end.
Exanpl es of t o] [ ne, dto,
the CW |nter%%%?gﬁgﬁggreegéfgﬁégéﬁg d&Hﬂ£¥%1nE“% fggﬁsléﬁg%nf%?lé%§%§ | es
of transérlptﬁﬁﬁetépn?ﬁayé? BVDV chimexige visad aﬁ€tﬁ§taFPnF?@ﬁt¥%Pt¢ e

tL anscri pt |h on from IGWemlaa@&@ﬁbecp@ba@rsyidatpa(triesﬂtgaa)&&véeugdvIm@MO O(r]I
t he uman err o] Eigyre B ln _a..second 20
enbodi nent , gqbl% %’ s Q C’E)?D'?fgtlé}ﬁﬁm ari dpfiad8V NS médified

pol ymer ases sﬂ;@h iaclyde H’SASofOISFtB}e anr!setrttadnerqﬁ 858~ cbstaining PB®quence

si gnal I'i ng ten%@@&w@do&ntﬁﬁ&ﬁﬂépﬁ' U fﬁtgdx% 38, recogni zed by the
pol ymerase, or a self-cleaving ribozyne. I'GW is transfected as

DNA i nt d%el I s expressing the RNA 25 pol yrrerase in the cytoplasm Such
expression is gy ewetepyibility SevéIResigtdinds Tdxusudi ng cotransfection

W ih 2 POIYICHASE oot sSIESILPNNECLO Y SPtLOR 1 LD 2 Lecontl nant
vacci ni a VITTus  expressi ng % Se, pr VI OUS

est abl i shing &i¢dl |2 | Yerlgfanmendasty V@qmogcsgrreg:atrmgl 3@3 deﬁ@l*yﬂ?slda@q\@ee

Figure 30 . The thEQ¥W addn erakiX) C%{)/t @fﬂﬁsfectlé’np%é’ﬁ& Qi gy aUone
sequence j mredi ately followi.ng the H term_nuys, 'so at th

transcrilted RAE Lithe £ yas'§aé/r Transfectlon of host cells with a
resistance test vector 'produces HCV viral particles

containing an encapsidated indicator gene RNA. Drug
-resistance and susceptibility tests are performed as
described in Example 1. :

20
Drug Screening
Drug screening wusing an IGVV containing a functional
indicator gene expressed from an internal ribosomal
initiation sequence is performed essentially as described in
25 Example 1 above.

EXAMPLE 8

HCV Drug Susceptibility And Resistance Test
Using Resistance Test Vector Systems Comprising
30 Patient-Derived Segment(s), A Transcriptional
Transactivator, And A Functional Indicator Gene.

. Indicator Gene Viral Vector - Construction
An indicator gene viral vector system was designed involving
35 HCV-dependent expression and release of a transcriptional
transactivator which activates the expression of an
indicator gene. The indicator gene, for example luciferase,
is introduced as an expression vector into the host cells by
transient or stable transfection. The gene encoding the
40 transactivator protein, for example that of HIV-1, tat, is



poly-U tail at the 3' end. In a third enbodi nent, the | GW with a

bact eri ophage RNA pol ynerase pronoter at the 5 end 35 and a term nator
sequence at the 3' end is transcribed in vitro and the nucleic
acid representing the IGW is transfected as RNA The term nator
may be a sPEIHD7 sequence recogni zed by the bacteri dm‘ilagssﬁrsl%7

pol ynerase as WO 99/ 06597

PCT/ US98/ 15967 =73~ - 64- a termnation

site or | f cI ernatively, the term nator
is arestricti orsl"ggn onug eaggv pol ¥5§e§m 6’vhan§ f%$3’hlhe§+?§‘é?$%n sdfet he
DNA tenpl at e pinber: oln a mamngmssinplaortq shetFdgsre ) forn thhi Fugdse t he
vector also 5of meai?éfb%@d@%%iﬁe&r P equepg -

Resi st ance Test ct or.s- Cejﬁnstructlonl Bl 1% 9 g%ceg %ttteé:?l% \:;ectegngnus
conprising a° nal UYpon |eFF@F@§FéPngéﬁfe e realprereima and

r epl ![cat Fon déta@ehdeatl(bn t:n‘.g[enggﬁ:rimmt h&ﬂ_ﬁ '{c:lee ﬁ%dp/@( pf&éa&g@no?rhg tﬂs |
const ruc g& ﬁ&ﬂcggﬁr ed1 2 ??‘% g ﬁ l”%enomc construct an
et

pati ent-derive sequences-as franscripgdoRePfer
HCV genomi c cénsﬁm@ftms ssaﬁfusm:h oasndluﬂ:iefel?aé\s whicH ot st hendeaserthieon of
NS3/ 4A or NS5Boaepbai BENGnEOPHD, 1odfesshiibed B Exa see Figure
3A). In the case of a drug Whll{% targlets tﬁg%um?%% of the |IRES,
the PSAS are i ntroduced into the m nigenonme construct as well.

Dr ug Su3©eptiEhﬂitgtewmbd%asWﬂtamceeiesfSs?@temilddhdaiﬂi%baﬁcQuﬁ&@ional
susceptibilit Si e test .vectors conpri,sjng a_
non- f uncti ona n Slggg?oré&er gbéﬁihé}g‘]&(?x%rerr)s"’lstel(f SﬁF ﬁﬁinlsgeeé%%t d a2
hel per HCV geﬁeﬁﬁévrlptm%%mswma%merml e?dldoat fwincl icesiis ttaddeatest

vectors. gehepaied @mstesetieledsapgyYeo(s! (AR AS NG BNALRY i 1e
the following elements in a 5’ to 23' orientation: a
15 promoter, the HCV 5’ UTR, the open reading frame for the

3010 amino acid HCV polyprotein, containing within it the
open reading frame for tat, located variously as described
in Example 1, the 3’ UTR, and a transcription terminator.
The indicator gene construct contains the HIV-1 LTR, the
20 luciferase open reading frame, and a transcription
terminator. The indicator gene construct may  be
co-transfected with the viral vector, or, preferably, is

present as a stable integrated DNA segment in the host cell
DNA.

25
In one embodiment, the viral vector contains a eukaryotic
promoter at the 5’ end of the HCV sequences for the
production of RNA in transfected cells, and a transcription
terminator at the 3’ end. Examples of transcription

30 promoters include, but are not limited to, the CMV
_intermediate-early promoter, or the SV40 promoter; examples
of transcription terminators include, but are not limited
to, the transcription terminator/ polyadenylation signals
found in $V40 or the human B-globin gene (see Figure 3B).

35 In a second embodiment, the promoter is a promoter for
bacteriophage RNA polymerases such as T7, T3, or SP6, and
the terminator is a sequence signalling termination of

transcription that is recognized by the polymerase, or a



25 transfection, using either a one cell or two cell assay.

Transfection of host cells with the resistance test vectors (the

| uci ferase m ni genonme plus the hel per HCV genonic construct
containing the PDS) produces HCV viral particles cont ai ni ng an
encapsi dat 45 erase gene RNA and/or an 30 encapsi dat nom ¢
RNA. Drvﬁggél.brkgg stance and susceptibility tests a?gT?ﬁen_sggff or nmed
as described in Exanpl e 1. -J&.ug Screening 35 Drug screening
usi ng resistance test vectors conprising a non-functi onal i ndicator

gene expressedelfeoreaviing gébhotpme. ThandixalhelgdorHE¥ gerarFeceeashsuct

{/\18) BS; ngg{;d Sﬁieng.}x@y Yeells e&%rggssihigbeghien ﬁélgg.%lpf}%l /az't%%\ég'7in the

EXAMPLE 5 cytoplasmHCV 8ncly Skpregsibnl imay Ane Rebisvedceyeseveral

Using ResistaBeRoddeStinciR@liots LOPPIAStAdion with ot beRimbeLkyed
Segnent (53) And A Functi onal I ndi cat or Gene Expressed as ., a

Repl i cat Pon eXPression Mectery,drdessien WiFR 2| RareBPiRarkn¥agrigia
Vect or - Consthuaki orexpressingdi ceieor gelemeragd, Veokor Sog ONpiesibgsdy

functi onal es a'bﬂ%ﬁgﬁ r geng.gxpregged %%?Hx‘aﬁek’éi" ! Cé&%?@ defiget HQS
genone an& a packagl ng VQC or construac are CO%S'[I’U eﬁ as fol' T ows.
The 1 GW cont BeAymeraseol(Fefi Rggeremal s i They Biralo verctps additdpratilsn: a-

pronot er SeqU@BfAEaithaF@JlﬁiAuTRpémi‘-t_iiéé‘}uence iméfedea 38! _%qlleatihges of

the C open re% mgc{,rarre t he |Qd£ca}tlor gene apen ing frame, the
37 terminus, so that the transcribe contains a

NS2 through NS58 )

poly-A or poly-U tail at the 3’ end. In a third embodiment,

the wviral vector with a bacteriophage RNA polymerase

promoter at the 5’ end and a terminator sequence at the 3’

end 1is tramscribed in vitro and the nucleic acid

representing the viral vector is transfected as RNA. The

[
U

terminator may be a specific sequence recognized by the

bacteriophage RNA polymerase as a termination site or a

. self-cleaving ribozyme. Alternatively, the terminator is a

restriction endonuclease site allowing for linearization of

20 the DNA template prior to transcription (see Figure 3D}). 1In

this case the vector also contains a poly-A or poly-U
sequence at the 3’ end.

Resistance Test Vectors-Construction
25 Resistance test vectors containing a functional indicator
gene comprising patient-derived segment (s}, a
transcriptional transactivator, and a functional indicator
gene are constructed from viral vectors described above and
patient-derived HCV sequences as described in Example 1.
30 The viral vector is modified to include PSAS for the
_ insertion of PDS containing the relevant portion of the HCV
genome [(described in Example 1, see Figure 3A).

Drug Susceptibility and Resistance Tests

35 Drug resistance and susceptibility tests are carried out
with a resistance test vector prepared as described above
(either as DNA or RNA) by transfection into host cells which

contain the indicator construct. Drug resistance and



portion of the HCV genone (nucleotides 2768-9373 of the H strain of
HCV), the HCv 3" UITR, and a transcription 20 termnator. The
packagi ng vector contains a pronoter, the C, El and E2 open reading
franmes of HCV (nucl eot i des 342-2578 of the H strain of HCV), and a

t er mi nat or 9 PRRY case where the indicator gene is | BETAISPYHES6 DI
anot her cytoplasmc protein, certain nodifications will be made to 25
ensure proper processing of the |G NS2 ju'ﬁ%fl on by the host si gnal

peptidase in the |4 C.I C t he.case ecret ed
i ndi cat or gene, C%E)qg%éaigg gg’%&ét g%gg#ﬁﬁfoﬁ%w as d‘?)%%?ﬁ?ﬁ{ SE R h
modi fi cati ons Yray be required. 30 I nfectious reconbi nant VI rions are
produced fromcells transfected with two vectors: an | GV cont ai ni ng
an | G and t he,viral, non-structural proteins, and a second vector, the
packagi ng vectGM9 &SREEHHPIg the viral structural proteins (Cl El | E2;
see Figure 7) .Drigy geceeating nwﬁei:ﬂig omﬁdmtdaﬁl géne 3Viralh&elcedy P enfdr
its correspongil I}ktt\ ee, Ex al 3 @1% g‘fe)s 3B-3D) is
co-transfected wih the packa |ng Vect * Fer i3t Vel yORE S iN%s
are pseudotypétﬁ%%hteﬁﬁé’llo' Segmyséﬁs@t,el n genes ftransceliptédnal
flaviviruses sychsaecBYINO! and a rﬁhééz%x%i 108t ELVEEnY '{é‘spéxcac TWea The
cu

pseudot yped vifuses establish of” a cel ture
system for lr?&lé( EﬁcggsFﬁ?‘}é‘E‘? th BeRte 1 @hoy¥&es produced in this
WD 99/ 06897 PCT/ US98/ 15967

- 66- manner can then be used to g ﬁfr&ggnt rget cells, and

| uci f erase expressi on subsequently neasure his ap roach has t he
added advantage of rF¥HofegRAQ@ViEESamdHg of Suscep lat i ongdnd per f or med

; i i R st st Vectors
with replication C%ﬁﬁi@”éﬁ Test Usimet (ReisStagisin S

omprising Patient-Derived Segment (s} And A
15 Functional Indicator Gene Embedded In A
Defective Helper Virus.

Indicator Gene Viral Vector-Construction

Indicator gene viral vectors comprising a functional
20 - indicator gene inserted intoc an ORF of HCMV under control of

an endogenous viral promoter which in the wild type virus

controls the expression of an RNA, for example, the B,,

transcript located in the TR, or “b” repeat (Fig. 12) were
designed. The indicator gene viral vector (HCMV-8,, F-IG/A

25 gene X) is further modified and is defective for replication
by deleting a segment of the genome containing the viral
gene (s) which are the target(s) of the anti-viral drugl(s).
A viral gene which is the target of an anti-viral drug is
refered to herein as gene X. The gene X product is provided

30 on an amplicon plasmid (pA-CMV-VS-gene X) which contains
patient sequence acceptor sites (PSAS) and the cis-acting
functions reguired for trans-complementation of the

" indicator gene viral vector (specifically, these include an
HCMV origin of replication and HCMV “a” sequences that

3s direct HCMV genome cleavage and packaging) (Fig.13). The
PSAS are designed to accept the PDS into a cassette
containing the regulatory signals appropriate to the
individual viral gene/drug target and are derived from the
context of the viral gene/drug target in the wild type HCMV.

40 The defective indicator gene viral vector and the



In one enbodi nent, the I GYW contains a eukaryotic pronoter at the 5
end of the HCV sequences for the production of RNA I n transfected
cells, and a transcription term nator at the 10 3' end. Exanples of
transcription pronoters include, but are not limted to, the CW

i nt er medi YfofiREdy Pronoter, or the Sv40 pronoter; %%k%?lsgé‘l
transcription termnators . i nclude, but are not Ilimte to t he

transcription term nator/ pol yadepykation signals found in SV40 or
the 15 human B-globin gene (see Figure 3B). In a second

enbodi nent, tdwlicenpyene i Iﬂldﬁmbehsf:ﬁ!tubécéefé@ﬁw&:dQMst ve::t:or
pol ymer ases S cl;: as T7, _%IE'} refggG gndnt he ggmqrg%;teor | uence
signal ling t PR At on o ranscri p I on flﬁa? ‘f’ér(%lgnl ?SEP‘Dy

pol ymerase, ®@ropageltedcheayivigal stopke in2e pa¢hegim/\hq$: tgensfregigeat as

DNA into cel it &XPEESSI Qgsé&ﬁ RWAvhich aP@LNEBEBSS1] eo{ayeoeyttwa' 3§Pa1Such
expreSS|on S achleve é several nethqds i_ncludihg cotransfection

with a pol ymdeRe X e it VEERRF; i nfidddi oHFREKSh BEPRCBHBRnaNt _
vaccini a paakadging ebq:s“tescfamqtatrbet hcbynEéhSEJ.lne Gire Pregured eisl y 25
est abl i shi ng I r Y pnRXRLERS al v rase
(see Figure 3‘6% Trﬁé Jr’&t%ﬁacfdﬁt |sg%a %chgngagﬁ%ﬁ tRdse Vhlerafl S,&Oocmr‘))c rge
sequence i nedictatsd fand owed thetHOw B ct packagimy rhfsst s??]tlt‘/éitangﬁé'-

transcribed Fiws@oeé@wsaé gaw Afora reSLStBQJCIé Yelstl etk olth@ydtetNdn I N a
third enbodl ment | GV ba%éerl ophage RNA oI y.nerase
t

pr oot et+? at t‘?@@n‘:&’rﬁ’n WItlén’d“aFOEié‘Fﬁl"ﬂ’é rs}la?ql?é‘ﬁ &ogr/I9Re X RhgFmid

transcri bed iy transﬁetdtdon amgté hea neelldi ceypei perefdsesent | figrt ECMGWV i s

t fected Th
L

yerase as erm nation
site or aﬁmp@éloﬁlféﬁéav n@lga%m@ozfyﬁﬂ ts in a feddrparpergtingerirus

term nator ispdpiBstidct tBALENEABMIGLASE increaSlelde et 0O6F che

= S, e R UL o LB LA 0

PCT/ US98/ 1596Fene encoded by the patient derived -$gment thagorhas riseen
poly-A or pol y5d} SEEUENCE Y e aRpi8BEn/gene X plasmid.

In another embodiment, the amplicon/gene X plasmid

20 (pA-CMV-CS-gene X) contains PSAS that accept the PDS in such

a way as to express the patient-derived gene X sequences

under control of a heteroclogous promoter and polyadenylation

signals. In one embodiment of this example, an expression

cassette containing the CMV IE enhancer promoter region,

25 PSAS, and the SV40 polyadenylation (pA) signal wouléd be

inciuded on the ampliéon/gene X plasmid (pA-CMV-CS-gen= X}

in addition to the c¢is-acting functions required for

trans-complementation of the indicator gene viral vector

(specifically, these include an HCMV origin of replication

30 and HCMV “a” sequences that direct HCMV genome cleavage and
_packaging) .

In another embodiment the helper wviral vector can be
supplied as a series of overlapping cosmids that upon
35 transfection into the cell undergo recombination and result
in expression of the full array of helper functions. This
modification can be used to supply the helper virus

sequences in all further examples in the same manner.



Resi stance Test Vectors-Construction Resi stance test vectors
conprising a functional indicator 5 gene expressed froma replication

defective genone and a packagi ng vector construct are constructed from
| GWVs e%@ ed above and patient-derived HCV sequences as

descri bed | 3#% el. The IGW is nodified to include FPCT/URSAS70r the
i nsertion of NS3/4A, NS5B, or |RES containing 10 PDS (described’in
Exanpl e 1, see Figure 3A).. Dr ug Sm%%éptibility and Resi stance Tests
Drug resistance and susceptibility tests are carried out with a

resi stance test vector prepared as described above 15 (either as DNA or

RNA) by transflBcVRERCUGSIRPAEMERES of drtls inveppion gvhe wired! geasgadyng

Transfection ehrhest (§ehd X)Wchh Be 1) tHLHBHABRR HEHmet@GLOr: U&%QQUC‘ES HCV
viral particl 3

t dat ed di cat
brug o ¢ oot BpaRRe R BesateR I(PES T att St Wit orped igs Brgtease |
described in BEXa@dle 2) any virblugeserekat nghcodes I}u@as.cro&e@:ldt@nlﬂ:ib.ﬂg an
| GW conpri si g%r%t el UL %“%irug suécfégg&%ﬁ EGQSSEXBEGES% ¢ from r&cefllpq

replication d ivé genome Rg vector canst
performed essé&fffal | juels viral geger PbééluﬁﬁSEh\aﬁpl% notaBdwd.ted to3@L44,

EXAVPLE 6 UL57, UL106CVURLef pasierd hhuthitor vbyscepti bLbity And
Resi stance Test Usi ng Resi stance Test Vectors Conpri si ng

Patient-Derived Segnment(s) And A 35 Functional Indicator Gene In
An NS3/4A& BVD?Plasmids descrthedefor MxeaCMWem@istance teskndiecabas Geee

Viral Vector . Gerst l;dlég}lhonthe fofh SR B n?A‘@Qélf% tal q Q,gra fcgg%t | %nt e

i ndi cat or gene and he rel evant OI’TI (6] exa
NS3/ 4A pﬁ&%ﬁomaﬁ) SR @%F&ﬁédow ih & W&éﬁ@éﬁe ubfﬁ a\Orl@ICaltl@d

capablz of replication in a laboratory strain of E. coli,
“A” indicates that the plasmid is an amplicon and thus
15 carries the cis-acting functions required for propagation by
a helper virus, specifically these amplicon plasmids contain
a viral origin of replication and “a” sequences that direct
_the genome maturation, c¢leavage and packaging and make the
genomes competent for inversion, CMV indicates that the
.20 amplicon sequences are specific for the HCMV (alternatively
HSV-1 could indicate the homologous signals from HSV-1 were
present on the amplicon), V indicates that the regulatory
regions controlling expression of the viral gene/drug target
are derived from the HCMV genome and are the regulatory
25 regions used for expression of the viral gene/drug target in
the context of the whole wvirus, C indicates that the
regulatory regions used to control expression of the viral
gene/drug target are heterologous and in this example
comprise the CMV IE promoter/enhancer and the SV40
30 polyadenylation signal, 8 indicates that the construct is a
' . sub-genomic construct, gene X identifies the viral gene(s)
that is the target(s) of the anti-viral drug(s) and in the
examples given here could be UL54, UL80 or UL97 to indicate
the DNA polymerase, serine protease, or phosphotransferase,
35 respectively. Helper viruses or indicator gene helper viral
vectors are named as follows: HCMV indicates a strain of
HCMV, f,, F-IG indicates a functional indicator gene
inserted into the ®,, ORF in the proper reading frame and



WO 99/ 06597 PCT/ US98/ 15967
- 68- virus which replicates well in culture. An exanple of such
a virus is BVDV. A conplete cDNA for the genone of BVDV has been
assenbl ed and -shown to generate infectious RNA by in vitro

transcri ptwonohesassi l ev et al. 1997, J. Virol. 71:471- 5 pdf8)kosnn504€ BVDV
pol yprotein is processed in a manner very simlar to that of. H

using both host (signal peptidase) -ggd viral encoded prot eases. The
chineric 1 GV based on a BVDV backbone contains the NS3 protease

domai n or entwnpder coriS®L4Acbperhe eddingréguatafy Ho¥gubheh rapéaseskt he

10 COfreSpOﬁH&ﬂQaE@Q'%tpftﬁv (f(% @g\l?%/%gg §¥r E%é%‘%éé}? deleted

cl eavage SlteS nor mal y recogni ze ease

recogni zed byfFeWw NSs/ ZVA}r“rsepiI“P‘éaELPoer(ﬁ ‘BQRB\PI@rﬁ n%*Y%n here RqRUddd be
gpressn on gf AUhe4 | Gamnuslo bﬁ;dapaaderﬁo omnbjmabéSS/dé&etlon ast i Ehbly DNA
i meric.indig gene vira ctors containin functi opa
i ndi cat of gen%gi#\ 53/ 4R°BVBY chPRRYFRSS ral’ thEB]?%?r%R% oMt ruct ed
as follows. TneSPm/i‘c@rual ns the following elenents in a5 to 3
orientation: a pronoter 20 sequence, the BVDV 5 UTR, the C through NS2
regi ons of BVDV (NADL strain), the NS3/4A region of HCV, the HCV
NS4A/ 4B REP%%V%@%Q siesk MertomvDy QoRELERERioRAdi ng frame, the HCV
NS4B/ 5A cl eavagelstaﬁcnthestBVDHchBEé\ apen prepdirag byamy, ddwifying tka/

NSSA/SB | eav B B ing fra 5
| uci ferage opgﬂsrlzgéél/ﬁ&%? n%@/% B(}%%e@ﬁ; S¢nge%8 x6F pﬁ ?%nés]crsi"'%?l on
term nator. %) a@ecmmmmlqwesnwv calledomaenlrﬁsitt heetreenéer ase

open readi ng &eaest@%e%e.%@@d bys@) in tHEEShD & SEGRIRY %aflbaur agjon to
t hat described in thir odi ment

c ferase
gene is expre@?@ﬂl%"r@ RO rﬂzeml@'&ﬁior?ﬁgg‘ﬁﬁf:{s PP%Hﬁa%ra%%%ﬁj I

Exanpl es 3 orthe CMV4drug target (gene X) by the amplification of v1ral
is DNA present in the blood or tissues of infected patients,
and 3} inserting the amplified segments precisely into the
amplicon/gene X plasmid at the PSAS. A further embodiment
comprises isolation of wviral RNA from tissues and using
reverse transcription to convert the RNA into DNA: copies

20 prior to amplification of the PDS.

Drug Susceptibility and Resistance Tests
Drug susceptibility and resistance tests are carried out
with a two part resistance test vector system comprising an
25 amplicon/gene X plasmid (pA-CMV-VS-gene X or pA-CMV-CS-gene
X} and corresponding indicator gene viral vector such as
HCMV-R, , F-IG/A gene X. In one embodiment the amplicon/gene
X plasmid is transfected into packaging host cells/target
host cells and the cells are then infected with the
30 defective indicator gene viral vector. In another
_embodiment the amplicon/gene X plasmid and the defective
indicator gene viral vector DNA are cotransfected into the
packaging host cells/target host cells simultaneously.
Packaging host cells/target host cells can be any cells that
35 are permissive for wild type HCMV infection.
Transcomplementation of the deleted gene by the
amplicon/gene X plasmid results in a self-perpetuating virus
population that results in increased expression of the



In one enbodi nent, the I GYW contains a eukaryotic pronoter at the 5

end of the HCV sequences for the production of RNA 35 I n transfected
cells, and a transcription term nator at the 3' end. Exanples of
transcription pronoters include, but are not limted to, the CW
i nt er nedi attQ 8§?q5§/ pronot er, or the SV40 pronoter; exBEPUSSS/ISHs7

transcription termnators -~ * W99/ ,06597 -

PCT/ US98/ 15967 i nc|l ude, but are’>hot linmited to, the

L ansor PU OnzepepeL 1A RLAAL BY' NAMSIA! La" AL A LORg LR SVH0Pr the
enbodi ment , tﬁénﬁ;’@m efralqsz@taepﬁem Y ftde pactxem opfrdgedRiNAghient that

pol ymerases suaB B&ed /inthdduledSPAroabfe t Bfpl £FSH AR ¥ S hce
signalling term nation of transcri t| onet h I S rec éj’%lsrzné §?ﬂ§

pol ynerase, of SROS&FF- PBEVPTET PP 1'be oRfe Vel due FPaﬁb@eé@ééllas
DNA i nt o5cel | ieenmreﬁsexm:a‘sls&oENﬁrom th@oayﬁ@ditaﬁﬂa Ilmdﬂ&tt@tt Qéhés{ﬁra?'MCh

expression i %@E'Eb?veﬁo%v&{’ tﬁgvzeé .h chr{ Ludi %pgo%réggﬁasﬁgh

with a pol ynerase éeés on Vv
vacci ni a ther genoms m @ﬁnQEf@%@Vﬁ)dlqdmaase gene)rvztrlay vpregrouduy

establ i shing acCehk krB8sBERPRERELE Mt LPIRS a&rliﬁ y ee
Figure 30). Thg GW a uﬁdlst,l onal Ignggnt ai ns 15 a 1conAgBHla fge%ﬁﬁlgmg'auence

i medi ately f8FEdwETF e 1RACY 5% lca‘f"er%ﬁ‘ﬁ‘{?sas%dmt Pféte ereresahser Phed
RNA confl@i ns aheolnepdriter gene piol yehé t @htget &6E1S' epdtilfisal hdifdgs

enbodi ment, tlﬂﬁalcc’vgnhlblt i ?‘eg‘i‘%%i%h%?ﬁ@@ L3RR PhE G

the 5' end a term nat or Sequéenc ranscr
20 Vi tro Vak@l heeneliteid taxgetr e‘pﬁ%b%eriltll“ﬁ(} t ke Imagaé;lon and

transfected asxBMAsionThs t€kan ﬁéE@E:tﬂ’ﬁ& hed@ cap8el fdehe viraSegHepse,

recogni zed by %he bact erji ophage pol ynerase as a term.nation
site or §éllf1.8| '\’/?rhg an 82y asured as a decrease 1in the

15 expre551on of the reporter gene product.

Drug Screening

Drug screening is carried out using a resistance test vector

system composed of an amplicon/gene X plasmid
20 (pA-CMV-VS-gene X or pA-CMV-CS-gene X) and an indicator gene

viral vector such as HCMV-%, , F-1G/A gene X. The PDS may be

derived from the genome of a laboratory strain of HCMV or

from a patient-derived sample and may be of a wild-type

sequence or may contain sequences which render the wviral
25 gene/drug target resistant to known anti-viral drugs.

Drug screening is performed as follows: an amplicon/gene X
plasmid (pA-CMV-VS-gene X or pA-CMV-CS-gene X) and an
indicator gene viral vector such as HCMV-R, ,F-IG/A gene X are

30 introduced into cells in the absence or presence of
-potential anti-viral compounds. After maintaining the
cultures for an appropriate period of time to allow spread
of the defective indicator gene viral vector through the
culture, the level of amplicon expression of the reporter

35 gene is measured and the degree of inhibition in the
presence of drug is calculated.



Alternatively, the terminator is a restriction endonucl ease 25 site
allowing for linearization of the DNA tenplate prior to transcription
(see Figure 3D). In this case the vector also contains a poly-A or

pol y-U sequence at the 3" end. Resi stance Test Vectors-Construction
30 Resi shayenstest vectors containing a functional indic ene

I n an NS3/4A BVD%/ﬁchi meric viral vect o? are constructed aﬁ&rﬂflsfg%s% :
descri bed above and patienf-derived HCV N3/ 4A sequences as descrl bed
in Exanple 1. The 1G¥W is nodified to include PSAS for the insertion
of NS3/4A-contai ni ng PDS 35 (descrekmdpim Fxanple 1, see Figure 3A).

Drug Susceptibility T i.stanc nd
susceptibility test ségg%gg,g eﬁﬁg Susc%g;% And

USlng Res VeCtor
PCTI US98/ 15967 Comprising Patidie —Derlve ng i
vector

susceptibility testsranetteddl eth@ibator Gd¥hd NuAd f%éﬁ@f&f bes
prepared as descri bedighbVeromoter €i ther as DNA or RNA) by transfection,

usi ng either a one cell or two cell assay Transfection of host cells

with a 5 reﬁ{(ﬁtﬂ}%} gta V1¥§%t tc?r%i HCY viral particles

containing an  encapsi Dr ug resi st ance
and suscepti bift i Egrgest sl‘,loéﬁe A dﬂn’@d s Constdecsmd bebat nekraepsesla 10

Drug Scrgeni NGunctiddald SEdQHIRY évb?{é‘guﬁ@ewl"%nﬁ?@ia'o@ Ng Aciynehignal
i ndi cator gene exgr essed from gan_ | nt er nal bosorra . Initiation

sequence is p i &F ydgRepdeRt i by |‘ﬁlra 1SpiRaE 1Pna p &8,

activity. A defective helper viral vector (HCMV/A gene X)

is constructed such that it is defective for replication by
virtue of the fact that a segment of the genome containing

15 the viral gene/drug target (gene X) has been deleted from
the virus. The viral gene/drug target {gene X) is provided

on an amplicon plasmid (pA-CMV-VS-gene X) which contains
patient sequence acceptor sites (PSAS) and the cis—écting
functions required for trans-complementation of the

20 indicator gene viral vector (specifically, these include an
HCMV origin of replication and HCMV *“a” sequenéés that
direct HCMV genome cleavage and packaging). The PSAS in
pA-CMV-VS-gene X are designed to accept the PDS into a
cassette containing the regulatory signals appropriate to

25 the individual viral gene/drug target and are derived from
the context of the viral gene/drug target in the wild type

HCMV. The defective packaging/helper viral vector (HCMV/A

gene X) and the amplicon/gene X plasmid (pA-CMV-VS-gene X)

and the indicator cell line constitute a resistance test

30 vector system. The defective packaging/helper viral vector
can be propagated as a viral stock only in a packaging host
cell/target host cell system in which the deleted viral

" gene/drug target is provided in trans. Viral stocks from
such a packaging host cell/target host cell line can be

35 prepared and used to infect packaging host cell/target host
cells or DNA from these viral stocks can be isolated and

used to transfect packaging host cells/ target host cells as

part of a resistance test vector system in conjunction with
introduction of the amplicon/gene X plasmid by transfection

40 into a cell type ©permissive for ECMV infection.



15 EXAVPLE 7 HCV Drug

Susceptibility And Resistance Test 20 Usi ng Resistance Test
Vectors Conpri sing Pat i ent - Derived Segnent(s) And A Functi onal
I ndi cator Gene In An NS5B BVDV Chineric Viral Vector. 25

| ndi cat or ¥P¢E% al Vector.- Construction A chi neri c PCBNBS8AHMR6A| ni ng
the BVDV structural and " non-struct ural proteins, with the exception of
NS5B which is derived, fromHCV, is #dsi gned wit h a backbone of BVDV.

I n addlt h VDV and 3 arer ed W|tht e30
correspondi ng ?3& 8}?158} meﬁﬁ%}oﬁo é’rﬁsurgg?eco% "{)tl by¥<Cfie Y tYnat e
pol yner ase ( Fegptec®)/gene X plasmidl cmsoltgenn &isellf- -pecpersacihng avivwg a
functi onal o uh_QEI_{gﬁlt thagenf,\eéﬁ@gl NﬁS%@R\é%? rT?;c# eyé{@ﬁ ypectop are

35 construc?ed as follows., The | GYW contal ns

el ements in arf8POFEBR 9IRS Ehrht +%riiepérﬁ§reéﬁ09§rt%%q’lﬁ§ﬁ(‘!étY of th? heifey 5
UTR, seqgencegehepdiridieaigeer shocded byt hteHEd: fent deri®panségnéhngehagne

required for |RES fu ctlon NS5 i ons, of BVDV
(NADL strain), S E S% ?’é%c}"%)%eqld‘ntoofthﬁcemp?I’TSOgE%??% spglgaosﬁr@r? T eadi ng
frame, the HCV 3 UTR, and a transcription termnator. In a second

embodi ment, tRE another WAKRYiIAR2R/ the amplicon/gene X lasmid
PCT/ US98/ 15967 7 G?/V cont ai ns

the lucif eradBPof¥¥-Feageny K afe™BrisesdEFAsy that ac&ﬁPItREé‘q nPRS st | ar
confi gunat i onsteht ataylescitobesdpress the paxdenptederivddivarhhi genendedgnent,

the Iuciferasgagsgg lﬁéne X) under control of a heterologous promoter and
polyadenylation signals. In one embodiment of this example,
an expression cassette comprising the CMV IE enhancer
promoter region ., PSAS, and the SV40 polyadenylation (pA)
15 signal would be included on the amplicon/gene X plasmid
(pA-CMV-CS-gene X) in addition to the cis-acting functions
required for trans-complementation of the indicator gene
viral vector (specifically, these include an HCMV origin of
replication and HCMV "“a” sequences that direct HCMV genome
20 cleavage and packaging).

In various embodiments of this invention the viral gene/drug
target can be 1) the HCMV DNA polymerase (ULS54), 2) the
phosphotransferase (UL97), 3) the viral serine protease

25 (UL80), 4) any viral gene that encodes a real or potential
target for a drug susceptibility test or a drug screening
test. Such viral gene includes but is not limited to UL44,
UL57,. UL105, UL102, UL70, ULl1l4, ULS8, or ULS84.

30 Resistance Test Vectors - Construction
.Resistance test vectors are prepared by 1) modifying the
amplicon/gene X plasmid (pA-CMV-VS-gene X or pA-CMV-CS-gene
X) by introducing unique sites, called patient sequence
acceptor sites (PSAS) in the viral gene/drug target (gene X}

35 coding region, 2} amplifying patient-derived segments (PDS)
corresponding to the CMV drug target (gene X) from viral DNA
present in the blood or tissues of infected patients, and 3)

inserting the amplified segments precisely into the



expressed froma mnigenone simlar to that described in Exanpl es 3

or 4. In one enbodi nent, the I GV contains a eukaryotic pronoter

at the 5 end of the HCV sequences for the production of RNA in
transfected cells, and a transcription term nator at the 10 3" end.
Exanpl es ofwd s50e8e | pti on pronoters include, but are “@éﬁg t o,
the CW internedi ate-early pronoter, or the SV40 pronoter; €y | es of
transcription termnators -, include, _gyt are not Ilimted to, the
transcription term nator/ pol yadenyl ation signals found in Sv40 or the

Elﬁb | human Barngdbicon/geree X deemili gur ene3B3as. 'K‘hf@'tlﬁ%c%odiment
enbodi nent, t fer; i nr.o er,.fo teri ophage RNA .

pol yner ases s%‘%@% ﬁ%?lag}lgébgfpka%ég?ﬁie% TPt of 1§8M4es and usdggence
si gnal | i ng terfRYRESONEHINIIRARIGOptimncemmetrt sthe RNA r tnognDRRd chpitklae

pol ynerase, orpgiselds @npavicRaatiBRZYFEnL0bpg The 1 GW is transfected as
DNA into cells expressing the RNA pol ynerase in the cytoplasm Such

expressidﬁ i s achi eved by several nethods including cotransfection
with a pol ynerRmseg SusceptipidisiyoandcRéeistantdeeales®a Wi th a reconbi nant
vaccini a DMid U S 4 rase or __by reviously 25
establishing ‘a éce%‘llsg%(ﬁ]gé.l be na#’(;%t fgg%%g%?ceess?%%ts t fe® cagnﬁﬁl PHEr ase
(see Figure 30_51.”1 THew Gyesagarprenatest comcaions systema quiprision pahy- U
sequerice i mm(htﬁileﬂdbzf/@ﬂeln@\/\mn%lb@%iﬂc\(pﬂl-CMV-VS—gté?t{éﬁ 'BP@AS—%M@S-%ﬁe
transcri @d cont(glJ?s avpo‘y,-A or poly-Utail at the 3" end. In a
third enbodi neht’, HETIIAS0 Vingk V&£ o 18150 e FEMRNA gBRg¥r agad a
pronoter at theakgetendbll 1inRN@natt @EALARLOT a3 SAUENCH At gte'?l% %{nd%%dth?_
transcri bed in _ oViLlLo %ng*’ﬁ}he nucleic_ acid representing the TGW
i s t r ansf€Ct EFas® RNAD e PEYRPYEE of PRy H5e GeRGIIENG con viral
sequence recogramddganionhe fimct eacophige. RNA el yneiaseebodbmen® the
termnation  Sid€ corgene® x &l qavi e yne .
Al ternatjvely, t%e tern%pat or gﬁs AT esasri ¢ |n(§;ﬁeé:%§ niargashe packaging
al | owi ngtT or ~ IRAEare246 bareit fivstDRalismpditdepeebls taxe then tindescedpt i on
(see Figure 30)itH nthli sqeaserithe VIecigdr ahS@al vector. In another
embodiment the amplicon/gene X plasmid and the defective
helper viral vector DNA are cotransfected into the packaging
host cells/target host cells simultaneocusly.

20 Transcomplementation of the deleted gene by the
amplicon/gene X plasmid results in a self-perpetuating virus
population that results in increased expression of the
reporter gene that is dependent on the activity of the viral
gene/drug target encoded by the patient derived segment that

25 has been introduced into the amplicon/gene X plasmid.
Anti-viral drugs that inhibit HCMV replication through
inhibition of the wviral gene/drug target limit the
propagation and expansion of the defective helper viral

vector, which in turn is measured as a decrease in the

30 expression of the reporter gene product.

Drug Screening

Drug screening is carried out using a resistance test vector

system comprising an amplicon/gene X plasmid (pA-CMV-VS-gene
35 X or pA-CMV-CS-gene X} and a helper viral vector such as

HCMV/A gene X. The PDS may be derived from the genome of a

laboratory strain of HCMV or from a patient-derived sample

and may be of a wild-type sequence or may contain sequences
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-72- contains a poly-A or poly-U sequence at the 3' end.

Resi st ance Test Vectors-Construction Resi st ance test vectors
containing a functional indicator 5 gene in an NS5B BVDV chineric viral
vect or ar e WQEL6FUct ed from | GWs described above and ReER/Usasnseari ved
HCV NSHB sequences as described in Exanple 1. The IGW is nodified

to include PSAS for the insertion of NS582%ont ai ni ng PDS (described in
Exampl e 1, seg, F| ure 3(@ Jh[? 1 g (gsceptl bility and Resistance Tests
Drug resi st ancB ’a {505 1ViAEG Lt gsHe/drad (R T9ekd Hstant Wit fngwn

resi stance tesﬁtnbﬂeﬂitlmalplde'pgsed as descri bed above (either as DNA or
RNA) by transfection, using either a one 15 cell or two cell assay.
Transfection of host cells with a resi stance test vector produces

HCV viral pd?lf‘-ig:l%reenlngcdﬁt Bextagmednas ehebleydiatan anpidicom/geneg&ne
RNA. Draig pladirﬂﬁl sban@m-men%uxcwt pRLEMTYcsI&sdS x1aTdma ReHeQpaRd as

described in Exa . reenin Drug screeni ng_using
an | GW cont aﬁﬁ aSD%%gw?ﬁoﬁ%"é?o’g %é'@%&ﬂ‘g’&e@dw %

internal ri bosﬁﬁﬁ.cat:or cémélahl QReSAUBKIICR |Sr PeréoLiEd 6%5%@&1'61&1&5
described in 25 EXAMPLE 8

HCV Drug Susceatﬁtilmvll g@ ﬁﬂ@%édl taﬁé%erl'é%allntammg the qultirese&ioti #kce
Test Vector SyspmmprGanprpsriwg 3 time to aPabwesprded i v dHiegiaict(ise, A

franscripgiondletper vizal JEAMSACLHYBLOK. g%strucwé'wﬁ' ' PRt Qe

Gene. I ndi‘cator Gene Viral Vector I ndicat or
gene viral vecﬁ’fﬁr%ﬁl%%%%s}:%s?e@ﬁé'ﬂeifngéP?l hY WEASURED/- aeféipé?ﬁtferﬁegree
expressi on ancf elmaiss tdfora ity BRECHLEPEéRIof drug ltilkarsaehixatar which
activates the expression of an I ndi cat or gene. The indicator gene,
for exanple luciferase, IS introduced as an expression vector into

t he host cells by transi ent or EEKAMPBEtlansfection. The gene

encodi ng; 4 he Cytomegalovirus Drug  Susceptibility  And
Resistance Test Using Resistance Test Vectors
Comprising Patient-Derived Segment (s) And A
Non-Functional Indicator Gene with A Permuted
Promoter.
20

Indicator Gene Viral Vector-Construction
Indicator gene viral vectors comprising a non-functional
indicator gene with a permuted promoter are designed using
a HCMV amplicon plasmid containing a viral gene which is the
25 target of an anti-viral drug(s) (gene X). The indicator
gene viral vector (pA-CMV-VS-gene X- (NF-IG) PP) comprising
a non-functional indicator gene with a permuted promoter,
all of the cis-acting regulatory elements that are required
for HCMV replication (i.e. “a” sequences and the HCMV origin
30 of replication), and a viral gene/drug target expression
cassette with PSAS. The PSAS are designed to accept the PDS
into a cassette comprising the regulatory signals
" appropriate to the individual viral gene/drug target and are
derived from the context of the viral gene/drug target in
35 the wild type HCMV. The non-functional indicator gene
cassette is assembled such that the promoter region is
positioned either in the wrong orientation, i.e. anti-sense,
with respect to the indicator gene ORF or in the wrong
position, i.e. downstream, of the indicator gene ORF (Figure
40 14) . The promoter and indicator gene ORF are separated and



40 transactivator protein, for exanple that of H V-1, tat, is

WD 99/ 06597 PCT/ US98/ | 5967

-73 - fused to the HCV pol yprotein via a NS3/4A cl eavage site
linker, in a manner simlar to that described for the fusion of

| uci f er asey@apfpEdssed in Exanple 1 (i.e. at the Gtermnus

el sewhere). %E)gogg expressi.on of the polyprotein, and 5 égmesr%?ﬁ%twon t he
activity of the NS3/4A protease. tat is.gg- cleaved fromthe pol yprot ein
activates the transcription of a reporter gene such as luciferase

which is undeposti®ioned eadthial tofe theyidng lof Ofige t @&mdmal thigpeahdétdR) .
10 ot 2 LTI SRR TR L ALE 0. WG 0L o
transcri pti on&het rggremRs i \('El»g)r 1ahd a Thhet ilovsrsindi cathen it ocgene.are

constructed agrfighkovge GWB3§AEE§|ofe€ﬁé” éymﬁEéH romoter 1B§1EQEBP“&EH€
elements in a5 fo 3" ,orientation: t.he g
i ni ng.

open readi ng PASFECESr 1RTR the Propes aﬁ’i‘-ﬁﬁt%tﬁ%nl-‘@\/%qy’pﬁf?e?ﬁ&@an?
within it thethe indpeatsrasinegptodiue: f ora t@tfectmatmlpear vawallyvasctor

descri bed th r|pt nter r
The i ndi cat or (ggﬁggéoﬂs?gu%t co(r??tegleﬁle%e qr}!ld\?efﬁ' l?rhe% 5 r%tq%é{r?ase
open readi ngoff tagegenats contatnang Cthetioml gene/dﬁrgntraa-gar- (géhe X)
ndicator 9992 ae1RPOR' A il sryBC | he 3REILLANSIAGLEY N LREAKI 1

vector, or, pref sént "as a S segnent
in the Hést cend the dwtlzs helper/na@n@ma@ﬁwelntveqtm; @pnalzlvr;&@or

contains a eU@rr)é%tlbﬁance tes&r %et;sf s@dtdle The gBfe&fivd BR1BEY seaHences
for the roduc 8"&‘{«/) NA i p transfected cells,. an a transcription
t er mi nat or ¢ gerl%(aﬂ)l §an He RYSRAGANES: iBY3G" PrGfvters
I ncl ude, but sya‘cesm ncm whinitt etdhet ajeletedd GMral genel/dregnethi@es- easl y

promoter, or Eﬂ%v%gég R OPRLES %ﬁ%@ﬁlgﬁocks packaging host cell/target
15 host cell line can be prepared and used to infect packaging
host cells/target host cells or DNA from these viral stocks
can be isolated and used to transfect packaging host
cells/target host cells as part of a resistance testjvector
system in conjunction with introduction of the indicator
20 gene viral vector by transfection into a target cell
permissive for HCMV infection. Trans-complementation of the
deleted gene by the indicator gene viral vector results in
a self-perpetuating virus population. During replication of
the indicator gene viral vector concatamers of the indicator
25 gene viral vector are formed and inversions occur as part of
the normal zreplication cycle of HCMV (See Fig. 11) and
result in a rearrangement of the 2 segments of the permuted
promoter cassette such that they now are in the proper
orientation to direct transcription of an RNA that will

30 allow expression of the reporter gene.

In another embodiment, the indicator gene viral vector
contains PSAS that accept the PDS in such a way as to
express the patient-derived gene X sequences undexr control
3s of a heterologous promoter and polyadenylation signals. 1In
one embodiment of this example, an expressicn cassette
containing the CMV IE enhancer promoter region , PSASs, and
the SV40 polyadenylation (pA) signal would be included on



of transcription termnators include, but are not limted to, the

transcription term nator/ pol yadenyl ati on signals found in SV40 or
the human [err]-globin gene (see Figure 3B). 35 In a second enbodi nment,

t he pronot g bejpedoPr OOt er for bact eri ophage RNA pol ynerases such as
T7, T3, or SP6, and the terminator is a sequence si gnatPPRg/15967

ter m nati on of transcription that ig-.recognized by the polymerase, or
a WD 99/ 06597 - PCT/ US" 8/ 5967
-74- seltfl—reclﬁad/:ldw:dri wl&rlraﬁharﬂdﬂ&kl (‘@Pt@t’v ic%- ggagsgﬂeqk%]d % H

as uc

DNA into cell Xpr essi th ynerase in

expr essi on nn?/J e ach?%@gﬁl %%v@gﬁl cis- acﬁ%{‘%o§§nth%¢%dFQQUlrea for
cotransfecti oﬁrmqwom‘epehyaelaseoﬁ tr@(pi*&ﬁ&‘daﬂbﬂ/egéﬁ ,vifl;ec{,éggow th a
reconbi nant v Bl s Vi n Ler

pr evi ousl a(955(|§:3stab<l:‘fuélh§’|(’ gtrhlé%e %RP%?E% %rlrr%(?\@f\t %)?p s§|eﬁaleﬁEl°¥‘

pol yner ase (s@9rHEYY " BC)seaneacesy éha*v'ed@mC%dm‘MV @edidme cleavagat ahds a

pol y-A or pol pau}@gqngmcananﬂﬁdlpéﬁhﬂfcéd)lﬂx%o%rlgasséé '1‘% x%se”“ nus,
so that the transcribed RNA contains a - pol y- A tail at the 3
end. In a third enbodi nent, the viral vector W|th a bacterl ophage RNA

pol yner ase In mammtlerermodtlhenss eficclaid iaveat iomailey vieguegegeAlirhge 3'

end is tranggggléad cdl bé{l ggothe %ﬁ&rvt WA nE%;iﬂet 2 ACI quJS'S‘&)rm )Eregentl ng

the viral vect I's transfected ermn
speci fi d%equl §H“€c6@ﬁ?§§6a§? tWé*97) +  Pacthei opirade Ripol prretasseas a

term nati on S|(m8®r) a4) anyseh.f:aiﬂ §aNé Nehat hazades Al tr%'é'iatsk‘vﬁbxen{:lﬂgl
termnator is.g gst rigti on er&dogugﬁase site allow_ng f

li neari zat i on Y87 955 -Othé oFYt beEFafEchi SFP%nS(%éé“FPgure
3D). In teghi-s gase Vuht@lvectnsr ink¥odesnbai nss anqaollyiwAced pel yrbl,

sequence at thesd, endes, uvnioz, RASIS! A8 JTeBL o ¥eCLOr §r.épnst ruction
15
Resistance Test Vectors - Construction
Resistance test vectors are prepared by 1) modifying the
indicator gene viral vector (pA-CMV-VS-gene X- (NF-IG) PP or
'pPA-CMV-CS-gene X-(NF-IG) PP ) by introducing unique
20 restriction sites, called patient sequence acceptor sites
(PSAS) In the viral gene/drug target {gene X) coding region,
2) amplifying patient-derived segments (PDS) corresponding
to the CMV drug target (gene X) from viral DNA present in
the blcod or tissues of infected patients, and 3} inserting
25 the ampiified segments precisely into the amplicon/gene X
plasmid ac the PSAS. A further embodiment comprises
isolation of. viral RNA from tissues and using reverse
transcrlotion to convert the RNA into DNA copies prior to
amplification of the PDS.
30
_Drug Susceptibility and Resistance Tests
Drug susceptibility and resistance tests are carried out
with the resistance test vector system comprising an
indicator gene viral vector (pA-CMV-VS-gene X- (NF-IG)PP or
35 PA-CMV-CS-gene X-(NF-IG)PP )} and a defective helper viral
vector such as HCMV/A gene X. In one embodiment the

indicazor gene viral vector (pA-CMV-VS-gene X-(NF-IG)PP or
PA-CMV-CS-gene X-(NF-IG)PP ) is transfected into appropriate



25 Resi stance test vectors containing a functional indicator gene

conpri si ng patient-derived segnent (s), a transcriptiona
transactivator, and a functional indicator gene are constructed from
viral vectors described above and pati ent-derived HCV sequences as
descri bed wodsesml e 1. 30 The viral vector is nodified Pth'/lB@?)l%? PSAS
for the I nsertion of PDS containing the relevant portion of.the HCV
genone (described in Exanple 1, see Figurgs-3A). Drug Susceptibility

and Resistance Tests 35 Drug resistance and susceptibility tests are
carried out cellswiand aheesiesitlancerd ester ebifsctpdpaid eige dgsgebbege above

(either as RNA | I nt.o st cgells ich ,_contain
t he indicaEyﬁeggﬁstrd%?ywk&%gﬁgqre5|zpéﬁ%gaqgﬁd e anogg?‘V@W@@?ﬁ%%@?

PCTI US98/ 1596%the indicator gene viral vector 7%and the SUSEEREEDVLItY
tests are per i | =] 1. Dr.ug_Screening 5
Drug screeni nglggglg%ﬁ?%%%é%%o?gg%ingv Vi rarqugéc?]f)? csofgta@ﬁgec‘:ed g%ﬁ?a? ng a
functiondl  PRGKEEEBE keske < tR¥BAR§ host paeldst - démirkbdnecusly.
segnent (s), Tr&nscoh?@élﬁéﬁtﬁi&ﬂ%f the &EPASASIMA Oby BRd anfupstipnal

I ndi cat or gene is periarned ess«int lally as etscrl bed in ‘ExanBL el
above. 10 gene 'virai vector results E}&\MgLES -perpetuating irus

Cyt onegal ovi r pepubatigon Sudnepngbirkplycation ofArthe indicator gBesei siaate ‘

Test Using Regiestajic 0 2 i Sj ' - i ved
Segrent (9) ARG K 15%&%%&}(@9%%& the indjearot 0BRL Oy ML PRLoE00E TREL CC
Def ect i HeIﬁ@Fmﬁdru§Pd inversions occur as part of the normal

replication cycle of HCMV and result in a rearrangement of

"

the 2 segments of the permuted promoter cassette such that

they now are 3iIn the proper orientation to direct
transcription of an RNA that will allow expression of the
i5 indicator gene. Expression of the indicator gene is

dependent on the activity of the viral gene/drug target
encoded by the patient derived segment that has been
“introduced into the indicator gene viral wvector.
Anti-viral drugs that inhibit HCMV replication through

20 inhibition of the wviral gene/drug target limits the
replication of the indicator gene viral vector, which in
turn limits the number of genomes in which inversion can
occur and can be measured as a decrease in the expression of
the reporter gene product.

Drug Screening
Drug screening is carried out using a resistance test vector
system comprising an indicator gene viral vector
(pA-CMV-VS-gene X-(NF-IG)PP or pA-CMV-CS-gene X- (NF-IG)PP)
30 and a defective packaging/helper viral vector such as HCMV/A
- gene X. The PDS may be derived from the genome of a
laberatory strain of HCMV or from a patient-derived sample
and may be of a wild-type sequence or may contain sequences

which render the viral gene/drug target resistant to known
35 anti-viral drugs.

Drug screening is performed as follows: an indicator gene
viral vector (pA-CMV-VS-gene X-(NF-IG)PP or pA-CMV-CS-gene



I ndi cator Gene Viral Vector-Construction I ndi cator gene viral vectors
conprising a functional 20 I ndi cator gene inserted into an ORF of HCW
under control of an endogenous viral pronoter which in the wild type
Vi rus controls the expression of an RNA, for exanple, the [err]
transcri ptVP8Y¥¥S&Y in the TRerr] or "b" repeat (Fig. 12) RET/AIS98/15967

desi gned. The indicator gere viral vector (HCW-[err] F-1G[err] 25 gene
X) is further nodified and is defective dr replication by deleting a

segrrent of t 0 t ing whi ch are the
target(s) of h?hgﬁgn?:é)-\ﬁll?)pa? cgrug #ecuve hglpe Falq'lgfgne VRRCOR SN eA] ar get
of an anu-wH@MVdAugems X are Lethecpcmbe;oo herei oe s g:a-necr)é aifeergeneoiX

product is prow ded 30 n pl.asm d.(pA- CW- VS gene X)_which
cont ai ns PrEariEht ggqu@%? 58‘8 ptc?r“%é vga&PS@“Dé’Hﬁ‘ he ci Q’éﬁﬁ’f ng
functions regaintdinfing the amslinomnd drentat iappropiriatbeperiod éfdiiwd or

gene vir gl Veeaoaliapex@pﬁaeakwn w%ﬁ& 'igg&ggé%la%ente Wegéégl "y

repI i cat1 on and seqg uences enone cl eavage
and packagi ng}e"‘("Fl‘Qf f%ﬁPreS?h@n of @s&soaﬁero&%r}agﬁédmﬁasaﬁe@p@nq HehePDS
into a casset#egree of GoMibiaies ihechegadaide YUmLG aBPEARChBI€d O the

i ndi vidual viral gene/drug target and are derived fromthe cont ext of
the viral gene/drug target in the wild type HCW. 40 The defective

i ndicator gene viral vector and the WD 99/ 06597

PCT/ US94 15967 EﬁﬁhPLE 12 anplicon/gene X plasmd
constitute a resistance test vector stem The defectlve I ndi cat or
gene viral vector j§Yytomeg ¥%%§ﬁedD ga'ﬁqﬁﬁep§ﬂééleH a BRgi ng host
cel | /target hoBEsigFpng #ti HShRgcRegif ﬁEF?oﬂﬁFt Sthe viral 5
gene X is provided mPgéﬁén 8Ek¥e ﬁﬁ?ﬁa% kaglng host
cell/target host ce epa?%%a ene S ?o ceIIs

and/ or DNA from these V|$e$ <t ocks S i sol ated and used to transfect

packagi ng host cel I /targ
Indicator Gene Viral Vector-Construction

Indicator gene viral vectors comprising a non-functional
indicator gene with a permuted coding region are designed

20 using a HCMV amplicon plasmid containing a viral gene which
is the target of an anti-viral drug(s) (gene X). The
indicator gene viral vector (pA-CMV-VS-gene X-(NF-IG)PCR)
comprises a non-functional indicator gene with a permuted
coding region, all of the cis-acting regulatory elements

25 that are required for HCMV replication {(i.e. “a” sequences
and the HCMV origin of replication), and a viral gene/drug
target {gene X} expression cassette with PSAS. The PSAS are
designed to accept the PDS into a cassette containing the
regulatory signals appropriate to the individual viral

30 gene/drug target and are derived from the context of the
viral gene/drug target in the wild type HCMV. The
non-functional indicator gene cassette is assembled such

“that the promoter region and 5’ portion of the coding region

are positioned either in the wrong orientation, i.e.

35 anti-sense, with respect to the remaining 3’ portion of the
coding region or in the wrong position , i.e. downstream. of

the remaining 3’ portion of the coding region (Fig.15). The
promotexr and 5’ portion of the coding region are separated

from the 3’ portion of the coding region and positioned

49 within the regions of the genome that undergo inversion with



host cells as part of a resistance test vector systemin 10 conj unction
with introduction of the anplicon/gene X plasm d by transfection into
a cell type permssive for HCW i nfection. Transconpl enentation of the
del eted gene by the anplicon/gene X plasnmd results in a

sel f - per petveoadorogsp7Vvi r us popul ation that results in in

expression of the 15 reporter gene that is dependent on the act|V| ty of
t he viral gene encoded by the patiengsderived segnent that has been

i ntroduced into the anplicon/gene X plasm d. I n anot her

embodi nent, tHREPeAp| Feordapineothér plasimg 2@plickpPefME£CSigengexbme
contai ns PSAS ey cept iR uc saSy, o XPLESS, t he
pati ent-deri ve‘dﬁﬁi nlg‘qx seTrtle@;lceI?\%IJS%ﬁ Q(l}en (J:“Bnt%rcgﬁ $erb{’%gbh’§’
promot er and mrfj';g ehyFa ?.thrmuted C§F1¢|ﬁal §egmno¥wheqm mme ohsshite

exarrplte an eﬁmmschap SpArSopezcaéﬁﬁdtﬁt%?gxt ag @i aglbbe %t e's'éléﬂ)haék?e&nle
pronot er Jegi enyl ation si gna

woul @ be ° %dlﬁf’atcf’ed TS BE §Hﬁp ((,gh?g a"p %ﬁc&l("ﬁAﬂé@veés" ERé X)

in addition toedterci(BCHMElA ggnéum)ctmsodefeequve eftbf Q‘Epllcatlon by virtue
trans- conpl eney a‘Lé on of thgl I_ndi cat or gene viral vect

(specifically° is‘ FREFudE2En AR oF oF P egﬂ“&‘a%| sAnsaining thew

"a" sequences wihal ch&taytdmwdaggaonégeheaxhgm ermlleted frpackagi fgrus. i
n_another  eshodi iEaicatdle helper ViLal VecLely cafly Dene - qccalipplied as

a series of over| apping_cosm ds t upon 3 tran ectron into the cell
under go #%conﬁ}erﬂeﬁqqfr?%gr%ul"tlral vect,:qa,r SRS WE & newdstanceateay of

hel per functi Om‘i:t:orTbyStem THE Wicffiec @t o Nhe 8Pe PPoatiatl ity SMI&Q'IYvE'&%on per

Vi rus se s in al further exanpl es the sane nmanne
WO 99/ 06597 HHﬁRF/% gene J( 1s propagated on{'y PEF GsoBFG lg@%lfxq host
-77- cell/target host cell system in which the deleted viral gene
is provided in trans. Viral stocks from such a packaging
15 host cell/target host cell line can be prepared and used to

infect cells or DNA from these viral stocks can be isolated
and used to transfect packaging host cells/target host cells
as part of a resistance test vector system in coﬁgunction
with introduction of the indicator gene viral vector by
20 transfection into a cell type permissive for HCMV infection.
Trans-complementation of the deleted gene by the indicator
gene viral vector results in a self-perpetuating virus
population. During replication of the indicator gene viral
vector concatamers of the indicator gene viral vector are
25 formed and inversions occur as part of the normal
replication cycle of HCMV and result in a rearrangement of
the 2 segments of the permuted coding region cassette such
that they now are in the proper orientation to direct
transcription of an RNA that will allow expression of the
30 reporter gene (Fig.16).

In another embodiment, the indicator gene viral vector
comprises PSAS that accept the PDS in such a way as to
express the patient-derived viral gene sequences (gene X)
35 under control of a heterologous promoter and polyadenylation
signals. In one embodiment, an expression cassette
comprising the CMV IE enhancer promoter region , PSASs, and
the SV40 polyadenylation (pA) signal is included on the



In various enbodi nents of this invention the viral gene/drug t ar get

(gene X) can be 1) the HCW DNA pol ynerase (UL54), 2) t he

phosphot ransferase (UL97), 3) the viral serine protease 5 (uL80), 4) any
viral gene_that encodes a real or potential target for a drug
suscepti bi A%t or a drug screening test. Such viRGI/U$PSNE967
includes but is not linmted to UL44, uL57, UL105, UL102, UL70, UL114,

uL98, or UL84. 10 Pl agm ds descri bet®for the OW resistance test
vectors are ;p4: 1NQ, s | owi veptions: | ower case p,.

i ndi cates t hat 5] ,g%gggs#%%%logr%ﬁi Is’g%t%’l‘ agv%%%%ﬂﬁgh%?’éecﬁﬁ'ébm‘m) ESpabke of
replication | #1448 at®?y Sheai rist-agtiogl i ,functichk’ irstncotes tBak t he
plasm d is antapls-compaBilehbHEid® of GHJ | £53i | sz 1 nctions
required for mo%ag%t.i 5? by h * aohelé)er %ﬁluésaf%ogpe%ﬁqﬁ qg%%/ft hess°T
anpl i con pl asnic@S¢GREALAY: thesg imelyde any HOME oxdglinc ofi aspasdatabn
sequence$ t hatandi HEMY “a” seduencgenanBt NAitedt | MV (‘déﬁ,\@g@;@g@aggcgﬁgi ng

and make the r_inversion, CW indicateS that the

20 anpl i cof as?}e(aggﬁgggﬁgir (et%sgggélgﬁ%éé)ocro WY FRFAPT SASERNEE FePpents.

HSV-1 coul d indicate the honol ogous signals fromHSV-1 were present

on the anplican) va¥ibndi adiRBmehal dHRIUREAEYon the V%4 Ogangzai-{%v'v' ng
romthe

expression of _the \g r al ene/sjrugl target are derive

genome and ar EXREY &Gt dvory! 251 | Y uRRYIeIRSE pfEd)on oF the
viral géfe/ dr phrosphgetransferase t(UEICONt eXt @het hﬁr\&lolgeﬂr[@s?r&gaggcat es
that the | at,qr egi ontrol expression of  the. viral
gene/ drug tar g(g?%g)lr’é tﬁgt )é?gl 85‘%52 g%lggi%ﬁ?ﬁi%nce%éﬁ?pl e T2 Ochﬁﬁ?FEéa#he
CW | E pronot éPF8Rkakesr FafFucheusysptibilipyl yadengtati dnugi gonakendng

i ndi cates thatethe cofst ruglall FeBe includbP-PENOME GARONSHIYEh, cgeng X

identifies th Lral.,. gepe( t hat |§thetarget(§ of the anti-viral
drug(s) and iﬁn%ghé Uﬁg"e@ﬂ‘r?ﬁésu i Qe iHerte C538d BE d%‘h; UL8O or UL97 to

i ndi cat &5 t he DNA pol ynerase, serine protease, or phosphotransferase,
35 respect iRe@li¥canbe! PeEL WEMSESs O Al L, gene hel per viral
vectors are naned as follows: HCW I ndi gg%eg%tg%éfgai n of HCW, [err]

F-1G indi cat 88S1§tanGhRcHeShalvestamsc @ Prrprred by Ilhseedbfiving othae
[err] ORF in'ﬁhdipaD@ﬁrgénﬁMﬁﬂralfbaHEoﬁn@pA—CMV-VS~gene X- (NF-IG)PCR or
pA-CMV—CS—gene X~ (NF-1IG)PCR) by introducing unique
20 restriction sites, called patient sequence acceptor sites
(PSAS) in the viral gene/drug target (gene X) coding region,
2) amplifying patient-derived segments (PDS) corresponding
to the CMV drug target (gene X) from viral DNA present in
the blood or tissues of infected patients, and 3) inserting
25 the amplified segments precisely into the amplicon/gene X
plasmid at the PSAS. A further embodiment comprises
isolation of viral RNA from tissues and using reverse
transcription to convert the RNA into DNA copies prior to
amplification of the PDS.

30
.Drug Susceptibility and Resistance Tests
Drug susceptibility and resistance tests are carried out
with the resistance test vector system comprising an
indicator gene viral vector (pA-CMV-VS-gene X-{(NF-IG)PCR or
35 PA-CMV-CS-gene X-(NF-IG)PCR) and a defective helper viral

vector such as HCMV/A gene X. In one embodiment the

indicator gene viral vector (pA-CMV-VS-gene X- (NF-IG)PCR or
PA-CMV-CS-gene X- (NF-IG)PCR) is transfected into appropriate
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- 78- under control of the [err] regulatory regions, [err]gene X

i ndicates that the viral gene/drug target has been del eted fromthe
virus and in the exanples given here could be [err] UL54, AUL80 or

[err] UL97 @ 9ondsezat e del etion of the DNA 5 pol ymer ase, ch%@g,%%?

pr ot ease, or.  phosphotransferase, respectively. esi st ance
Test Vectors - Construction Resi st.ajice test vectors are prepared by
1) nodifying the 10 arrpl i con/gene X plasm d (pA- CW-VS-gene X or

pA_CNV_cs-gengarget hﬁptb9e1h$rNMﬂC§h§]¢H%}Bkhﬁéltﬁ§n gﬁfé@de@a%iéﬁnth
sequence r t he X _codipg re

anpl i fyi ng pati g%?%ggrgi \l}g?i{)gg ‘gﬁgﬁ ‘(%B.é? E)W@Oﬁﬁ?%gxgo o % an‘?‘?fée’@lw
drug target (gwbediferty tihlaemdp&:atfmcegerﬁwairaw%éﬂtoﬁand%%gﬁé‘&wé‘ the

bl ood h lified
Cegnonts pr ool SaFy i neootngoocor B are epot RRSERF RN AP T POE A

further énbodFﬁ@ﬁitaneouslafonp?ré@%cmmilememwmn \afr &he Rl éredn gerssuss and |
usi ng r ener smhaae&&sf pt '%hé 0 Gﬁa%a.rt tRe BNA 'Pé%l% cogi es 20

prior to anplifi Qat | on of Drug Suscept! and

Resi stance TeSfd* Br‘%’i;;”é%s‘@éa{% 6?93"(333‘-&?6‘ re?PS‘%aﬂcée?@s‘E%Ué?ré @harried
out W t the i qeerc gesesimrmb \te&&brveﬁh@e[tﬁdé&tseﬁfC@H@riﬁdi@at%}: 25 ’
anpl i con/ gene | g d JRA & X9 - CS-gene

cor r espondi nggéﬁgl cat ol? gengg\\//lyr al Vec orangucﬁversmns og%ﬁfe‘??ﬁt ©

F-1 G [eff] gehéex neFdhe repBodrhban tdwclenppbEcdiMjenand resultpl asnial is

transfected | rearpaslkageng faﬂSttIQ@| bs/daii8its of thestodighdrea@andbdiigy cells
are then |nfe%ted with th tive_ _indicator gene V|ral vect or.

In anot her IO h BT FrEM® t ﬁgcgrrptﬁ?acton/:&&?fe new| %R dandPehP TR i ve
i ndi cat or generierabtvent or OAearce ttmdnsnsfimdioad dMtan t REa tnat packiagi ng

host CellS/taEQQBwhéﬁﬁrégglbﬁ Efnykga9§§ %% gepe (Fﬁgcﬁég'“gs Sdssion

cells/target host cells can be an ssive for

wild type OfcWze #W&P%@en& is dﬁmlmﬁmvw oft Hehe
del et ed geneiraly gehdldrug target encoded by the patient derived

segment that has been introduced into the indicator gene
"viral vector. Anti-viral drugs that 1vh1b1t HCMV
replication through inhibition of the viral gene/drug target
20 limits the replication of the indicator gene viral vector,
which in turn 1limits the number of genomes in which
inversion can occur and can be measured as a decrease in the

expression of the reporter gene product.

25 Drug Screening
Drug screening is carried out using a resistance test vector
system comprising an indicator gemne viral vector
(PA-CMV-VS-gene X- (NF-IG)PCR or pA-CMV-CS-gene X- (NF-IG)PCR)
and a defective helper viral vector such as HCMV/A gene X.
30 The PDS may be derived from the genome of a laboratory
© strain of HCMV or from a patient-derived sample and may be
of a wild-type sequence or may contain sequences which
render the viral gene/drug target resistant to known
anti-viral drugs.
35
Drug screening is performed as follows: an indicator gene
viral vector (pA-CMV-VS-gene X- (NF-IG)PCR or pA-CMV-CS-gene
- (NF-IG)PCR) and a defective helper viral vector such as



anplicon/gene X plasmd results in a self-perpetuating virus

popul ation that results in increased expression of the WO

99/ 06597 PCT/ US98/ 15967

-79- SRNLST gene that is dependent on the activity of the viral
gene/ drug target encoded by the patient derived segnent t haRCT/USIB/IA%E pheen
I ntroduced into the anplicon/gene X pl as[r%]g Some reporter gene
expression will be observed due to the basal 5 IeveI of expression from
t he defecti ve gdmt g | r:al e , he | i cation
and thus anpl |f|caﬁtg%h§f e ﬁgragﬁgﬁé gbg{)hggge |vfé‘ |ﬁéfgﬁ?br Hene
viral vector dresence tef hhepotremsiunpl aneintairain bcyotiﬂitﬂuﬂmi)l i conhgeag X

pl asmid £5Uldg ithed LC C n.lhe gxpression of 10
the reporter \Ménlem{n tr{{egttglre cl?ﬂggir{ié Eg{in%ﬁl %ﬁe&sqepxl diigs Pe* ficd ﬁaf‘ 1PRhi bi t
HCW replicati allPYuERPl HIAWON 8f Bre tindicator geneilvigedemectgrt arhet
will Iimg thaaweapagaéxpfem@n of th@xf@é&t@Qf §énd NEs ffaRekYe ahRdLfiat o

gene viral vec neasured as a decrease In the

15 expr essi (?ﬁréafa g ﬁel?%%d&tlé’rn dé‘n&p‘ﬁr BHEE?I‘CQ of drugnigy cadrudarag-

Drug screening is carried out using a resistance test vector system
conposed of an anplicon/gene  geanpi@syg d 20 (pA- CW- VS- gene X or
pA- CW- CS-gene X) and an indi cator gene viral vector such as

HC'W_[GE;;# F-1G [err ak OV?HBSPD@W pRusceptibdddtyed frdndt he genone
of a labotatory str t t Usin rﬂﬁﬁlét &PPeﬁF (t?gﬁ’leﬁ’é&@arrpl e and
may be of a wild- ty&r-gmprmlng ?—L‘é%'f%’f ?éﬁ‘/ RRAvAi ch render
)i

the viral 25 gene/ rulo{large %o knovvn antl-V| ral drugs.

Drug screening is perforned as follows: an anplicon/gene X pl asm d
( pA- OW- VS- gen @3 CRtoraGeRk- ¥iraknéesorribumtruction
15 Indicator gene viral vectors containing =a functional

indicator gene under control of an endogenous viral promoter
are based on an HCMV amplicon plasmid containing a viral
gene which is the target of an anti-viral drug(s) (gene X).
The 1indicator gene viral vector (pA-CMV-VS-gene X-F-IG)
20 comprises a functional indicator gene under the control of
a viral promoter dependent on viral replication, all of the
cis-acting regulatory elements that are required for HCMV

replication (i.e. “a” sequences and the HCMV origin of
replication), and a viral gene/drug target (gene X)
25 expression cassette with PSAS (Fig.17). The PSAS are

designed to accept the PDS into a cassette comprising the
regulatory signals appropriate to the individual viral gene
and are derived from the context of the wviral gene/drug
target (gene X) in the wild type HCMV. A defective helper
30 viral vector (HCMV/A gene X) is defective for replication by

virtue of the fact that a segment of the genome containing
. the viral gene/drug target has been deleted from the virus.
The indicator gene viral vector and the defective helper
viral vector constitute a resistance test vector system.

35 The defective helper viral vector (HCMV/A gene X) can be

propagated omnly in a packaging host cell/target host cell
system in which the deleted viral gene is provided in trans.
Viral stocks from such a cell line are prepared and used to
infect packaging host cells/target host cells or DNA from



I ndi cator gene viral vector such as HCOW-[err]F-1G[err] gene X are 30

introduced into cells in the absence or presence of - potenti al
anti-viral conpounds. After nmaintaining the cultures for an
appropriate period of time to allow spread of the defective indicator
gene Vi ral weslggésst hr ough t he culture, the level of a 58815067
expression of the reporter .35 gene is neasured and the degree o?
inhibition in the presence of drug.4s cal cul at ed.
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- 80- these viral stocks afXAWBbEatBd and used YVt EPRQEEONLTUS

Drug Suscept ihi nd es] sta e Test Usi ng ReS|stance
Test Vectors lpgclk alng h%é rcfes]ilng/tﬁg |e§ntfs {-’I Ve gr?e°‘nt ALy ARE A5

Functional | n&eSdssancene 'Clgﬁier GEtonl €fsBem  in  conjudawlonPr onbtier
| ndi cat or Genqn\fxro@hc\é%horo@on%héucaheﬁlcauor ﬁehéf%irQPStv&&d& lige is
er

constructed t hat e§gresses a 10 functi onal di cat or ne un c trol
of a H vi r §FARSIECh ORI BhGe Jrstlﬂ??p@ﬁa@hﬁsb‘fﬁ ViqraBECMEpiLnEaet ben f or
activity. A defrecsi-cempibpentatiial ofaitay ddiaﬂéHAg@&&ebﬁ)the indi$cator

construct ed Sé%l?xet h‘%#ﬂ% k,%cq%ecéesu ;?Liéggllggg tp]%r;%}?t}%n&\é'ngrue%g t he

fact that a segnment genonme con
target (gene XéPPhlés?ltb@én Bepb;@@tifqromf the iridd caitionrs gefihevirall veenet dr ug -

target (gene ¥egendd @4 d9# transc¥pdBmd@HRhiSCOR Bke»%gw ég«ﬁ ﬂé@’ %&&Pne X)

whi ch cq ta| ns atient sequence acceptor_sites

ci s-acti geng jHral Y& Ctogq iy ENV-V&r 9epe afisFeofiphedehbat fekeceivet he
20 i nd| cat teelpeme viradl veectorugspecybheakl y, these include an HCW
origin of replication and HCOW "a" sequences t hat di rect HCW genone
cl eavage and packagi ng). The PSAS in pA- CW- VS-gene X are designed
to accept theIRDSanotipem embodémsseft eheoniadiddigst hgenegutiatadr yvstgsal s

appropriate tQeomprises PSAS that accept the PDS in such a way as to
15 express the patient-derived viral gene/drug target (gene X)
under control of a heterologous promoter and polyadenylation
signals. In one embodiment, an expression cassette
comprising the CMV IE enhancer promoter region , ﬁgAS, and

the SV40 polyadenylation (pA) signal is included” on the

20 indicator gene viral vector. (pA-CMV-CS-gene X-F-IG) in
addition to the cis-acting functions vrequired for
trans-complementation of the indicator gene viral vector
(specifically, these include an HCMV origin of replication

and HCMV “a” sequences that direct HCMV genome cleavage and

25 packaging) and the permuted coding region cassetts segments.

In various embodiments of this invention the viral gene/drug
target can be 1) the HCMV DNA polymerase (ULS4), 2) the
phosphotransferase (UL97), 3) the wviral serine protease
30 (UL80C), 4) any viral gene that encodes a real or potential
- target for a drug susceptibility test or a drug screening
test. Such viral gene includes but is not limited to UL44,

UL57, UL105, UL102, UL70, UL114, ULS8, or ULS84.

35 Resistance Test Vectors - Construction
Resistance test vectors are prepared by ii modifying the
indicator gene wviral vector (pA-CMV-VS-gene X-F-IG or
pA-CMV-CS-gene X-F-IG) by introducing unique restriction



25 the individual viral gene/drug target and are derived from t he
context of the viral gene/drug target in the wld type HCW. The

def ecti ve packagi ng/ hel per viral vector (HCW/ A gene X) and the
anplicon/g asm d ( pA- CW-VS- gene X) and the indicator cell
line constrwtz) §6§97r esistance test 30 vector system The Rf&He8/15%67
packagi ng/ hel per viral vector can b% propagated as a viral 3tock only
i n a packagi ng host cell/target host> cel | systemin which the del eted
viral ggneLdr uaatpew heli S er gy i Lal s, from

such a packagi ng host e((:f tar e ﬁgggc +naéée%&ocrar?ll%gsﬁ%ggrebﬁr‘é’ﬂieand
used to inf ect’lgﬁ E KSR gi%st:at‘,ﬁ?‘{-/t%ﬂf@etx)hggdlng regieal, | 2) oamPNAL §img
these viral spaekentadedisreidssbgh@st andps) coryéﬁstoﬂdanrgr %Bstﬁgtcm%ﬁg%

host cell s/ tg %g ho(s o cel)b % E resi stance test vect
systemin conjanction Mth rop,vigg ctql‘{ﬁ'r Breterﬁé: ahp| t&Sn/RJEaRE xor

pl asmi d By tr&ahséeesioh JAIfectednpanu@tscelahd BY pinseperifigs sheeampl Of i ediCW
i nfection.

PCT/U898/15967 gment@fb%QéQéé?Q into thigampllcon/g gﬁscoﬁ%ﬁ%ﬁ%ﬂt%?r%ﬁe of
the del et edPSA§ene® fiifpher; gebodimentsompshseenesolasienncd vesal tRNAN a
sel f - per pet uatirog vissises and ﬁ@ﬂﬂbaiéﬁﬁkééﬁﬂrdﬁﬁﬂﬂﬁfilbﬂ tBCEBASEH: the

expressi on of e porter ne that is.d the actrvrty of
the viral 5 Rggne ?ualtUE TJetes %’Ed‘d’é"dtﬁyaf“ﬁélgg?‘?‘%h‘?n DHynent  t hat

has beea0i nt roduced into the anplicon/gene X plasm d. I n anot her
enbodi nment , sagBkh @pgigﬁgg R@Sq Ld, A- CW- CS- gene X)
corrprr ses PSAS t hat acce DS In Bt ce Eegéglay as to express the

pati ent - der i vEgUgi r%swbaéaay and Iteasrl@étan(:&erﬁ?skﬁ (Aitfer caonked| OB a
het er ol ogous phiahDt ehnanflesz.standml x@@@nyba&t@ﬁ Sd s . cofip@Ra: ggbogh ment

Of LIS CraPlscosor. Bon® NS Okt ILf QREMLISD pHIEEEVEE
si gnal wSul d BA-FM¥IGHedern Xh‘%—%ﬁrr)plambrﬁl glafecKipeadeilger viral vector
(PA- OW- CS- gegacY) as u@ddid &R 10 1R Bha- SbdiGhd Nt HeORSidicator gene
viral vector (pA-CMV-VS-gene X-F-IG or pA-CMV-CS-gene
X-F-IG) 1is transfected into appropriate packaging host
cells/target host cells and the cells are then superinfected
20 with the defective helper viral vector (HCMV/A gene X). 1In

another embodiment the indicator gene viral vector and the
defective helper viral vector DNA are cotransfected into the
packaging host cells/target host cells simultaneously.
Transcomplementation of the deleted gene by the indicator

25 gene viral vector results in a self-perpetuating wvirus
populaticn that results in increased expression of the
reporter gene that is directly dependent on the activity of

the viral gene/drug target encoded by the patient derived
segment that has been introduced into the indicator gene

30 viral vector. Anti-viral drugs that inhibit HCMV
- replication through inhibition of the viral gene/drug target
will limit the propagation and expansion of the defective
helper wviral vector, which in turn can be measured as a

decrease in the expression of the reporter gene product.
35

Drug Screening

Drug screening is carried out using a resistance test vector
system comprising an indicator gene viral vector



required for trans-conplenentation of the indicator gene viral vector
(specifically, these include an HCW origin of replicati on and HCW
"a" sequences that direct HCW genone 20 cl eavage and packagi ng).

In various enbodi nents of this invention the viral gene/drug t ar get
can be 1) whaolkdyy DNA pol ynerase (UL54), 2) the phogp R.fsﬁﬁps'?‘;?r ase
(UL97), 3) the viral serine protease 25 (UL80), 4) any viral genée that
encodes a real or potential target-4or a drug susceptibility test or
a drug screening test. Such viral gene includes but is not limted to
uL44, UL(A - QMVEY'S - gieh 0 2% - BAIRD, obl 194 cMik-28- gehe UB4 - 16)30and  a
Resi st ance Tegi.f¥e¢ t Res e_test vec ors are
prepared by 1) m)g ?_9&51131%@”%&!}},{2 ‘yé)&lcfrcgr‘f 1gﬁe?ise W FFE EA- -%Sgene
X or pA- CW- CSlageriee derlvéq fryoni nlthié)dgl@xixdsrgsLlﬁlfqalel§b&$§tor}€aéi§£npaé.fent )
sequence CAREERL-Or t ir ene/dru et (gene X
35 codi ng reglon 8% fr%hlgf ?Egégg i e %Pﬁ%¥lv gtégﬁbgég 3é

cor r espordi ng “Fé-dt”ﬁ@@l\ﬁﬁmet 8F gBaY (ermMa@ix) seqmncmsr ahiPNArender phesent
in the blood afirkilsguss/dfud Haegked -RatkeRhS. t@ﬁ&o%)n nti-vi2ae" bkAgst he
anplified segnents precisely into the F06597

PCTI US98/ 15967 - 82- anpllcon/gene X plasm d at
the PSAS. A f imuserserdsodingerits perforeedprissé€slilsesat haninfivatar HdRefrom-
tissues and usjing; b on t onvert th into DNA
copi es prll or‘L tc‘)’em: ?I flégt F%ﬁn‘ﬁ éﬁaé PB‘SFOI% 6% B%M@Nés -gene
Suscept i} | i t);('éh‘d:q:ke% anéefgesive helPeDr’\Ugfaéug@@pprbsuﬁhyaanHCMV/A
resistance teyeheakearar @ik into Yhillsthe HESTHANE bEShrYgehaL

system conprising a
of potentlal anti-viral compounds. After maintaining the

cultures for an appropriate period of time to allow
replication of the indicator gene viral vector, the level of

15 expression of the reporter gene is measured and the degree
of inhibition in the presence of drug is calculated.



anplicon/gene X plasm d (pA- CW-VS-geneX or pA- CW-CS-gene 10 X), a

defective viral vector such as HCMW/[err] gene X, and a target cell

| ine that contains an indicator gene under the control of an HCOW
pronoter that i ependent on viral replication for activity.

In one eﬂ‘g’ogaf(’ﬁ%rd{t t he anpl i con/ gene X plasni d i s RGTBSRAEEL- i nt o
t he packagi ng 15 host cells/target host cells and the cells are then

i nfected with the degfective hel p’egrs' viral vegg “Bll ﬁm her
enbodi ment t hgnaePhkcePi9688 Pl asm d and the def ectﬂ‘muul““ ! iral
vector DNA are cotransfected 1nto the packagi ng host¢ L cdl13/t'rget
host cells si mul t aneously. 20 Transconpl enent ati on of t he

del eted genei. bya wedtiod for aBBLEERDA es?ﬁs@éﬁéﬂ%ﬁlf@f”'fb§ idh ayey
sel f - per petuati ng yirus, . 18%3“' atign that results 1n1ncreased
expressi on of the Vi BHY GPERARSFs dependent on the activity of

the virals gefa) drimtrtahgingeacodetstynddecqpat vasticofetowpdi seggeat

t hat 25 has been i Yo uRu P t i con/gene X asn d.
Anti-viral drugs that %ﬁ?ﬁé.&_tgé.&’ﬁﬁﬁegmi%g?ﬁggtthr%ube“ OmBEARBEL 1 of of
the viral gene/drug targeRatitdst Ct Nérus gepg oy an dmddirdtoxpgaseonntd t he
defective helper viral a hostvesdiar; which in turn is neasured as a decrease
in the 30 expressj on the reporter gene. product. Drug Screening
Drug screening is zéiri @%‘fﬁ“ﬁ%i °rs§sf’§§éngﬁo‘f‘ei"l‘) Vector system
conpri sitfg an anpl {cbn/mersuding aaxprk (PAICME (Grgehed3mtoX ggne in a

pA- CW- CS-gene X) and a. PEMmAdY a1 MgC such as HCW/ [err] gene X
The PDS nay be deriyed f%%émt,he genéer%e'o%ﬂgl1 ) | aboratory strain of HCW
or froma patient- 48t ved"RaIE the expyemfjopeodf then 1edigaoredennce or

may contain sequences from (c) WOhIPhOEHression of the indicator gene

PCTI US98/ 15967 - 83- . whi ch render
t he vir%g gene/ dr ug tar%ﬁﬁsured when s%%P%n%vﬁwc) are carried ouE in tﬂe

resi stant
absence of the anti-viral drug, wherein a test
concentration of the HCV anti-viral drug is
present at steps (a)-(c); at steps (b)-{c); or at

step (c).

20 2. The method of claim 1 wherein the resistance test
vector comprises DNA of a genomic viral vector.

3. The method of claim 1 wherein the resistance test
vector comprises RNA of a genomic viral vector.
25
4. The method of claim 1 wherein the resistance test
vector comprises genes encoding C, E1, E2, NS2, NS3,
NS4, or NSS.
30 5. The method of claim 1 wherein the patient-derived
segment comprises a functional viral sequence.
6. The wmethod of claim 1 wherein the patient-derived
segment encodes one protein that is the target of an
35 anti-viral drug.
7. The method of c¢laim 1 wherein the patient-derived

segment encodes two or more proteins that are the



anti-viral drugs. Drug screening is perforned as follows: an
anplicon/gene X 5 pl asm d (pA- CW-VS-gene X or pA-CW-CS-gene X) and a

hel per viral vector such as HOW/[err] gene X are introduced into the
i ndicator cells in the absence or presence of potential anti-viral
conpounds.wébd/essonai nt ai ning the cultures for an appr petids shgr i od of

time to allow spread of the defective 10 hel per viral vec ough the
culture, the level of '+ expression ofggt-he reporterW “\and
t he degree of inhibition in the presence of drug i m\ﬁ\“ﬁg&g‘\“
EXAMPLE 11 15 targetQyabhragansii-visal &rug. Suscept |\m‘ g s
Resi stance Test Usi ng Resistance Test Vectors * Conpri si ng

Pati ent - Deri ved Se%mant (Ci) And A _ | Non- Functi onal | ndicator GCene
with A PermutBd The methodpQfglaim 2§ whereippgheatfmatdmmayi rairal

Vect or - Const r uct i osequence |dtiipidises ganergkral vectors conprising a
non-functsi onal i ndi cator gene with a pernuted pronoter are designed
usi ng a HCW anplicon plasm d containing a viral gene which is the 25
target of an 8nti-Vheakrethod(sf cXajend Xherekme thedindicator genegeim avir al

vector (pA-CW-VS- gghee Yodd¥ i ERoF OIS B8d  the AoBON-d4ACtignal
i ndi cator gene with a, pernuted pronoter, al | of tﬂe cis-actin
regul atory el enent¥e$hat306% rietfih r eBCtor  BoRt HCOMAY epinelaidigy (ithe "a”

sequences and the &AM wrnadi Bt3P of Difd@pirnds aicorhrgafdhasyieall genad drug
t ar get pressi on : sette with PSAS. _The PSAS,are desig to accept
t he PDS@6 i nt ore%ls%agrgcgeef‘{ee& g(?r%ﬁrsivﬁ a ﬁ’érg%&bEFaF?ﬁ?ﬁ ’g’?}g‘n%ﬁ%‘fl
appropriate to theSkpefRataAnils virom gend dregistamyst hedtamector hakgrived
fromthe context ofkeihg. viral gene/drug target in 35 the wild type HCW.
The non-functional indicator gene cassette is assenbl ed such that the
pronoter region is positioned either in the wong orientation, i.e.
anti-sense, 10. TWhéehmeebpécoftaldime 1 ndicaatior t@enen@REadbdr i derddieiswpng

positioRpg i.e. domgﬁ[mtﬁna{lh%@gggg;:o cggne ORF (Figure 40 14) .

The pronoter and indicator gene are separafted and

11. The method of claim 10 wherein the host cell is a
packaging host cell/resistance test vector host cell.

20 12. The method of claim 11 wherein the culture is by
co-cultivation. '

13. The method of claim 11 wherein the target host cell is

infected with resistance test vector viral particles

25 using filtered supernatants from said packaging host
cell/resistance test vector host cells.

14. The method of claim 1 wherein the indicator gene is a
luciferase gene.

30
.15. The method of claim 1 wherein the indicator gene is an
-lactamase gene.
16. The method of claim 11 wherein the packaging host
35 cell/resistance test vector host cell is a human cell.

17. The method of claim 11 wherein the packaging host
cell/resistance test vector host cell is a human liver
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- 84- positioned within the regions of the genone that undergo
inversion with respect to each other during replication of t he genone
(Fig. 11). Thi s inversion, when it occurs, brings the tmq/paL%s of
t he pernuﬁ@%gﬂwgﬁﬁter i ndi cat or gene 5 cassette |nt roper
orientation to all ow expression of t he |nd|cator gen

defective hel per viral vector (HCM\7/9[err] gene g\““ e\m

replication sirumegbffgneﬁt of the genone cont enV|?aI

gene/ drug target (gene X) is deleted fromthe V|rﬁs The i ndi cat or
gene viral vector 10 and the defective hel per/packaging viral vector
cpnsltitute 8. ark@simetana@e csf.esuagﬁt an S%ﬁéfé‘in Tbﬁed? g By he&&seéll
vira vect or ene can be propa on LN a_ce
systemin which tfﬁéiﬁ?A%%ﬁfR%qé% t&@ﬁeYﬁFEart% th ﬁﬁpavraéa in
trans. Vbral stocks packagi ng host cell/target 15 host cell line can be

prepar ed and yged 401 fLeglaPRERAEINY 1 wherdldstyebhoblargst, host cells or

DNA fromthese vira ; can be isolate sed o transfect
packagi ng host a H%Rﬁ?sﬂ%%wget host cells as part of a resistance test
vect or systen1in conjunction with introduction of the indicator 20
gene viral cto transfection into a tar l SSive
for HOW infe §|0n£ f%%ﬁ%t%ﬁﬁﬁ) SNSRI SO S By a 88?%?88 %%nﬁv% t he

i ndi cat ®P gene vi ra¢gnest orcampguilsingi na  gene aofel Flpenpetidgae ngndi rams

popul ati on. Duri ng; ﬁ&{%éé&?lé&héﬁ ~ the indicator gene viral vector
concat anmers of the 1 ndicator gene viral vector are forned and

i nversi ons occur as part of the normal replication cycle of HOW ( See
Fig. 11) and 21. TheskkkikBadckeakbkangadr ff tchl.%l%\ Sﬁg,n'&mflér@i*:thﬁe

per mut ed proggter ca s}g{\; e ssuch t hat theé{ fv ’re %re%%er
orientation to di r8er* ?ranscrlﬁiloﬁggfnéncﬁﬁﬁr ﬁ%f Wi 1123071 6

expressitén of the reporter gene. I n anot her enbodi nent, the

i ndi cat or : gengaVi rgheVedsistance teH A dStdOASE { BakiACRPlwAdR DS hd such
avay as to patient-derived segment is one gene.

23. The resistance test vector of claim 20 wherein the

20 patient-derived segment is two or more genes.

24. The resistance test wvector of claim 20 wherein the

patient-derived segment comprises an HCV gene.

25 25. The resistance test vector of claim 20 whereirn the
patient-derived segment comprises the NS3/4A protease
gene.

26. The resistance test wvector of claim 20 wherein the
30 patient-derived segment comprises the NSS5B RDRP gene.

27. The resistance test vector of claim 20 wherein the
patient-derived segment comprises the IRES.

35 28. The resistance test vector of claim 20 wherein the
indicator gene is a functional indicator gene.

29. The resistance test vector of claim 20 wherein the



express the patient-derived gene X sequences under contr ol 35 of a
het er ol ogous pronmoter and pol yadenyl ation signals. In i ment
of this exanple, an expression cassette cont ai ni ng

enhancer pronoter region , PSASs, and the SV4 0 yade“‘ \““\“ pA)

ELJ?’??JEQ\Q?%SG%MSWCl uded on 1o 99/ 06597- 85- \\\ \\\\\\\\ i ndi‘cat or

gene viral vector (pA CW- CS—gene X- (NF-b@) PP) ln addi'tion to the

ci s-acting functions requi Yed for trans- conpl enmentati on of the

i ndi cat or gene vi rialdimacbar gene is(&p@@hif&&idmnauhaﬁgiege@y?gmgm HCW
origin of replication 5 and HCW "a" sequences that direct HCW genone
cl eavage and packagi ng) and the pernuted pronDter cassette segnents.
In various enb®di r@“fﬁ sTRFL$FRRCE nhefti yecthy Gfr ama}@ne;!@ir wherein thar get
can be 1) the Hmra%att@h:ygehasgs(umalfgﬂaééﬁg phosphot ransferase
(uL97), 3) the viral serine protease "4) any viral gene that
encodes a real or potential target for a drug susceptibility test or
a drug screenshg A packaging KSosh veildl tgenefesctddesthut irediGitdnda t ed
to UL44, UL s U LR o r UL E023 o 1l 79  ULI 4, ULO8, or UL84.

Resi stance Test Vectors - Construction Resi stance test vectors are
prepared by 1) nodifying the i ndi cator gene viral vector -
(pPA- COW- VS- gere. X'I(H\J:‘pbacafﬁl@rhost celRAoEMVEGRr 88Nehat<{dNFy If@mmalRan)  bY

i ntroduging uni aye ¢ .restriction sites, called patient sequence
acceptor sites §A Sy in the viral gene/drug target (gene X) coding
regi on, 2) anpllfylng pati ent-derived segnments (PDS) correspondi ng
Lo the OW dryg. {angelodaeaging RSO AT oPNNRIRSENt chlly 15 o Wil 0O
or tissues of inf cte eﬁhl ents, and 3) inserting 25 tﬁe anplitre
segnents preci sel Y95t &%the anpllcon/gene X plasmd at the PSAS.
A further enbodi ment conprises

15 34. The packaging host cell of claim 31 that is a human
liver cell.

-35. The packaging host cell of claim 31 that is HepG2.
20 36. The packaging host cell of claim 31 that is Huh?7. -

37. A method for determining susceptibility for an HCV
anti-viral drug comprising:
ta} introducing a resistance test vector comprising a
25 patient-derived segment which comprises a
hepatitis C wvirus gene and a nonfunctional
indicator gene into a host cell;
(b) culturing the host cell from (a);

30 (c) measuring expression of the indicator gene in
a target host cell: and
(d} comparing the expression of the indicator gene
from {c) with the expression of the indicator gene
measured when steps (a)-(c) are carried out in the
38 absence of the HCV anti-viral drug, wherein a test
concentration of the HCV anti-viral drug is
present at steps (a)-(c}; at steps (b)-(c); or at
step (c}.



isolation of viral RNA fromtissues and using reverse transcription
to convert the RNA into DNA copies prior to 4 he PDS.
30 Drug Susceptibility and Resistance Tests ug susceptl bility
and resistance tests are carried out with -he Uw i ’MWector
system con%’ 959(0%9 an i ndi cator gene viral vect loja .'

X-(NF-1G PP or 35 pA- CW- CS- gene X- ( NF- IG) PP) and a def ect i ve® hel per

vi ral vector such as,Z HCW/ A gene X929 I n one enbodi ment the

i ndi cator genggvir (p VS-gene X- (NF-1.G) PP or

pA- CW- CS- engsx-(ﬁk ‘é}%o)d |é§’; ?%%/?‘1 t?‘eg ed'HSFEG A pFeStgrance test
W99/ 06597 vector comprises DNA of a genom1®GH #8508/,

- 86- cells and the cells are then infected with the defective

hel per viral v ctor gHCM//[err] gene,  X). I n _another enbodi nent t he

i ndi cat or gené vi r ARy @QHPSaRE t AR &7 iWAerein the peespaIRRs nyestr al
vector DNA are cotwvaosbect@ubriintes RMA oF a Bagkadt Ngird0Stecte | s/t arget
host cells sinultaneously. Transconpl enment ati on of the del eted gene
by the indicator gene viral vector results in a self-perpetuating

Vi rus poffl-at Toa. "rhodg 9fepriadmi 8 ofheredni Mdic atesismareca/i tast
vector _concat aner syotebRechiph £6E9! gbR0e YhES 1P OMul 520 neaf OfigRd  and
i nversi ons occur art of the normal replication cy01 e of
HCW and resul t |nN§ re 1}T‘%rrhgerrent of the 2 segnents of the pernuted
pr onot e r‘cassette such t hat they now are in the pr oper

orientation ding.ect a ptij-on of an I

expr essi on of the Tég methad (%f giéé{ﬁe 3P ‘fil}(e:?eelsns% Patttlﬁglc Pﬁﬁ?“éﬁ?or
gene is depEREBART ORNIIREH @NSy iPRPTefint he viral gene/drug target
encoded by the patient derived segrrent that has been i ntroduced

into the indicat e viral _vecto Antj-viral drugs that
i nhi bit HCNV % p|lgéFlg%Q§ﬁ¥5 2 clagm 1?7 wherein the patient-derived

segment encodes two or more proteins.

43. The method of claim 37 wherein the patient-derived
segment comprises a functional viral sequence.

20 44. The method of claim 37 wherein the indicator gene is a
luciferase gene.

45. The method of claim 37 wherein the host cell is a
vackaging host cell.

25
46. The method of claim 37 wherein the packaging host cell
is a human cell.
47. The method of claim 37 wherein the packaging host cell
30 is a human liver cell.
48. The method of claim 37 wherein the packaging host cell
is a Huh7 cell.
35 49. The method of claim 37 wherein the packaging host cell

18 a HepG2 cell,

50. The method of claim 37 wherein the nonfunctional



20 inhibition of the wviral gene/drug target |imts the
replication of the indicator gene viral vector, which in turn limts
t he nunber of genomes in which inversion can occur and can be
measured as a decrease in the expression of t gene
product . - 2% 99/06597Dr ug Scr eeni ng Drug screening | S _ca si ng
a resistance test vector . system conpri sing a ‘gﬂ uﬁ

vi ral vect or ( pA- COW-VS- gene X- (N5gl G PP or

X-(NF-1G PP) 30 and a defective packagi ng/ hel per VI raI ‘vector such as
HCW/ A gene XindiJdeoPREermmycnprdeetvadnégom tdeegrrog8qebnde .

| aboratory strain of HCW or from a patient-derived sanple and nmay be
of a wild-type_sequence or may contain sequences whi ch render the
viral gene/dr&g- ta?’@%tmqté'squpénﬂﬂi“ IdYowirezsin e ihogtr gbldramd . target
Drug screening is peliosrecias daalel @831 .an i ndi cator gene vi ral
vector (pA-CW-VS-gene X-(NF-1GQG PP or pA- CW-CS-gene W09106597
PCT/ US98/15967 - 87- X- (NF- 1 G PP)
and a def ecti 82 .heTher meithald wéctadaisudcly atherein HEBWV/daagelk gena X=are

i ntroduced into cehJa;ﬁ ahNed e absence or presence of potenti al
anti-viral conpounds Afte mai ntai ning the cultures for an
appropriate period of time 5 to allow replication of the indicator gene
viral vector, sBhe The medl®ébfotlaxpr £3SidrOfn e taRgetEhodENG 1S 1s
measureqeand the ' inrecf8d" SRR’ rLOMLOLILON L LA I LSONce of 1Y IS

Cyt onegal ovirus DragngShsdéepredi supgrnatantndfrom said packaging host

cell/resistance test vector host cell.

54. The method of claim 37 wherein said culture is by

fod
tn

co-cultivation.

55. A method for determining HCV anti-viral drug resistance
in a patient comprising: =

(a) developing a standard curve of drug susceptibility

20 for an HCV anti-viral drug;

{b) determining HCV anti-viral drug susceptibility in
the patient according to the wmethod of claim 1i;
and

(c) comparing the HCV anti-viral drug susceptibility

25 in step (b) with the standard curve determined in
step (a), wherein a decrease in HCV anti-viral
susceptibility indicates development of HCV

anti-viral drug resistance in the patient.

30 56. A method for determining HCV anti-viral drug resistance
in a patient comprising:
(a) developing a standard curve of drug susceptibility
for a HCV anti-viral drug;
(b} determining HCV anti-viral drug susceptibility in
35 the patient according to the method cf claim 37;
and
{c) comparing the HCV anti-viral drug susceptibility
in step (b) with the standard curve determined in



—
Resi st ance Test Usi/ng/Resim Te\m Vectors Conpri si ng

Pat i ent - Deri ved Segnent \\ \\ Non- Functi onal I ndi cator GCene
with A Permuted 15 \\“\‘“%MW gi on. | ndi cator Gene Viral

Vect or-Cprkghr I%ggan L | tator gene viral vectors conprising a
non- f unct i 8Ra i hdi cator gene with a pernuted codi ng BdI8#13h62

desi gned 20 using a HCW anplicon plasmd containing a viral gene which
is the target of an anti-vjral drug(s) ’j(%ﬂe'ne X) . The i ndi cat or
gene viral vector (pA- VS gene, X -1 R .. C ises. a .
non- f unctional i ndicat gr\@%)en}a%vﬁ, ‘ﬂ%%}g%%rlrrgt g@ease &&dﬂ@;r%ﬁ?%h?l%}r of
the cis-acting regul at FFUFCEPERPALELYS indilgatesr e deygliopmentor dACMAECY
replication (i.e. "a" sB{H4ERGER1 drug 286iLNEndsML YHOHAQEep! ication),
and a viral gene/drug target (gene X) expression cCassette with PSAS.
The PSAS are designed to accept the PDS into a cassette containing

t he i 5 regh¥at ok ymesibgpda o afgotreapiindine Hovtéke:i-ﬁtil%milﬂdahgvféﬁisé’&lxce
gene/ drug target r Y .1 he context of the vira

gene/ drug target (’j‘ﬂlﬁjn“:{;1 ESt‘;‘aht-'g'%lHvt\:» Iie"gmg%%}ékgl’—pw. The- non- f unct i onal

i ndi cator gene cass®ht C9tETRIBERS| Artt-viral dhrag shecppbibibity el on

and 5 portion of the anth ngategh®nat a fakdt p@ﬁ&éiaeéérdfﬁ%h% tie the
Wr ong orientati on, e_remnal ni ng

i.e. .3 anti-sense, with respect to t !
3' portion of the m"ct(?&%ngo# efj?‘ﬁ'hmo i RSTE LR oﬁﬁe pBaFtfBh-derived

downst r&dm of t heegremti hs nobt3Ainea ifirom ohe twe: icodi A9 aBGLONsaid
(Fig.15). The praompter and 5 portion of the coding region are
separ at ed fr?m the 3" portion of the coding region and positioned 40

within the regi ons'®f tIREFEABABItHGY IMederdalnPang srs@RPRiDility of WD
99/ 06597 the same patient at a lat¥d/&iR8/ 1367
(Fra.11). ThisinversiGATHimed ree dibmeciBri oL T mnsocot bl Eres of
the per&Bted codi ng redlerermygedatnrsggndatassdt {le) , wherein a decrease
in anti-viral drug susceptibility at the later
time compared to the first time indicates
development or progression of HCV anti-viral drug
resistance in the patient.
20 |
58. A method for determining HCV anti-viral drug resistance
in a patient comprising:
(a) determining HCV anti-viral drug susceptibility in
the patient at a first time according to the
25 method of claim 37, wherein the patient-derived
segment is obtained from the patient at about said
Time; )
(b) determining HCV anti-viral drug susceptibility of
the same patient at a later time; and
30 (c) comparing the HCV anti-viral drug susceptibilities
determined in steps (a) and (b), wherein a
decrease in HCV anti-viral drug susceptibility at
the later time compared to the first time
indicates development or progression of HCV

35 anti-viral drug resistance in the patient.

59. A method for determining susceptibility for an HCMV
anti-viral drug comprising:



into the proper orientation ,,Q,al—lfevrexpresm on of the 5 i ndi cator gene
product (Fig.16). -A-defecti ve hel per VI r al vector (HCWI/ [err] gene X
is defective for rep “mm‘ﬁ of the fact that a segnment of

t he genone cont ai ni ng“ﬂm\ ‘ gene/dr ug target (gene X) is deleted
fromthe WHYsoese7 ¢ I ndi tatdr ~ gene viral vector $a8o67
defective 10 hel per/ packaging viral vector constitute a resi s{ance t est
vector system The defectiyve hel per/packagpng viral vector

(HCWI/ [err] gene X) is pr opagat ed only in a packagi ng host

cel I /target host ced) s:}t&ixemmmng\/rucﬂ‘eéﬂﬁ:adﬁieefx:%dtVirééltoﬁecEtﬁnpmsmg S
provided in trans. Viral Shifelel ks from such a

ng
cell/target host cell | |ahtelecando SFSp s “ﬁé’gﬁi‘ 8°mprlse§ n?eé{@g’el |'s

or DNA fromthese viralgsnteods @anlbélcebbat@eshe into andlossedeld;t ransfect
packagi ng host cel 5y t afpRt, AR tﬁgl hest cell 3rdflta)af a resistance test

vect or stemin conjunction th introduction of the indi cator gene
vi ral ve tor by 20%C) (ReaRyEDG mrﬁﬁﬁlgnc&fl thend GdCAFSE| F8NEOATHAW
i nfection. Tr ans-trgete Mpiztcatiedd ; odnéihe del et ed gene by the i ndi cat or

gene i ral vectof §PUdSuddl el PELBELIBLINOOH UG, sngscalORIGET

Dur|ngrepl|cat|ono ern tor gene vita
the indicator gene viraframedcor wikte 95 expresabor cfhdthei aAvdicatrrs geavTur

as_par t engt; t 2 pe nor riféhaesured wﬁ@@'é@éﬁs} ?ﬁécyei ealfefe é,lat%lt/ean&t eﬁ”'éhé n a

casset t e%such t haAAPISRGP %&EELE @Htt’*ﬁglﬁ?t) Fugri g‘F&%FB ot‘?:ﬁtr ect

transcription of an RNAcéhantwiadtlioal | ofv extpsr eHSMUN aiti-haxd] drugpaid er

gene (Fig.16). . é}gb Qt Qﬁrséggé’dté?” ”?ﬁ: ‘EQ%%""RBK 98?6 %’f ral
conpri ses in su

vect or hat accept the
express the patient-der?vt \Fi ral gene sequences (gene X) 35 under
control of a heterologous pronoter and pol yadenyl ati on si gnal s. In

enhancer Sor ombber FBgi SHEnoBsARe oERN 50 wheginyARe, AYRAICR | TR pa)

signal is incl udedventdmecomprlses D8 99186§8romic v:.ral vector.
PCT/ US98/ 15967

.61, The method of claim 59 wherein the resistance test

vector comprises DNA of a subgenomic viral vector.

62. The method of claim 59 wherein the resistance test
vector comprises DNA encoding phosphotransferase (UL
97), DNA polymerase (ULS4), protease (UL80), UL54,
UL44, UL57, UL105, UL102, UL70, ULll4, ULS8, or ULB4.
25
63. The method of claim 59 wherein the patient-derived
segment comprises a functional viral sequence.

64. The method of claim 59 wherein the patient-derived
30 segment encodes one protein that is the target of an
anti-viral drug.

65. The method of claim 59 wherein the patient-derived
segment encodes two or more proteins that are the

[FY)
n

target of an anti-viral drug.

66. The method of claim 59 wherein the indicator gene is a
functional indicator gene and the host cell is a



-89- i ndi cator gene viral VW Kene X-(NF-1GQ PCR) in

addition to the cis-acting functions for

trans-conpl enentati on of the indic m\‘ g\‘%m ctor

(specificall t hese include an HCI\/& reepli cation 5 and HCW
"a" sequeﬁ’&‘ég 9438 direct HOW genone® cl‘eavage and pBERASPHHEPPSTand t he

pernmuted codi ng region cassette segnents I n various enbodi nents of
this invention the viral gene/drug Qarget can be 1) the HCW DNA

pol ymerase (UL54) . e%hs%gﬁcéo tesEhO%%QQE&anikgEas%elﬁUngﬁiud§L t@% V|raI

serine protease ny viral gene that en
pot enti al t adgétiengl ag‘?ﬁfmg’fs&&f-@ﬂtllﬁlgl the tiwe‘brh%ﬁfdﬂﬁ}ls@rl@@m ng

test. Such viral rgenethnekudest buéctor neirdi ParedchesUl44, UL57.
UL1Os, UL102, UL70, UL114, UL98, or uUL84. 15 Resi st ance Test Vectors

- Construction Resi stance test vectors are prepared by 1) nodifying
t he 5 inditat Ghegeathed ref olecinors Y pieiliinV/Bhe cimd o4t ISGHRCR s01m

pA- CW- CS-gene X NEy ?E%l sRYicaltOErduci ng  uni que 20

restriction sites, called patient sequence acceptor sites: (PSAS) in
the viral gene/drug target (gene X) coding region, 2) anplifying

patient-deri veg, Sﬁgf@nﬁmétlﬁtﬁ’@sb&aﬂrﬁ%poslﬂl mgerem the tHestCMeTr ugst ar get

f i f d
bacients, and 3) CRGAPGIRG DESC SERL/BRBHFITRE SOreNEE Brobbetl S hi o the

anpl i pom gene X plasmd at the PSAS. A further enbodi nent
conprises 69 salfl 1 pRcRbavidal R fram {hesues and LLs\lln'_gnreeV?és%y

transcription to convert ;the RNA into DNA copl es prior
anplification of t¥ePBSive§ion. prug Susceptibility and Resi st ance Tests
Drug susceptibility and resistance tests are carried out with the

resistance tesy vegtor syste ris cat or
vect or (pA- VS?[gléane RIFOW# é§1 ereﬁ‘l} éW g%r%%neh%e{]l\ﬁi'—evlllGaiﬁCR)
and a de$ective he‘tlr{feﬂcmdr eﬂlth resmatbstrme st aediey/iara] Ig%ﬁel@%es I n

one enbodi ment the&rom said é@l@i@in@eﬁ‘@s&” Eé‘i F]”ﬁééﬁta(r% @AV S gty
X-(NF-1GQ PCR or pA- - CS-gene X- (NF-1 is transfected into

appropri ate host ‘cel

'71. The method of claim 59 wherein the indicator gene is a
20 luciferase gene.

72. The method of claim 59 wherein the indicator gene is an
R-lactamase gene.

25 73. The method of claim 68 wherein the packaging host
cell/resistance test vector host cell is a human cell.

74. The method of claim 68 wherein the packaging host
cell/resistance test vector host cell 1is a human

30 foreskin fibroblast cell.

75. The method of claim 68 wherein the packaging host
cell/resistance test vector host cell is a MRCS cell.

35 76. The method of claim 59 wherein the target host cell is
a human embryonic lung cell.

77. A resistance test vector comprising a patient-derived
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- 90- target host cells andthe Tettsare then-infected with the
defective hel per viral vector (HCW/ .1 n_anot her enbodi nment
t he indicator gene viral vector Sr\l/z\flﬁ"a‘nﬂﬁ'@ i & l, hel per viral vector
DNA are cowownmséacted into the cell eousl y.
Transconpl enent ati on of the del eted gene By t he ind?%%?%??s%%ne

vi ral vect or results - in a -3ekt- perpetuating virus popul ati on.
During replication of the indicator gene viral vector concataners of
t he indi cator segoert Whigh ¢ewpoisaseafgemedhitrpessisidas 988 Usnas
part of 10 the npafBhtéLddti on cycle of HOW and result in a
rearrangenent of the 2 segnents of the pernuted coding regi on
cassette such that they now are in the proper orientation to direct
transcri pti on76f. amhBNAeishiatanckl test vealtlo@Ww X pFEsisi 0n7 of whdee 11EPERL er
gene (Fig 16). Exp LoD . the repaorter gene i.s dependent opn the
acti vi ty%of t he £>§§\§/H2§! &%éln\é %r ugesiezﬂ%gaentt enc%&g‘grﬁﬁefhe pat i en"[‘fﬂ}é?i ved
segment that has bBerPefaYi®HRAR®d into the indicator gene viral

vector. Anti-viral drugs that inhibit HOW replication through
i nhibition of7 he ¥bral gspe/drug target 20 limts the replication of

t he indi cator géne* Br dISHEEEEFE oSt \WRTHPY not ufhatMnit’s YHRFSidhbeRe of

genones in which patienvederiored argoenur iandneagehe. neasured as a decrease

in the 19 expression of the reporter gene product. 25 Drug Screening
Drug screeni ng is carried out using a resistance test vector system
conpri sing Q- i RBPc HASFLstageRe tagty arectepecebr claim (HA-\drais gehe X-

(NF-1G PCR or pA- Ol &t g@aeived (Jdomebk RGRtwo or @dfe agdeigective hel per
viral vector such as HCOW/ A gene X. 30 The PDS may be derived fromthe
genone of a | aboratory strain of HCOW or froma patient-derived

sanpl e and maplbe The resfistanickd-tegte wecumncef oclady Contwhersieguenees

which 15 patient-derived segment comprises an HCMV gene.
82. The resistance test vector of claim 77 wherein the
indicator gene is a functional indicator gene:.’”
20 83. The resistance test vector of claim 77 wherein the
indicator gene is a non-functional indicator gene.
84. The resistance test vector of claim 77 wherein the
indicator gene is a luciferase gene.
2=
85. A packaging host cell transfected with a resistance
test vector of claim 77.
86. The packaging host cell of c¢laim 85 that is a mammalian
30 host cell.
87. The packaging host cell of claim 85 that is a human
host cell.
35 88. The packaging host cell of claim 85 that is a human

embryonic lung cell.

89. The packaging host cell of claim 85 that is MRCS cells.



m anti-viral

render the viral gene/drug target reé

drugs. 35 Drug screening is perfor WWS: an indi cator gene
viral vector (pA-CW-VS-gene X-(NF-I ’T‘ m LMBECS- gene
X-(NF-1Q P\gg)”ﬁ%)&a def ecti ve hel per weet or such as

99106597 | _ * PCT/ US98/ 15JEAUSI85967
-91- HCW/ [err] gene X are int rlei%qq into cells in the absence or
presence of potential anti-viral conpounds. Af ter

mai ntai ning { be .CUlThUr S chalyi®l ARARORIIIAL &P Hth Ofs LERE. 15 a bndh! OV
evel o

replication of the_indicatog,gene viral vector, the 5
expressi on of the F@ﬁSﬂgé’F ébﬁ’é&?’sa%éﬁ}r*’ed-’é‘r‘?d t he degree of

inhibition in the presence of drug is cal cul ated.

EXANPLE 13 negal Qui LUS: D ug ibility d 10
Resi st ance Tes?tl'wﬁndn,%%:dgth%gegﬁésﬁ%%%rgu&ggggulw Cottpr P&i ﬁ&m
Pati ent-Berived SedREhtvisal deug comprising: Functional |ndicator Gene.

I ndi cator Gene Vi rQb)Ve(ih@f‘o&_Qé‘.ﬁ'Iglr k@i stance LBLECAX or IRMDriving a
vectors containing a functi oga i r, gene under contrdl of an

. ndi cat
endogenous viral promot BREient-derived s sg§IpRNEN LTRSS s HNY

containing a viral gegenandhix hnostiite: iaget 1odi @atant gewveé r ghtdr ag(s)
(gene X). The indingggo;,egfne viral vector (pA-CW-VS-gene X-F-1G 20
conprises a functional i'ndrcafor’ gene under the control of a viral

pronot er%ependent (&n vFRAFUEEDEi el ikt welloffnome (2} cis-acting
regul atory el ement gcb hatneaé_ariﬂguékgﬁleégioﬁ% the inBERAt&A! hBRe(kney "a"
sequences and the HCW ori gi .replication), and a viral gene/drug
target (gene X) 25 e BF%@gi gﬂsrca‘é%Je{’tei)r\‘/ﬁith PSAS (Fig.17). The PSAS
are : (d) comparing the expression of the indicator gene
from (c) with the expression of the indicator gene
15 measured when steps (a)-(c) are carried out in the
absence of the HCMV anti-viral drug, wherein a
test concentration of the HCMV anti-viral drug is
present at steps (a)-(c); at steps (b)-(c); or at
step {c).
20
92. The method of claim 91 wherein the resistance test

vector comprises DNA of a genomic viral vector.

93. The method of claim 91 wherein the resistance test
25 vector comprises DNA of a subgenomic viral vector.

94. The method of claim 91 wherein the resistance test
vector comprises DNA encoding phosphotransferase (UL

97}, DNA polymerase (ULS54), protease (UL80), ULS54,

30 UL44, UL57, UL1l05, UL102, UL70, ULl1l14, ULSS8, or ULS84.

95. The method of claim 91 wherein the patient-derived
segment encodes one protein,

35 96. The method of claim 91 wherein the patient-derived

segment encodes two or more proteins.

97. The method of claim 91 wherein the indicator gene is a



designed to accept the PDS into a cassette conprising the regul atory
signals appropriate to the indi vidual—viTal gene and are derived from
the context of the viral gene/dru ene X) in the wild type
HCW. A defecttve hel per 30 ﬂ”‘lﬂﬂﬁtﬂﬂ“ﬂ@W[err] gene X) is

def ective {@yoofogeyi cati on by hesTact that g %% of the
genone cont ai ni ng the. viral gene/drug target has been elete ?rom

t he virus. The |nd|cator gene virakoyector and the defective hel per
viral vector constitute a resistance test vector system 35 The defective
hel per viral vectotu¢HiMddergdnegene X) can be propagated only in a
packagi ng host cell/target host cell systemin which the del eted

viral gene is provided in trans, _ , Viral stocks fromsuch a cell line
are prepared ggd use® Method of nedaimpdkaierginosthechosy t apydt sost
cell's or DNA frompackaging HA3t9%=QG597

PCTI US98/15967 -92- t hese viral
stocks afe isolated and used to transfect packagi ng host cells/target.
host cells as9BartThd method ofr gdasmafdtewhemsin thecparkagysgehost ncell
conjunction wth ;¢ 5 middd Qdugtion of the indicator gene viral vector by
5 transfection into a cell type perm ssive for HCW i nfection.
Trans- conpl enent ati on of the del eted gene by the indicator gene viral
vector resultsobn a selThepeatcgr@iodabENglyim Ust wherdwﬁpuhatb@Bka@@ﬂ@iﬁééiOn of

t he indicator gene viral ctor depends_on fhe t sconpl ement ati on
betmeeni?he i ndi cator 10 fgene &F??F-EQ%FXP ﬁ\iﬁﬂg

vec ene X-F-1G and the
defective hel per viral vector HCW/[err] gene X I n anot her
embodi rent , t heai ndi cal ke GRRBCH b8 CYEER W1 wher AATRLESBARRAL NEsaCCeP!
the PDS in such a way as o 15 express the patient- der| ITa
gene/ drug target (gene 5§ 5 & WBRYcEREREKIBT I EOFRREA 0gous promoter and
pol yadenyl ati on si gnal s. In one enbodinent, an expression
cassettgg 102. The method of claim 91 wherein the nonfunctional

indicator gene comprises a permuted promoter.

103. The method of claim 91 wherein the nonfunctional

indicator gene comprises a permuted coding region.

20

104. The method of claim 91 wherein the host cell and
target cell are the same cell.

105. The method of claim 91 wherein the target cell is

25 a human cell.

106. The method of claim 91 wherein the target host
cell is infected with resistance test vector viral
particles from said packaging host cell/resistance

30 test vector host cell.

107. The method of claim 106 wherein said culture is by
co-cultivation.

35 108. A method for determining HCMV anti-viral drug

resistance in a patient comprising:
{a) developing a standard curve of drug susceptibility
for an HCMV anti-viral drug;



conprising the CW | E enhancer—promnoter regi on , PSAS, and t he SV40

pol yadenyl ation (pA) signal is i t 20 i ndi cator gene vira
vector. (pA-CW-CS-gene X-F-1Q ‘! |m HBMF“:@i)n to the cis-acting
functions d for t c M ion of the indicg%g£7gene

require
viral vecﬂﬂ?9gmsy7(specificalIy, these include an HCW ori §icA/GP
replication and HCW "a" sequences_] hat di rect HCW genone cl eavage
and 25 packagi ng) and the permuted codihg region cassette segnents.
I n various enbodi ts b S 1 hd ek ‘hes vi UG 1512 0,t AL OEL
can be 1) the HGV%NA%%F%%?%% (ULS%Q{FHZ?#%%%&%%%%S%S%%% %?ﬁ%gfgiiase
(UL97), 3) the viral sémen@3ricPéasecording ppgbhe methagd oFralagend®t hat

encodes a real or poteninal target for a drug susceptibility test or a
drug screening test. Such vir ne .i.ncl.udes but is not lLjmted to
uL44, uLs7, 1) oS°mBRF 639 Eﬁl%gl,kc%fﬁiﬁl‘%ﬁi §Pg gyscepsibllity

Resi st ante Test Vect or sin s€epstblcvittm the staRekirst amewet dertevuihedsiar e

prepared by 1) nodifyi e Tl 0, i ral t -
( pA- CWV- VS- gene X- F- | Gr%egn @), wAl}é(:lVk/]'lléj‘L-’rfc;:get R |{§ oY fheioviral

.. .pA .CS-.gene y introducin

uni que restriction suscepgdbjdifgsgindicates development of HCMV
PCT/ US98/ 15967 anti-viral drug resistance i®3he patierites, called
pati ent sequence acceptor sites (PSAS) in the viral gene/drug target
(gene X) coding region, 2) anplifying pati ent-derived segnents (PDS)

correspbfdi ngifd.the CW dethod for tdegermimgime XLMVr cantd redraNAdprgsent

in the blood or 5 tiasiuesrle 1A aChadiRAL| EDhSridiy3) inserting the
anplified segnments precisely into the anpljcon/gene X plasm d at the
PSAS. A further enbodi nEht SEWHITELT sofat iTRHREA r afURKR  °F  Arsmh

ti ssues and using reverse transeEhtibiddtio feonyar Hcieant i -vifNA dmnigy DNA
copies prior to amplifigati ofy O, k08 RS 1%cmy anti-viral drug
15 susceptibility in the patient according to
the method of claim 91; and
(c) comparing the HCMV anti-viral drug
susceptibility in step (b) with the standard
curve determined in step (a), wherein a
20 decrease in HCMV anti-viral susceptibility
indicates development of HCMV anti-wviral drug
resistance in the patient.

110. A method for determining HCMV anti-viral drug
25 resistance in a patient comprising:
(a) determining HCMV anti-viral drug

susceptibility in the patient at a first time

according to the method of claim 59, wherein

the patient-derived segment is obtained from
30 the patient at about said time;

(b) determining HCMV anti-viral drug
susceptibility of the same patient at a latex
time; and

{c} comparing the HCMV anti-viral drug

35 susceptibilities determined in step (a) and
(b), wherein a decrease in anti-viral drug
susceptibility at the later time compared to
the first <time indicates development or



Drug Susceptibility and Resi stance Wsuscepti bility and
resi stance tests are carried out — i t he resistance test vector

system conpri si ng an i ndi cat or_ i gm tor (pA- CW-VS-gene
X-F-1Gor 15 pA- CW- CS- gene X- t\m \ \H tive hel per viral vector
Niw

such as HCMwh bgsdsdy gene X. I n one

N the 1 ndicator gefgsssisesy Viral
vector (pA-CW-VS-gene X-F-1G or pA- CW-CS- gene . X-F-1G is .
transfected into appropriate packagi ng hasts- cells/target host cells
and the cells are then superinfected 20 with the defective hel per viral
vector (HCW/[err] gene X). pregressionapét Aatiewboal nbriug tdesiistdincat én gene
viral vector and the defectivg el per viral vector DNA are
cotransfected into the packagi ng host cells/target host cells
si mul t aneousl y. Transconpl ementati on of the del eted gene by the

i ndi cator 25 1iigene vi palmetdeidr foesuldtermimiagsaidMpennet vaitrdly QAcuys
popul at i that results_Lp.i se £sS81.0 ; . reporter gene
régl%ﬁg{xﬁg 11'9 Y \y}lpagtyle%%t %o%&ar&?%gg. _

that is directly dependéen e actl “viral gene/drug
target encoded by the pdelendetiermiadng B@fhent anbi-nexabeen drug

introduced into the indicatog,geq8 3311ty kAl thy/8Sdt@lent ar a AtdetVichak

drugs that inhibit HCOW é_e[{)lica'onthoghinpibition f the
viral gene/drug target AGFPTInte B‘FB{iaga‘Pfo?r%’ﬁ?j Sx pAHEFEH Pof

t he defective hel per vthalpateicimr-dentived saghent Carmhiaimess fired as a
decrease d n the expression Of:h&héaifé’x‘?{t% HENR HQAUElpme35 Dr ug

Scr eeni ng Drug screening is carffed out using a resistance test

vect or system corfp?i sPR§ermiming ndj BEYY gedBti-vi¥al vefrss

WO 99/ 06597 susceptibility of the d¥al Y398Ld69%T a later

-94- (pA- CW-VS-gene X:F-1G ot pA-CW-CS-gene X-F-1G and a
defective hel per viral vector*B8cn®3% HOWI/ [err] gene X. The PDS may

be derived fromthe gendeg ofomphambogat othest r BiAMVof anci-vREMY or drmugm a
patient-gerived sanpl e and NMeycP&OfpAities determined in steps (a) and
(b), wherein a decrease in HCMV anti-virail
drug susceptibility at the later time
compared to the first time indicates
development or progression of HCMV anti-viral
20 drug resistance in the patient.



5 wld-type sequence or may contain sequences which render the vi ral
gene/drug target resistant to known anti-viral drugs. Drug screening
is perforned as follows: an indicator gene viral vector

(pA- CW-VS-gene X-F-1G or pA- CW-CS-gene 10 X-F-1G and a defective

hel per vi r 3P W®¥%r such as HOW/ A gene X are introduckel/UHsAseE | s in
t he absence or presence " of potential anti-viral conpounds. After

mai nt ai ni ng the cultuges for an appropriate period of tine to allow
replication of the indicator gene viral {y¢dtor, the |evel of 15

expression of the reporter gene is neasured and the degree of
inhibition in the presence of drug is cal cul at ed. WD 99/ 06597

PCT/ US98 59Ai 7 What is clainmed 1Is: . A nethod for

det er mi ni ng suscept isbiowipHyepeatentan HCV , anti-viral drug conprifsing:
5 (a) intrduBFTEALPAS| st ance fE8F¥¥ct or copprising a
hepatitils C

(b) cul t urimngndidae
of the indi cat@,réjg

(d) comparing th p
with the expregsion
steps (a)-(c) are (

om (a); 0
in a target ho and
ession of the indicator gene from(c)
E. Fte&@tojwﬂd!iafeat or gene 5. Translation & polyprofpi-peogsssipy er
arrieedboytass in the 1 ab

anti-viral drug, wjerein a test C ye HQV
anti-viral drug is pr gsent e eps
(b)-(c); or at step (c).

6. Membrane-associated
RNA replication
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20 2. The nethod of claim1l wherein the resistance test

vector conprises DNA of a genomc viral vector. 3. The nethod of
claiml1l wherein the resistance test vect or conprises RNA of a
genom c viral vector. 25 4. The nethod of claim1l wherein the
resi stance vect or conprises genes encodi ng 2...NS2,
7 .

NS3, \&&%{%&, or NS5.. 30 5. The net hod of cl ai Sﬁﬁﬂﬁéﬁé’?ﬁﬁ t he
patient-derived segnent conprises a functional viral sequence.
6. The nethod of claim 1l wherein the %ient-deri ved segnent
encodes one protein that is the targéZﬁi an 35 anti-viral drug.
7. The nmethod of claim1l wherein the patient-derived segnent
encodes two or nore proteins that are the WO 99/ 06597
PCT/ US98/ 15967- - 96- target of an
anti-viral drug. 8. The nethod of claim5 wherein the functiona
vi ral sequence conprises an IRES. 5 9. The nethod of claim
1 wherein the indicator gene is a functional indicator gene and
the host cell is a
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resi stance test vector host cell including the additional step of
infecting the target host cell with 10 resi stance test vector viral
particles using filtered supernatants from said resi stance test
vect or host cells. 10. The nmethod of claim 1l wherein the

i ndi cat or Y&h¥/068975 15 non-functional indicator genePCT/US98159621. The
met hod of claim 10 wherein fhe host cell is a packagi ng ~host
cell/resistance test vector host cell. 20 12. The nethod of claim1l
wherein the culture is by ggif tivation. 13. The net hod
of claim 11 wherein the target host i's infected with

resi stance test vector viral particles 25 using filtered
supernatants from sai d packagi ng host cell/resi stance test vector
host cel | s. 14. The method of claim 1l wherein the indicator gene is
a | uci f erase gene. 30 15. The nmethod of claim 1l wherein the
i ndi cator gene is an [err] -l actamase gene. 16. The net hod
of claim 11 wherein the packagi ng host 35 cell/resistance test
vector host cell is a human cell. 17. The method of claim 11

wherein the packagi ng host cell/resistance test vector host cel
is a human |iver

terminator
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WO 99/ 06597 cell. 18. The nethod of claim 11l wherein the

packagi ng host cell/resistance test vector host cell is a Huh7
cell. 5 19. The method of claim 1l wherein the target host cell is
a Hep& cell. 20. A resistance test vector conprising a
pat i ent - depio/Rehedsd segnent conprising a gene of Flpraﬁj iridae and
an i ndi cat or gene: 21. The resistance test ?ﬂ_”&? claim
20, wherein the patient-derived segnment conprises a Flavivirus
gene. 15 22. The resistance test vector of claim 20 wherein the
patient-derived segnent is one gene. - ; 23. The resistance test vector
of claim20 wherein the 20 pati4m7derived segnent is two or nore
genes. 24. The resistance test vector of claim 20 wherein the
pati ent-derived segnent conprises an HCV gene, 25 25 The resistance
test vector of claim20 wherein the patient-derived segnent
conpri ses the NS3/4A protease gene. 26. The resistance
test vector of claim20uWherein the 30 patient-derived segment
conprises the NS5B RDRB@ene. 27. The registance tegst vector of
claim20 wherein the =g 2 =
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pati ent-derived segnent conprises the |IRES. 35 28. The resistance test

vector of claim20 wherein the i ndi cator gene is a functional
i ndi cat or gene. 29. The resistance test vector of claim20 wherein
t he WD 99106597 - 98-
i ndi cat or éve%%g/?séwa non-functional indicator gene. BOT/USTH5967
resi stance test vector of claim20 wherein the i ndi cat or gene is
a luciferase gene. 5 . 31. A packaging host cell transfected with a
resi stance test vector of claim 20. 32. The packagi ng
host cell of claim31 that is a manmdyf4F 10 host cell. 3
The packagi ng host cell of claim31 that is a human host cell.
15 34. The packaging host cell of claim31 that is a human
l'iver cell. 35. The packagi ng host cell of claim3l that is HepQ&2.
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20 36. The packaging host cell of claim31 that is Huh7.- 37.

A nethod for determ ning susceptibility for an HCV anti-viral
drug conpri si ng: (a) introducing a resistance test vector
conprising a 25 pati ent-derived segnent whi ch conpri ses
a hepatitis C virus gene and a nonquﬁy'
i ndi cat or “é%?%oﬁs?{{t 0o a host cell; (b) culturing t eﬂ%gg%%(”:el I
from(a); 30 . (c) measuring expression of the indicator gene
in a target host cell; and (d) comparing
t he expression of the indicator gen from(c) wth the
expression of the indicator gene i5[177 measur ed when st eps
(a)-(c) are carried out in the 35 absence of the HCV
anti-viral drug, wherein a test concentration of the HCV
anti-viral drug is : present at steps (a)-(c); at steps
(b)-(c); or at step (c). WO 99/ 06597
- 99- 38. The nethod of claim 37 wherein the resistance test
vector conprises DNA of a genomic viral vector. 39. The nethod of
claim 37 wherein the resistance test 5 vector conprises RNA of a
genom c viral vector, 40. The nethod of claim 37 wherein the
resi stance test vect or conprises genes encoding C, El, E2, NS2,
NS3, NS4 or S.
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10 41. The nethod of claim 37 wherein the patient-derived

segnent encodes one protein. 42. The nethod of claim 37 wherein the
patient-derived 15 segnent encodes two or nore proteins. 43.
The net hod i,m 37 wherein the patient-derived segnent
conprises a functional viral sequence. 20 44. The net hBETYPI%ASE$' M 37
wherein the indicator gene is a | uci f erase gene. ‘45. The
met hod of claim 37 wherein ,the host cell is a packagi ng host
cell. 25 46. The net hod of claim 37 wherein the packagi ng host cel

is a human cell. 47. The net tﬁglff claim 37 wherein the packagi ng
host cell 30 is a human |iver . 48. The net hod of claim
37 wherein the packagi ng host cell is a Huh7 cell. 35 49.
The net hod of claim 37 wherein the packagi ng host cell is a Hep&
cell. 50. The nethod of claim 37 wherein the nonfunctiona

\v/ h 4 w v v
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100 i ndi cat or gene conprises a negative sense sequence.

51. The nethod of claim 37 wherein the host cell and target cel
are the sane cell. 52. The nethod of claim 37 wherein the target
cell is a human cel | . 53. The nethod of claim 37 wherein
t he targetwhosipsel | is 10 infected with resistance pcgRisoN/ gkl
viral particles using filtered supernatants from sai d packagi ng
host cell/resistance test vector host cell. 54. The
met hod of claim 37 wherein said culture is by 15 co-cul tivation.
55. A nethod for determ ning HCV anti;lgig drug resistance in a
patient conpri sing: (a) de l I ng a standard curve of drug
susceptibility 20 for an HCV anti-viral drug; (b)
determ ning HCV anti-vital drug susceptibility in t he
patient according to the nethod of claiml; and
(c) conmparing the HCV anti-viral drug suscepté@ih}ty 25 in
step (b) with the standard curve determ ned i = 9 step (a),
wherein a decrease in HCV anti-viral 8,0,‘6 susceptibility
i ndi cates devel opnent of HCV @ amto-viral drug resistance
in the patient. 30 56. A nethod for deteunﬁ%igb HCV anti-viral drug
resi stance in a patientgconpri si ng:% ‘0‘3 = (a) devel oping a
standard curve Qf drug susceptibilpty O T @ for a HCV anti-vira
drug: _13 3<©
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(b) determning HCV anti-viral drug susceptibility in 35 t he

patient according to the nethod of claim37; and
(c) comparing the HCV anti-viral drug susceptibility in
step (b).wydy standard curve determined in W99/ 06597
PCT/ U898/ 159679%597 -101- PCT/US98/15967 st e
(a), wherein a decrease in HCV anti - viral susceptibility
i ndi cates devel opnent of, HCV 17 anti-viral drug resistance
in the patient. 5 57. A met hod J determ ning HCV anti-viral drug
resi stance in a patient conpri sing; (a) determ ning HCV
anti-viral drug susceptibility in the patient at a first
time according to the met hod of claim 1, wherein the
pati ent-derived 10 segnent is obtained fromthe patient at
about said tinme; (b) determning HCV anti-vira
drug susceptibility of the sane patient at a later tine;
and (c) conparing the HEV anti-viral drug susceptibilities 15
determned in step (a) and (b), efein a decrease in
anti-viral drug susceptibility éﬁ tge later time conpared
to the first tinme indicates > devel opnent or progression
of HCV anti-viral drug g bb resistance in the patient. 20
58. A nethod for deternlnlng HCV aRgN-viral drug resistance in a
patient conprisi (a term ning HCV anti-viral drug
susceptibility i 0 1 he tgent at a first tinme according to
t he 25 met hod of clgin137. wh@€rein the patient-derived
segnent is obtaiRd fromthe pagﬁ%ﬂt at apout said , tinme;
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(b) determning HCV anti-viral drug susceptibility of t he

sane patient at a later tine; and 30 (c) conparing the HCV
anti-viral drug susceptibilities determ ned in steps (a)
and (b), wherein a decrease in HCV anti-viral drug
suscept i bi MOt 9p/06597 the later tinme conpared tgcfpsoshissest tine
i ndi cat es devel opnent or pr-ogression of HCV 35 anti-viral drug
resi stance in the patient., 59. A nethod for determning
susceptibility for an HCOW 10Pf7i-viral drug conpri sing:
WO 99/ 06597 PCT/ US98/ 15967
-02- (a) introducing a resistance test vector conprising a
pati ent-derived segnment which conprises a HCW gene and an
i ndi cator gene into a host cell; (b) culturing the host cell from
(a); 5 (c) neasuring expression of the indicator gene in a
target host cell; and (d) comparing the expression of the
i ndi cat or gene from(c) with the expression of the indicator.
gene measur ed when steps (a)-(c) are carried out in the 10
absence of the anti-vigal drug, wherein a test concentration
of the HCW a&nti-viﬁalo gis . present at steps (a)-(c); at
steps (b)-(c)} or at step (c). 15 60. The net hod of
claim59 whergin thHe resjstance test vector conprises DNA of a
genom ¢ viral vecbfr.ép 61. The nethod of claim59 wherein the
resi stance tesg
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vector conprises DNA of a subgenom c viral vector. 20 62. The net hod

of claimb59 wherein the resistance test vector conprises DNA
encodi ng phosphot ransferase (UL 97), DNA pol ynerase (UL54),
pr ot ease ( %8% LL54, uL44, UL57, UL105, UL102, UL70, ULI 14,
uL98, or it 63. The nethod of claim 59 wherei n PREUS98/15%67
patient-derived segnent conprises a functional viral sequence.
64. The nethod of claim59 wherein the patient-derived 30 segnent
encodes one protein that is the tar g /PT an anti-viral drug.
65. The nethod of claim59 wherein the patient-derived segnent
encodes two or nore proteins that are the 35 target of an anti-viral
dr ug. 66. The nmethod of claimb59 wherein the indicator gene is a
functional indicator gene and the host cell is a WD 99/ 06597
PCT/ US98/ | 5967 -103- resi stance
test vector host <cell including the addi tional step of
infecting the target host cell with resi stance test vector vira
particles. 5 67. The nethod of claim59 wherein the indicator gene is
a non-functional indicator gene.

i e B o

4 A

- . l

> : >

o o o

(g J— © "R

a | o ||

SUBSTITUTE SHEET (RULE 26)



68. The nethod of claim59 wherein the host cell is a packagi ng
host cell/resistance test vector host cell. 10 69.

The net hod of
claim 68 wherein the culture is by co-cul tivation. 70.
The nethod of claim69 wherein the target host cell is 15 i nfected
W th resi swowaesest vector viral particles f r om s@y/dsgeasssagi ng
host cell/resistance test vector host cel | s. 71. The
met hod of claim59 wherein the indicator gene is a 20 | uci f erase
gene. 72. The net hod of cIaiﬂg? erein the indicator gene is an
[err]-lactanase gene. 25 73. T thod of claim68 wherein the
packagi ng host cell/resistance test vector host cell is a human
cell. 74. The nmethod of claim68 wherein the packagi ng host
cell/resistance test vector host cell is a human 30 foreskin
fibroblast cell. 75. The nethod of claim68 wherein the packagi ng
host cell/resistance test vector host cell is a MRCS cell. 35

76. The nethodm%%ﬁclain159 wherein the target host cell is
I

a
human enbryoni c?

g cell. 77. A resistance test vector conprising
a patient-derived
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990 9906597 PCTI US98/ 15967

- 104- segnent which conprises a gene of herpesviridae and an

i ndi cat or gene. 78. The resistance test vector of claim77, wherein
the 5 . wogofagdobent -derived segnent conpri ses a al pha

her pesviri nae. % © 79. The resistance test vector of cI%?W?%’Wﬂ@rei n
t he patient-derived segnent is one gene. 10 80. The

resi stance test vector of -¢glaim77 whe&3f47t he pati ent-derived
segnent is two or nore genes. 81. The resistance test vector of
claim77 wherein the 15 pati ent-derived segnent conprises an HCW
gene. 82. The resistance test vector of claim77 wherein the

i ndi cator gene is a functional indicator gene 20 83. The resistance
test vector of claim77 wherein the i ndi cator gene is a
non-functional indicator gene. 84. The resistance test vector of
claim77 wherein the indicator gene is a luciferase gene.

85. A packagi ng host cell transfected with a resistance t est
vector of claim77. 86. The packagi ng host cell of claim85 that is

a mammual i an
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30 host cell. 87. The packagi ng host cell of claim85 that

is a human host cell. 35 88. The packagi ng host cell of
claim85 that is a hunman enbryonic lung cell. 89. The
packagi ng host "cell of claim85 that is MRC5 cells. WO 99/ 06597
PCTI US98t 1038/06597 - 105- PPus9E16967
packagi ng host-cell of claim85 that is a human foreskin
fibroblast cell Iline. . 91. A h&g&bfor determ ning susceptibility
for an HCW 5 anti-viral drgg rising: (a)

i ntroducing a resistance test vector conprising a

patient-derived segnent which conprises a HCW gene and a

nonfuncti onal indicator gene into a host cell; 10
(b) culturing the host cell from(a); (c) measuring expression
of the indicator gene in a target host cell; and
(d) comparing the expression of the indicator gene from(c)
with the expression of the indicator gene 15 measur ed when
steps (a)-(c) are carried out in the absence of the HCW
anti-viral drug, wherein a test concentration of the HCW
anti-viral drug is present at steps (a)-(c); at steps
(b)-(c); or at step (c). 20
yoy!
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92. The nethod of claim91 wherein the resi stance test vect or

conpri ses DNA of a genomic viral vector. 93. The nmet hod of claim
91 wherein the resistance test 25 vect or conprises DNA of a
subgenom c viral vector. 94. The nethod of claim 91 wherein t

resi st anceMos¥{06597 vector conprises DNA encoding phBEﬁﬂ@?W5ﬂ§?erase
(UL 97), DNA polynerase (UL54), protease (UL80), UL54, "30

uL44, UL57, UL105, UL102, .UL70, Uthﬁ L98, or UL84. 95. The

met hod of claim91 wherein*the pati { erived segnent encodes

one protein. 35 96. The nethod of claim91 wherein the

patient-derived segnent encodes two or nore proteins.
97. The nmethod of claim 91 wherein the indicator gene is a WO
99/ 06597 PCT/ US98/ 15967
- 106- | uci f erase gene. 98. The nethod of claim91l
wherein the host cell is a packagi ng host cell. 99. The
met hod of claim 91 wherein the packagi ng host cell is a human
cell.
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100. The nethod of claim91 wherein the packagi ng host 10

cell is a human enbryonic lung cell. 101. The nmet hod of claim
91 wherein the packagi ng host cell is a human foreskin
fibrobl ast. 15 102. The nethod of claim91 wherein the

nonf uncti i ndi cator gene conprises a PehHisS not er .
103. $ﬂgb%g?'%d of clai.m 91 wherein the nonfuncti onal ¥e éh&%P
indicator gene conprises a_pernuted codlng region. 20 104. The
met hod of claim91 wherein the host and target cel

are the sane cell. 105. 1 met hod of claim91 wherein the
target cell is 25 a human cell. 106. The net hod of
claim91 wherein the target host cell is infected with

resi stance test vector viral particles fromsai d packagi ng
host cell/resistance 30 Stest vector host cell. 807.

The method of claim 106 wherein said&ulture is by =2
co-cul tivation. 35 108. é%%?thod for determ ning HOW a¢§P=V|raI
drug resi stance i nSgpati ent_conprising: a)
devel opi ng eﬂ ndard curve o‘fmrcugg scepti%[‘ﬂ ty gtjc =f‘ée‘)r an
HCW anti-viral drug_ 3= = 32
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WD 99106597 PCT/ US98/ 15967

-107- (b) determning HCW anti-viral drug susceptibility in
the patient according to the nmethod of claim59; and

(c) conpay,) HCW anti-viral drug susceptibility 5 in
step (b) aﬁbﬁg?%%?standard curve determned in PC”E?%ﬂs%g),
wherein a decrease in HCOW anti -viral susceptibility

i ndi cat es devel opnent of HCOW anti-viral drug resistance in
the patient. 10 109. * A nettb@/48r determining HCW anti-viral drug
resi stance in a patient conprising: (a) developing a
standard curve of drug susceptibility for an HCW
anti-viral drug; (b) determning HCW anti-vira
drug 15 susceptibility in the patient according to

t he nethod of claim91; and (c) conparing the HCW
anti-viral drug susceptibility in step (b) wth the
st andard ' _ curve determined in step (a), wherein a 20
decrease in HCOW anti-viral susceptibility i ndi cat es
devel opment of HCW anti-viral drug resi stance in the
patient. 110. A nethod for determning HCW anti-viral drug 25
resistance in a patient conpri sing: (a) determning

HCW anti-viral drug susceptibility in the
patient at a first tine " according to the nmethod of
claimb59, wherein the patient-derived segnent is
obt ai ned from 30 the patient at about said tineg;

(b) determning HCW anti-viral drug

susceptibility of the sanme patient at a later: tinme;
and (c) conparing the HCW  anti-viral drug 35
susceptibilities determned in stéﬂa@gkyand (b),
wherein a decrease in qnfo ira g backbc,ne
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(57) Abstract

This invention provides a method for determining susceptibility for an HCV or HCMYV anti-viral drug comprising: (a) introducing a
resistance test vector comprising a patient-derived segment and an indicator gege into a host cell; (b) culturing the host cell from (a); (¢)
measuring expression of the indicator gene in a target host cell, and (d) comparing the expression of the indicator gene from (c) with the
expression of the indicator gene measured when steps (a-¢) are carried out in the absence of the anti-viral drug, wherein a test concentration
of the anti-viral drug is present at steps (a—c); at sfeps (b—¢); or at step (c). This invention also provides a method for determining HCV or
HCMYV anti-viral drug resistance in a patient comprising: (a) determining anti~viral drug susceptibility in the patient at a first time using
the susceptibility test described above, wherein the patient—derived segment is obtained from the patient at about said time; (b) determining
anti-viral drug susceptibility of the same patient at a later time; and (¢) comparing the anti-viral drug susceptibilities determined in step (a)
and (b), wherein a decrease in anti-viral drug susceptibility at the later time compared to the first time indicates development or progression
of anti-viral drug resistance in the patient. This invention also provides a method for evaluating the biological effectiveness of a candidate
HCV or HCMYV anti—viral drug compound. Compositions including resistance test vectors comprising a patient-derived segment comprising
an HCV or HCMV gene and an indicator gene and host cells transformed with the resistance test vectors are provided.

.. ~—



