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COVPCSI TI ONS AND METHODS FOR DETERM NI NG ANTI - VI RAL DRUG SUSCEPTI BI LI TY
AND RESI STANCE AND ANTI - VI RAL DRUG SCREENI NG Technical Field

This invention relates to anti-viral drug susceptibility and

resi stance tesygojysfee used in identifying effective dr y@rhrgheRes for
the treatnment of viral infections. The 5 invention further relates to
novel vectors, host cells and GGﬁbositions for carrying out these
novel anti-viral drug susceptibility and resistance tests. This

I nvention .al so relates to the screening of candi date drugs for

their capacity tqo.in £ uences and/or 10 Vira
proteins. Mre % TR RE AT-VIRAL DRUGHYISCERTTRHITY
reconbi nant DNA techno ogy to |rs construct a resistance test vector

conprising a pati ent-derived segnent and an indicator gene, then
I nt roduci ng t?isgggbagagga;aest vector into a host cell, 15 and
determ ning the expression or inhibition of the i ndi cat or gene
product in a target host cell in the presence of an anti-viral drug.
Thi s inventi ofhis ahvention relates ko @ntiieviralsdzng sestrplikility
identifying apg raaastxheal tdéegstm.& h.afavqndhahh&stypﬁét@ff&@ive?o
resi stance when co ate S anti-vira
i nvention al s@ Mg § g%"‘?ﬁs n%?’ﬁ&é‘f F&ﬁ&gﬂ‘ ts‘? Li%%“?‘b?"?he Tne
i denti fi @gat i oinvestiose faumtheroireliaseasi d:lcoguueall vectoxns,f dmsty cebks of
potenti al thera%e%h.g,ogg&maﬂadéor T&hSrying out"¢R@keORovk? af®ifviral
particularly drrei\llga;ggcepgibliygy and resistance tests. This invention
alsc relates to the screening of candidate drugs for
their capacity to inhibit selected viral sequences and/or
10 viral proteins. More particularly, the invention relates
to the use of recombinant DNA technology to first
construct a resistance test vector comprising a
patient-derived segment and an indicator gene, then
introducing the resistance test vector into a host cell,
15 and determining the expression or ‘Yinhibition of the
indicator gene product in a target host cell in the
presence of an anti-viral drug. This invention is also
related to the means and methods of identifying
anti-viral drugs which have distinct patterns of
20 resistance when compared with existing anti-viral drugs.
This invention also relates to methods and compositions
for the identification and assessment of the biological
effectiveness of potential therapeutic compounds. This
invention is more particularly related to drug
25 susceptibility and resistance tests useful in providing
an optimal therapeutic regimen for the treatment of
various viral diseases, including for example, HIV/AIDS
and hepatitis.
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25 susceptibility and resistance tests useful in providing an

optimal therapeutic reginen for the treatnent of various viral

di seases, including for exanple HI V/ Al DS and hepatitis. 30
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-2-. B {3 of the Invention Viral Drug Resj Cﬁtll?%ﬁl The
use of anti-viral ‘conpounds for chenotherapy and 5 chenoprop axi s of
viral diseases is a relatively new devel opnent in the f|eId of

I nfectious diseases, particularly when conpared with the nore than 50
years of 7 ofi theamhvémeia i al anti biotics. The design of
anti-viral conpounds is not straightforward because viruses 10 present a
nunber of unique problens.  Viruses nust replicate intracellularly
and often enpl ﬂ4o§F“€eFFséﬁE?H€% macr onol ecul es, and organel | es

for the synthemie afsevi 68S anti-vip®ill i ebfpoundd hedcaf Ol’cﬁemoﬁﬁéfap}an(hnd

effecti Ves antélieéﬁc;p%logfh{ylaxl r%egg?aim%tlls? ’ggl st 0 d'rse(i . ng&e nvg jh a

hi gh degree of {Ween ce and i Fse
functi ons. devealepmemitt i oin Ioé@&useftﬁldIﬁeoﬁatL#QfQﬁth@Pﬁus d%&ﬁa$§§4 on,

eval uati-on of ﬁmldmwﬂ&oweasebmgsawdotzwhruselﬁ@f@tﬁsaﬁ Qso years of

anti-viral co ounds s&u. o\ %th%E %nagtfb ééfwe ystem
consi sting of |ng T&e ? 3 tueﬁ e 768 % rom

such assay sysaxém—ma} wpmewnds 1s n@@ceﬁmx@ﬁ@nwd bpeayse tyimiaes
culture £@l | s pdddhti&enumber of unique problems. Viruses must replicate

intracellularly and often employ host cell enzymes,
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
1s efficiency between cellular and virus-specific functions.
In addition, because of the nature of virus replication,
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
20 culture). The results from such assay systems vary widely
according to the type of tissue culture cells which are
employed and the conditions of assay. Despite these
complexities nine drugs have been approved for AIDS therapy,
five reverse transcriptase inhibitors AZT, ddI, d4dC, d4T,
25 3TC, one non-nucleoside reverse transcriptase inhibitor,
nevirapine and three protease inhibitors saquinavir,
ritonavir and indinovir and several additional anti-viral
drug candidates have been recently developed such as
nelfinavir, delaviridine, VX-478 and 1592.
30
Viral drug resistance is a substantial problem given the
high rate of viral replication and mutation frequencies.
Drug resistant mutants were first recognized for poxviruses
with thiosemicarbazone (Appleyard and Way (1966) Brit. J.
35 Exptl. Pathol. 47, 144-51), for poliovirus with guanidine
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Sci 173, 282-2 roxl na Feststance i'ons to
various anti-vingnl. Antl‘ag’éﬁit sN%e smhemg:emamd e@om@faiatfé-l'( Mg @&k et

al . (1995) (1946 Nr. vARB1 vitoal sblewsgzsenpopl enent and Condra, J.H et al.
(1996) J §Ir0| 70, 8270-8276). 10 The smal | and efficient genones of
Vi ruses ve | ent thensel ves to the intensive investigation of the
mol ecul ar Thgermotdlds | andr gfifilicd eakd geninesat pfe Cimises ohawestlent
i mpor t ant thoWsEIved ) tipat haeeﬁgwe ﬁﬁvéhtﬁ%%&%ﬁeeﬁethé hfoRddemaand 15
mechani sns have beetell_wcs(,:h%rtact rl_,zed g hE he ac N t:anq;
resistance to SRtT-vital dr g‘é FoPes ﬁ?@ IRIIRNA ﬁé{ﬁ mdst importd
human viral pathogens. As a consequence, the sites and
15 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 likelihood that resistant
mutants will emerge is a function of at least four factors:
20 1) the viral mutation frequency; 2) the intrinsic mutability
of the wviral 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 regard to the first factor, for single stranded RNA
25 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. 69, 5087-94; Coffin (1995) Science 267,
30 483-489) . Thus, a single 10 kilobase genome, like that of
human immunodeficiency virus (HIV), would be expected to
contain on average one mutation for every three progeny
viral genocmes. As to the second factor, the intrinsic
mutability of the viral target site in response to a
35 specific anti-viral agent can significantly affect the
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15 rapidly than do lower doses (Richman et al. (1990) J. AIDS.
3, 743-6). This selective pressure for resistant mutants
increases the likelihood of such mutants arising as long as

significant levels of virus replication are sustained.

20 The fourth factor, the magnitude and rate of replication of

the virus population, has major consequences
likelihood of -emergence of resistant mutants.

on the

Many virus

infections are characterized by high levels of virus

replication with high rates of virus turnover.

This is

25 especially true of chronic infections with HIV as well as
hepatitis B and C viruses. The likelihood of emergence of
AZT resistance increases in HIV-infected patients with
diminishing CD4 lywphocyte counts which are associated with

increasing levels of HIV replication (Ibid).
30

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

existing

35 subpopulation that randomly emerges in the absence of



drug exposure, the selective pressure on the replicating Vi rus
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15 Human Immunodeficiemcy Virus (HIV)
Acquired immune deficiency syndrome (AIDS) is a fatal human
disease, generally considered to be one of the more serious
diseases to ever affect humankind. Globally, the numbers of
human immunodeficiency virus (HIV) infected individuals and
20 of AIDS cases increase relentlessly and efforts to curb the
course of the pandemic, some believe, are of 1limited
effectiveness. Two types of HIV are now recognized: HIV-1
and HIV-2. By December 31, 1994 a total of 1,025,073 AIDS
cases had been reported to the World Health Organizétion.
25 This is only a portion of the total cases, and WHO estimates
that as of late 1994, allowing for underdiagnosis,
underreporting and delays in reporting, and based on the
estimated number of HIV infections, there have been over 4.5
million cumulative AIDS cases worldwide (Mertens et al.
30 (1995) AIDS 9 (Suppl A}, S259-8272). Since HIV began its
spread in North America_, Europe and sub-Saharan Africa, over
15.5 million men, women and children are estimated to have
been infected (Ibid). One of the distinguishing features of
the AIDS pandemic has been its global spread within the last
35 20 years, with about 190 countries reporting AIDS cases



5 nucl eoti de guarantees the preexistence of alnost any

mutation at any tine point during H YV infection. Evidence S

accurul ating that drug resistant nutants do in fact exist in

subpopul ations of H'V infected individuals (Najera et al. (1994) Al DS
Res Hum Retrovighhsgs 10, 1479-88; Najera et al. 10 (199Fcrndsovoted - 69,
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15 internal regions of the viral RNA code for the structural
proteins: gag (p55, pl7, p24 and p7 core proteins), pol (pl0
protease, pé66 and p51 reverse transcriptase and p32
.integrase) and env (gpl20 and gp4l envelope glycoproteins).

Gag codes for a polyprotein precursor that is cleaved by a

20 viral protease into three or four structural proteins; pol
codes for reverse transcriptase (RT) and the viral protease

and integrase; env codes for the transmembrane and outer
glycoprotein of the wvirus. The gag and pol genes are
expressed as a genomic RNA while the env gene is expressed

25 as a spliced subgenomic RNA. In addition to the env gene
there are other HIV genes produced by spliced subgenomic

RNAs that contribute to the replication and biologic
activities of the virus. These genes include: tat which
encodes a protein that activates the expression of viral and

30 some cellular genes; rev which encodes a protein that
promotes the expression of unspliced or single-spliced viral
mRNAs; nef which encodes a myristylated protein that appears

to modulate viral production under certain conditions; vif

which encodes a protein that affects the ability of wvirus

35 particles to infect target cells but does not appear to



- 6- | today. The proj ec'tions of HV infection worldw de by the VWHO

are staggering. The projected cunul ative total of adult Al DS cases by
the year 2000 is nearly 10 mllion. By the year 2000, the cunul ative
nunber of HI V-related deaths in 5 adults is predicted to rise to nore
than 8 m || i owdaramibhe current total of around 3 m || i REX/AUSIT/1609

"HI V-1 and HI V-2 are enveloped retroviruses with a diploid . genone
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does not appeardevelop resistant virus with AZT treatment more quickly than
those at early stages of infection (Richman et al. (1990) J

AIDS 3, 743-6). The initial description of the emergence of

20 resistance to AZT identified progressive and stepwise
reductions in drug susceptibility (Larder et al. (1989)
Science 243, 1731-1734). This was explained by the
recognition of multiple mutations in the gene for reverse
transcriptase that contributed to reduced susceptibility

25 (Larder et al. (1989) Science 246, 1155-1158}. These
mutations had an additive or even synergistic contribution

to the phenotype of reduced susceptibility (Kellam et al.
(1992) Proc. Natl. Acad. Sci. 89, 1934-1938}. The
cumulative acquisition of such mutations resulted in

30 progressive decreasesg in susceptibility. Similar effects
have been seen with non-nucleoside reverse transcriptase
inhibitors (Nunberg et -al. (1991) J Virol 65, 4887-4892;
Sardanna et al. (1992) J Biol Chem 267, 17526-17530).
Studies of protease inhibitors have found that the selection

35 of HIV strains with reduced drug susceptibility occurs
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-7- affect viral expression or transm ssion by cell-to-cell

contact; vpr which encodes a virion-associated protein; and vpu which
encodes a protein that appears to pronote the extracel lul ar rel ease of
viral parti Gu897m730 No di sease better exenplifies the&gﬂ% f viral
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additive or even synergl ution enot'ypé o? reduced
susceptibility (Kellamet al. (1992) Proc. Natl. Acad. Sci. 89,
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anti-viral drug activity, the cumulative acquisition of
multiple mutations can occur over time, as has been
described for AZT and protease inhibitors of HIV. Indeed
viral wmutants multiply resistant to different drugs have
20 been observed (Larder et al. (1989) Science 243, 1731-1734;
' Larder et al. (1989) Science 246, 1155-1158; Condra et al.
(1995) Nature 374, 569-71). With the inevitable emergence of
resistance in many viral infections, as with HIV for
example, strategies must be designed to optimize treatment
25 in the face of resistant virus populations. Ascertaining

the contribution of drug resistance to drug failure is a
difficult problem because patients who are more likely to
develop drug resistance are more 1likely to have other
confounding factors that will predispose them to a poor

30 prognosis (Richman (1994) AIDS Res Hum Retroviruses 10,
901-905). In addition patients contain mixtures of viruses
with different susceptibilities.



Sardanna et al. (1992) J Biol Chem 267, 17526-17530). St udi es of

protease inhibitors have found that the selection 35 of H'V strains with
reduced drug susceptibility occurs WO 97/ 27319

PCT/ US97/ 01609 - 8- wi t hin weeks
(Ho et al. (x984)2m19virol 68, 2016-2020; Kapl an et al PCTUSTAHLIEOPr OC.
Nat|. Acad. Sci. 91, 5597-5601). Wile - recent studi es have shown
protease inhibitors to be nore powerul than reverse transcriptase
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more than 90% of such children become chronically infected.
15 Because HBV is commonly spread from infected wmother to
newborn infant in highly populated areas of Africa and Asia,
several hundred million people throughout the world are
persistently infected by HBV for most of their lives and
suffer varying degrees of chronic liver disease, which
20 greatly increases their risk of developing cirrhosis and
hepatocellular carcinoma (HCC). Indeed, the risk of HCC is
increased 100-fold in patients with chronic hepatitis, and
the lifetime risk of HCC in males infected at birth
approaches 40%. Beasley RP et al., Lancet (1981) 2,
25 1129-1133. Accordingly, a large fraction of the world’s
population suffers from and dies of these late complications
of HBV infection. The development of anti-HBV drugs has
been long awaited, but has been hampered by the extremely
narrow. host range of HBV: HBV replicates mainly in human and
30 chimpanzee livers and not in experimental animals or in
cultured cells. Tiollais, P et al. Nature (London) (1985)
317, 489-495.
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HCC in nal es E%QECt%Qe%Eagélé antigens of HBV, 3) they replicate within
1s the liver but can also exist in extrahepatic sites, 4) they
contain an endogenous DNA polymerase with both RNA- and DNA-
dependent DNA polymerase activities, 5) their genomes are
partially double stranded circular DNA molecules, 6) they
are associated with acute and chronic hepatitis and
20 hepatocellular carcinoma and 7) replication of their genome
goes through an RNA intermediate which is reverse
transcribed into DNA using the virus’s endogenous
RNA-dependent DNA polymerase activity in a manner analogous
to that seen in retroviruses. In the nucleus of infected
25 liver cells, the partially double stranded DNA is converted
to a covalently closed circular double stranded DNA (cccDNA)
by the DNA-dependent DNA polymerase. Transcription of the
viral DNA is accomplished by a host RNA polymerase and gives
rise to several RNA transcripts that differ in their
30 initiation sites but all terminate at a common
polyadenylation signal. The longest of these RNAs acts as
the pregenome for the virus as well as the message for the
some of the viral proteins. Viral proteins are translated
from the pregenomic RNAs, and the proteins and RNA pregenome

35 are packaged into virions and secreted from the hepatocyte.
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Accordingly, a large fraction of the world's - popul ation suffers from
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317, 489-495. WO 97/.27319
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genome 4 ¢ for polymerized human serum albumin and the attachment sites
for hepatocyte receptors. The intact 42nm virion can be
disrupted by mild detergents and the 27nm nucleocapsid core
particle isolated. The core is composed of two nucleocapsid
proteins coded for by the C gene. The C gene has two

20 initiation codons defining a core and a precore region. The
major antigen expressed on the surface of the nucleocapsid
core is coded for by the core region and is referred to as
hepatitis B core antigen (HBcAg) . Hepatitis B e antigen
(HBeAg) is produced from the same C gene by initiation at

25 the precore ATG.

Also packaged within the nucleocapsid core is a DNA
polymerase, which directs replication and repair of HBV DNA.
The DNA polymerase is coded for by the P gene, the third and
30 largest of the HBV genes. The enzyme has both DNA~dependent
DNA polymerase and RNA-dependent reverse transcriptase
activities and is also required for efficient encapsidation
of the pregenomic RNA. The fourth gene, X, codes for a
small, non-particle-associated protein which has been shown
35 to be capable of transactivating the transcription of both



goes through an RNA internedi ate which is reverse transcribed into
DNA wusing the virus's endogenous RNA- dependent DNA pol yner ase
activity in a manner anal ogous to that seen in retroviruses. 1In the
nucl eus of infected 25 liver cells, the partially double stranded DNA is

converted wowhﬁlﬂ covalently closed circul ar double straé%mw
(cccDNA) by the DNA-dependent DNA pol ynerase. Transcription of the
viral DNA is acconplished by a host RNA_pglynerase and gives rise to
several RNA transcripts that differ in their 30 initiation sites but
al | t er m natkrahtand aceldatian genes. pol yadenyl ati on signal. The | ongest

of these RNAs acts as the pregenone for the virus as well as the
nmessage for sone of the viral praoteins. _Viral proteins are

t he
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frame are the pre-S gene open reading franes, pre-S1 and pre-S2, which
code for the Recentlf; Sage&et {BrOdhEd Sfobisdd dbi Omb EEQRL LY Sv iy drltes HEYV
surface HBV. Variation occurs throughout the HBV genome, and
15 clinical isolates of HBV that do not express viral proteins
have been attributed to mutation in individual or even
multiple gene locations. For example, variants have been
described which lack nucleocapsid proteins, envelope
proteins, or both. Two mutants have attracted attention.
20 The first is found in certain patients with severe chronic
HBV infection. These patients were found to be infected
with an HBV mutant that contained an alteration in the
precore region rendering the virus incapable of encoding
HBeAg. The most commonly encountered mutation in such
25 patients is a single base substitution, from G to A, which
occurs in the second to last codon of the pre-C gene at
nucleotide 1896. This substitution results in the
replacement of the TGG tryptophan codon by a stop codon
(TAG) , . which prevents the translation of HBeAg. Patients
30 with such precore mutants that are unable to secrete HBeAg
tend to have severe liver disease that progresses rapidly to
cirrhosis and that does not respond readily to anti-viral
therapy.

35
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at which a given percentage of wviral replication is
inhibited (e.g. the 1IC,, for an anti-viral agent is the
concentration at which 50% of virus replication is

15 inhibited). Thus, a decrease in viral drug susceptibility
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

20 clinical context, viral drug resistance is evidenced by the
anti-viral drug being less effective or no longer being
clinically effective in a patient.

At present the tools available to the researcher and
25 clinician to assess anti-viral drug susceptibility and
resistance are inadequate. The classical test for
determining the resistance and sensitivity of HIV to an
anti-viral agent is complex, time-consuming, expensive, and
is hazardous in that it requires the culture of pathogenic
30 virus from each and every patient (Barre-Sinoussi et al
(1983) Science 220, 868-871; Popovic et al. (1984) Science
224, 497-500). 1In this procedure, the patient’s peripheral
blood mononuclear cells (PBMC) are first cultured to
establish a viral stock of known multiplicity of infection
35 (moi), and the viral stock thereby produced is used to



effort to address this problem certain cell |ines have been

devel oped, human hepat obl astoma cells Huh (HB 611) (Ueda, K et al.,
Virology (1989) 169, 213-216) and Hep& cells 10 (Galle, PR and
Thei |l mann, L. Arznei mForsch. Drug Res. (1990) 40, 1380-1382) for
eval uation o hsy4IBV dr ugs. - Recently, attention _ on
mol ecul ar va?'i(?r?{zgng'f - ° HBV.  Variation occurs througmﬁﬁgﬁ@ﬁgv
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course of generating the viral stock by passage of the virus
in culture, the characteristics of the viruses themselves
can change and may therefore obscure the true nature of the
15 patient’s wvirus. Thus, the application of the classical
test has been limited to gathering information about trends
in clinical trials and has not been available for a
prospective analysis which could be used to custom tailor
anti-viral therapy for a given patient. Notwithstanding
20 these limitations, the classical test has two important
qualities: it is specific for the agent under evaluation,
and it provides information on the phenotype of the
patient’'s own virus, that is, the concentration of the drug
which inhibits 50% of viral replication (IC,,).
25
A number of attempts have been made to improve upon the
classical test, but each of these has serious shortcomings.
The first type of these tests can be described as
nonspecific in that they do not determine the
30 characteristics of a patient’s own virus at all, but rather
provide an independent measure of the course of the
infection. Among these tests are those which measure the
patient’s CD4' T cell count, the hallmark of HIV disease
progression (Goedert et al. (1987) JAMA 257, 331-334), those
35 which measure viral antigen levels (e.g., p24 core antigen



The second category of HBV nutants consists of escape mutants, in
whi ch a single amno acid substitution, from gl yci ne to arginine,
occurs at position 145 of the i mmunodom nant a determ nant conmon t
all subtypes of 5 HBsAg. This change in HBSAg leads to a
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the viral stock thereby produced is used to
Another modified classical test amplifies the viral gene

that is the target of the anti-viral agent. In this test
the viral gene from a given patient is amplified and then
recombined into a biologically active proviral clone of HIV.
20 This proviral clone is transfected into human cells to
generate a viral stock of known moi which can then be used
to infect a target indicator cell line. In the manner of
the classical test, one then determines the production of
viral antigens in the presence or absence of the anti-viral
25 agent. One such assay described by Kellam and Larder (1994)
Antimicrobial Agents and Chemo. 38, 23-3C, involves PCR
amplification of reverse transcriptase coding sequences from
a patient, which is then introduced into a proviral DNA
clone by homologous recombination to reconstitute the
30 complete viral genome including the reverse transcriptase
gene which was deleted. The resulting recombinant virus
produced from such clones is then cultured in T-cell lines,
and the drug sensitivity is tested in the Hela CD4' plaque
reduction assay. However, this class of test still requires
35 the culturing of virus to determine drug resistance, and is
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- 14- infect a target indicator cell line. The resulting burst of
viral replication is then typically nmeasured in the presence and
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concentration t AN S % of aI Je lication
(1qerr]). 25a8§d @uggd&utlops \Wiﬂs{s ﬂggéib “Tade Jf'l](;) [ rrpr v‘éeﬁ?)%n t he

cl assical tesEYaREEriREISS T at”rﬁ’esé’rﬁ5§a§§r|©%}3€%hd?atv@ornbﬁg§ shownTheo f i r st
type of thesecbeséspoad daJESﬂeeﬁfi&)G.dav@is of vieNspesistdncd Ro révaise they

d d f t
1 "but rat hepreoripbas dha prob@lag iBHupL Loke | b oyt ElPag 12

all, but_rather praovi
i nfecti . AnBhg ﬁ‘]hese(lpéﬁs %re Q%Sf‘,{lm‘F‘Ch TheasBBL-9HE - Apamaiex' s
CD4" T cell cshattcomindaidsoarilated Wivhdsa6idseh analysis is that it is

indirect and can be obfuscated by secondary mutations which

have been shown to add to or counter the effects of the

_ first mutation. It is the complex interplay of all amino

20 acid residues within a given viral polypeptide which

ultimately determines the gene product’s activity in the

presence or absence of an inhibitor. Thus, a database of

vast and impractical proportions would be necessary to

interpret the status of drug resistance or sensitivity of a

25 given genotype, given the number of potential amino acid
changes in the HIV genome.

A third class of test, a recently developed bacterial-based
assay .makes use of a molecularly cloned viral gene
30 (specifically, the reverse transcriptase gene) which has
been inserted into a bacterial expression vector. Upon
transformation of special strains of E. coli which are
deficient in the bacterial DNA polymerase I, the cloned
reverse transcriptase gene can rescue the growth of the
35 bacteria under selected growth conditions. 1In making E.



progfession (Goedert et al. (1987) JAMVA 257, 331-334), those 35 whi ch

nmeasure viral antigen levels (e.g., p24 core antigen WO

97/ 27319 . PCT/ US97/ 01609

- 15- (Allain et al. (1987) N Engl. J. Med. 317, 1114-1121)), and

t hose whi ch nwessemiyiral RNA and DNA | evels (e.g., O RTINSO HOK605%

pol ynerase chain reaction and branched DNA assays (Piatak et al.
(1993) Science 259, 1749-1754; Urdea 5 -¥%993) din. Chem 39, 725-726)).
The primary disadvant age ecific tests | t hat t do
not provi db anyPoit deBiRaspr vedh HYereR PERREE AR AnEetRETT O

r at her atomspt Caw i aBeertain | pher mefifestEr ot h@%&panentrm;rsge

of the patient’ @rﬂiw;ﬁzasbnlaﬁ@biwﬁs 6&?%& %@:q&,&tgt Bertﬁ@ vuatlh@zm\él ral

drug +esi stance, can ct . the lev und
consi der ati on. (%E%ﬁﬁ’é’ih\fﬁf:ﬂig %4%01'%54??222) Aé'g’l.? ﬁﬁﬁcﬁrﬁ%‘?%é‘ﬁtl evel s
and H V visal RMNWig ewppzoaah, vatqwever, isr tﬂea:sonbeotmbtlhgm dmayg be

resi stance durlmﬂéif‘o&@arsac%ss thedlé@ﬂseme%érane aAd Ot & a pdi A e d
cl assi cal test 4Ifle F}e Vir

is the target, of t
anti-viral age ¥sthe aba‘g"et"ﬂ'@ Fhag| lbe’n?e ¥ Bnﬁ‘a\ y Jpatai"gnt i s
anplified and tdena resulecotls nebricendratbool onfi c&lhley atuevenqsnahnlnarl
clone of HV. %%hlblTéuzs BEOVdHé' r&l@ Wgse' Sczfan% se&sé Il 30 By Lighlys to

generate a vira bﬁ wWn Nl can to I nfect
a target thdicaf ec’%ﬁfqt H’hé" 8 ?aFﬁérﬁ'HHnEFa’&f 1t w°“1‘?r'Fée b & T evan
one t hen det er niwuresn tded 1lptadyget icdninfection, \dnr gheatugamhibhtbhengy émence

or absence of t%@% | MidgRlt né?2 . Iﬁ‘&é&'&bl a@%o%lm EYYS C%ﬁfsﬁm*;éq&.&m

Kel | am and Larder ntimcro Agent s g}é 3- 30,
i nvol ves PCR Ieurf i BRE S Yof bFEV%?%ebc RscRRPt é’tEBEI?%g nces
from a padnethsr whgohfisatteshdnticomdngest ithiie apgpraadir ds €Nt the

clone by hemol ogous, r GREQERIOAL bRA- BOLLAEANSt bRA $cilfierase activity of

reverse transcriptase but not the RNA-dependent DNA
polymerase, strand transfer or RNAse H activities of the
reverse transcriptase. Thus, an anti-viral compound which
acts, at least in part, on these other activities would not
20 have its full inhibitory activity in this assay. Yet
another difficulty with this approcach is that it is a
growth-based test; thus if an inhibitor (eg., a nucleoside
analog) also blocks bacterial growth for reasons other than
its effects on reverse transcriptase, it can not be
25 adequately tested in this system.

Viral Vectors _
Viral vectors and particularly retroviral vectors have been
used for modifying mammalian cells because of the high
30 efficiency with which retroviral vectors infect target cells
' and integrate into the target cell genome. Because of their
ability to insert into the genome of mammalian cells much
attention has focused on retroviral vectors for use in gene
therapy. Details on retroviral vectors and their use can be
35 found in patents and patent publications including European



30 conplete viral genone including the reverse transcriptase gene

whi ch was del et ed. The resulting reconbi nant virus produced from
such clones is then cultured in T-cell Ilines, and the drug
sensitivity is tested in the HeLa CD4[err] plaque reducti on assay.
However, thigogdipssisof test still requires 35 t he cul tur us to
determ ne drug resistance, and is WO 97/ 27319 FCHuimitos

PCT/ US97/ 01609 -18- - 16- thus difficult,
| engthy and costly and requires the | aboratory investigator to handle

hazar dous viraPatent \Appd.ication BRAtharamRa, §l.8enPatenntat gmdanuzvapd:'nt i on
of the virus applichesb{ wbiohporbli, Qs UsteBhoopsiao R | 8oL SRy By, De
e

correspondi ngl C t'est

provi de speci %rﬁgg 56‘5 dOrPr?gt f‘Bﬁlbﬁth‘é“ gé’ﬁ?)t%&/é“éf”t he TB&t Féﬁ?hsnwv
with the of tth’ﬁeepgbahtafambpubllatang:ﬁélIa&*egfﬂobmfatld‘& Blefrelihopy W t h
10 the ¥irus, ef'éi'@néfs' stant phenotype. |Indeed, specific am no

acid substitutions wthin viral genes such as reverse transcri pt ase
and prot ease genes have been shown to correspond to specific |levels
of viral resisonacecdnsamencee of thd r anphabpsasen a&@t&mtleage vebibi-tors,

5500011 Vol (g nabtnadh oo 4006 e, Hps g LoppOFIcd )

A naj or shortcom ng associ ate an a

i ndirect and c&n TR Ybr f¥PRLEN W%’ecéhﬁar‘iﬁ%?ﬁtl’éﬁ%rwmﬁes ishatke been
shown to1add tpossmbmuyer bhe aefeectspndad heof reblrl&tatmahaébﬁﬁetéﬁtls
the conplex i 3Hpg al | n 0, C sidues thin ven
viral polypep tlfie ¢ h Thg% 9_52 hlfsa % 8F§1 nfcejs t%’ég%‘% %&
activity in thgectors pv%%%*hc%o\b]rd angferhfe Ib‘fO%ﬁ?ﬁqﬂmmttQ)errﬂm altﬁataabase

of result packaging defective vectors and packaging cell lines
were developed. Details on packaging-defective vectors and
is5 packaging cell lines can be found in patents and patent
publications, including U.S. Patent 5,124,263, European
Patent Application Pub. No. 0386 882, PCT Application No. WO
91/19798, PCT Appliéation No. WO 88/08454, PCT Application
No. WO 93/03143, U.S. Patent No. 4,650,764, U.S. Patent
20 4,861,719 and U.S. Patent 5,278,056, the disclosures of
which are incorporated herein by reference.

It is an object of this invention to provide a drug
susceptibility and resistance test capable of showing
25 whether a viral population in a patient is resistant to a
given prescribed drug. Another object of this invention is
to provide a test that will enable the physician to
substitute one or more drugs in a therapeutic regimen for a
patient that has become resistant to a given drug or drugs
30 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
virus infections. Yet another object of this invention is
to provide a safe, standardized, affordable, rapid, precise
35 and reliable assay of drug susceptibility and resistance for



vast and inpractical proportions would be necessary to interpret the
status of drug resistance or sensitivity of a 25 gi ven genotype, given-

t he nunber of potential am no acid changes in the H 'V genone. A
third class of test, a recently devel oped bacteri al - based assay makes
use of a nol ewplemisye cl oned viral gene 30 (specifically, HITAISOTYEIS e
transcri ptase gene) which has been inserted into a bacterial
expressi on vector. Upon ~transformag-on of special strains of E. coli
whi ch are deficient in the bacterial DNA polynerase |, the cloned
reverse transcelinierl gok reggarelcaprl leatgragwt Ptafllt paogBer ebieey iqf under
sel ected growtfhfondidviedtSon i Weki pgotide a test NI IneRK3A9 for

PCT/ US97/ 01609 ep
Lpon T ever so_ LTERRIATIRG, &hs Biqlegieal, stfperivendse of caf@ldadCRENEN
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of the visgal gﬁf@telns p(aE@Ic&ﬂ!Ei:‘ly‘aﬁitﬂﬂ rRgpe® 95/\212&2!2)iru§\ P8 Détance
shortcom ng with [ ver i s that o@h'éht(”

t
be transp3de c?rgflsosge?jﬁ%a@eqel nerr;ﬁ:raﬁg T ngo?kf
differently byinventhian erica hamide | they meansmm@ngel Icomanaltlons asfer

result the congeaihatigy vqfratlhax{;gugegfé@émé Gnd sus‘c%B't@biQit [ s

reverse transcriptase er ent er| m t han
[+ woutd be bl SFEeR b TEed R ohiz et 186 R 11 bE FPRRESR AR (1 e
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known to differ markedly between human and bacterial cells.

Anot her significant shortcom ng of this approach is that the 15 assay
measur es DNA- dependent DNA pol ynerase activity of reverse
transcri ptase but not the RNA-dependent DNA pol ynerase, strand

transfer or RNAse H activities of the



reverse transcriptase. Thus, an anti-viral conpound which acts, at
| east in part, on these other activities would not 20 have its full

inhibitory activity in this assay. Yet another difficulty with this
approach is that it is a growt h-based test; thus if an inhibitor

eg., a nucl | anal.og) al so bl ocks bacterial gro sons
(()t ger t han _Wﬂﬂ?@(lg effects on reverse transcriptase, it &%’é}%ﬁm{?@f%
adequately tested in this system ' -aodiral Vectors Viral vectors
and particularly retroviral vectors have been used for nodifying
mammal i an cel | s because of the high 30 efficiency with which retroviral

vectors infectg%mm%g?&g integrate into the target cell

genonme. Becausg 0O el_r abl TI Ty to insert into the genone of

mammal i an cel IPIfifHF ©Ff the pnesentoinkieat ion gsedasrrmriiahad by 3 ewvels for
use in gene test tiiver gdleperMénanyssoscemtitaliityl foechar anaindvihal Arige can
be 35 ound,d :ant.S dicati | [ ur Qpean
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Application WArRY @7B43t ¢&13.; RdYeotldudiity 238, hblgsceﬁfat Qﬁbm step (@439, 209
and PCT i catyl 1 t |_n . of these tents an
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of retrovirusgg s when steps (a)-(c) 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 steps
(b)-(c); or at step (c).
15 .
This invention also provides a method for determining
anti-viral drug resistance in a patient comprising:(a)
developing a standard curve of drug susceptibility for an .-
anti-viral drug; (b) determining anti-viral drug
20 susceptibility in the patient using the susceptibility test
described above; and (c) comparing the anti-viral drug
susceptibility in step (b) with the standard curve
determined in step (a), wherein a decrease in anti-viral
susceptibility indicates development of anti-viral drug
25 resistance in the patient.

This invention further provides a method for determining
anti-viral drug resistance in a patient comprising: (a)
determining anti-viral drug susceptibility in the patient at
30 a first time according to the above method, wherein the
patient-derived segment is obtained from the patient at
said time; (b) determining anti-viral drug susceptibility of
the same patient at a later time; and (c) comparing the
anti-viral drug susceptibilities determined in step (a) and
35 (b), wherein a decrease in anti-viral drug susceptibility at



10 possibility of the spread of replication-conpetent

retrovirus. There is thus a need for producing hel per vectors which
could not be processed into virions. As a result packagi ng defective
vectors and packaging cell lines wer e devel oped. Details on

packagi ng- defweedinmisvect ors and 15 packaging cell |ines cRETHEINORMA i n
patents and patent publications, including U S. Patent 5,124, 263,

Eur opean Pat ent Application Pub. No-2b386 882, PCT Application No VO

91/ 19798, PCT li,cation ,No. WO 88/Q8454, .PCT, |cat|on

93/ 03143, U.S. ch: aAEeko CipCeSETPERSAY TS, e o 'ﬁesh‘id’?‘i%t%ﬁwdt’?fs

Pat ent 5, 278, 08&velopmenti s progeession of apbichizad drupresistadcheiri n by
ref erence. the phtién@n object of this invention to provide a drug
susceptibility and resi stance test capable of showing 25 whether a viral
popul ation in a patient is resistant to a gi ven prescribed drug.

Anot her ols] ect Tbé ahsayi afenbignineention temapiles de prysésianhtd assésenabl e

the physician ffether SHDSLiideUl €gORE UndBAiGigdr HISviPap Bﬁ%ﬁ:@fiﬁmbg rggi men
for a patient that_ has becone resistant t ‘ﬁ gi.ven ug or drugs 30

after a preV|05§nEBh?§% of 1 He SERRENCYet €3 t h @ayppe
i nvention is tofpanvamhnivnnaitaghat vihd g mntahbd to rendext atiel drugf less

effective drugg E?gbﬁgg for ﬁgyétﬁgggfgﬂﬁafﬁy the HKbUHES iy I?§g9tkﬁﬂsth§§t

anot her obj ect |nveng|on 'S provi de a sa st andar di zed,
af for dab?@ rapPyenpier; spakies gng r"é?lgﬁF%r%’s%%y“’BFtH?ﬁgasJé’cré’;ﬁ BRFity

and resi stancebkepme resistant\WOt®7/ 2¥31Particular anti-viral drug.

PCT) USO7) 01609 e nexmbhé ' €6le HVSASCH ChaBPBE! G25h081cBhh| Lo 0oL Es

obj ect of this invention Is to provide a test_a
eval uating t he95Pg| BYREEPTERF LY RBReTesbPtaRsRli At Wingtion therapy.

In addition the assay enables one to alter a therapeutic
15 regimen prospectively by testing particular drug(s) or
combinations of drugs and determining whether these drugs,
alone or in combination, inhibit one or wmore viral gene(s)
and/or viral ©protein(s). This invention provides
significant advantages over presently available assays by
20 providing a safer, more affordable, more reliable, more
rapid and more effective drug susceptibility and resistance
assay to assess the therapeutic efficacy of particular
anti-viral drug{s) or combinations of drugs enabling a
physician to optimiée treatment. The assay of this
25 invention has the significant advantage of enabling the
evaluation of resistance and susceptibility at all stages of
drug development: 1} during preclinical evaluation of
candidate compounds; 2) during clinical evaluation of new
drugs;. 3) during patient therapy enabling design of an
30 effective therapeutic regimen to overcome the problem of
drug resistance; and 4) as part of epidemiologic
surveillance, evaluating the prevalence of resistance during
the use of approved and experimental drugs.

35 The present invention is directed to the methods and



conpounds whi ch act on specific viral genes and/or viral 5 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 eval uating viral drug resistance and

suscepti bili ' and ot her objects of this inventi |

appar ent. froﬁbls(’)"mh?he specification as a whol e. %%y)g'f%?slg

PCT/ US97/ 01609 -292- - 20- Summary of

the I nvention Obj ects of the present invention are acconplished by a

novel t esempesitdems i af ng assoinghi | dtyg f orsuscephtibiVitql darrug 5

comprising:  (#dsidtic@uGitdudingt °8) StRECE sk Shet N5F G deternSTY S'( g
ce ;

a patient-deriyved S8 *2 f'rf gl cator gene

cul turing the TSt S %FFP F%‘ it %pa(‘ ) . Tesistance %a?ur?ﬁbl%&'w%%ﬁ‘fﬁﬁ of
the indicator frRgmenth totamngenti-virahodtugelb) aodpé@h)tmtma:rxidfugxd:h@
expressi og of fé@iéﬂﬁic‘éﬂ:@ét%ct n@o:ﬁ ﬂ@ﬁai? ;ga%lew I&e&'t}.segdﬁ) en{sesﬂton of

t he i ndi catoroacf;r?c?e measur ed en st eps are carrre
absence h8nadPPiGREQY dPRY: AREr&in sttesqe cantainisg dthe he

anti-viral drugesisymesenesatveitens. (Big GhveAtish eis furthet Nikddtedr at
step (0). 15 co cnEnicombBUERLLAR S BeRROYL 5P c%n@%}:u)%%mugst 2 ’Ep”r' ng
anti-viral u si sta ?c]e In a _patient conpris $5% a
standard cur vea%b‘i%d’ﬁ?g L2 offtiol preyusesdt ianthe dr%PPSVFPEJ-blH*Ug ;and ()
determ nttg rxedistance assdyugf26his Hsagflonbility in the patient using

the susceptibility test descri bed above; and (c) conparing the

anti-viral drulg susceptibility in step (b) with the standard curve
n one aspect of the invention there is provided a method

for determining susceptibility for an anti-HIV drug
comprising: (a) introducing a resistance test vector

1s comprising a patient-derived segment and an indicator gene
into a host cell; (b) culturing the host cell from step (a);
(c) measuring expression of the indicator gene in a target
host cell; and (d) comparing the expression of the indicator
gene from step (c) with the expression of the indicator gene

20 measured when steps (a)-(c) are carried out in the absence
of the anti-HIV drug, wherein a test concentration of the
anti-HIV drug is present at steps (a)-{c); at steps (b)-(c);
or at step (c¢).

25
In one aspect of the invention there is provided a method
for determining susceptibility for an anti-HIV drug
comprising: (a) introducing a resistance test vector
30 comprising a patient-derived segment and an indicator gene

into a host cell; (b) culturing the host cell from step (a};
(c) measuring an indicator in a target host cell wherein
said indicator is a DNA or RNA structure; and (d) comparing
the measurement of the indicator from step (c) with the
35 measurement of the indicator when steps (a)-(c) are carried



determined in step (a), wherein a decrease in anti-viral

susceptibility indicates devel opnent of anti-viral drug 25 resistance in
t he patient. This invention further provides a nethod for

determ ni ng anti-viral drug resistance in a patient conprising: (a)
determ ni ng awdbramisal drug susceptibility in the patient aPCBWs97/01609f i r st
time according to the above nethod, wherein the ~ patient-derived
segnent is obtained fromthe patient at “23- said time; (b) deternini ng

anti-viral dru usce i bi_Li of tient .at _a later tlrre
and (c) comparfhy thH %’e abs ﬁF e &2 drﬁfg::"sgg%eﬁfmﬁ | EE BetertiTed i n
step (a) and 360ncewtb9atmr@fnt&ed@m‘ea§,ﬁv rAxug | i§i Pyesgntigat steps
susceptibility(af-(c); at steps WQ)9{?733dP at step (). _
PCT/ US97/ 01609 -21 the later tine
conpared to the first tinme indicates the devel opment or progression of
anti-virab drufnresesaspeet i¢9f the inventdonethere $s pToeideday eéthdd s

invention enabkgs agpbwemfaly ! Gdi@tdbilityWebher aa Vhnel -mgpe &ﬂfgbdi ng
a viral protei nor a. fur}ctlonal vi ral sequence, each of which be

the target cogprigingy i \R)r aiNEFEAPCING s FrutRIF AT CPenbBFt h‘ée%ﬁ' | ess
ef fective. I\/bcemp:ammgjlaarpgt,n.entthdemvedi ssgeantofandhias ifdicabeendems

enables one 1 0;gb of Hode ¥bel et 1ktB1Hathe hosROCOIP £xchokEANla) L0 2

parti cul ar anti-viral drug thernmore, this invention enables a
physi ci af% o adSksReasuring L?@‘P§l?§€éﬁfll Bf‘-l ths ’é?ﬁicraéﬁrsﬁéﬁée“&fac‘bﬁﬁ?fat i on
t her apy. hostad 1l ;oan8héd assmpasiall Ese expreesabherf ahehindjpearox

gene from step (c) with the expression of the indicator gene
measured when steps (a)-(c) are carried out in the absence
of the anti-HBV drug, wherein a test concentration of the

15 anti-HBV drug is present at steps (a)-(c); at steps (b)-(c);
or at step (c).

In one aspect of the invention there is provided a method
for .determining susceptibility for an anti-HBV drug

20 comprising: (a) introducing a resistance test vector
comprising a patient-derived segment and an indicator gene
into a host cell; (b) culturing the host cell from step (a) ;
(c) measuring an indicator in a target host cell wherein
said indicator is a DNA or RNA structure; and (d) comparing

25 the measurement of the indicator from step (c) . with the
measurement of the indicator when steps (a)-{c) are carried
out in the absence of the anti—HBV'drug, wherein a test
concentration of the anti-HBV drug is present at steps
(a)-(c}; at steps (b)-(c); or at step (c).

30

' This invention also provides a method for determining
anti-HIV drug resistance in a patient comprising: (a)
developing a standard curve of drug susceptibility for an
anti-HIV drug; (b) determining anti-HIV drug susceptibility

35 in the patient using the susceptibility test described



15 regi men prospectively by testing particular drug(s) or

conbi nati ons of drugs and determ ni ng whet her these drugs, alone or in
conbi nation, inhibit one or nore viral gene(s) and/or viral
protein(s). This invention provides significant advantages over
presently avgidéhfieassays by 20 .providing a safer, nore , hore
reliabl e, rm?? 9rapi d and nore effective drug suscepti bﬁflﬁgfqgﬁh;

resi stance assay to assess the therapeutic efficacy of particul ar
anti-viral drug(s) or conbinations of drugs enabling a physician to

optinize treakbp@¥fe; and tak compaxyingfthe Rk i2HIV drvesiscephabil bey in
significant adyesp ags) ohiehabhd NSrdfiara cuMal dtd Qi rdla 1i8S| SlAicE and
suscepti bili V-1 IA st %§_egfs . drtgpé_gﬁ%el opnent ;. 1), dur| ng.
preclinical evaluation o Cand A% Ctnpofith ‘?p%b’élhxiyngl% jshees

eval uation of @evglopmenty ofsanBi-HIVi dougatesimtanicer Apytbaabat bentdesi gn of
an 30 effective therapeutic reginen to overcone the probl em of drug
resi st ance; d. 4).__as, .part . of - _epidem ol ogic surveill ance, :
eval uating the ’rsevéf‘é'ﬁ%lg’f’ P&Sﬁ"st%ﬁg "‘g‘?ﬁi Ry methoqd p fogs determigiinged and
experi nent al cdaukys-HBV 3%lrugTheepissamte iimvent i patiendi r estpriding )

met hods and geveloping a WRaBéa2d43Ll8 f 4 ibilj
PCT/ US97/ 01609 png Tve of drug sygceptibility, £o%i® ons

of  assessi nd®PEHHRY F8Fsc Y idstermininganti-HBY drug: aneeept iRilidivng: a)
t he assayOnet himl Shedamadrienti ngsing theheuscepepbibitit yeand desdrsibadce of
a_patient-deriygthe; and $E0EBRPaLengAOlGbyLiBY diileulkefPTRORI L QS
including 5 resjstance test vectors. conprising a patlent-derl

segnment SHeP ah”l Nttt e RiRndant rwodet@misedodnaistiery (e

resi stance testhesssitrors. débirsasavdmt i ant i -HEWrsledeptiidQlied indicates

development of anti-HBV drug resistance in the patient.

15
This invention also provides a method for evaluating the
biological effectiveness of a candidate anti-viral drug
compound cowmprising: (a) introducing a resistance test
vector comprising a patient-derived segment and an indicator

20 gene into a host cell; (b) culturing the host cell from step
(a); (c) measuring expression of the indicator gene in a
target host cell; and (d) comparing the expression of the
indicator gene from step (c) with the expression of the
indicator gene measured when steps (a)-(c) are carried out

25 in the absence of the candidate anti-viral drug compound,
wherein a test concentration of the candidate anti-viral
drug compound is present at steps (a)-(c); at steps (b)-(c);
or at step (¢).

30 This invention also provides a method for evaluating the
bioclogical effectiveness of a candidate anti-viral drug
compound comprising: (a) introducing a resistance test
vector comprising a patient-derived segment and an indicator
gene into a host cell; (b) culturing the host cell from step

35 (a); (c) measuring an indicator in a target host cell



to the conpositions and net hods of constructing the vectors and host
cells which are used in the drug susceptibility and 10 resi stance assay
of this invention. In one aspect of the invention there is provided
a net hod for determ ning susceptibility for an anti-HV drug

conpri sing: (wdewmsigwduci ng a resistance test vector 15 POMPSITILGNY a
patient-derived segnent and an indicator gene into a host cell; (b)
culturing the host cell fromstep (a); -25- (c) neasuring expression of
the indicator gene in a target host cell; and (d) conparing_the
expr essi on of Fﬁﬁrﬁﬁﬂl5§P8r1“dlcat2ﬁﬁk§f%cﬂﬁ%nQﬁ)%ﬂ% ﬁﬁﬁ?ﬁtPﬁé'eﬁgﬁeég?on of
the indi cator gempazing theasmeasdrahent sbEpshéa)indigatwe f£esmi etepulic)n the
absence Q;:.ttl'xhﬁhé‘r\ﬁéaéﬂr\émgﬁﬂg?f Wher (%h?lé‘aé&s %n%ﬁn%ggﬁé aé(awrkcqf akbe_

anti-H V drug is present t eps

at step (c). cpgried out *¥1§9ﬁeaﬁ§ﬁ€€? A qh%ecﬁﬁgé ??QN?QH%§Wér?§ BFBQlded
a met _hopl 5 compodatier mheredns us cegst bebnéentat iom o | th Vedndgdate
porPens. o (ShuECOS, 00.g, CBRGBAARCEe | BRLatae B, Bups, (RIPCLY) MR,
culturing the ﬁ6§PscéPP fFbM X G @dep (c (c) measuring an indicator in
a target host cell wherein sai d |nd|cator Is a DNA or RNA structure;
Pha (g COTPA WM resssrbifs"ERRLT SUELL: Olohlie dHY TR AR 2hERfEY W 1N
WO 97/ 2734% viral segment(s) (e. g HIV HBV, epgq}ugg¢/g godndicator

-23- gene may additionally include one or more

non-patient-derived segments. In one embodiment the
resistance test vector is constructed from a genomic viral
vector which may include a deletion in one or more genes.
15 For example, in the case of HIV, env is deleted in a
resistance test vector which otherwise preserves the mRNA
expression and processing characteristics of the complete
virus. Alternatively, the resistance test vector is
constructed from a subgenomic viral vector which may include
20 only one or a few viral genes which are typically the target
of the anti-viral drug. For example in the case of HBV, one
or more of the  HBV genes encoding certain structural and
enzymatic functions necessary for HBV DNA replication and
virus particle formation (i.e. C, S and X genes) may be
25 deleted from a resistance test vector which otherwise
preserves mRNA expression and processing characteristics of
the complete virus. The resistance test vector further
comprises either the native enhancer/promoter of the
particular virus or a foreign enhancer/promotér for the
30 expression of the anti-viral target genes.

The expression of the indicator gene in the resistance test
vector in the target cell is ultimately dependent upon the
action of the patient-derived segment sequences. The
35  indicator gene may be functional or non-functional. In the



out in the absence of the anti-H V drug, wherein a test concentration

of the anti-H'V drug is present at steps (a)-(c); at steps (b)-(c); or
at step (c). 5 In one aspect of the invention there is provided a

met hod for determ ning susceptibility for an anti-HBV drug

conprising: GayedRiooduci ng a.resistance test vector pg?,[] +°IM9

pati ent-derived segnent and an indicator gene into a ho (b)
culturing the host cell fromstep (a); 1026- (c) neasuring expression of"
the indicator gene in a target host cell; and (d) conparing the

expressi on of €aeeafdiacarorfunctigmak indimatbepgéng, Wiken indecaxpreganon of

the indi cat or g8t efflramwde%%asé&&pisn(é)hésﬁ-) RN9 E2LhL Led-0 éfJé t he
absence t he antj - HBV whereln a.test concentra ron of the 15

anti - HBV drug 'i"ge pF@%ﬁ'fa%‘Ee sF%f)g VEFtor (uptid: i&; difs qaverted) ;into aor at
step (c). fun¢tionsl dsydcatolr géme i thueniglorhehaeeids of anedeﬁl woret hod

for detersini ngr YYACERLLLhELadr{Wia RgABRE- 5@@\9&&9 2fn oneCQHB{.I Phdige,  (2)

introducing a_, resjstance test _vec
segment and an“Bdi ’(ﬁaté’éngene is Fﬁf‘@e‘ée‘ﬁdﬁﬂn cfémctleﬁ?lcﬁ rowghgugehe

host cell fromeStappémpyted promatiernedse.i kg paidomoneirCahat, Iﬂl@l’x&@é}gein host
cell wherein the gaifd @rhﬂ&:?ﬁ@{oﬁ%l % 2 1 BRA StIRLC ure g&l ’3%

conparing 25 _the neasurenent’ o icator from e‘tep
measur enent  of ERREPYHdFREReY HRaR §F§E§d(’§) the( gpding @@quewe Of the in
t he abseh@e ofindicaty - gBYedr ug,Inhadéition | ethe on@:ﬂﬁmwabforu@ the

anti-FBY dI U0 hon PrERAN Shiffitator dedk (1B oflositeP Yol BhakClds Ynd! ng

step (c). 30 his 1 nvention also provi
anti-H V drug ‘F’e’é&fjst%‘?ﬂf@qeﬁ-’sa FaliT&st- c@#b‘lsl §hggceding sequwﬁequpurrtga a
standard curvenoi-fimay isiedephiibehtsy deitfe @8n neith@Pie tr¥nbestbed By

determ ning antje g{%&ﬂcrl?@m@bu&% 32he vilal"BrBRLSN. UG he

susceptlblllty te
case of HIV, the indicator gene is rearranged as a

consequence of reverse transcription so that the permuted
promoter now precedes the indicator gene sequence, which as
a result can be functionally expressed. In the case of HBV,
the indicator gene is rearranged as a consequence of
20 circularization of the genome during HBV replication. 1In a
second embodiment, the indicator gene 4is rendered
- non-functional through use of a permuted coding region, i.e.
an indicator gene coding region in which the 5’ portion of
the coding region follows rather than precedes the 3’
25 portion of the coding region. 1In this configuration, no
mRNA is expressed which can give rise to a functional
indicator gene product. 1In the case of HIV, the indicator
gene is rearranged as a consequénce of reverse transcription
so that the 5’ coding region of the indicator gene now
30 precedes the 3’ coding region, and as a result the indicator
gene can be functionally expressed. 1In the case of HBV, the
indicator gene is rearranged as a result of circularization
of the genome during HBV replication. In a third
embodiment, the indicator gene is rendered non-functional
3s through use of an inverted intron, i.e. an intron inserted

-derived -
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- 24- above; and (c) conparing the anti-H YV drug susceptibility in
"step (b) with the standard curve deternmined in step (a), wherein a
decrease in anti-H 'V susceptibility indicates devel opnment of anti-HV
drug resi stangediariie patient. , Thi s i nvention al so ROTAISYHBSO%

nmet hod for determ ning anti-HBV drug resistance in a patient

conpri sing: (a) devel opi ng a standar&7curve of drug susceptibili ty for
an anti-HBV dru b). . determ ning anti-HBV druyg susceptibiljt

in the patient ¥%g* ‘F\e Sﬁéﬁgpﬁeﬁ“ﬂ‘f’g st t B%s&ﬁdﬁg’amr engh ot R/aﬁd (¢c)
conpari ng the antansdBipdiogadusoejpentrtidny iapposite sttep thatw bl t bbe

standard curve jqgf;QiRicReddre .St efn (3ddition, E‘ﬂ@rghaléaQSerEﬁ@ 119 s@At - HBV
susceptibility 1 nd| cates devel opnent of anti - resi stance in

the patient. 15°ntainsty;a ; {uBEtignad soPFPEREEEs 4 ’n%lfho heor ERELEStI ng
t he Di ol ogaanﬁcrabteonai/enenist ofoniesmnadi daipposmrtle- vitwal téheugviral '

conmpound Corrpr sOQHg'ﬁ?n 'J.%Sﬁgcfnaféétzor genevf“gth{ the

conprising a p |ent r|ve g:lo an | ndi cat nto a
host cel|; (b) WKARGUPFAGREARLIR Pewramﬁﬁﬁ Py the vigpl 55 ignshe ng
expressi on of tduse rxd cemvororgehe HBvaenhancequmﬁodmtarﬁelilt' cantioCdpe

compari ng the XYASHAII0 {ifhecrined H,CAUAL R LLOMBLEP (R Whih the

expressi on of gene neasure 9(5) a) - are
carried otf 25 qurr?eldhe”bﬁa":%hc%afﬁptth'@ecaﬁﬂ?%hé SHEESSd r RY céé‘ﬁpound
wherein a test Hswae,r ahithe ekséhef cetttodiiteséntand/ hepadnavinider) aadpound

i s present at ﬁ%l -~ ‘n?) HB‘\g’C)Sp %&f%.tcgﬁiﬁ( D)t fard ipticn Oﬁ}{att}?et CR1kSh-

30 This inven provirdes a or Svaryati
bi ol ogi cal ef f RAIASFESs r&ﬁuatcahowmtf@rmpom PA m&%gm whichs siegerd
conprising: (a)ef nttredudinvgraedesimtvice dadSt occur Mgctsyl ixdmgy.i si ngna

pati ent-dfgi Ve%é&%@%s@@? a8 énégr?ﬁﬂence of reverse transcription of
the resulting spliced transcript and the integration of the
resulting provirus into the host cell chromosome, the
indicator gene can now be functionally transcribed by its
own promoter. In HBV, as a consequence of reverse
20 transcription of the resulting spliced transcript and
circularization of the genomic DNA in the host cell, the
indicator gene can now be functionally transcribed by its
own promoter.

25

Resistance test vectors comprising a non-functional
indicator gene can be used to carry out resistance tests in
either a particle-based or non-particle-based assay. The
30 particle based assay is based on resistance test vector
viral particles, which are replication defective, being
produced by the resistance test vector host cells. The
trans-acting factors necessary for production of the
resistance test vector viral particles are provided by the
35 packaging expression vectors which are transfected into the



gene into a host cell; (b) culturing the host cell fromstep 35 (a);

(c) neasuring an indicator in a target host cell WO 97/ 27319
PCT/ US97/ 01609 - 25- wherein said
indicator is a DNA or RNA structure; and (d) conparing the neasurenent
of the indi ceigyisiom step (c) ~with the nmeasurenent ofg %I%ngw‘q‘g&ator
when steps (a) - (c) are carried out in the absence of e candi date
anti-viral drug 5 conpound, wherein a2igest concentration of the

candi dat e anti-viral drug conpound is present at steps (a)-(c); at

steps (b) - (Ppckgging dosy cell. In cofteasssitdteancm-pastiviet based
conpri sing th&E3abtaﬁbedbetedslgerfbkhéh 5?9%§ahéféct£§TgofH5V51H§Ye etC )

and the indic additio

nor e non?‘%%% i gﬁtlldg'ﬁgge rgébﬁﬁﬁ?% tegt, Ved%é’r b Sten@bsence of
resi st ance tei’Pc\‘FéS?-BB f3pPresgionMemtdnsem a genomic viral - vector
whi ch mays i nclude a deletion in one or nore genes.m 15 For exanple, in

t he case of HI : Y d esi stance test vector which
ot herwi se pr eser%@éI cf'éh ﬁ%l\ﬁ}t‘ unCtév?Btaés’s’F%‘rF%ﬁﬁf AFBEesiihFunctional
charact eri sti énddratne gomplist efficientiy espressdédeimat fyesy hostth&ell

resistance teshns¥eeted th S98¢6 t r b '
vect or which g?¥:Echu e 2(3’S F re One&%ﬁ& egg&/aﬁ#ﬁf&gegggﬂﬁ% é%

typical ly the target egstﬂ‘éC%ntE?sRll‘feﬁt%r ReStrGeldk anplBupn t:he case
of HBV, 18ne functpenmf &hef indicaBY genesievrdediregiseahed ety vebtoal and

enzymatic funabsengeDECes SRst ééﬁéﬂﬂ@%tDNA Eﬁ@l é?gééy]&%¥¥ved aeFMEEES

a5t st ance 1 cEPHERRE o; S SaPasi: R SEhe LndiGhEoE, sae fakeoshPESSEOR and
processi ng chirast serendchostf cell (referpedl ©b chertgits.as alkargesi Bbance
test vector fuelher is dependent on the production of functional
15 resistance test vector viral particles in the resistance
test vector host cell. Thus, the activity of the indicator
gene in the target host cells is dependent on the activity
of the patient-derived segments.

20 In another aspect this invention is directed to. anti-viral
drug susceptibility and resistance tests for HIV/AIDS or
HBV. Particular resistance test vectors of the invention
for use in the HIV/AIDS anti-viral drug susceptibility and
resistance test are identified as well as resistance test
25 vector host cells. In yet another aspect this invention is
directed to anti-viral drug susceptibility and resistance
tests for hepatitis. Similarly in the case of HBV,
particular resistance test vectors (also feferred to herein
as resistance test vector systems) of the invention for use

30 in the HBV anti-viral drug susceptibility and resistance
test are identified as well as resistance test vector host
cells.

In yet another aspect this invention provides for the
35 identification and assessment of the biological



conprises either the native enhancer/pronoter of the particul ar virus

or a foreign enhancer/pronoter for the 30 expression of the anti-viral
target genes. The expression of the indicator gene in the resistance
t est vector in the target cell is ultimtely dependent upon the

action of thewwosdmesnd-derived segnent sequences. The 35 PCT/URINEIDI
gene may be functional or non-functional. |In the , WO 97/ 27319
PCT/ US97/ 01609 ' -29- - 26- case of a

non-functional indicator gene, the indi.caior gene, ., 1S not efficiently
expressed in a.?ﬁégcﬁﬁﬂqn FaRt AN 15y gheraé%?ﬁ?9w§§t§f¥ﬁ5@?t%ﬁﬂp or
until it is confertebei mreatment off uniatalonddseasdiscat oingetd lilhranajiherhe

action of oOne OLgHEUE the intdnd 1t RA! BePLetled itvPd SRUEERE1R' Ol Scedd one
enbodi nment , he i1 ndi cator gene 1s rendered non-functlogfiithrou h use
t

Tt

of a permuted pfbibide OF BOTE YRhAsefor ASFESS dHA GsFRPTL the
transcri pt sonal amstlesnt abspactas tdhe | ddveat bon gdse, directed oltloows ratvedr
than precedes theeCaldi Se@iehegell Wfiptfsing! A0bGRLOR: GRlEved Jital
addition, the orientation of  the Ron-fuRctional i ndicator gene 1s
opposite to thagerg{ghand an §pdicakel @& s or LTRs. Thus the coding
sequence of the non-functional indicator gene can neither be
transcri bed by the permuted pronoter nor by the viral pronoters. In
the 15 case of HV, the indicator gene is rearranged as a
consequence of reverse transcription so that the pernuted pr onot er
now precedes the indicator gene sequence, which as a result can be
functionally expressed. In the case of HBYV, the indicator gene is
rearranged as a consequence of 20 circularization of the genone during
HBV replication. 1In a second enbodi nment, the indicator gene is
render ed



non-functional through use of a pernuted coding region, i.e. an
i ndi cat or gene coding region in which the 5 portion of t he codi ng
region follows rather than precedes the 3' 25 portion of the coding
region. In this configuration, no MRNA i s expressed which can give
rise to a fynchiRER! - i ndi cator gene product. In the casfusdeidey: the
i ndi cat or “gene is rearranged as a consequence of reverse transcription
so that the 5' coding region of the indigator gene now 30 precedes the 3
codi ng region, and as a result the |nd|cator gene can be functionally
expressed. | nBghefchesg ¢ Jjag at or gene is rearranged as a
result of C|rcular|zat|on of the genome during HBV replication.
In a third nmbodi nent, the indicator gene.s r qﬁged non-fupcti onal
35 through BS8-of- o | nUhASRFAMAL G Fopreeehi G100 BE Thf Siogenomic
WO 97/ 27319 structure of HIV-1. ViraACprd8eih8l&0e encoded
-27- into the codisng UgRC f i i G I t

5 ifd e2EHUBECENRE tﬁitﬁlfe sz%&‘ﬁ%O £rAmes Bt B 929 e,

transcriptional orientation opposite to i ndi cato
In addition, the indicaf§l -g¥hé-i YRE| ftat, re¥pnVBinseRy and qed 9enas -
pr onot er wWith the TwtiREAS ist ransdcribednatromniviradr i eNhedand

opposite to the vi raerocessgﬁog?gﬁi?al axt&'scél}l%l%b dngfehgngkvi gi cat or

gene is in the W 0 orientat 0_.be transcri iral”LTRs
in the case of H Vv¥deet he b Semerder virdhet ey Acafhst Upe
functiona |y transcri be® band tg50elepentnt of, uhetﬁmrdx)1om@veetmﬂnantron

cannot be properly exci & % Q¥ ?B%k?' lnq#qagggever in the case of
r

retroviruses and hepadnaviruses, and HBV specifically,
transcription by the viral pronnters result in the formation of nRNA
in which renoval Bof dderdivid ﬁﬁiagi'amitiaﬂﬁ.c ea8preSEStHtidyy ofSﬁhé ci ng.

In 15 . retroviruses, ARy ;:8%2%9%%2 ?‘egra‘%@{é’e %ﬁ?ﬁﬁcrécﬁ{ﬂaq_% the .the

resultln% spliced transcrip 1on
1 following elements in a 5' to 3’ orientation: 1)

an HIV-LTR U3 region, 2) an HIV-LTR R region, 3)
an HIV-LTR U5 region , 4) the coding regions of
the HIV gag-pol, vif, vpr, tat, rev, vpu, deleted
env, and nef genes, and 5) a 3‘ HIV-LTR.
20
C. Generalized diagrammatic representation of the
HIV genomic viral vector which contains the
following elements in a 5’ to 3’ orientation: 1)
a CMV IE enhancer-promoter, 2) an HIV-LTR R
25 region, 3) an HIV-LTR U5 region, 4) the coding
regions of the HIV gag-pol, vif, vpr, tat, rev,
vpu, deleted env, and nef genes, and S5) a 3
HIV-LTR.

30 D. Generalized diagrammatic representation of the
HIV subgenomic viral vector which contains the
following elements in a 5’ to 3’ orientation: 1)
an HIV-LTR U3 region, 2) an HIV-LTR R region, 3)
an HIV-LTR US region, 4) the coding region of the
35 HIV gag-pol gene, and S) a 3' HIV- LTR.



resulting provirus into the host cell chronosone, the I ndi cat or gene
can now be functionally transcribed by its own pronoter. I n HBV,

as a consequence of reverse 20 transcription of the resulting
spliced transcript and circularization of the genomic DNA in the host
cell, the woismghaent or gene can now be functional |y trans®@crhuse/dages t s
own pronoter. 25 Resi stance test vectors conprising a ,

non- f uncti onal i ndi cat or gene can be3ysed to carry out resistance
tests in either.a particle-based or non-particle-based assay. The 30
particle based assay is based on resistance test vector vi ral
particles, which are rgpli Gariexaldekrdcdiagyamneditgrepresenttuiced olfythée

resistance test vector hesy GebhsnomidNGiral vEEé&é‘@ﬁiél@%&ﬁEéﬁFé the
necessary for production of _th resi stance test_vector viral particles

e , \ :
are provided by the 35 IRALRUIPALISHAUSEBA VEcHOr 2 iaRtRtd o antk ect ed
into the 5 WOa97¢MW7 318 enhancer-promoter, 2) an HIV-LTR R

PCT/ US97/ 01609 region, 3) ap HIV-LTR U5 réfion, 4) PREKAGANG,Nost
cell. In contrast the non?garfiffe Based rgsgé?%hce)test ?g irg

performed by transfecti ofeSftCR F (i HIV gagppel gse, widdh 2} fedi sEhice
test vector in the absen&ZFRof packagi ng expression vectors. 5
In the case of the functional indicator gene, the functional
i ndi cator gene_is efficiently expressed in a first host cell .
transfec@ byFtfie feshst arRi@IraEmardct BePYIITHATEOY 6T the DNAcgeRemis a
resi stance test vector hestueelitré¢.of THIN-1the 10 function of the
i ndi cator gene in the resistance test vector
B. Diagrammatic representation of the resistance
test vector comprising a nonfunctional indicator
15 - gene comprising a permuted promoter having the
following elements in a 5’ to 3’ orientatiom: 1)
an HIV-LTR U3 region " (pLG-lucPP-HS and
PLG-lucPP-PB) or a CMV IE enhancer-promoter
(pCG-~1lucPP-HS and pCG-lucPP-PB), 2) an HIV-LTR R
20 region, 3} an HIV-LTR US region containing an
inserted T7 phage RNA polymerase promoter (herein
referred to as T7 promoter) with a
transcriptional orientation opposite to that of
the LTRs, 4) the coding regions of the HIV
25 gag-pol, vif, vpr, tat, rev, vpu, deleted env,
and nef genes, 5) a patient-derived segment (s)
inserted into the patient sequence acceptor
sites, 6) an indicator gene cassette inserted
into the deleted env gene, and 7) a 3' HIV-LTR.
30
C. Diagrammatic representation showing the
conversion of the non-functional indicator gene
(permuted promoter) in the resgistance test
vector, described in 2(a), to a functional
35 . indicator gene by reverse transcriptase.' The



host cell is not dependent on the patient-derived segnent. However,
the capacity of the indicator gene to be expressed I n a second host
cell (referred to herein as a target host cell) is dependent on the
production of functional 15 resi stance test vector viral particles in
the resistangfyomrzie t€st vector host cell. Thus, the aCtIVi, ’P%”"ER
indicator - gene in the target host cells is dependent e activity
of the patient-derived segnents. 20 _.3bn another aspect th| S invention
is directed to anti-viral drug susceptibility and resistance tests
for H V/ Al DS or HRMénvearstioaut Ara E@RESLOASE imbicatest §ése Hedle s

I nvention for use ¢ h | VI, AR dr S et|b|I|t and
resi stance test are |denf’tllrbf"|I eg:hlaés !é?ggég%}e%ﬁ{ tgér)lge tlfblrgest r\?é"c 5% host
cells. In yet another a‘%eﬂ&’?tl"fahlt? ERechbibratQr gene cgdipet segion.
anti-viral drug susceptibility and resistance tests for hepatitis.
Simlarl I n as of [8SI est vegtors
(al'so re%lserregtl{&ﬁ %ergl n Dt@/r%mmatlc Q%éﬁﬁ%%g? vecStI %H bﬁ °B¥-t he

i nvention for use 30 SRR rEBYLaHIV=Yi r al dr ug susceptl bi li ty and

resi stance test are identified as well as resistance test vector host
cells. I n yet ganot her :ﬂﬁﬂﬁﬁ? n_pravides for t he 35
identification and  assesohe C%me 14n Se%rég't?" gal S ackaging

97/ 27319 expre551on vector pLTR- $2ﬁ311 c@qg&@wldes the

- 29- 10 ef f ecti veness waff,poigant italt,t I}Q,rvapewul gnantdefvb@ﬂgscogggﬂngg
for the treatnent of virg|; t he

st | aspect
invention is directed to acﬁ’os% %%%Fefrs ns?%c?‘eﬁpaflcede subgenomic mRNA
transcribed from the HIV LTR U3 region.

C. Diagrammatic representation of the packaging
15 expression vector pCMV-HIV3’ which provides the
vif, vpr, tat, rev, vpu and nef genes, each of
which is expressed as a spliced subgenomic mRNA
transcribed from the CMV IE enhancer-promoter.

20 D. Diagrammatic representation of the packaging
expression vector pVL-env4070A [pCXAS(4070A env)]
which provides the amphotrophic MLV env gene
product, by transcription from the CMV IE
enhancer-promoter.

25
Fig. 4. A. Diagrammatic representation of the DNA genomic
structure of HIV-1.
B. A generalized diagrammatic representation of
30 . the resistance test vectors comprising a

nonfunctional indicator gene comprising a
permuted coding region containing the following
elements in a 5’ to 3’ orientation: 1) an
HIV-LTR U3 region (pLG-lucPC-HS and pLG-lucPC-PB)
35 or a first CMV IE enhancer-promoter (pCG-lucPC-HS



Wi th one or nore vectors to assess drug susceptibility. In 5 anot her

aspect, the invention is directed to a novel

resi stance test vector

conprising a patient-derived viral gene(s) and an indicator gene.

WD 97/ 27319 : PCT/ US9/ 01609

- 30- Bw@drd2ecri ption of the Draw ngs Fi g. 1.PgT/nus97/o1609

D agrammatic representati on of the DNA genomc structure of
H V-1. Viral proteins are encoded 5 -33- in each of the three
readi ng frames by the gag, pal, vif, vpr, tat, rey, v

env and nef genes. dha PCG-lucPaPRin iég tFQﬁséﬂ‘g'é&'Rfer %’i“?alu

and procnegmhily Bi)r akhandcodingll aegéengnmesf gtke nHIV
rise to both genomc vir T , d U5
el ements of the viral % terni %ﬁR%r' acSord) u' dej'I_e'lt'-'Rd %,gn

i ndi cat ed. andpnef genesq| thed BP&QF‘&M‘F?’C"%&%&%&% on of
t he 5 H V feserted viihalo vehé orpathienit csertraenset hecddptor

foll owing elenents in a éhtég 3'g )orgntﬁtzjs@’n iddicator gﬁ?/ Iﬁ%f%;b@ V-LTR

U3 region, 2) an H V-LTR

regi on

. 4) the coding regions S?ntammg the 5’ codipg Fﬁﬁ-?ﬁhg’ the Ingifegase ¢ ot

rev, vpu, deleted gene, insewyad inmudb e gmm;edaruﬂ:vS)gemeS el \& LTR
20 C. ’
H V genom c viral vector S%ﬁ%%&g&]{ %QEQ”?%% chsﬁsgr&%e%%!igﬂ%ﬂé H;Ee 3

el ement s1p

15

20

25

30

35

nabs tod

Fig. 5.

C.

A.

of PRiRGt Feion)of the luciferase gene, 1nserted
into a deleted 3' HIV-LTR U3 region, and 7) a 3¢
HIV-LTR R and US region.

Diagrammatic representation showing the
conversion of the non-functional indicator gene
(permuted coding region) in the resistance test
vector, described in 4{(a), to a functional
indicator gene by <reverse transcriptase.
Following reverse transcription and strand
transfer, the luciferase 3’ coding region is
copied from the 3’ LTR to the 5' LTR, permitting
the transcription of mRNA which can be spliced to
generate a functional luciferase coding region.

Diagrammatic representation of the DNA genomic
structure of HIV-1.

A generalized diagrémmatic representation of
the resistance test vectors comprising a
nonfunctional indicator gene comprising an
inverted intron containing the following elements
in a 5’ to 3*' orientation: 1) an HIV-LTR U3
region (pLG-luclI-HS and pLG-lucII-PB) or a first
CMV IE enhancer-promoter (pCG-lucII-HS and
pCG-lucII-PB), 2) the HIV-LTR R and US regions,



a CW | E enhancer-pronmoter, 2) an H V-LTR R 25 region, 3) an

H V-LTR U5 region, 4) the coding regions of the HV
gag-pol, vif, vpr, tat, rev, vpu, deleted env, and nef
genes, and 5) a 3 H V- LTR 30 D.

Generalized gj tic representation of the

subgenomn ¢ vg}?%%@gg?or whi ch contains the Pf%rmégqv&ir%g
elements in a5 to 3 orientation: 1) _34- ' an H V-LTR U3
region, 2) an H V-LTR R regi on, 3) an H V-LTR U5 region, 4)

t he codi ng region of the3B5the coding regitns gaff)-pe BBhegagrmbly) w3’ H V-

EE?)USQ?/OlGOQ WO 97/2;349 tat, rev, vpu, deleted env, and nef genes,

General i zed di agr ammat i c?} ePRekei He7dyess segment (s} inserted inga, the
subgenom ¢ viral vector patiéntcsdgiaired laeceptor site, 5) af clddidatpr
elements in a 5 to 3' ogigotaldQiyel d into the ded e
enhancer-%ronoter', 2) gngié]il%tél_s%&tﬁ dnsérted into ereéa"leon, %{;Va%erfﬂ'v- LTR
US regi on, 4) the coding®®d S) a 3’ HIV-LTRegjon of the H V gag-pol gene,

and 5) a 3' H V- LTR 10 Fig. 2. A D agrammati c
representation of the ' : .ructu | V-
B. Diagrammtic representati %hg‘?‘afﬁ% rers?ps]feasneéqet 2t Eﬁo@:{ny ttéiset

vector conprising a nonf GPRYeHFEAN 9fditdhe glonrfunctional indigafir Q@RA% i si ng
a pernmutged pronoter havi fgnié¥ted intron) in the resistance test vector,

described in 5{a), to a functional indicator gene
by reverse transcriptase. The overall
transcriptional orientation of the indicator gene
cassette is opposite to that of the first CMV
15 enhancer-promoter and viral LTRs, while the
orientation of the artificial intron is the same
as the latter elements. Transcription of the
indicator gene by the second CMV
enhancer-promoter does not lead to the production
20 ' of functional transcripts as the inverted intron
cannot be spliced in this orientation.
Transcription of the indicator gene by the 5’
viral LTR or the first CMV IE enhancer-promoter,
however, leads to thé removal of the inverted
25 intron by RNA splicing, although the indicator
gene is still not functionally expressed as the
resulting transcript has an antisense
orientation. Following the reverse transcription
of this transcript and integration of the
30 resultant proviral DNA, the indicator gene can be
functionally transcribed by the second CMV
enhancer-promoter as the inverted intron has been
previously removed.
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following elements in a5 to 3" orientation: 1) an

H V-LTR U3 regi on (pLG lucPP-HS and pLG | ucPP- PB)

or a CW | E enhancer - pronoter (pCG | ucPP-HS and

pCG | ucPP-PB), 2) an H V-LTR R 20 region, 3) an H V-LTR U5
regi on cont ai Wiovgneis. . inserted T7 phage RNA [raOTyUS97/61$89
pronoter (herein referred to as T7 pr onot er) wth
a “transcriptional orientat3is5en opposite to that of

the LTRs, 4) the coding regions of the HHV 25 | ag-pol ,. vif,
vpr, tat, rev, Ris Sdefet eqPépgrammatic representation Qf tﬁ‘@n’é‘g“, ganopic
patient-derived segnment (Sgtructure of HIV-1 issshdwad dbuive t(ae padi ¢b).
sequence accept or sites, 6) an indicator gene cassette
I nserted into the deleted_env gene,, and 7) a 3' H V-LTR 30
C. Diagrammatic repBesenPagedsraliged diagrimeatic representation of
conver si onsof the non-funghké onglesistdasnt otegene vectors compris{fgr ma ed
pronoter) in the resistan e a3 VeLian Sct abed . i
2(a), to a functional é%‘ételsotnal mdl""".tr?éi E&6r gen.é“‘:’bfq{;ée\C/f'lé%lts?Leoq'nng;~I
transcri pt ase. The elements iWW/ Zmig orientation: 1) an HIV-LTR
PCT/ US97/ 01609 f U3 region (pLG-luc-HS-ll an®’-pLG-1luc-PB-1) ;:r a .
conversion to a functionat, ] ic%’;t gen t rom t he
repositioning of the T7 g#lo#ro er 1k gnéeeis%)m%roglegt i(B%Gf]Oucf"hHeS'i).‘mﬁn?at or
gene codi h§ region. 5 PCEilpc-PB-A) . 2D hheaHF¥t PR rRpand dfRt ateiensf, t he
DNA genom c 3) 8héUebdifgOtefldhlof the HIV gag-pol, vif,

vpr, tat, rev, vpu, deleted env, and nef genes,

4) a functional indicator gene cassette inserted

into the deleted env gene, with a transcriptional

15 orientation opposite to the viral LTRs and 5) a
3’ HIV-LTR.
C. A generalized diagrammatic representation of

the zresistance test <vectors comprising a

20 functional indicator gene cassette (pLG-luc-HS-2,
pLG-1luc-PB-2, pCG-luc-HS-2 and pCG-luc-PB-2) in
which the transcriptional orientation of the
indicator gene cassette is the same as the viral
LTRs.

25

Fig. 7. A. Demonstration of drug susceptibility using the

resistance test vectors, pCG-CXCN(F-1lucP)2-aA and
pCG-CXAT (F-1lucP) 2-AA. Data are presented as
luciferase gene activity in target host cells as

30 Relative Light Units (RLU) in the absence of AZT
or in the presence of 5 mM AZT.



B. D agrammatic representation of the packagi ng expression

vector pLTR-HI V3" which provides the 10 vif, vpr, tat, rev,
vpu and nef genes, each of which is expressed as a spliced
subgenom ¢ nRNA transcribed fromthe HV LTR U3 region.

C. D agrammyjg gypbRpr esentation of the packaging 15 PCTNU 9'”? ession
vector pCW-HI V3" which provides the . vif, vpr, S[ rev,
vpu and nef genes, each of -3gwWhich is expressed as a spliced
subgenom ¢ nMRNA transcribed fromthe CW I E _

enhancer - pr onot er . p:9) Drug siscepBibijldoyatdml r epstseshed i aesaf t he
packagi ng perfRWBHESFHIRN VRE! 9&%&&&%?@2%&%@@?* (ﬁoQ?cPA

env) ] (?Q@NC ro ges t he anphotro
product, by transcri pt (?' gh‘lcﬂm Lhyeppeaining Bre-AzZT treatmént and
enhancer - pronot er. 25 post-AgTgtreatment “Beayt putdlent -deptesdndeynentnf t he

DNA genong c The resildtanicdl &2k Wé¥8$rs are derlveg £rof tH

general i zed di agrammat.i c repres tattl on of hé™ resistance -
test vectors conpri FP™EE icator gene VHHilyiQGté¥al PEIAXRE- gene
conprising a lucP) 2-AA.per mibath codiag pegsenteé@nt asni RHerideat

fol I ow ng 1nh1b§k§gﬁn5% lquiegaﬁé g% %E?Q&%§Ig% tart t, an

H V-LTR U3 region (pL ucPC-HS and p
first OW | E enhancer- (Erm?%ﬁ FplE- ubPE I‘lsmcentratmn Apx7) 27 P08-
PCT/ US971®1609 CXCN(F-1lucP)2-AA is plotted -a¥3-solid boxes. pCG-

CXCN(F-1lucP) 2-AA containing patient-derived
segments prior to AZT treatment is plotted as solid
circles and post-AZT treatment as solid triangles.

15 C. Drug susceptibility and resistance test
performed with the resistance test vector, pCG-
CXCN(F-1lucP)2-aAA containing the reverse
transcriptase segment derived from the biologically
active proviral clone, pNL4-3. Data are presented

20 as percent inhibition of luciferase gene activity
in target host cells vs. nevirapine concentration
(log,g) and is plotted as solid boxes.

D. Drug susceptibility and resistance test

25 performed with the resistance test vector, pCG-
CXCN{F-lucP)2-AA containing the protease segment
derived from the biologically active proviral
clone, pNL4-3. Data are presented as percent
inhibition of luciferase gene activity in target

30 host cells vs. indinavir concentration (log,,)and is
plotted as solid boxes.



and pCG | ucPC-PB), 2) the HV-LTR R and U5 o 3) the

coding regions of the HV gag- pol , 1}“55 BEEmev, vpu,
del eted env, and nef genes, 4) a ti enfiE é»f‘mlbd seqnent (s)
5 inserted into the patient sequence acceptor

sites, 5) a fwobnrrsei cator gene cassette C (CXAISH7/0160% he 5'
coding region of the lucif erase - gene, inserted into the.
del eted env gene, 6) a seédnd i ndicator gene cassette

containing the_3' 1 . cadi ng region of t.he lucifergse g ,
i nsert ed Fig. '8 a. inl?’oa¥ad'§‘?aé:tlé:d 3t gﬁf?fﬁ?t&? eg?t , tg’ﬂed 7§B§ 3
H V-LTR R and U5 regi on. pregenomic struct@We 49X Hp\anmRdegenomépr B¥antati on

showing the 15 shown 68N¥e58h98 Pindhe pPRedwinddearalseidheakor
gene (perrru ed codi ng regqi on) n the resistance test
vector, described in 4(a)PRo &funti?Hhalas osed rectanglffi-cat ofPegene

by reversse transcript @esitions of the encapEmdegignelzese;mence is
transcription and straghedfl ((). Tne c, PirENSIEI x gbhes|did lcAncad
coding region is d fromthe 3 Rto the 5
pernitting °pet“her?‘f%i’d&:1relspt i orf WW chretgite (EBP t ced
to gener @Epacarf, unDNAon@blymeréee,éisswesm NG rangcriptases
Fig. 5. A D agranmmat i ¢ en

g g (golPRET SnLal! Rﬁi\%ener e Jdnd %30% ene are

structure of HI V-1. I a

represent® i on of indicatgg. r§éF§§aﬂ%eC tRstS. g‘r§ra@§ﬂrﬁFF-§Png a
30 nonf unct iierialiatiodi aaé oindeited G¥TRhadeddtridngles.

i nverted intron containing the follow ng el enents ina b
to 3' orientation: 1) an HV-LTR U3 region (pLGlucll-HS
and pLG lucl|-PB) or aPfirsk generalized diagygppatig r@ﬁ’ﬁ&ﬁEBFaE%%DPér
(pCG lucll-HS and 35 the subgengfie| ucidichABpr 2yehde wiréll TReRtand US

regirons, g PCS-HBV(NF-IG)II-(PSAS-), a component of the
resistance test vector system, comprising an
indicator gene cassette and an inverted intron
containing the following elements in a 5’ to 3’
orientation: (1) the CMV IE enhancer-promotexr

20 region, (2) the S’ region of the HBV genome and
the DR1 and S5’ ( (the pre-C ORF translation
initiation codon is eliminated), (3) a

non-functional indicator gene cassette in which
the indicator gene ORF contains an inverted
25 intron, (4) the region of the HBV genome
containing DR2, DR1*, the 3'g£, and the 3’ HBV
polyadenylation (pA) signal region.

. C. Diagrammatic representation of the covalently
30 closed circular DNA (cccDNA) form of the
subgenomic indicator gene viral vector,
pCS-HBV (F-1G) II (PSAS-), containing a functional
indicator gene cassette assembled as a result of
HBV viral replication.
35

This Sheet Has Been Rei

WA



WO 97/27319 | PCT/US'EE "166
- 34- 3) the coding regions of the HV @ P HN BEEN

vpr, tat, rev, vpu, deleted env, and nef genes, REPLAGED
patient-derived segment(s) inserted into the patrent
sequence accgplo9pmzdte, 5) an indicator 5 geng, ﬁgfs?

inserted into the del eted env gene, . _ and 5) a ﬁ"\%ﬁLTR

C. Diagrammmatic representation show3sg the

conversion of the non-functional indicator gene 10 (inverted

intron) in the resist&ice Péagrameatic representation of desecreéxeapliencd (a),

to a functional indicato $ataging vector, pPK-2PX, rﬁvéérﬁﬁoneﬂt{] ("?'ept ase.
The over al | t| onal orientation of e i1 ndi cat or

gene casses[’tsmn§eop§ EFt eVEE Phat SHF - The FRALSEDE 18
enhancer - pronoter and RAtignt -derd vedwedmentt lcontaining the following

orientatimn of the arti fél(én{ﬂntlsntlhoa |ss EQe;;sagglentatmn d( thedoMi/ne
latter el enents. Tr anso\rc%/l &t i on_of cator gene -

by t he second hancer - pmm°tereﬁﬁ8?1€’ér é?brrﬁ)(‘%r rggdsnnef | ead
to the production 20 the HBV géndmenct spaaling anfuwsm ptshas t:heonpverted

i ntron GHHMlat 1B 1n§91$]@fc511 cdddn tbige 3'Or§Ae%t1§t

Transcription of the indicator AILTR or

the first CW | E enhancét® %’6*?&?‘511 he C, P, 8, andp¥.gemes.|edbe €0 the

removal 3f the inverted g#me of the patkagimgbyvddospl ipEkArgrxal t Beugh

the indicator modifiedd8REn! Enat i dBek hUPCLLAIA %X REEoged as
pt as an _antisense

t he res transcri :
orientation. Follow ng toﬁg$ &BFE%‘*‘P 3t dPPPtRQYn express the S protegns this
transcript and integratdsoshoef byheh8X at the transldteiofl adtiREewhr al
DNA, the indicator gene £aRghe functionally transcri bed by
t he secq_r}’d Ccw

E. Diagrammatic representation of an additional
packaging vector, pPK-S, providing the S gene
proteins, that  is cotransfected with the
resistance test vector system comprising the

20 indicator gene viral vector,
PCS-HBV(NF-1IG) II-(PSAS-), and the packaging
plasmid, pPK-CPX.

F. A generalized diagrammatic representation of
25 the resistance . test vector,
pCS-HBV(NF-IG)II- (PSAS+), " comprising a

non-functional indicator gene with an inverted
intron containing the following elements in a S’
to 3¢ orientation: (1) the cMV IE
30 enhancer-promoter region, (2) the S’ region of
the HBV genome and the DR1 and 5’ ( (the pre-C
ORF translation initiation codon is eliminated),
(3) indicator gene cassette (containing an
inverted intron) within the region of the HBV
35 genome which contains a patient-derived P gene
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enhancer-pronoter as the inverted intron has been

previ ously renoved. 35 WO 97/ 27319.

PCT/ US97/ 01609 - 35- Fig. 6. A
D agrammati c representation of the DNA genomc structu
H V-1 is showostmy® (a) and (b). B. A geRET/HBITOAGD
di agrammatic representation of 5 the resistant t est
vectors ~ conprising a -3&wmtional indicator gene hav
the foll ow ng elenments inab5 to 3 entation: %# a
H V- LTR BRIPRT on (LGHPGC- F@Jr%nd’pré- PucHBB. 1987510

first OW | E enhancer - prcontainirgCGR2UCDRS*] timel 3¢, and the 3’ HBV pA

pCG | uc- PB—l)

2) the H ¥;LIR @@,ﬂgnUS regions, 3) the

codi ng region of the H V gag-pol, vpr, tat, rev,

del et ed env,

cassette Snserted
transcri ptional 15

5) a

and nef genes,

G.

3'

4) a functional indicator
Diagrammatio réprehdnuayioenmfgehe cowvdalently

closed o QiLEM AL | %N;Ppppé%lﬁmt O Mo AR

eneralized

di agrammati ¢ represent at FBfigfance test vector, Q§§HBVé§r§§bﬁ%e(P$Q§ﬂ)'
a 2Bontaining a furdticinadndhdisdtont gengeressstsett e

vectors

in

conpri sing
(pLG | uc- HS- 2,

10

15

20

25

30

Fig.

9

H.

ﬁe a4 En k:uﬁe?&'g? ggelnt at#ﬁr{?togggﬁﬂﬂﬁé%

ranscriptiron
a result of V viral repln.catlon

Diagrammatic representation of a packaging
vector, pPK-CSX, providing the C, S and X gene
proteins, that is cotransfected with the
resistancetestvectbr,pCS-HBV(NF-IG)II—(PSAS+).

Diagrammatic representation of the RNA
pregenomic structure of HBV,

Diagrammatic representation of an HBV
indicator gene +viral vector containing a
non-functional indicator gene cassette. Primer
binding sites for the amplification of a target
DNA segquence are shown. The location and
orientation of the forward primer (Pf) and
reverse primer (Pr) binding sites do not
constitute a functional amplification unit in the
linear form of the vector that is used to
transfect packaging host cells. The Pr binding
site is designed to span the junction segquence
that is generated by splicing of the pregenomic
RNA.

re of

i ng
n

vpu,
gene

and

PB- 2)



I ndi cat or gene cassette is the sane as the viral LTRs. 25
Fig. 7. A. Denonstration of drug susceptibility using the
resi stance test vectors, pCG CXCN(F-1ucP) 2-AA and

pCG CXAT( F- 1 ucP) 2- AA. Data are presented as | uci f erase
gene activityd get host cells as 30 Rel aty hoidhe Uni t's
(RLU) in the%a Js)'g?]%é of AZT or in the presence ég?;@@ vl AZT.
WD 97/ 27319 -40- PCT/ US97/ 01609

- 36- B Drug susceptibility and resistance test

performed with the re-si.s_t abiegtaasiatiec reprepéifkation of the rc-DNA form
CXCN(F- 1 ucP) 2- AA cont ai Ryen@ pr gL'gé%Ia{:BfaémtSfogjl vector _?ﬁgcrribgasriﬁAZT

treatnent "test" patient-derived segnent: > Jresistance
test vectors are derived®ronPrh@er binding sitesgfapnthe iamplddicatiene
viral vector, pCG CXCN(ff a target DNA sehleh}e-ai‘e showhat arheanecaphiesaent ed
as percent I nhi.hitLon_ of ' YA @ _farget
host «cells vs. AZT cor?é?éin{&r@é??%%?g?ﬁo%f gﬁrl% %ﬁsﬁ%ﬁﬁ‘de\y t&indgn& °
CXCN( F- 1 ucP) 2- AA i s pl ot3¥&@SasoBeFiEuER @ funciéenal amplification unit
CXCN( F-1 ucP) 2- AA contiai riHeg pluspaitramid WA \ethponent of the r&ePNRNtS

prior Lo AZT treatment gl ghhotha 3t bla minus strana DA Hf3ndis

post- AZT treatnent as s rrangl es. )
susceptibility and redifst&hee ceeRYA form of thepcyeehiared theth tfe
resistanme test vector, d¥derated by HBV DNA *efINdatidePh2tBfn theCQRkaENI NQ

the reverse partjcHANBELARLATE S EUTRAL " hySd J010D t Nine
bi ol ogical ly active proviral cFone, £ 4-3. a dare
present ed Pr binding site is assembled by the splicing of

the pregenomic RNA.

15 D. Diagrammatic representation of an HBV
indicator gene viral vector containing a
non-functional indicator gene cassette. Primer
binding sites for the amplification of a target
DNA segquence axre shown. The location and

20 orientation of the Pf and Pr binding sites
constitute a functional amplification unit in the
linear form of the vector that is used to
transfect packaging host cells, but the Pf
binding site is not adjacent to the binding site

25 of the exonuclease detection probe (probe) in the
unspliced 1linear form of the vector. This
arrangement of Pf, Pr, and probe binding sites
does not constitute an efficient exonuclease
detection unit.

30



20 as percent inhibition of luciferase gene activity

In target host cells vs. nevirapine concentration (loglerr])
and is plotted as solid boxes. - D. Drug susceptibility
and resistance test 25 performed with the resistance test
vector, pCG wo 9727319 CXCN( F- 1 ucP) 2- AA cont ai ni ng t he EoIESar@emegnent
derived fromthe biologically active proviral cl one, pNL4-3.
Data are presented as percent | rlanbi tion of |uciferase gene
activity in target 30 host cells vs. indinavir concentration

(I og[ err])and is E.  Diagranmatis repred@enbixeton of the rc-DNA form

Fig. 8 A Di agf aff@tindicatepr 688t ditAN véitor diRcriB¥A in

pregenom c structure of HB Pre om c

solid line. Direct repeat \ése%iueggc‘\&es Brmer blndl?%R) 515"?'% sESwn gﬁe
closed rectangles. The @plification of gosargen PN sehuenne apes ¢hoWon

si gnal sequeice is The locatSitiMardd )orieHt@tGonP ofS tiNdpK gggesrare

shown as open. rect The termnal protei TP),
spacer, DNA pol ynerase/r evét S8 ﬁ%gﬁlif‘b? aSdtes Senstitutk g p%ﬁ“/‘%’f‘f%’a&nd
RNase H regions of the P geamplifdch@ion unit in thejrgHlii sdd cEiDNSs 'fokmE,

r,.S, ?nd X transl ation of the vectorl NHdratips @%ﬁekﬂgé&aEﬁﬂ v shaged
ri angl es.

t he subgenoni ¢ i ndi cat or geﬂeé’]\ﬁ"iﬂgle%g‘reg'l?lcﬁzae o 158 £63E o115 Piné SR

pCS- HBV(NF-1@) | | - (PSAS-), <f - thep8feitinddhg tslnae is brought immediately
adjacent to the binding site of the exonuclease
detection probe (probe) in the rc-DNA and cccDNA
forms of the vector. This arrangement of Pf, Pr,

and probe binding sites constitute an efficient

1s exonuclease detection unit.
F. Diagrammatic representation of an  HBV
indicator gene viral vector. Primer binding

sites for the amplification of a target DNA
20 seguence are shown. The location and orientation

of the forward primer (Pf) and reverse primer

(Pr) binding sites do not constitute a functional

amplification unit in the linear form of the

vector that is used to transfect packaging host
25 cells.

G. Diagrammatic representation of the rc-DNA form
of the indicator gene viral vector described in
10F. Primer binding sites for the amplification

30 of a target DNA sequence are shown. The location
and orientation of the Pf and Pr primer binding
sites constitute a functional amplification unit
in the plus strand DNA component of the rc-DNA
form and the plus and minus strand DNA components



resi stance test vector system conprising an _ i ndi cator gene
cassette and an inverted intron cont ai nyl t '
elenents inab to 3 orientation: (1) T‘ﬂsﬁﬁ SJWEW
enhancer - pronot er 20 region, (2) the 5 r

genone and

the DR1L and 5 [err] (the pre gc%gg,t,.ﬁ@gslatlon

initiation CRU6H ¥ is elimnated), (3) a

non-functional indicator gene cassette iy which t he

i ndi cator gene ORF contains an i nverted 25 ~intron, (4)

gh[e r]egl onOI OL gheHB\I_/BN R0 cDNA forT of tlh@onbabebﬁg e I%l the
err and the 3 0 enyl ati on _(pA) signal region.

C. Diagrammatic repres%nrtleefﬁto%li by BB D ﬁggﬂﬁ" tiep within ) ehe U ™Hsed

circular DNA (cccDNA)Part¥ghespfproduged in packaging hastbgeddsi.c

I ndi cat or gene . viral vector, pCS-HBV(F-1GQG || (PSAS-),

i cat or gene cz%ssette assenbl ed
R@g

cont ai ni Ol=funct1| or};al
It

as a res

he

DiagrappRrif alrePESFFE’é?F A 3%

D. Diagrammatic represpreganaicofstanetuexanpf cHRY . a

packagi ng vector, pPK-CPX, a conponent of the

test vector systemc

nprisin
containing the foll o% % Feneralized dl@?ﬁ?@'ﬁ?@"? FePEEsqnfapion of

orientation: (1) the (JWE subgenomic

the regign of
translation initiation
including the C, P, S,

15

20

25

30 c.

3s

codpn to

indidatanhageee- prinal ervesgimn,
pCS-HBV (tl\h“ir:][d)"g\é (g\gﬂgnﬁ SPakymRBneht O3 t 2:21(? C

resi stance
atient-derived segnent

(2)
ORF

|
ERt S dnk, Eeby D Vectr | system compriming  { he

packagi ng vector, pPkn@P»§ungtsional indicator gene with a permuted

‘promoter containing the following elements in a

5’ to 3' orientation: (1) the CMV IE enhancer
promoter region, (2) the 5 region of the HBV
genome and the DR1 and 5’ ( (the pre-C ORF
translation initiation codon is eliminated), (3)
a non-functional indicator gene cassette
assembled such that the promoter region is

positioned 3', i.e. downstream, of the indicator.

gene ORF, (4) the 3’ region of the HBV genome
containing DR2, DR1*, the 3‘£, and the 3’ HBV pA
signal ©region (the pre-C ORF translation
ipitiation codon is eliminated). The packaging
vector, pPK-CPX, a component of the resistance
test vector system comprising a patient-derived
P gene segment is shown in Fig. 8D and the S
packaging vector, pPK-S, is shown in Fig. BE.’

Diagrammatic representation of the covalently
closed <circular DNA (cccDNA) form of the
subgenomic indicator gene = viral vector,
pPCS-HBV (F-1G) PP(PSAS-), containing a functional
indicator gene cassette assembled as a result of
HBV viral replication.
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modi fi ed such that it does not contain the pre-C THIS SHEET GRS BEEN
sequences and does not express the S proteins Rgm_mcgbovm b
the X at the translation initiation Sit &sy~

E. D agrammatic representation of an additional : packag| ng
vect or, pPK- Sywopremnisli ng the S gene pr ot ei NPCT/USHTIESB0? | S
cotransfected with the resi stance test vector system
conprising the 20 indicator-43-g e n e viral vect or,
pCS-HBV(NF-1G 11- (PSAS-), and the packaging pl asm d,
pPK- CPX. F. A generalized diagrammtic representation of 25
t he resi stance Dt e & deneraldcdedty diagrammatic reprepéﬁiah-ﬁlﬁﬂ\lﬁaf e

I1- (PSAS+), conprisiRg, « @ resjbstancenon o &nRctiongl o (F@cg@tor
gene with an inverted ron containing the follTowmn

el ements in a 5 PCS-HBV (NE- I?’ be Or$RRtari on: Sompriysinge "EM/
| E 30 5 enhanaen- funcoieial eghdbcatd?) gehe wWithedi opeﬁ:fxuted

the HBV genone and the 5@#@8%? %8&&44{%9 fHe® fo110wing eleme \K;W

translation initiation A |cator
gene cassette (containing’ante 3 orientatiggart eld)i nt Fo) nE he

regi on of the HBV 35 enhancer-pg&iieter Wedibrc,0n{Ai nshed Patiefioiest ved P

gene WO 97/ 2 9 ,
PCT/ US97/ 01609 BBV genome and the DR1 apd 5’ copy of ( (the

segnent, }04) the regi on ®erfe ABY g&Femslation initiationomgeden ngdHR2,
DR1*, the 3'[err], and tRaidinkBYAPA (3) an enhancerSp@Babté£di Ségion

(permuted promoter), {(4) the P gene containing
the patient-derived segment (5} the indicator
gene ORF (6) an internal ribosome entry site
15 (IRES), and (7) the 3’ region of the HBV genome
containing DR2, DR1*, the 3’¢, and the 3’ HBV pA
signal region (the pre-C ORF translation
initiation codon is eliminated). The packaging
vector, pPK-CSX, providing the C, S and X genes
20 is cotransfected with the resistance test vector,
pCS-HBV (NF-IG)PP{PSAS+), and is shown in Fig. 8H.

E. Diagrammétic representation of the covalently
closed circular DNA (cccDNA) form of the
25 resistance test vector, pCS-HBV(F-IG)PP(PSAS+),
containing a functional indicator gene cassette
and a patient-derived P gene segment assembled as
a result of HBV viral replication.

30 Fig. 11 A, Diagrammatic representation of the RNA
pregenomic structure of HBV.
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5 G D agrammatic representation of the co t

closed circular DNA (cccDNA) form of the qﬁ'ﬁé SQ&FH’!@S BREN
test vector, pCS-HBV(F-1G) 11- (PSASH), cont aRRPRGERD
functional indicator gene cassette and a patlent derived P
gene segrrengv@gs,ﬁgﬂ‘gl ed as 10 a result of HBV yigddesniene
replication. H. Di agrammati c representat | on 17

packagi ng vector, pPK-CQ4.- providing the C, S and X gene
proteins, that 1is cotransfected wth the 15 resi stance

test vector, pCS-HBVENF-|B) denerGP5A&d) diagrammatid grefresentatBDongictmmat i c
representation of thegye Igﬁ&genom:.c Lndlcatozpr pg%?n@omrfréi Ll&té{:r Jt, of HBV.

.20 B. D agr ammat E’ esent
i ndi cator gene viral P%‘C"IW(N PFFﬁg(P%AS ), "3 component of the
non-functional indicat oremtmnmss&tetse Wecoer system comprisikigidiang

sites fog the anplificagdp! g PNA s8gu are
shown. The location gf\ﬂ'{_)ctﬁotrﬁrl eltndlcator BiEakin OP. 9%3“ qﬁ‘eorvvar d
primer (Pf) and Pr°“‘°ter af‘éver’é’ém}ﬁ%%f?e‘lon( Pr ingEigtien si tsdsedo not
constitute a functional campdirdimgatthen followingt 8kements in a 5¢ to l3vnear.
formof the vector that SR 0 gt sfect pack ing host
cells. The Pr binding %J(-)fe ol (1) t?e I'S de5| Enﬁa cerggn"f%%
junction sequence region, (2)¢de %' gersiane@®ibythy| HBVngeasfomehe

pr egenond ¢ inclihg the DR1 andW 87/ 2731%he pre-C ORF
PCT/ US97/ 01609

translation initiation codon is eliminatéd), (3)
an indicator gene ORF lacking a translation
initiation site, (4) an enhancer-promoter fegion
(permuted promoter) (5) the 3’ region of the HBV
15 genome containing DR2, pre-C ORF translation
initiation codon, DR1*, the 3’g, and the 3’ HBV
PA signal region. The packaging vector, pPK-CPX,
a component of the resistance test vector system
comprising a patient-derived segment is shown in
20 Fig. 8D and the S packaging vector, pPK-S, is
shown in Fig. B8E.

C. Diagrammatic representation of the covalently
closed circular DNA (cccDNA) form of the
25 subgenomic indicator gene viral vector,
pCS-HBV(F-IG)PPTIS (PSAS-), containing a
functional indicator gene cassette assembled as
a result of HBV viral replication.

30 D. A generalized diagrammatic representation of
the resistance test vector,
PCS-HBV (NF-IG) PPTIS (PSAS+), comprising a

non-functional indicator gene with a permuted
promoter containing the following elements in a
35 5 to 3 orientation: (1) the CMV IE

This Sheet Has Been Re

T




- 40- C. Diagrammatic representation of

of the indicator gene viral vector described in THIS SH EET QRS g Er
bi nding sites for the anplification of targCH-TPLDNgD
sequence are shown. The location 5 and orienta

and Pr pri merwbiomeisng sites constitute a fumcu*msefwlsos
anplification unit I n the plus strand DNA conponent of the
r c- DNA ' formand the plus-4dd m nus strand DNA conponents

of the cccDNA formof the yector that is 10 gsenerated by _HBV
DNA replication within tﬁé‘Y’\?PFﬁ’é -promoter region, ,(gh thes prHedtdy ¥f1

packagi ng host cells. Théehe HBV genome incPudimgndiing BRY eand Si5sénibtke by

the splicing of pre-C Otnlﬁ'e RS98I  6n RNAnitidBion codon s
Di agr'ammt I C repr esent at.i.on ndi, cat or

HBV i

gene viral vector conte'&llﬂ'ilﬁateg) ) an indicatoy, gene, ORF) dASKIPEGR cat or
gene cassa&tte. Priner translation irhitdditdgnsidiase.forf4) heclaplpi fgeaéi on
of a target i nSCUUENCS + 5 @-dé Jeikhe | OFf i @ and
20 orient at icgr?tggﬁl?ﬁeq'ﬂgf gaaﬁ I ndi n 9. sites e
constitute a functional SRPPFPEaPFOROLRT trelgﬁ°PhéPer'““ted promoter)| {Ghay
formof the vector that itheusedregion of the HBV geramensbachkipangaDRRg host

cells, but the Pf pre-C OR éya%%'lgglﬁhtﬁu'tgla&qtona«%@&?mDRt.LQ t@ﬁ .
binding site 25 ? ? exonucl ease detection probe pro e) in
t he 10 unspl3’'fed agd n&Re fr niBBf APheSigRRr regiony s The

arrangenent of Pf, Pr, anshdkaalfighvécicly pPkessX, providing the cd,oss:m@t
constitute an ef ficient & QAHELCAS Qo ransfected with PR GdiULakle! tedf
vector, pCS-HBV(NF-IG)PPTIS(PSAS+), and is shown
in Fig. 8H.
15
E. Diagrammatic representation of the covalently
closed <circular DNA (cccDNA) form of the
resistance test vector,
pCS-HBV(F-1IG)PPTIS (PSAS+), containing a
20 functional indicator gene —cassette and a
patient-derived P gene segment assembled as a
result of HBV viral replication.

Fig. 12 A. Diagrammatic representation of the RNA
25 pregenomic structure of HBV.

B. A generalized diagrammatic representation of
the subgenomic indicator gene viral vector,
pCS-HBV (NF-IG) PCR- (PSAS-), a component of the

30 resistance test vector system comprising a
non-functional indicator gene with a permuted
coding region containing the following elements
in a S’ to 3’ orientation: (1} the CMV IE
enhancer-promoter region, (2) the 5’ region of

35 the HBV genome including the DR1 and 5‘ ( (the
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-41- E. Di agranmatic representation of ¢ NA Y

of the indicator gene viral vector described in Eig“ “’h"FA AS %N
Primer binding sites for the anmpl i fi oA @arg_e
DNA sequence wo e sBpwn. 5 The | ocation and orb?{n §§790?£690f the
Pf and Pr primer binding sites constitute a functional
anplification unit in the rc-DNA and cccDNfg f orns : of the
vector that are generated by HBV DNA replication in

packagi ng host cells. ThePFrec@ti @RF10translation inpftidteid¥ bdodbmg séte
is brought imediately . eliminated), (3§dhaﬁgﬂifﬁﬁbéigiéﬁqﬁﬁhggﬁﬁﬁ%e %H the

exonucl ease et.ection prohe erc

cccDNA casg%?t? E’ll B ‘;ﬁf‘ qé{%'? RERMOBET pregimn

and probe binding sites céﬁ@tlat utsé apoeif-id:rcl oft thbe coding regieéenonued ease
detection gnit.  positiomed 3'D Qgéam&réﬁpr%%egﬁétf%lnﬂg an
HBV i ndi cgt or ne VI r vect or Primer

sites for the anpl ificatlgl BRA s§ding region, (&huEhee Hre

shown. The | ocation and oregmlatwbrthe HBV genome coni:aihf:né Omma,r d)]ppi nmer

(Pf) and reverse primer the 3'g, and cﬁé’r% bﬁﬁ‘@" Siba dg dloe | {5y

~constitute a functional r’rP fl cat

form of the Prejfct BRF ¢ nErapslatsan « o“?lrta‘r?stf’-é’élt p-‘ékﬁ@&g i P host
25 10 cel | s. eliminated). The Phcigiginmtvectoan: GERHOHK,0R Of
the rc-DNA form componer‘}\:f 5f‘etﬁ@df§%£§)£atg:eé'eté%€ a} %teb(it Uystem
described in Primer 5
anplification 30 °°'“pr’cﬁl%9 t3rpRtients cw@écé’ Sedes IR/FMentTHS
| ocati on shdwor iantFilg.orsnf andietRé 3N dpRikaRyiinge rvdd dudi,ng
sites constitute a functigpplgangl i ti:ancbnit in the

B JHEC)J&& ir1g. CeE. form and t.he plus

pl us strarfg DNA conponent” of the rc
and m nus~Strand DNA conponents
C. Diagrammatic representation of the covalently

closed circular DNA (cccDNA) form of the
subgenomic indicator gene viral vector,
pPCS-HBV(F-IG)PCR(PSAS-), containing a functional

20 indicator gene cassette assembled as a result of
HBV viral replication.

D. A generalized diagrammatic representation of

the resistance test vector,

25 pCS-HBV(NF-IG)PCR(PSAS+), comprising a
non-functional indicator gene with a permuted

coding region containing the following elements

in a 5’ to 3’ orientation: (1) the CMV 1IE
enhancer-promoter region, (2)'the 5’ region of

30 the HBV genome including the DRl and 5’ ( (the
pre-C ORF translation initiation codon is

eliminated), (3) the 3’ portion of the indicator

gene ORF beginning with a splice acceptor

sequence in the reverse orientation, (4) the P

35 gene containing the patient-derived segment, (5)

‘ This. Sheet Has Been Reﬂlaced
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-42- | of the cccDNA form of the vect fhat is

generated by HBV DNA replication within the virus THIS SHE: TWSIB@
produced i n packagi ng host cells. 5 Fig. 10 A Di chrar‘r'r@,_triiglrF
representation of the RNA pregenoni C

B. A gener al wioadntihiegr anmati c representati on of PCT/US97/01689

subgenom c indi cator gene viral vector, 10

pCS- HBV(NF-1 G PP- (PSAS-), a conponent off7-the

resi stance test vector syst em conprisin none f unctl onal
i ndi cator gene with a per it (i‘ ncer- prgmter regiFhot & &t @ nPRITERB
followng elenents in a of the indicatob' gépe 30RBr iegvdliagi dm # 1pplheeCW

| E enhancer 15 ﬁex{&glﬂﬁ the( Pt ed orieakarish, t 19) HBY
genome and the DRl and 5ré$rr translation

initiation codon is elinirfdi%d), r%S}on g genome oI oRBR .
i ndi cator 5 gene casset tbRi*, the 3'g£, and aheendl eBvspah stikatlt kegion

pronmoter region is 20 (the @@3& :gfsﬁ%l%mh %m??&’ﬁ%&ﬁeégho{?f ikhe

I ndi cat or e%. enomne
contai ning DR2, DRl*, the Téﬂaﬂted&nd FH@ 3pagiag vector, pPK-C8%; gng|
region (the pre-C ORF grarislizlg ehe C, S and X genes nid icaitranstedasd s

elimnated). The packagi ng, 2oy es?h(\e/e reé’f 6t Qe PPK- Qngtga cQAnspt of

t he resistance: Srem conprising a
pati ent - de¥% ved PCS'HBVF“‘{ﬁ'eﬁg) §€§ s s#f!r%nw nSkpwn B FAE-t he
S packagi rgggvector, pPK-S, is shown in Fig. 8E.

E. Diagrammatic representation of the covalently
closed «circular DNA (cccDNA) form of the
15 resistance test vector, pCS-HBV(F-IG)PCR(PSAS+),
containing a functional indicator gene cassette
and a patient-derived P gene segment assembled as
a result of HBV viral replication.

20 Fig. 13 A, Diagrammatic representation of the RNA
pregenomic structure of HBV.

B. A generalized diagrammatic representation of

‘the subgenomic indicator gene viral vector

25 component, pCS~HBV(F-IG) (PSAS-}, a component of
the resistance test vector system comprising a

functional indicator gene cassette containing the

following elements in a 5’ to 3’ orientation: (1)

the CMV IE enhancer-promoter region, (2) the 5°¢

30 - region of the HBV genome including the DRL and 5°
( (the pre-C ORF translation initiation codon is

eliminated), (3) a functional indicator gene

cassette, (4) the 3' region of the HBV genome

- containing DR2, DR1*, the 3’g£, and the 3’ HBV paA

35 signal region (the pre-C ORF translation
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30 C D agrammatic representation of the cc FrEmdy

closed circular DNA (cccDNA) form of the TH’S SH"sﬁb@(Sn

i ndi cat or gene viral vect or, pCS- iBV( F- FG)’RP({BSAS—)
contai ning a functional i ndi cator gene cassert

as a result “HBV viral replication

-43- &69’?)?/319 D. A .generalized diagranmatic represeﬁ?’gts??éorllmgf

t he resi stance t est vect or, -48-

pCS- HBV( NF- | G) PP( PSAS+) , corrpri si ng a b5

non-functional indicatorigthkatidh eodert misedliminated). The patloadgimy

containing the follow ngv@&@tgﬁentfpkncﬁ{ a component of the!fesBstance
orientation: (1) the %ancer - pronot er

region, (2) the 5 regi oh®8f vector system °°“ipl¥é'sHB9 geR8RdeRhgderveskL and -
5'[err] copy of (the 1B gene segment [rse-showiRFint Fags!| abi and itghe isati on

codon isg L ( -a8n ; ENLRRGET £ P t regi on
(permuted pronoter), (4) tﬁ){e $>mgé]e§;e§éc%orﬁ'a |Kn§' 1878 LR fefli;:é
pati ent-derived segnent (5) the indicator gene ORF (6) an

internal ribosone entrg. si tdagrammatic represertdd®iPn ofn@hé7¢otvditerstly €gi ON

of the HBV genone % 3 rr and
the 3" HBV pA closed CJ‘r‘(‘:‘gmregl on DB%% é%m C]ﬁllié9 Jh
transl ation s“bgeﬁl?ﬂ"cq at | BHICHIOF | s 9emPeni nH#-&'l} THeCERIbkagi ng

vector, pBK-CSX, providi pgstiBv (F-IB)(EEAS-genegoRPaining a functidnal

cot ransf ected with the r vect or,
pCS- HBV( NF- | G) PP( PSAS+) , gﬁhg&%&eﬁ%mé in Fig. 8H. E.

Di agrammati c representation of the covalently
D. A generalized diagrammatic representation of

the resistance test vector, pCS-HBV(F-IG) (PSAS+),

15 comprising a functional indicator gene containing
the following elements in a 5’ to 3’ orientation:
(1) the CMV IE enhancer promoter region, {(2) the
5’ region of the HBV genome including the DR1 and
5 { (the pre-C ORF translation initiation codon

20 is eliminated), (3) a functional indicator gene
cassette, ({4) the P gene containing the
patient-derived segment, (5) the 3’ region of the
HBV genome containing DR2, DR1l*, the 3’g, and
the 3' HBV pA signal region (the pre-C ORF

25 translation initiation codon is eliminated). The
packaging vector, pPK-CSX, providing the C, S and
X genes, that is cotransfected with the
resistance test vector, pCS-HBV(F-IG) (PSAS+), and
is shown in Fig. B8H.

30
E. Diagrammatic representation of the covalently
closed circular DNA (cccDNA) form of the
resistance test vector, pCS-HBV(F-IG) (PSAS+),
containing a functional indicator gene.
35
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closed circular DNA (cccDNA) form of the 25 ' resi stance

test vector, pCS-HBV(F-IG PP(PSASH), : containing a
functional indicator gene cassette and a patient-derived P
gene segnent assenbled as a result of HBV viral
replication. wodfhrsioFig. 11 A~ Diagrammatic repr esent at POTVUS970M609 t he
RNA pregenom c structure of HBV.

-44 - ' B. A generalized di4®yrammatic representation of

t he subgenom c i ndi cat \él raI vect or

PCS- HBV( NF- | G) PER¥S ; LGS resi st ance
test vector sysI:enox:@mprtlsamgt}ae Snventzon described- fheretinomely ibredingateor

gene with a pergyiffl understood, the foPiMF'destRdpribhads!&dd Fbren.
initiation site containing the follow ng elements in a

5 to 3 orientation: (1) the CW | E enhancer - pronoter
region, (2% therbe pwggant dhveheibB\ppevindes k0 novel drug susceptilsiliry t he

DRI and 5 [erghq(the ;P Earfee Oﬂ:ssay comprlslnﬁ i tth'éangt:%%'son dgli ti ﬁat)i ona

codon is elimnat edg cat or e ORF |lac
transl ation intr duc:.ng aj nFepiABrIRCe t Eest ) V&ﬁtgﬁhaﬁé’@l’rﬁﬁéﬁﬁt erd
regi on patient- de(mmremtsegmanormheran(mdidfmtc& dgea dmtef 4 eoddBV 15

genone cont al n 1 O L ni at i on
codon, DR1*, thgégg'[ rr| %’“%1 35 Eéﬁ Hot! e11 £rom Ste/g (a) ¢deg| on.
The packaéjpng v@%@%‘?nftﬂbmssmn of the indicatgr cﬁtﬁﬂﬁ)ﬁé‘nf’ Eﬁr%\fe h°St

resi stance testc&®r} Gnd\a) ecEBmpar:Lng the expressienpsf IHrJiAdpeatentgetar | ved

;gg_"gnt S ShowEbR glep (o) with trE' xptRs@idn' B RRARAIINCYe
measured when steps (a)-(c) are carried out in the absence
of the anti-viral drug, wherein a test concentration of the

is anti-viral drug is present at steps (a)-(c); at steps

(b)-(c); or at step (c).

In one aspect of the invention there is provided a method
for determining susceptibility for an anti-viral drug
20 comprising: (a) dintroducing a resistance test vector
comprising a patient-derived segment and an indicator gene
into a host cell; (b) culturing the host cell from step (a);
(c) measuring an indicator in a target host cell wherein
said indicator is a DNA or RNA structure; and (d) comparing
25 the measurement of the indicator from step (c) with the
measurement of the indicator when steps (a)-(c) 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 steps (b)-(c); or at step (c).
30 '
This invention also provides a method for determining
anti-viral drug resistance in a patient comprising: (a)
developing a standard curve of drug susceptibility for an
anti~-viral drug; (b) determining anti-viral drug
35 susceptibility in the patient using either of the



shown in Fig. 8E. C. D agrammatic representation of the

coval ently closed circular DNA (cccDNA) form of the
25 subgenom ¢ i ndi cat or gene vi ral vect or,

pCS- HBV( F- 1 G) PPTI S( PSAS-) , cont aimr)l: ng a - tof
functional i ene cassette asse ed as u o]
HBV vi ral reﬁ?gg%?ggng 30 D. A generalized di g@’r"&%?@
representation of t he _dgp£ s istance t est

vector, - pCS- HBV( NF- | G PPTI S( PSAS+) , conpri sing a

non- f unct i onal syritenttidri lgeyetesth deqranibetiedbove; and (c) compF LMy itde

cont a![ n![ ng the afrEH:J-QWﬂQ. ak8 s%épflﬁu.sﬁty in step (b) with £fe standara
orientation:

- 45- diltve | Iaeéﬁﬁ&‘i‘lﬁﬁ? pHOMSEEP 1 481 on, Wheeitheas deexgage ofin
the HBV genone dmcl-otdivag t heubRépuibbibifier r lindichees development pife-C

ORF translgti 0'hrlﬁl'-tv':&ta'lo'arﬁngQsiétance in the patien ?l i mnated), (3) an
i ndi cat or gene ORF | acking a Parafation initiation

site, (4) the P gene cont ai n| ng the patient-derived

segnent, (5) arthis invention alsenhpﬁ@e{de;y og?t@étmﬁglvgar(pﬁ_rggﬁ,gq,mg
ronoter) (6) | enone. cont ai_ni ng
F[))RZ anti-viral dranFi-t ista r{ceeq a4 ot lpta@& OE Coalgﬁl i

pre-C ati1on ini e 10
3 [err], and tq?é:e\?mHBVQp"i!P"s’r griaral dgngrsuscepgdbility in the Patlerp:aekagl ng
vector, pRK-CSX pHivst dr_l:lg;et laecCrdingndo either of the aKogénefethdds,

cot ransf ect ed Wit elihe L ved ¢ btY8SLS" £ th
pCS- HBV( NF-1 G PPTIS PSAS+ an(}q’ﬁ: std%% ved segment is obtaired from the
patient at about said t::.me, (b) determining anti-viral drug

susceptibility of the same patient at a later time; and (c)
comparing the anti-viral drug susceptibilities detexrmined in

15 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.

20 The assay of this invention can be used for any viral
disease where anti-viral drug susceptibility and resistance
is a concern including, for example, HIV, herpes simplex
virus, cytomegalovirus virus, varicella zoster virus, other
human herpes (HIV) viruses, influenza A virus, respiratory

25 syncytial virus, hepatitis A, B and C viruses, rhinovirus,
and human papilloma virus. The foregoing are representative
of certain viruses for which there is presently available
anti-viral chemotherapy, and represent the viral families
retroviridae, herpesviridae, orthomyxoviridae, pneumovirus

30 and hepadnaviridae. The assay of this invention would be
used with other viral infections arising from infections due
to other viruses within these families as well as viral
infections arising from viruses in other viral families. In
addition, the drug susceptibility and resistance test of

35 this invention is useful for screening for compounds to



in Fig. 8H. 15' E. D agrammatic representation of the

coval ently closed circular DNA (cccDNA) form of the
resi stance t est vector,

pCS- HBV( F- 1 G) PPTI S( PSASH) , cont ai ni ng a 20 functional

i ndi cator geveera7a®sette and a pati ent - BET/DEBI P gene
segnent assenbled as a ) result of HBV viral replication.

Fig. 12 A, Diagrammtic repr esent at i on~3%f t he RNA 25

pregenom ¢ strugtiure of. : eneral i zed _diagramratic
representation g $LE Vil ‘diseaseg h§°§ub"§lé’n°§?ﬁ 5’%\’?%& ¢4t o Cgefidt {/‘%? aJIY

vect or, available wEZapBV(NF-| G PCR-(PSAS-), a conponent of the 30
resi stance test vector system conprising a

non- functi onal jndicator gene w.,th a nmut e . od| n egi on
contai ning the #g?l \%I Ctngﬁemlstha cgg{e ang gengtic, %le'ﬁf’tss tae
orientatiof: (1lyirhee ilch could be tested iretthgndeng pruseeptibidgtpmnd 2)

1;.3 h[e 5' | regl(?n OfesPstance test of thesHBWEOKMUE WwitldiBeninblit RlofNdbs

err
pre-C ORF trans?ﬁ??”?ﬁ'\”l Akl ABntRORFE § s It is useful to tgFlWﬁ%‘Ebﬁﬁ °f3) a
non-functi onal thiécatweantgeme for example, to wgiessthedastse Hilfedcgatd dfhat

the pronmoter regi Gtrovirus, as weﬁi‘daé XhPOGi LD gfanége ZeQilisRgar efH,on
are 5 ioned 3', | downstream

3' portion%f tﬁﬁtfgmﬁbs r’é"gﬁ%’r? 34 ‘t”rfé"é‘”lty REtm"lralfal b ng‘iffeq he

HBV genone cont aehlaEhRla MRiBrane virus containing a dipleid RNA genome .
The virus, studded with an envelope glycoprotein I{which
serves to determine the host range of infectivity), attaches
to a cellular receptor in the plasma membrane of the cell to

15 be infected. After réceptor binding, the wvirus is
internalized and uncoated as it passes through the cytoplasm
of the host cell. Either on its way to the nucleus or in
the nucleus, the reverse transcriptase molecules resident in
the viral core drive the synthesis of the double-stranded

20 DNA provirus, a synthesis that is primed by the binding of
a tRNA molecule to the genomic viral RNA. The
double-stranded DNA provirus is subsequently integrated in
the genome of the host cell, where it can serve as a
transcriptional template for both mRNAs encoding viral

25 proteins and virion genomic RNA, which will be packaged into
viral core particles. On their way out of the infected
cell, core particles move through the cytoplasm, attach to
the inside of the plasma membrane of the newly infected
cell, and bud, taking with them tracts of membrane

30 containing the virally encoded envelope glycoprotein gene
product. This cycle of infection - reverse transcription,
transcription, translation, virion assembly, and budding -
repeats itself over and over again as infection spreads.

35 The viral RNA and, as a result, the proviral DNA encode



the 3 [err], and the 3" HBV pA signal region (the _ pre-C

ORF translation initiation codon is 10 elimnated).  The
packagi ng vector, pPK-CPX, a conponent of the resistance
test vector system conprising a patient-dEri ved P gene
segnent is shown in Fig. 8D and the S pac

pP&- S, is sh(\)vv\.an”lnﬁu?i g. 8E. 15 _ C. Diagrammat %};@sﬁéﬁ ation
of the covalently - closed _ggi_rcular DNA (cccDNA) form of
t he subgenom ¢ i ndi cat or gene viral vect or,

pCS- HBV( F- | G) PGR(RSAS- vis-aoning rilegeatsurteitd aral vofal to the succeéstf@ilcat or
gene cassette asmpie8dnd®sratheS f

replication. not tﬁg H{-ae%elrlaﬁecy di a ram‘naJt:Pzzé1 \rﬁeI{)recsagﬁtlﬁsl on
of the Vifal PEOBOLEFaRbeits Phoend. yBepbicatiye acrobatics
pCS- HBV( NF- | G) ROR(ESASIEY , viraLoppomsté) at &he 5’ end of then%Jvl:I.%tl' onal

I ndi cator gene guijhe?aBeLY fehome 1s reveg:se trgﬁggrgge egiy g%tC%) 4 néng t he

follow ng el ements orientati
| E 5’ r%?ﬂﬁ%‘fml pF’SFmtlé-lesr egtonvirzl ma@ksgmggusgn:eof 3crhe
the HBV genone rewowdirad theféficland requiees] tid h%resence of v1ra1§.§e C

d
oRF 3-”325{32 'nqg;} cddldl 1Hab@lce iR BactSrs.  The visal &Eﬁgg RALDE)

spli ce accept orPel Y“‘erase ‘POl) -re¥QYeRACSTRRSChiDtases §8 erlsentmmtcanped( 4)
the P 3510  within tBeneieant@bré Nghd N RALRENLodehd \Aﬁ&a‘aeq'ﬁ@t cyk2t
-47- in that 1@”1?%%0 IEI.OrTPtzert:l'ae Io%%ersgo)-x op the e%gnllgn
RNA to the integrative intermediate proviral DNA. The
viral envelope glycoprotein, env, is required for viral
attachment to the uninfected cell and for viral spread.
15 There are also transcriptional trans-activating factors, so
called transactivators, that can serve to modulate the level
of transcription of the integrated parental provirus.
Typically, replication-competent (non-defective) viruses are
self-contained in that they encode all of these trans-acting
20 factors. Their defective counterparts are not
self-contained.-

In the' case of a DNA virus, such as a hepadnavirus,
understanding the life cycle and viral genes required for
25 infection is useful to the practice of this invention. The
process of HBV entry has not been well defined. Replication
of HBV uses an RNA intermediate template. 1In the infected
cell the first step in replication is the conversion of the
asymmetric relaxed circle DNA (rc-DNA) to covalently closed
30 circle DNA (cccDNA). This process, which occurs within the .
nucleus of infected liver cells, involves completion of the
DNA positive-strand synthesis and ligation of the DNA ends.
In the second step, the cccDNA is transcribed by the host
RNA polyinerase to generate a ‘3.5 kB RNA template (the
35 pregenome). This pregenome is complexed with protein in the



of the indicator gene ORF ending in a splice donor

sequence in the reverse orientation, (7) the 3' region of
t he HBV genone containing DR2, 5 DR1*, the 3'[err], and the
3" HBV pA signal region (the pre-C ORF transl ation
initiation cogonrrme el i mi nated). The packadgiargisezraser
pPK- CSX, providing the C, S and X genes is cotransfected
with t he resi stance t est vecto?3- 10

pCS- HBV( NF- | G PCR( PSAS+ is shown in Fi

E. Diagrammati%* 1$' ‘%%ﬁ"nt at'ﬂ&h rinc, SR 4y ghll"ﬁs the synthesis °g_|ctr}5:'sed

circular DNA finstmdgatm-mexmfe DNAe strand by copying thei ptegereonisst

vector, pCS-HBVRfia!| OLBYRGPSASY + virally encoded CON gUdidnd fairdiQnal
i ndi cat or gene cassette and a patient-derived_ P gene

segnent assenbl EgeRgcriptase.  The P %r‘?%"s‘tﬂta O HBSAVET aRSr &S d‘é&‘f‘t?n
20 Flg 513 Astrafi aQ¥mnpaimer. rEpnatbnt athonsymfhesisheof tHIMA second .
pregenom c S”Ug%H{@nPé -ddf%e DNA strand occu?s b? ?ﬁgfﬁéﬁ%'@ﬁé’ £ agr tic

representation t he enom ene vira
vector 25 strand, ugigig&ene, PﬁBSeILB\)%ﬂ IRGLYMSIASS) acélﬁb%o?%tarbf

t he resi stance bksyowmect of SyhtxIn RNAPrassi pgimer. The pregenoméunglgconal
i ndi cat or gene IANi : | gwing. el ement s
| ndi cator gene £23aell SadHl'sRd the major stryctural chBk!BYbGiAl!
enhancer-ﬂPormter region, (2) the 5 30 region of the HBV
genone i ncl udi nghék@oiﬁnm@fiberel}xart illustrates certai o€ phe-v¥axIJus
transl ation ini Hefols) S a

functional indi %g?&b?g' 91%5‘1: cells which maX be \‘E’éé 123 ttfxﬁé éﬁér%‘gﬁ%ﬂn of

t he HBV genone It is fot. ln"—endeacéﬁt BPnRAY H@luEBRP‘ the 3'[err], and the

3" HBV pA 35 Vectors signal region (the pre C ORF transl ation
15 Indicator gene cassette + Viral vector
(functional/nonfunctional {(genomic or subgenomic)

indicator gene)

20
Indicator Gene Viral Vector
(functional/nonfunctional indicator gene)
25 | + Patient sequence
acceptor sites
+ Patient-derived
segments
30 )
Resistance Test Vector
(patient-derived segments + indicator gene)
35 Host Cells
Packaging Host Cell - transfected with packaging
expression vectors
40 Resistance Test Vector Host Cell - a packaging host cell

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
45 resistance test vector host cell



- 48- initiation codon is elimnated). The packagi ng

vector, pPK-CPX, a conponent of the resistance test vector
system conpri sing a patient-derived P gene segnent is
shown in Fig. 8D and the S 5 packaging vector, pPK-S, is
shown in Fig C. D agrammatic represen ion of the
coval ently. wobnmars closed circular DNA (cccDNA &’ PEVI%R:  the
subgenonmi ¢ indicator gene viral veckpr, 10

pCS-HBV(F-1G (PSAS-), containing a functional i ndi cat or
gene. D. A generalized diagrammtic representation of

the resistance test vector, gCS HBV(F-1GQ (PSASt) , 15
conprising a fJiRagSHRCE] Tep a¥®ftef@ene contai ni ng t he
fol | ow ng el ene'Resiistanck’ tle®t3'veetbent akkfl: one or more vc-zctor%l)whta.lz_L aw

| E enhanc pr q,lr rDE%,g&deI( 2) cprgam DNA 5°ferrR]NA5l(tﬁ8 OJQS%iq]thg HBV

genome including t
translation i n|H3td-teiD(’5n‘36666ﬁd2€€}Egment and an indicajidmigeated)In thd) case

functional indiwiire @eheresistance test vec%%%s%hﬁrlséé)m }Qetﬁxgn
cont ai ni ng ? ' reglon

th n{ -derived se
of the Vector thel—B@“%’ﬁ n%er’cv FeArRgt Iﬁygﬁl@m’tadé’ eg ig Ppe and
the 3' HBV pA aft@r apdgrba ll?di\@l@lé{@ﬂ@?ﬁn% different vectdr.anshahi on

IprI;IKE ICg;(I le)r g\?ldgl I*E%igthgbegi@ﬁﬁ vectl® comprising moxre tthgC&?Q'tdr}%tt‘é?CEQr
cot ransf ect ed vmr}%ﬁ (ah © Reféin as a rem?té%rf"seté?ﬁ% t"@ﬁt,c’%éﬂ’éﬁ:,‘em for

pCS-HBV(F-1 G @E™SRSFes gfidclarity but is neverthehesw umidiistocdHto36e a
E. Di agr ammtﬁé?sﬂsﬁ:ﬁheéeﬂéé‘i vatelh .t NEh DRl EPIRNA of a res:.stance regtosed
circul ar A " 68" cohbSinea in P cOF RHR.
vector, pCS HB\V ) (BIAST ne eBft éﬁrnl“}?d'ea [mﬁ‘]cﬂfoﬁ%{f‘
i ndi cat orlfyene molecules. In one embodiment, the resistance test vector is
madg by insertion of a patient-derived segment into an
indicator gene viral vector. In another embodiment, the
resistance test vector is made by insertion of a
patient-derived segment into a packaging vector while the
20 indicator gene is contained in a second vector, for example
an indicator gene viral vector. As used herein,
"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
25 reaction (PCR) amplification of a population of
patient-derived segments using viral DNA or complementary
DNA (cDNA) prepared from viral RNA, present in the cells
(e.g. peripheral bloocd mononuclear cells, PBMC) , Serum or
other bodily fluids of infected patients. When a viral
30 segment is "obtained directly" from a patient it is obtained
without passage of the virus through culture, or if the
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 viral
35 sequence or viral gene encoding a gene product (e.g., a



35 WO 97/ 27319

PCT/ US97/ 01609 -49- T"Hﬁt%ﬁ@dﬁ\s BEEN
Descri ption of the Invention In order that the i nveALon ReRevGEped
herein may be nore fully understood, the follow ng description Ir5sset
forth. 5 Wwoprasent i nvention provides a novel drug susSRGEEMSIBHDIGNS v
and resistance assay conprising the st eps of:  (a) I nt roduci ng

a resistance test vector conprising &as%5- pati ent-derived segnment and

i ndi cat t, t h t Il fr
atep (a): (o) TBEORIRIFRRE ia shesEREREL R A TART kA GEHS"| AOF ESFler
host cel | ;" fam¢tidpadonparingeghenesprassioed oherain i nefens okogany

fromstep (c) widikildhe Q&Pa%éd&hdéf (bR& b dingat Qﬁ.tgeﬂﬁict:.onalnﬁéﬁﬂft@éymen
steps-(a)-(c) are carried. out ant.i - viral,

wherein a test SOt ﬁf’flﬁﬂc%ﬁ"s t r%r%%ersanf’fﬂW?%?Y]aa}wq fl&e&eﬁ‘f’tﬁf
steps (a)-§c); cft m@p'm of tripg-gapingrfagtogisep sush as tar and BRE.

aspect of the Itr‘b AR t@érﬁzén%e@.rovm?éig@atr{%hh%ﬂequencesforoide NHeBhgg
susceptibility for an

ant I - VI rfal dr 20 co risi n ‘g %% roducri ng
a resistance (EAIENFEEor gﬁ‘b?l HeF§ ot attl t"de ?PYRd RP€and
an indicator geranctionailntwizmhostequenke (d) ovilvadr i ggne heormabictcekhefir om

step (a); ;(a@lemaau&wga aPebiheat &rfégpanh%gef:ohgatchc ghk aWher-gin
said indicator is (d

g strucéure hn % rz_p ﬁg t he
nmeasur enent? of tgr?é“*l ﬁ‘fﬂ“& &e £PSRTEEE i cihsy X§F1gRence te aé’ﬁFEﬁﬁnt oF the
I ndi cat or when stheps dee - ofc) cembinatiomd therapput wherehetwbsepre wbrehe

anti-viral drug,,jherai318 t @akgeting two different functional viral
sequences or viral gene products are being evaluated,
patient-derived segments corresponding to each functional
15 viral sequence or viral gene product would be inserted in
the resistance test vector. The patient-derived segments
are inserted into unique restriction sites or specified
locations, called patient sequence acceptor sites, in the
indicator gene viral vector or for example, a packaging
20 vector depending on the particular construction being used
ags described herein.

As used herein, ‘'patient-derived segment" encompasses
segments derived from human and various animal species.

25 Such species include, but are not limited to chimpanzees,
horses, cattles, cats and dogs.

Patient-derived segments can also be incorporated into
resistance test vectors using any of several alternative

30 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 (refs).

35 The patient-derived segment may be obtained by any method of
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concentration of the anti-viral drug is present at steps - (a)-(c); at

steps (b)-(c); or at step (c). 30 This invention also provides a
met hod for determ ning anti-viral drug resistance in a patient
conprising: (a) devel opi ng a standard curve of drug susceptibility
for an B%ini’d ral drug; (b) determ ni ng ant i 'Y»k:'i‘ﬂ;ss'l/mﬂfp“g 35
susceptibili ty I'n” the patient wusing either of the

97/ 27319 -56- PCT/ US97/ 01609

- 50- susceptibility tests described above; and (c) conparing the

anti-viral drugodecelptidldning ior gepe (dpliflicatiienst andavdificaticne ve

determned in ghePedf) 1b9/\'*1?1‘;§b3uéuq§c;5£?1§e%t' Be uenceazmde \f:'orxalgltes as
susceptibility, indjca devel opmrent g anti-viral ug

resi stance in CRESHHRT e1°“" at thefndsg Weﬁ’f‘?o??%ﬂ%’{? “FeddvEEssagmRthod
for determ ningo be inhtddudedalimbaugthesresistance aepat vestogonprist ng:

(a) sdet eemg,m anty - yi rgaénedrug 162 SQEié)A' hmteéhba tAgP W%genﬁcﬁt 10

a first time accordjng, to elther ove erein the
pati ent - der i ved®SEGHEMOR s54bE4i rﬁ?d’xﬁs@m’fiﬁég To thet Pakicht - ap@encsi d
time; (b) deteacteptgr astitesi radn dselg incorposasedphithidlid yeﬁcﬁst e sete

patient at a | ri t| I_r
susceptibiliti gi-%éeé%ée% gﬂ él@igcm re?Ef?{?ﬁ) &E?ggw xﬁ‘l'.’}ag‘lt“:jecrease
in anti-viral @te@irg met%ééﬁhquw\ &tlopﬁegp afek tr%reéﬁpene@meﬁthe
first time cani bdi dalcezpdeste@paENtthel edey s e Mifinkitsd -udddl £6lF Ug

][gf' Zhsngfr ;ln EfsPabt Bhcona %Qranﬁh‘énﬁﬁs%\?ﬂeéi‘é S dENL! QB £BE DEpised
as primer-repair of DNA, whether cloned or uncloned DNA,
said restriction sites can be incorporated into the primers
used for the repair reaction. The patient sequence acceptor

15 sites and primers are designed to improve the representation
of patient-derived segments. Sets of resistance test
vectors having designed patient sequence acceptor sites
provide representation of patient-derived segments that
would be underrepresented in one resistance test vector

20 alone.

Resistance test vectors are prepared by modifying an
indicator gene viral vector (described below) by introducing
patient sequence acceptor sites, amplifying or cloning
25 patient-derived segments and inserting the amplified or
cloned sequences precisely into indicator gene viral vectors
at the patient sequence acceptor sites. The resistance
test vectors are constructed from indicator gene wviral
vectors which are in turn derived from genomic viral vectors
30 or subgenomic viral vectors and an indicator gene cassette,
each of which is described below. Resistance test vectors
are then introduced into a host cell. Alternatively, a
resistance test vector (also referred to as a resistance
test vector system) is prepared by introducing patient
35 sequence acceptor sites into a packaging vector, amplifying



di sease where anti-viral drug susceptibility and resistance s a

concern including, for exanple, HV, herpes sinplex Vi rus,

cytonmegal ovirus virus, varicella zoster virus, other hunman her pes
(H'V) viruses, influenza A virus, respiratory 25 syncytial virus,
hepatitis A wWo3ama73® vi ruses, rhinovirus, and human p&CTTUSSTRI6S r us.
The foregoing are representative of certain viruses for which there
is presently avail abl e anti-viral chéﬁotherapy, and represent the
viral famlies retroviridae i ridae orth Vi

pneunovi rus 30 aﬁboﬂl?%dﬁEWJFPBager §§§%Eh55 t%ls fﬁ%éﬁ?ﬁ%ﬁ Fd be

used with other ampﬂ.alfleﬁfect¢bvrsedaraegiungcﬁponre¢ﬁ%¢;ly omraigde packaggngt her

viruses within theserfaml i Q?neas p&%llbanes \éleEzﬁénce acbé{:@@i' 09§té1§| skhd
fromviruses in other vira

Suscept! bi 1ty SRatreEpLeaniad fade Bickaring yreBST yiah ot iU SRRbm pops:

screeni ng for conpadndsctor. WO 97/ 27319
PCT/ US97/ 01609 -51- treat viral

di seases for whiich there is no C%L ﬁ % avai, gble th sy. The
structure, |ifeXy8PE BH 8 § s e £RELs anc%l"'retfste SWrPER™B¥ul d
be tested in t hé)edrugtsq@@@qﬁ i Bhkpt wamkaging hostsi sceddse tagsther t with

i nvention “DU|dpQ%k£§QWB Eﬁpféﬁéfﬁn vectorQrdéQa&¥f§$éd|béﬂ&d3h€oaondhEe'5
useful to the practic¢ t o, ynder st and

the 11t GRT or GReistancs tent FoFPRE, vIRALERFACLena Y BrS justd thodtRboq
for 10 ret r ovesistaaseuandncuscbptibiliyy tdé¥ts ovhatal ayei néfetreed to

cells shed a ”Efﬂé&%fi% vhg Ug cqsuxaal@l@gbaséaplt@s% RNA GO alcertnamee

virus, studded mnt gnvel%ﬁfl g ¥ oteln serves
det erni ne t he h6§F Fﬁﬁ& BER E& rgst Eﬁ@ge teSttY?9¥QEHT%HaPe
receptor in theqﬂt&gmmcﬁénbm&peaﬁhdduaaﬁﬂ] im the absence of packaging

15 expression vectors to carry out a drug resistance and
susceptibility test that is referred to herein as a
"non-particle-based test." As used herein a "packaging

expression vector" provides the factors, such as packaging
proteins (e.g. structural proteins such as core and envelope

20 polypeptides), transacting factors, or genes réquired by
replication-defective retrovirus or hepadnavirus. 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, although the packaging expression

25 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.

30 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

35 wavelength or in the case of DNA or RNA used as an indicator



15 be infected. After receptor binding, the virus is

I nternalized and uncoated as it passes through the cytoplasm of the
host cell. Either on its way to the nucleus or in t he nucl eus, the
reverse transcriptase nol ecul es resident in the viral core drive the
synt hesi s ofyhRe.Aaybl e-stranded 20 DNA provirus, a syntheshRehdigde | S

pri med by the binding of a tRNA nmolecule to the genomc viral
RNA. The doubl e- stranded DNA pggvirus is subsequently integrated
in t he genone of the host cell, where it can serve as a

transcriptionaé thmgete fgenelrathonRbif\sa esppadi fig: DNAabr2BNA sprutdwires. and
virion genom CpRiNerdy Q?:a\ﬁfphlesbepa?&kﬁ%‘éa'tBEO?%ne is \tHe?le CQLE; PALLS Cl es.

On their way out of t I nfect ed I, ¢co particles nmove thraough

h ( J
the cytopl asm 980 StGR) encodes fhetargadachpsifasel athe HicFenr Wighe
new y i nf ect edencodes cdiicifendsbudeitlsdet nfromi h fdremexanple, of Pherditne 30

contal ni ng ! hepykd pld Y cRACPIRLE BNV H-OREA 01 Vi WREAYRIAI I he sea PLALNC!-

This cycle of inhfection - reverse transcriptiaon, transcri pti omn,
transl ation, viR%oh: aSethiPRo? FRPGUIREGY encodes adkaliane; phespharage.and
over again as gnéectilroryaceadSprotéin arddiecha nalctidAaandAT agere asidd , t he

proviral DNA e /2 -
PCT/ US97/ 0160 gé'ﬁggt?es chloramphe%@cgz Zgégyltrans_fgf_ase. A%%J\./telrcgfal

ci s-acting el REREerEstht SXREPYPEal Of 0 Ahe i38iEREQF yIgene  aTgopRRASRT Of
the viratolifesysteins Hrecelli surfide gaiotie@fis that drdee readalyphreadminsg at

(193 end. ReplicBLiy® BGEAPAL! $3dioimmuBbAlad NERYAY Al 0! LIRS EL el NE S
end of the provira enone as tf"lle enone 1s_reverse transcri e(f.
Just 3' to thedctivated Fégﬂ-oﬁQ%lf’l_gTR(F’g%%’ t hanGiudingacksyi reFamrie.  The

retroviral |ifgeyetie facpbrsSs dvkinRscagd @klYi s@kElce antigens (e.g.

growth hormone, I1-2 or CD4, respectively). *Indicator

15 gene" is understood to also include a selection gene, also

referred to as a selectable marker. Examples of suitable
selectable markers for mammalian cells are dihydrofolate .

reductase (DHFR), thymidine kinase, hygromycin, neomycin,

zeocin or E. coli gpt. In the case of the foregoing

20 examples of indicator genes, the indicator gene and the

patient-derived segment are discrete, i.e. distinct and

separate genes. In some cases a patient-derived segment may

also be used as an indicator gene. 1In one such embodiment

in which the patient-derived segment corresponds to more

25 than one viral gene which is the target of an anti-viral,

one of said viral genes may-also serve as the indicator

gene. For example, a viral protease gene may serve as an

indicator gene by virtue of its ability to cleave a

chromogenic substrate or its ability to activate an inactive

30 zymogen which in turn cleaves a chromogenic substrate,

giving rise in each case to a color reaction. 1In all of the

above examples of indicator genes, the indicator gene may be

either "functional" or "non-functional® but in each case the

expression of the indicator gene in the target cell is

35 ultimately dependent upon the action of the patient-derived



encoded transacting factors. The viral - RNA-dependent DNA pol ymer ase
(pol)-reverse transcriptase is also contained 10 within the viral core

and is vital to the viral life cycle in that it is responsible for

t he conversion of the genomc RNA to the integrative internediate
proviral DNA wo97ihee viral envel ope gl ycoprotein, envPCrasezaesr ed
for viral attachnment to the uninfected cell and for viral spread. 15
There are also transcriptional trans-activa®ing factors, so call ed
transactivators, that can serve to nodul ate the |evel of

transcripti on of®8RERTnt egrated parental provirus. Typi cal | y,
replication-conpetent (non-defective) viruses are self-contained in

that they encodeyakti@hai hess dedRScagki Ng 20 factors. Thei r
defective coun erparts el f-cont ai ned In the

ar e not, . S  as
case of a DNA viPubh® G3R$ oL@ é'fﬁé‘ﬁﬁdﬁﬁﬂr%%s cator genfsr SPEniPALSIHRF 1ife
cycle and i ral ggnaesay dxpuicapdbierofdbeing ekertssadi in uspalckhgihgehost

bracti ce of thisehiyeoliMuncelFest vt etV £0' a¥elitsa NBL1GE

en
wel | defined. Replication of 4 s an RNA I nternediate tenpl ate.
In the infectedindependent pfe ther Bathent-deridgdi SRIMSML s RINEVESH VRS on
of the as¥nnetional eindicatdr cgen®NAo(ld- BNA) Heo exqprassetd yircl| dsed 30
circle DNA (cccl,'._)ggg | CessS, ls A TR A us
of infected |iver agfl %%?n%ﬁqﬁeggcggg?g??%g%ﬁi wreléﬂ&t_ QgﬁAprOdugHﬂ,’ﬁa
posi ti ve- % and o€y FUREEASNah T EELBEFRTE obesheVERIOR (BTt icles and Fhelcond
step, the cccDNafifactieasdntleediby tdf Bhet target RA¥stpolcgdrrase 1nO one

generate a 3.5 KR RHOWLALIPLA S EliReidnal PLAGEOOUR) gedl! Sch CORRPORCSS

conpl exed with pro o
PCT/ US97/ 01609 9gene cassette, comprising control_gj._ements awq, aR cHRE The

third step involkwesdihg symt hiemiivatkbrt hprotein, is inserted into the
15 indicator gene viral vector with the same or opposite
transcriptional orientation as the native or foreign
enhancer/promoter of the viral vector. One example of a
functional indicator gene in the case of HIV or HBV, places
the indicator gene and its promoter la CMV IE
20 enhancer/promoter) in the same or opposite transcriptional
orientation as the HIV-LTR or HBV enhancer-promoter,
respectively, or the CMV IE enhancer/promoter associated

with the viral vector.

25 Non-Functional Indicator Gene

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

30 host cell, until it is converted into a functional indicator
gene through the action of one or moxe of the
patient-derived segment products. An indicator gene is
rendered non-functional through genetic manipulation

, according to this invention.
35



first negative-sense DNA strand by copying the pregenonic RNA usi ng

the virally encoded P protein reverse transcriptase. The P
protein also serves as the mnus 5 strand DNA priner. Finally, the

synt hesi s of the second positive-sense DNA strand occurs by copying
the first DNRyoorzmadtrand, using the P protein DNA pol yrrera?‘g,gag}l}o\{éo;y and
an ol igonmer of viral RNA as priner. The pregenone als

transcri bes nmRNA for the major structural-ggare proteins. 10 The
following flow chart illustrates certain of the various vectors and
host cells whi ch PermusedsPrpuoterhi Enioneembodiment an ihdisatot dgenernded to

be all inclusiwindered n¥eCt@ist ikhal dheoﬂ&%hgrw&?igi&@%ie%g promoter,.

Viral vector . upcti qonal / nonf uncti onal enom c or subgenorfi c)
i ndi cat or gene)*® ZgLaE’ arl%lhougg the PYRA%ER or 18end Vi r ilRe Ve &3Hie

(functi onal / norfaanacxspsionadi caiomtpdrion 25 the indicator gene, it

+ Pati ent 5eqUe¥lQows rather than precedes the indicatcﬁ:cﬁégﬁgrfgiéi%
+ Patient-derived segnent's

[err] sequence.  This Rmisplaged cP¥EUPLek gy referred to as a
(patient - deri vetbegmmhedt prempher cat din geiddikiofdSto thetpdihdted promoter
Packagi ng Host | o714 fLCt L Lh C | s as ression,
vect o?s 40 o R%rs%éslg%%e&ﬁ'eﬁg %%t grgﬁk‘gg?é%rfal- %1’1%13%%%% naeﬁ%sf‘scel I

transfected w (YPPPHES EPRAL QfstheeRpbive or foreignpypmoyqmfendancer a
host cel 1@ o befi nfbet edidml avector. Thus the coding sequence of the

non-functional indicator gene can neither be transcribed by
the permuted promoter nor by the viral promoters. The
non-functional indicator gene and its permuted promoter is
rendered functional by the action of one or more of the
15 viral proteins. One example of a non-functional indicator
gene with a permuted promoter in the case of HIV, places a
T7 phage RNA polymerase promoter (herein referred to as T7?
promoter) promoter in the 5’ LTR in the same transcriptional
orientation as the indicator gene. The indicator gene
20 cannot be transcribed by the T7 promoter as the indicator
gene cassette is positioned upstream of the T7 promoter.
The non-functional indicator gene in the resistance test
vector is converted into a functional indicator gene by
. reverse transcriptase upon infection of the target cells,
25 resulting from the repositioning of the T7 promoter, by
copying from the 5’ LTR to the 3’ LTR, relative to the
indicator gene coding region. Following the integration of
the repaired indicator gene into the target cell chromosome
by HIV integrase, a nuclear T7 RNA polymerase expressed by
30 the target cell transcribes the indicator gene. One example
of a non-functional indicator gene with a permuted promoter
in the case of HBV, places an enhancer-promoter region
downstream or 3’ of the indicator gene both having the same
transcriptional orientation. The indicator gene cannot be
35 transcribed by the enhancer-promoter as the indicator gene



resi stance test vector viral particle produced by the 45 resi stance

test vector host cell WO 97/ 27319

PCT/ US97/ 01609 - 54- Resi st ance
Test Vector "Resi starice test vector" means one or nore vectors which
5 taken twgetamre contain DNA or RNA  conprising PCINUSIT/01609

pati ent-derived segnent and an indicator gene. In the case where the
resi stance test vector conprises nore thantbne vector the
patient-derived segnent nmay be contained in one vector and the

i ndi cator gene ?‘?ls%e'iﬁeffé%nt"c’\?égtlBP?gSu‘é?ls"lWam' a rgéﬁestﬁﬂeég‘f‘é‘é?l‘?féac]t or

conpri si ng nor eindiertrre gyt gin ithe resisteheer sdstovheter nisiscenvesstiad ance

test vector sysigedferfunctioml PARETaRbrClghit YybwevbesBeVBaLLEL B5Sion

understood to be g i resi st.ance tegt %ﬁitm . The DNA or RI?,:\,%}O]C a

resi stance testand cirquiaryzabion Rfthe {HRHSRGOT §RBS V1R VIR r

RNA 15 . sl ecybps.thel nrepgsietrdmdiir;ganbf tthe resh@e&mﬁw@te\rgcmmtfeam

made by insertion; of; @ RS g 3ﬁa&bt¥.eetrﬁgga@rﬁoaim90_x%@ion. i ndi cator gene
e

viral vector. In another enbodi nent, reési stance test vector is
made by insertion of a patient-derived segnent into a packagi ng

vector while tha germgtéddpramotegemgyi becanyaenkdryot ic se:coprlohmmiq for
exanpl e ggrowéémﬂch RRCheV tEghsc ¥ P in the taffet URGSE LSTEI N,

"patient-deriv segnent” refers to one or_npre Vi I‘iﬂ ) . segnents
obt ai ned &Prect PyeEsERbLY phhe cRFOURFPY Yatlobe small dp,sdzer 7o shakis,
mol ecul ar cl oni hgsertpod ydar ade chral 2genomecadithont diRERrbisgpl vixalati on

of a popul ati?@plbﬁé\t'o - Ride® tré@%&%&ﬁf% S§%‘fsitﬂgtviéaém%ﬂ{
conpl enment ary ](_crbNA) pre%are romvira , present_1n the cells

size and is capable of transcription by a single subunit RNA
polymerase introduced intoc the target host cell, such as a

15 bacteriophage promoter, will be used. Examples of such
bacteriophage promoters and their cognate RNA polymerases
include those of phages T7, T3 and Spé. A nuclear
localization sequence (NLS) may be attached to the RNA
polymerase to localize expression of the RNA polymerase to

20 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

entry site (IRES) such as the EMC virus 5' untranslated

25 region (UTR) may be added in front of the indicator gene,
for translation of the transcripts which are generally
uncapped. In the case of HIV, the permuted promoter itself

can be introduced at any position within the 5’ LTR that is
copied to the 3’ LTR during reverse transcription so long as
30 LTR function is not disrupted, preferably within the U5 and
R portions of the LTR, and most preferably outside of
functionally important and highly conserved regions of US

and R. In the case of HBV, the permuted promoter can be
placed at any position that does not disrupt the cis acting

35 elements that are necessary for HBV DNA replication.



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

fluids of infected patients. When a viral 30 segnent is "obtained
directly" froma patient it is obtained wi t hout passage of the virus
t hrough culture, or if the virus is cultured, then by a m ni mum nunber

of passages W@ omrare €SSeNtially elimnate the selection of '{%@W
cul ture. ﬁ’]e term"viral segnent” refers to any functi

sequence or viral gene encoding a gene prgduct (e.g., a

- 55- protein) that is the target of an anti-viral drug. The term
"functional vi Blbckéggenseiuacasseaafer Ben ddde S ait0 EH&’ ends N eikgeaci d
sequence (DNA Qg oRNA) wit he c | agtivhgy as _enhancers,
pronoters, pol \éagen\él I(;llgté%"on ésél?eé}e%% %g E 5B |onu?ﬁ APAPPIRPIriAge
factors, such S¥PESPSiAR REg, the n°ﬁa§R’a§F¥@l%3eqaéﬁééétor ngegeatdwmn to

sequences, or s$phnefagtion asefifi@eEes.(DNAl iconcdtugaves) . t 0 14 aFQet Y e

than onesg fdReiLoRgl oy ol g2l gene duct the

patient - deri VeE{L 5mant s é:orerglspong."é Cl?o é PrES % |12 Qrﬁ)ve' g wiul d
be inserted i nPLREKLBE;] ssteéﬁ{?é‘cﬁes'ﬂaWe(ﬂO@ﬁlstl ef a The tgasscefiptdobabat i on
t her apy where t\ammd)nalmfﬁ posit fdtdd Wd éﬂzﬁodl@r%dﬁlﬁ*otu% ¢rEhekeht ion

functi onal VII’ e ol VII’ ducts "are bei ng_ eval uat ed,
pati ent-derive sultln s(}g%[rar gj}ponc q'-ted%g: f&?}"btt i BRh t¥gnscyipgion

sequence or Vi FSFugEh’égpﬁBG%cFemﬁiﬁl%mms@fteuel permutedtN2 pesmnstance

test vecttor. Thempehe e3rt LR tyeehs CPYMMRS during PéferdtS erhgdL9bP1 URI que
restriction sites or specified | ocations, called patient sequence

accept or S|tesb |n t he |nd|cator gene viral vector or for exanple, a
packagi ng 20 : — Ao ar tIrc uharsesmst remodimenti,nganised

as descri bed h&ﬁéiﬁator gene is rendered non-functional due to the
relative location of the 5’ and 3° coding regions of the

15 indicator gene, in that, the 3’ coding region precedes
rather than follows the 5’ coding region. This misplaced
coding region is referred to as a "permuted coding region."

The orientation of the non-functional indicator gene may be

the same or opposite to that of the native or foreign

20 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 patient-derived segment

25 products. A second example of a non-functional indicator

gene with a permuted coding region in the case of HIV,

" places a 5’ indicator gene coding region with an associated
promoter in the 3’ LTR U3 region and a 3’ indicator gene
coding region in an upstream location of the HIV genome,

30 with each coding region having the same transcriptional
orientation as the viral LTRs. In both examples, the 5’ and

3' coding regions wmay also have associated splice donor and
acceptor sequences, respectively, which may be heterologous

or artificial splicing signals. The indicator gene cannot

35 be functionally transcribed either by the associated



As used herein, "patient-derived segnent" enconpasses segnent s
derived from hurman and various ani mal species. 25 Such species incl ude,
but are not limted to chi npanzees, horses, cattles, cats and dogs.
Pati ent-derived segnents can al so be incorporated into resi stance test
vect ors usi ngvaew278 several alternative 30 cl oning techPCT{USHMOI609 For
exanple, <cloning via the I ntroduction of class Il restriction _
sites into both the pl asm d backbon‘e“a‘nd the patient-derived segnents

or by uraci | cqQsylase r| ner The, .
pati ent - deri veopzéomc’ %ly lﬁé oBI & %%I%(y Q:he Pﬁ%‘&‘gg‘?d c¢dfing regiqp,
97/ 27319 prevents the formatlon of unct1¢m§1kﬁgmﬂgggggtranscripts.

- 56- nol egké ahofil P dHa 10 el iddRbl igedlel A tﬂ'fe fméﬂnfét%&xfdeoﬂfest

t her eof , by II’ltI‘OdéJCI n? pati ent sgquche agfcep or git 35358 g)rl bed
bel ow, at the ehdE of fle “SRYTERTS daPFVed @&rﬁ%ﬁ?n R &) Bgofnﬁ%‘&u

into the rBsistruenversestranairiptaseFupos infeqbigpnt e9f the stayges cells,

anplification ”Pémlxﬁ'@}oﬁsthgcﬁposz.uoh‘iﬁbrbEtﬁ}Qs!‘ =i hga sorigeRandi,g to
t he patient-sequence be i ncor orat ed at the ends of

tho D11 ror SSTE cePding TESBERS ERLETTNE & APeaArOTARR, ORI AN ©
cl oni ng net hod sheh3 asLEON cthenifig LTRai d Foddpwiingi bnassesiptlidon byart-Hee

i ncor por at ed at?{*&ﬁ‘olf‘éldsas%tacﬁaﬁeﬁr‘b{@{ Ei’.]‘x‘ésgd EQing regibh! SﬁNIQrs ﬁ(‘cﬁr}%\m\
strand cDNA sy

h th -
whet her ct8ned ‘c‘)?ealr\fqaﬁheﬁhﬁl\l%ne and iglcd"’idégﬂrlf?gﬁ?f‘%n?%@;e

i ncor por at ed i nfen¢ticonl nemglicator gene product. One example of a
non-functional indicator gene with a permuted coding region
in the case of HBV, places a 3’ indicator gene coding region
upstream or 5’ of the enhancer-promoter and the 5’ coding

15 region of the indicator gene. The transcriptional
orientation of the indicator gene 5’ and 3’ coding regions
are identical to one another, and the same as that of the
indicator gene viral Qector. However, as the indicator gene
5’ and 3’ coding regions are permuted in the resistance test

20 vectors (i.e., the 5’ coding region is downstream of the 3'
coding region), no mRNA is transcribed which can be spliced
to generate a functional indicator gene coding region.
Following reverse transcription and circularization of the
indicator gene viral vector, the indicator gene 3’ coding

25 region is positioned downstream ox 3 to the
enhancer-promoter and 5' coding regions thus permitting the
transcription of mRNA which can be spliced toc generate a
functional indicator gene coding region.

30 3. Inverted Intron In a third embodiment, the indicator
gene is rendered non-functional through use of an "inverted
intron," i.e. an intron inserted into the coding sequence of
the indicator gene with a transcriptional orientation
opposite to that of the indicator gene. The overall

35 transcriptional orientation of the indicator gene cassette



used for the repair reaction. The patient sequence acceptor 15 sites and
primers are designed to inprove the representation of patient-derived
segnent s. Sets of resistance test vectors. having designed patient
sequence acceptor sites provide representation of patient-derived

segnent s tha n7ayoul d be underrepresented in one resist 15 ect or
20 al.on Wos Resi stance test vectors are prepared b;ﬁ%ﬁ * g an

i ndi cat or gene viral vector (described belgy) by introducing pati ent
sequence acceptor sites, anplifying or cloning 25 pati ent-derived
segnents and i niReIuding Ha samphi, f lédked promotent onad cppAEEOEeto PEEM Sl v

[ nto indicalor @eneyiidRl c¥RELON Selementdl IHAPAALN: PEAINGE AFGHULT

vectors are construc

sites. The re5|
gene viral éc agt \hﬂFEﬂna’r% tlhﬁ’ FAPR fefPFBLFIbIROGERBA elementis.
vectors 30 orTxansmni@tionvi ol thect imdicatbrangendi ¢at oit@eaencapﬁﬁ{éae

each of which '§rc§!ﬂ§t§éx‘ b&ée@%@\é’ %%%Séén‘ﬁﬁet od\(x%%‘i%s of _funé r:gosr{a

i ntroduced into host Alternatively, esi stanc
vector (also r e‘f”é?”rseﬂ”tpcys ?s athednvezfed intron F§§P°€‘e]%? cﬁpléyﬁ?@eh? this
prepared by i ntexikrdiatgqmat i eftarifcripti®gueifc &R CiaRlidatdh! @@neNy ahe

k
I;fé_?_/ 6%'99?0\12850&1r§1”@0hft¥bmgelements doequgv]é@er?’Siead to the rﬁlrl%yﬁﬂngf

pati ent - der i ved-Redisrsesndnt reRky R pelicing qraditioustt bhe cirghiatator
sequencesl@r ecigaley istatilie packagictdonallyVespessédtie B ':?éHulSt‘%t‘iHéence
acceptor sites t‘:’ﬂ“%ﬂ'xscz:J.pl:Cchatér agﬁf g(ﬁ‘:'lggnggl %rga8t§§9 o8, Vegoq.lown.ng the

i ndi cat or gene
reverse transcrlptlon of this transcript and integration of

the resultant retroviral DNA, or the circularization of
hepadnavirus DNA, the indicator gene can be functionally
15 transcribed using its own linked promoter as the inverted
intron has been previously removed. In this case, the
indicator gene itself may contain its own functional
promoter with the entire transcriptional unit oriented
opposite to the viral control elements. Thus the
20 non-functional indicator gene is in the wrong orientation to
be transcribed by the viral control elements and it cannot
be functionally transcribed by its own promoter, as the
inverted intron cannot be properly excised by splicing.
However, in the case of a retrovirus and HIV specifically
25 and hepadnaviruses, and HBV specifically, transcription by
the viral promoters (HIV LTR or HBV enhancer-prowmoter)
results in the removal of the inverted intron by splicing.
As a consequence of reverse transcription of the resulting
spliced transcript and the integration of the resulting
30 provirus into the host cell chromosome or circularization of
the HBV vector, the indicator gene can now be functionally
transcribed by its own promoter. The inverted intron,
consisting of a splice donor and acceptor site to remove the
intron, is preferably located in the coding region of the
35 indicator gene in order to disrupt translation of the



In one preferred enbodi nent, the resistance test vector may be

I ntroduced i nto packaging host cells together with packagi ng
expression vectors, as defined below, to produce 10 resi stance test
vector viral particles that are used in drug resi stance and

suscepti bilitywoteeatsaeot hat are referred to herei n as a "Pearuspuéieoshased
test." In an alternative preferred enbodi nent, the resistance test
vect or may be i ntroduced into a host "8l in the absence of packagi ng

15 expression.vectors to carr ut,_a.drug_resistan nd _
suscept | bil ity SOSESRAE PSSFor EPPedPLiChelEMY a8"q Soceptor may be any
"non-particl e- b&Pddceestdonons gpdd RsIcePhor. " pack®gi nereferredkyxpppssEen

vector" provi degdnbe-taetptsxr £HCEhESCRACKBIEPYice dondF Ohfd NEhéeCsPlice
structural proteins guch

s,_core and, envel ope_20 ol ypepti des) .
transacting fact§F§P-6F Sgntétée rEfR e 6% SBCcRe r’é"b'%%af@ipg‘r?- ggf%&fli gane
retrovirus %or hdfdataenras)-In such a situation, a _

replication-conpetent viral genone is enfeebled in a manner such that

it cannot replicgate on it , Thi s ans_that . although the
packagi ng expre?%dgﬁafgr é%%t%’rrﬁcmglﬁctﬁfoau‘ggns'fﬂéct’t%ns-acti ng or
m ssing genes As usedqlierednt o"irdicater dremecniivelyivegtogtnoetepsesend in

a cell cont@ﬁc@'bg,gst) heccﬁdinfﬁ%%ﬁd aﬁ?ni?x@@icérﬂf‘r eBEﬁéma%Q 9 W MEontrol
cannot rescue itsel | ndi Cator oy I.ndi cator "I ndi cat or

or indicatdt gef® f@ﬁ?r ggflo°ﬁenﬁﬁl'8‘?’6e arEpt genesencﬁgﬁ&ngiﬁfﬁ?ﬁi FENHNA
or RNA struct ur eritxadt veicther is assemblettfnomwman hirsliglatarr ganei gasgetves
rise to a measurgfl @ Okiral veBPbiCealEiA P Heliow: J- TheC3h@icQtoti §bhe Of a
reasur able 35 vvnxg\ée.lll ‘erg\%'g—h L E,g,gaslel Ofi clu gran%h%%%%rassailicin
i ndi cat or @% mayz pgditionally includ » SP g
PCT/ US97/ 01609 signals, polyadenylation sequersés, transcriptional
15 terminators, or other regulatory sequences. Additionally
the indicator gene viral vector may be functional or
nonfunctional. In the event that the viral segments which
are the target of the anti-viral drug are not included in
the indicator gene viral vector they are provided in a
20 second 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 encoding a gene product, control sequences, viral
packaging sequences, and in the case of a retrovirus,
25 - integration 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 wvector which contain viral genes are referred to
herein as an "genomic viral vector” and a "subgenomic viral .
30 vector." A "genomic viral vector" is a vector which may
comprise a deletion of a one or more viral genes to render
the wvirus replication incompetent, but which otherwise
preserves the mRNA expression and processing characteristics
of the complete virus. In one embodiment for an HIV drug

35 susceptibility and resistance test, the genomic viral vector



a change or generation of a specific DNA or RNA structure. Preferred

exanpl es of an indicator gene is the E. coli lacZ gene whi ch encodes
bet a- gal act osi dase, the | uc gene which encodes | uciferase either

from for exanple Photonis 5 pyralis (the firefly) or Renilla
reniforms ( £fo PANSY) the E. coli phoA gene whi ngBﬂﬁﬁ

al kal i ne phosp atase green fluorescent protein and t¢§} cterial CAT
gene which encodes chl oranpheni col-esacet yl t ransf erase. Addi ti onal

preferred exanples of an indicator gene are secreted 10 proteins or cell
surface protei feMP¥dsesr ehe ) lopgrpaduretf, vor,byabsseey, ypgh a@nd nef

radi oi mTunoaSS@én(eBl Alsorﬁli fhagtescﬁenhn of aghtValgd K&l |de§QEEa5‘9 (FACS),
including, for, t oki nes and cel] surface

c

anti gens (e.g. %n%SPWhvhﬁﬁovﬁé:mr I rﬁgﬁ#s a V@gbgﬁt‘r‘?}'@%smg the :
"I ndi cator 15 codjage'regionndér eheodrt woné smranblgzi'eea vgelohc mayn egepde al so

referred tg as @xéﬁkee&ﬁﬁg%m ka% tgéag@,%geét Q) o Eﬂ@'aem-n 'k_igsgab' €

mar kers for an ce l's a e reduct ase

t hym di ne Ki na&é" F8RfcPh, ?%orﬁ/é???ferred epRdineR;t I I Gy 9&]5'9“‘10 I n

t he case of the'ﬁrarlegecngrzmmprlmagpthe HIV gadi-pel @ergends, thdiecdsedotat or
gene and the wpv DapLeRirfed | il dRRRItid' 8 %ﬁgéﬁbﬁlc vErafl YelpEt and

separate genes. ses _a patient-derived
used as an i ndlcé’&\p&lsdﬁﬁe ¢ HBHhE 96R%- edPolihfetitse of HIY, ‘Wﬂ @PFat“ﬁ’ées
patient - der i vesfsggumitratorilespsnised cEorovdrdd vectbmncaist rictdongate : Whi ch

i s the target Qfégs%zn@%hei“é@' al . (%réj)n‘f\ra%fz §a':§jzd” 5%5 Q?E'fsar{@l(mﬂl §0

serve as the indicat exa ease
serve as an alcr'i‘r}l eht3t- 'ge‘ﬂc?"ﬁﬂl Ji r‘f’tfé’lof' $?s %1%993} ton&l%éaée
chronogeni ¢ su@eﬂ HBVe @rlarge abmber\off ulltlemitth genbndctsegueiites haysogen

which in turn @e%%VéﬁaﬁaE@éPﬂP%f%h‘a éﬁ@f& il ﬁsg for cBhit ch.{?ﬁ df“Hﬁ?fCh

case to a color ction ove exanp i ndi cat or
genes, tHe indiddPdr YRty BenBank Nep: hé’ﬁ*%&nct'ﬁﬁ%a 0702203 and
"non-functi onalx59l:nms | NTRachix=ls @ddifdg genes gy ®@@sSundedftlidi@ontdicdabar

gene in the taagq{a&%% drhater/pUbhbOBE €LY LepSAdet HRAT bie R2951e3,0f
t he patient-derive
enhancer/promoter. A preferred embodiment for an HIV drug

susceptibility and resistance test, is to place the genomic

20 or subgenomic viral coding regions under the control of the
native enhancer/promoter of the HIV-LTR U3 region or the CMV
immediate-early (IE) enhancer/promoter. A preferred
embodiment for an HBV drug susceptibility and resistance
test, is to place the genomic or subgenomic viral coding

25 regions under the control of the CMV immediate-early (IE)
enhancer/promoter. In the case of an indicator gene viral
vector that contains one or more viral genes which are the
targets or encode proteins which are the targets of an
anti-viral drug(s) then said vector contains the patient

30 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 test vector, as described above.

35 "Patient sequence acceptor sites" are sites in a vector for
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-59- segnent . Functional |ndicator Gene In the case of a
"functional indicator gene" the indicator 5 gene nay be capabl e of being
expressed in a "packagi ng host cell/resistance test vector host cell”
as defined bewowr27s19 i ndependent of the patient-derived s®R§FAFITORM\ever
t he functional indicator gene could n?t be expressed in the

target host cell, as defined bel ow, withol Tthe production 10 of

functional resi Sﬁ)ggg@lgﬁ%f ?%EEPPtD&é{-i&é&%e%gnEQ%ﬁd said §I§§§ﬂa§ect | onal

I nfection of the target hos
i ndi cator gene, 1 héﬂ}meca%'%?trlctlcﬁ’en’élE%t%séPF§°d‘é%‘P$rP¥| rﬁdt@Gﬁt’-FSFte
el enents and a griagenesiénéndong aecikbdi;Ccal) omaruehely, dcturpifgt afdigoeéo

he 1 i oy CabRgene; Khr 8l HECh O YAk, SBIs s R Saces 3

transcriptional “orienta Ve Of fore ancer/ prormt er
of the vird vedshdeh Ol@aé}ﬁﬁﬁl'éeﬁ-"%@ Seg“‘?i}ﬁct'l‘%albel ntRIQLLRA guAdNgn

the case of HI ValtedBNtipéae@dning mebhodsnNdieCat onDGyaildniakd. | tBn one

pr onot er e /

transcripti onal %Odkﬁeggnlfh 3%% %glq:t gég%'&fe fﬁlcgpkg%\/é?g%ance?&g‘ggﬁoggr
respectively, orntRetissinddcatiomeenepybmt eleckeyoci Bhedbatientysepuenee
viral vector. a%'éeptwensEuest aeeabrbmétsaiprlgeaeed wmﬂﬁ esPahbyel ¥né he

i ndi cat or ne, be "n C nal " cator gen
not o {1 ciiht Iy BRsPaczeorn 4 e Virad brorats Chesh Ser el BapRafurtn -
the resistance tdst antl -wigaiordrughi chThS mnlr efaguengeso usedesfax ahhe

test vector 30 intestueeibn UBEI | phtidrt C@Bé?.i’etrﬁ‘é I &Tc@e@:wnctsheaal are -
i ndi cator % Efr%?i Q:othe actlon 0| or BT & gve
pati ent-deri ved %egﬁe o&ugfa? th3%i P&t &’h ﬁ’gﬁé i P&ﬁa?é? ("
non-f uncti onal Gghlsglewéq idn trmmapunet pohd coding gadiienget fouhdsat
I nvention.is that position. Preferably the patient sequence acceptor
sites are located within a relatively conserved region of
the wviral genome to facilitate introduction of the
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 used 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 seqﬁence 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



35 WD 97/ 27319

PCT/ US97/ 01609 - 60- 1. Pernuted
Promoter In one enbodi nent an |nd| cator gene is render ed
non-functional due to the | ocation of the pronoter, in that,

al though theyopi@s@ter is in the sane transcri pp-pigdroi600
orientation as the indicator gene, it 5 foll ows rather than precedes

t he indi cator gene coding sequence.-68Fi s m splaced pronoter is
referred to as a "pernmuted prompter.” In addition to the pernuted
pr onot er e TSRAASENLER &R ehkhep resimtanssateshdvector abwe. s
opposite to that of the native or foreign pronoter/enhancer 10 of the
viral vector. ééﬂhsCOd' ng sequence of the non- f uncti onal

i ndi cator gene can nei ther be transcribed by t he pernuted pronoter
nor by the viralt$reffkstasice tepe vector righ-iintroduordl inndiz dtost gesrid .and

its pernut®d preuidaisld shost ce]!l@dﬁ@dnafrﬂMﬂa(ﬂn%el% thebr'ié‘ééx‘}%cffho(y?:e or

nore of the 15 il o npl e of a.non-functiona
i ndi cat or cellé alqJet ﬁé &é“?%ﬁo BV‘%?%II@IBWQT? PR ypigh\are) thees a
T7 phage RNA pcﬂ”iﬂrmlé’sl@ Wﬁﬁf—ér Oqfhvwah infectimh .t 0 Irs the case qff (I er)

promoter in thecnaasemelmdehnmsmarwggr:hpaé (}ﬁﬁrlan T celPé] %%B:g&da&%t S tTge
| e

i ndi cat or gene. c | ndlgéat ig cannpt t.ranscr
promoter as thée" Hﬁ??’ n ntg’é:nge §séiaf‘8e?1§a’b%§etll Smele'Eﬁfsqm@@f t he
T7 pronot¥@.  stem mlﬁonrfnnmm cehlls catngk ogber ¢ellishe IRStid e t est
vector is convest eggvt Quiltaﬂi‘é:t hegé‘l chgbcithuﬂgngleBXtoma Fefl..eLveiTﬁx%s
transcri ptase u r}#@n %Cu%xr gﬂo 1m e;tn cel t:. omt he
repositioning o T t BF? %’573’ WFHEYF?ﬁm’P%“@- arrRedd st he
3 LTR relati whih caa be- infentieshbyr pgendotyqmlid $iBVegand. otindd @willg .t he
integration of Human dé¥iveRPHJIRD ddddiLa}1AN WA tRh e Het B8 G8La1
chr om)sor’Ts drug will enter the cell efficiently and be converted by the
cellular enzymatic machinery into the metabolically relevant
form of the anti-viral inhibitor. Host cells are referred
to herein as a "packaging host cells," "resistance test
vector host cells," or "target host cells."” A “packaging
20 host cell" refers to a host cell that 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 proteins may be
25 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 cell is a
host cell which is transfected with one or more packaging
expression vectors and when transfected with a resistance
30 tgst vector is then referred to herein as a "resistance test
vector host cell® 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 HIV
include 293 human embryonic kidney cells (293, Graham, F.L.
35 et al., J. Gen Virol. 36: 59, 1977), BOSC23 (Pear et al.,



by H'V integrase, a nuclear T7 RNA pol ynerase expressed by 30 t he target

cell transcribes the indicator gene. One exanple of a non-functional
i ndi cator gene with a pernuted pronoter in the case of HBV, places an
enhancer - pronot er region downstream or 3' of the indicator gene both
havi ng the sam 9727319 transcriptional orientation. The indi cRERVSIFHOI689
cannot be 35 transcri bed by the enhancer-pronoter as the indicator-gene
WO 97/ 27319 =69~ pCT/ US97/ 01609 |
-61- cassetl e, i Sy HOSiAIONed Uy eamy, TRG,) NORLEURCLEAN R az00

i ndi cator gene i'n the Tresi SCERCE (8ot VeCt 6r s convert &§ I'nto a

functional indi celdrliene Beinaedr sk 3k andeVigPilorf2, 3738n4%8B8t c iy HBYti on

of ht he HBV indi eigez geaglei aal \raleimanﬁ, LbYAfilﬁédi_rne.pﬂﬁirtsicﬁ@i Dgrugl Rebe
enhancer - pronot e trea L fghati to i pdi.cator |

regi on. A(rlg?égimégdr%’raoormlt?@%)r'rayyxgueh’arﬁ%ggﬂkgreyto? :ié gjrg%p}?o ar %gtg %
pronmoter wh ch &&%,b@1lBrahstri Fed targeseheat grel Hogefers| to1® cellptef Beabl y

the pronoter W ljnfeRtedbl FdbidtideOteBabléctor viralSpatt Ddldd) grid@duvienal
genonme w t hout di sturbin ti.on, r ef.er abl

. viral replica Le L a
promoter that is Ysmafl r?%lstance §ieFs Xﬁﬁg?gﬁéc’asptalﬁeéygfnt T EERER 89 a
singl e subuni t RAinhibitponyofertdee indiratior denatekerepiacget Arefereetl|
such as a 15  hagdetboREagsr Rs@MBREarddd hoBe #SEs incExalBPh&Rafr seeh

bact eri ophage pronmoter.s and .t heir cognaie.RNA pol r Loclu
t hose of p%a(gges lepgemif, ceghldh@p%e.s gn%\i‘hqfcrf%a‘?ur]yang ?ﬁ-g(gﬁl T3B¢ ?‘%%FSeggence
(NLS) may be at t GI§6d HIB-17€) RNGEM (ATCEoEGhelEde tHITEC AATES &Br-a63di on of

t he RNA pol yrner gafa derda@ativbhBer heedstls where they may be needed to
transcri bed the repaired indicator gene. Such an NLS may be obt ai ned

from any nuclear-transported protein such as the Sv40 T anti gen.
| f a phage RNA ftugrsusceptibihpty\ant ResistaprraflestdHosone

15 The drug susceptibility and resistance tests of this
invention may be carried out in one or more host cells.
Viral drug susceptibility is determined as the concentration
of the anti-viral agent at which a given percentage of
indicator gene expression is inhibited (e.g. the IC;, for an

20 anti-viral agent is the concentration at which 50% of
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 standard
laboratory viral segment or from a drug-naive patient (i.e.

25 a patient who has not received any anti-viral drug) using
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

30 the same patient over time, as determined by increased

 inhibition of indicator gene expression (i.e. decreased
indicator gene expression).

In the first type of drug susceptibility and resistance
35 test, resistance test vector viral particles are produced by



entry site (IRES) such as the EMC virus 5' untransl ated 25 regi on (UTR)

may be added in front of the indicator gene, for translation of the
transcripts which are generally uncapped. In the case of HV, the
pernuted pronoter itself can be introduced at any position within the
5" LTR that copied to the 3 LTR during reverse trla@ﬁﬁ% $n so

| ong as 30 Whﬁ% ?unctlon is not disrupted, preferably within the {ﬁg and
R portions of the LTR, and nost preferablyygutsi de of functionally

i mportant and hi ghly conserved regions of U5 and R In the case of

HBV, the pernutdfiprathoiast cegllbe(the registeedteattemty yogior dwsthateldoes

not di srupt thepdtsS iaChr8Faded b V\E %E%?E%@Eéuﬁgaé pRIAdIGGCRSEL Yoo I Pl iERY
DNA replicatiq

PCT/ U897/ 01609 © le resistance test vector and _ gpackaging Eﬁmsrﬁj-on
sequences may beddddd)at The reslsstdnddiccest vectesi ?iﬁaill:epézﬂsitcléiﬁta&fe

shoul d thege bQ:JiéHiRPééﬁ”&@tfnfec eéBESﬁéprsef cg*i&mﬂef Yagl eszn%ost

i ndi cat or gene due to transfection arti conca enatlon)
In the HV 5 SSddnmpi® BPieRether MiRRESP1OBr Gt Bhe giPeicaERN cTeBEC i Sa
bl ocki ng sequenemswrgdconsheth &f tawdl /cdéXlansyestiegn i asdrising al q:b’am]ﬁ@h@@

positioned to l}L Sk pepdt Rgugh :H aE%ﬁBbP&éP&H to: rfs'stB.QQ hé mt%NA

concat enat i on, ut not transcrl p romrepositioning of
the pernmuted TS5t Sfhkh 1?r5H€Fhé7e§erE?ﬂ tt(? tih% 8' resRSEaRFag tte@\'ier se
transcriptéon. vector ho2t &errut afddCadingeRegedn aré Ruseds @A0EKe atdydioFent ,

an i ndi cad tﬁe gﬂ@ﬁg:%e.l_d Qe n E&S‘Cfd lie 5.19 :lsé]aetordlge es

relatlvelocatlono relonso I'n
gene, in that F"c"’rﬁ,;@na&odi"ﬁgc?%@?foﬁeb?%c@ﬁ%sefflcmf?“é‘tyh@rxﬂweﬁolulp@ﬂs t he
5' codi ng regi orarilfiestiibapbiicedle packaging host cell and would reguire

infection of a target host cell with resistance test vector
i5 host cell supernatant to carry out the test of this
invention. Non-functional indicator genes with a permuted
promoter, a permuted coding region, or an inverted intron
are not efficiently expressed upon transfection of the
packaging host cell and thus the infection of the target
20 host cell can be achieved either by co-cultivation by the
resistance test vector host cell and the target host cell or
through infection of the target host cell using the
resistance test vector host cell supernatant. In the second
type of drug susceptibility and resistance test, a single
25 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 become
the target of infection by the resistance test vector
30 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
region, or an inverted intron. Such indicator genes are not
35 efficiently expressed upon transfection of a first cell, but



coding region is referred to as a "pernmuted coding region." The

orientation of the non-functional indicator gene nay be the sane or
opposite to that of the native or foreign 20 pronot er/ enhancer of the
viral vector, as nRNA coding for a functional indicator gene will be
produced in twWeorymeg of ei ther orientation. The non- PCRAISPT1609

I ndi cat or gene and its permuted coding region is rendered functional
by the action of one or nore of the'?)gtient-deri ved segnent 25

products. A segggdogigngkﬁgie&fog-f |Ctsieghﬁk’°hgrd‘l§g§§9£a°%-°{f nadggg okth a

pernmuted coding régron’in € case . I cator gene
codi ng regi on weehlanard Jduisapravide an Qppestenicy tadesureRtbs e&freh and
a 3' indicator genghe anti-GAHaNJageHt Olnddty ¥valpstieAam |BCcaheodagt bhea H V

genone, 30 w th each codina r.eql on havin h I criptional
orientation as PRBIVFITETS dtl"%ll.l{éﬂ" ngihrgﬁégrtﬁ ré(g? S%r% g‘ﬁgﬁda Qgsgsgan%eodi ng
regi ons may al s§erbveeasapcompadsipgi @ dunatdenahdindicator gepeor nebglences,
reSpe'lctlv$Ly,_w/Sheht &Byctmtbeat.ei&{o 5 eguref ﬁbtrar'thléickétbi§ﬁéhéén9and

si gnal s. e indicator.gepe cann e. ncti.an ranscri he

o ther - byt hesugBeRE ALy Y ustng S pipglRal typt odh B Ghed For
PCT/ US97/ 01609 the infection of target cells. A r@8istance pestovector

viral pronoterscogpriBendes R4 1eRE1NInAEEAOS gene RRNEREE hNewbOLEREL i ON
of functiqnally sg@ ced Irar}_\s}érl g_ta. The no?-funt;tll onal. i ndi cat or gene
in the redi®st anf&SEERUSING LALLEPY; RIRTRARAESF FRPD 'S FEEFERRFS haPhat or
gene by 5 r veeror hoshsesilst &ce infenti phectaxgetothositeceddget cel | s,
resulting fromthe repositioning of the 5 and 3' indicator gene

fhe 57 LTR Fol EBwtHS. EPRRGEPFREI Oh bhet Fivestion et khe cardl6%% HLH wf t h
the 5 coding r pgrbasl@N\Pased i ciemjst@nce ceests oiare t lrarFiedandu8' wibthli ng
regions 4@ progdgestance test vectors derived from genomic viral vectors,
i.e., pLG-1lucPP-HS, pCG-1lucPP-HS, pLG-lucPP-PB ’
pCG-1ucPP-PB, pLG-lucPC-HS, pCG-lucPC-HS, pLG-lucPC-PB,
pCG-1ucPC-PB, pLG-lucII-HS, pCG-lucII-HS, pLG-lucII-PB,
pCG-1lucII-PB, and  pCG-CXCN{F-lucP)2-AA which are
20 cotransfected with the packaging expression vector
pVL-env40702 (also referred to as pCXAS-4070Renv).
Alternatively, a particle-based resistance test may be
carried out with resistance test vectors derived from
subgenomic viral vectors, i.e., pLS-lucPP-HS, pCS-1lucPP-HS,
25 pLS-1ucPP-PB, pCS-luc-PP-PB, pLS-lucPC-HS, pCS-lucPC-HS,
pLS-1ucPC-PB, pCS-luc-PC-PB, pLS-lucII-HS, pCS-lucII-HS,
pLS-1uclI-PB, and pCS-luc-I1I-PB) which are cotransfected
with the packaging expression vector pVL-env4070A and either
PLTR-HIV3’ or pCMV-HIV3‘. In another embodiment of the
30 invention in the case of HIV, non-particle-based resistance
tests are carried out using each of the above described
resistance test vectors by transfection of selected host
cells in the absence of packaging expression vectors.

35 In the case of the particle-based susceptibility and



functional indicator gene product. One exanple of a non- f uncti onal

I ndi cator gene with a pernuted coding region i n the case of HBV,

pl aces a 3' indicator gene coding region . upstreamor 5 of the
enhancer - pronoter and the 5 coding 15 region of the indicator gene.

The transcr wdRmab orientation of the indicator genlecﬁbssv%fkpsﬁ'
codi ng regi ons . are identical to one another, and the sane as

t he indi cator gene viral vector. Hawever, as t he indicator gene
5' and 3" coding regions are pernuted in the resistance test 20 vectors
(i.e., the 5 cegisgancgi vest s meissancentedt tvertdr viral p0eiig osLaen),

no rrRNA is tra@%ﬁh@éﬁ W ahffii‘-atbﬁoéel &&fﬂ (the rd&i JENRIALRG fungLional
i ndi cat or gene [ ow ng reverse ranscrl tl on and

circul arizati of© 5 ‘f%gfq:hat Fﬁoﬁ”é%ﬁ?ﬁedg?kfet%’l‘%ﬁe‘iféﬂ%ﬁ PQ‘H‘@QW basbtr
gene 3' codingce31l wighi othe | se51pban¢e oneskt dovettigreand OpackagingO.

t he $nhag g@,n:egggggt evrec%Q (g ). dh{LQ £§9&§E‘§néé‘“§e£@ r {I‘ec{:o#‘gxﬁ,?%n al

transcription of V\ﬁvvh é)lced 0 gene
i ndi cator genePR&itH eFe@FSnthenB'Ose %0 infRGY & 99ranénhopk gelhi fghe
enbodi ment, t héargdichost cell) igemhiich thedexptes®ion WK thenahdibaedggh use

of an "inverte | RbhSRreg| n i g glnto the codin
sequence of Qene ls% ol oot genleﬁwthe;':%?'r aﬁl p fo ﬁrt&FﬁSngﬁngn
opposite to t FYECEPtiRilityiang sesishance tert.oRcpanglgthost cell type
transcri (0 onal(tbei eegbdtianrcentebbevedtbirc AbsE @19 %é%&é&t&th purposes: WO

97/ 27319 £t CTLUS97/ 0160
- 64- i nal udi é’g the packa mﬂedhﬁrs(tinﬁ %ri) s opﬁ&gf?ecﬂ)t?ﬁ%t apt

the viral cont FSPREFERERES, a%l IRFQAMEeor FERLBEADPE ofteste vectorarvifali al
intron is the pamtiates fmudllslbaie obniHedlhoske8®I1S.in the same culture are

the target of infection by the resistance test wvector
15 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
permuted promoter since such indicator genes are efficiently
expressed upon infection of a permissive host cell, they are
20 not efficiently expressed upon transfection of the same host

at of

cell type, and thus provide an opportunity to measure the
effect of the anti-viral agent under evaluation. For
similar reasons, resistance tests employing two cell types
may be carried out by co-cultivating the two cell types as

25 an alternative to infecting the second cell type with viral
particles obtained from the supernatants of the first cell
type.

In the case of thé non-particle-based susceptibility and
30 resistance test, resistance tests are performed by
transfection of a single host cell with the resistance test
vector in the absence of packaging expression vectors.
Non-particle based resistance tests are carried out using
the resistance test vectors comprising non-functional
35 indicator geﬁes with either permuted promoters, permuted



Transcription of the indicator gene by its own linked 5 pronot er does

not lead to the production of functional transcripts as the inverted
intron cannot be spliced in this orientation. Transcription of the
i ndi cator gene by the viral control elenents does, however, lead to
t he renoval ofWwo97r7319t he inverted intron by. RNA splicing, aledraisgtiomsése

I ndi cator 10 gene is still not functionally expressed as the resulting
transcri pt has an antisense orientation. -7F0I | ow ng t he reverse
transcription of this transcript and integrati of esulta
Ferrovi ral DA, COPIPHe “ERRRRP Ak, AT RS THCrORg) A REGFS | BORRRE EHELE

i ndi cat or gene baseflertahstanrml testkh are tpeafscmedetyusiragsfest bom ¢f nked

pronoter as the haggétsssc cell'%é)ﬂuﬂa}ﬁ &%@M@s@.%lcauélaytésava/éétor iR
this case, the ene itself may contain ItSARWBB ctlonal

promoter with tﬁ@eeﬁ’t’??’éc?r rBHaPXBRFES U7 STfiRPES - t&he ¢ o
the viral 5 connoolFfunteiendls. indithter tfend®d commixfedgnciibhah | thesat or

gene is in the %QQQnQﬁé@“Eé’éﬂ YedeBrs ar?uﬁgtté idrftad R¥p &Qsﬁgg

control elenents and cannot nctj onal transcri he ts own
pronoter, as th&¥ans eth%rt‘éfd |Wroﬁ°€5nn‘5? b p y 18xcAekgchgb
spli ci ng. idgdicetor | genke cmgrexlsianr etremulmimgandfzi-dim/ spenn‘rizall y

25 and hepad %‘ftih‘iésbaé’éw rlé@é,{rﬁgpt%'afn's ?%%J.oﬁ r apSeL il 'tQQPQéfrl%t :|.%nt he

viral promoters (H'V LTR(ﬁ ancer - pr )*555 resu
renoval oft% he PRPerfetPiht FoAPBEeSpInesudgs in thegs corvmrtiRieneé ofhe
reverse transcr perimonedf mndre- fesulitnad indicatsgt igak ttoans avhppesndcéde

integration of tehp teshhii @adifgatoprgghéus ' O éxb&éps{:rgﬁéér:%y ipspare of

circularization of vec t he 1 ndi cator gene canm now be
functional |y °°'“p}?5ﬁ%}5riiﬁgﬁn‘5§/m‘t (PFtRE PRRgSSion R theerPRH 998S on,
consi sting of acepkateedowdthindeachepesissahee t besenveetdbhe anti-viralon,

is preferaly y | geahed hQ tpe EQQE%HJ £501 419 aﬁo\%igg 59 %gﬂiﬁf‘é OfnhdePs1 ! N
order to disrupt “translation /27319
PCT/ US97/ 01609 9ene products encoded by the pgtient-derived segments
contained within the resistance test vectors. In the case
of HIV, reverse transcription and strand transfer results in
the conversion of the non-functional indicator gene to a
20 functional indicator gene. As reverse transcription is
completely dependent upon the expression of the
patient-derived segment contained within each resistance
test vector, anti-viral agents may be tested for their
ability to inhibit the gene products encoded by the
25 patient-derived segments contained within the resistance
test vectors.

The packaging host cells are transfected with the resistance
test _vector and the appropriate packaging expression
30 vector(s) to produce resistance test vector host cells.
Individual anti-viral agents, including the reverse
transcriptase inhibitors AZT, ddI, 4d4C, 44T and 3TC, and the
protease inhibitors saquinavir, ritonavir and indinavir, as
well as combinations thereof, are added to individual plates
35 of packaging host cells at the time of their transfection,



I ndi cat or gene. The splice donor and acceptor nmay be any splice donor
and acceptor. A preferred splice donor-receptor is the CW I E
splice donor and the splice acceptor of the second exon of the human
al pha gl obin gene 5 ("intron A"). | ndi cator Gene Viral Vector -
Construct i ORyq o912 used herein, "indicator gene viral vegpEPisoriogdes’s 10 a
vector(s) conprising an |nd|cator gene and its control 10 el enents and
one or nore viral genes. The indicator gene viral vector is assenbl ed
from an indi cator gene cassette and a "viral vector," defined bel ow
The i ndi cat or afera appropriate wasger ofrgonagnitradhans y Twesityvddonn emldncer ,
splicing Eﬁﬁﬁﬁﬂéfter EQEM@Q@@NiéE'(H&r e%eHHQ%KEE%ls akéaﬂﬁﬁééééd(ﬂ}a| 15

t er m nat ors, or er U| at ar uences
i ndi cat or genec?/l‘? r’fﬁsfx'o EBDGRalS ? Vecmrng‘r‘?ﬁﬁn&‘?léﬁalw In
the event thatwitke ms:estas@mm mqmr viralagperthelesropktaigfed Horom

?Rt i-virag dr U‘éa.ﬁf@ré@tsug'éghﬁgﬁﬂtb {jbf rets:LsEEﬁXén@éé@t\@’cg:Q?nﬁogt r@éll\éeﬂ or
ey are provide second vect 0 n "indicator gene sette"
conpri ses an Eac ?Wﬁﬁ?ﬁ%ﬁﬁl Ggﬁﬁtanﬂrcﬁﬁﬂ?%ﬂ39§9§n§gﬁ§e°g Vf ‘ﬁ%i

refers tthe teadedr hostpreedilagpsbor qﬁIatothehelﬁelbﬁvmnﬁpcnmqnm
genes encodi ng. g Qﬁﬂ%v@ Qﬂﬂc%am@%ﬂaﬂl cofBERPELSi oY 'cffa'the giveR e N9

sequences, and n the case of a retrovirus, 25  1nt egratton sequences.
The viral vect®¥ %ﬂﬁﬁ%ﬁmmﬂ?%&ﬁaFl9ur1“9 the, $XARFESHEIGP more viral segnments

one or mboe of which may be the target of an anti-viral drug. Two
exanpl es of a petermiidtilon’CGEON L} éﬁ%@ts%ﬁ Véfa'nﬁﬁ%‘i%ﬁéﬁe 6Pf Q-Ir{eed to

herein as an gepom c viral vector” enom c vira
A "genomi ¢ vi r¥PAIRRRQ " Gedey %BctEﬁe\MEQEHeﬁa ost CQ§}ﬁer§§e%F%@H X on of
a one or nore gbfAkligevesidmo cremwdeh filterddierivialusupephatant®nis made

i nconpetent, by{ uwhioh Of hﬁ{ﬂée?cox% %eﬁ'tep %§E¥§§o£hefmm§sﬁi Qheand

processi ng characterstics ete n, one enbodi ment
for an HY drugPes ¥ e%%§@%%t%QQHqQFVIéﬁEanEFsFaﬁcglfﬁg% 11 FHRoniY viral

vect or measuring luciferase activity. The reduction in luciferase

activity observed 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

20  compared to a control run 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 wused to calculate the apparent inhibitory
concentration (IC) of that agent, or combination of agents,

25 for the viral target product encoded by the patient-derived

segments present in the resistance test vector.

In the case of a one cell susceptibility and resistance
test, host cells are transfected with the resistance test
30 vector and the appropriate packaging expression vector(s) to
produce resistance test vector host cells. Individual
antiviral agents, or combinations thereof, are "added to
individual plates of transfected cells at the time of their
transfection, at an appropriate range of concentrations.
35 Twenty-four to 72 hours after transfection, cells are



WD 97/ 27319 PCT/ USne T s
- 66- conprises the HV gag-pol, vif, vpr, tat, > SHE|
genes (sone, nost or all of env may be del eted).
viral vector"” refers to a vector conprising the
or nore viralwpenesiohi ch may encode 5 the proteins thatrcmmnw

target(s) of the anti-viral drug. ~In the case of HV, a preferred
" enbodi nerit is a subgenomi c vi ral vec'l-’o*r conprising the HI V gag- pol
gene. In the case_ of HBV a ref err ne s a sup enom vi ral
vect or cofPHEFTRF s PB?E‘PS defer ﬁg’g«i’ff& §Fa FIF\F? eampt®es 10

of proviral cl on:eansu@am:a‘d)lce\'kﬂ.sain\mm mulcumstdqctqmlefénelently ePfBess
(Fisher et al., gd98Rki DL en%_ZO tz?eﬁ?sé%@eda%ﬂ'sﬂ 13: fthe cdﬁdﬁfehl

al ., (1986) J. , n the c ar
nunber of full V%th%%ﬁ&ﬁﬁetgéq‘ige‘ﬁr%&nh%% cu t“rﬁeeﬁa%ﬁﬁré'& ﬁ?lrfé%e}nd
coul d be uSed fhostorslraididroindichByrldene aspralssieat ofbe fedRaniorNds

Mb4923, M38636, ?J£§E¥E§éﬂu¥t1v1t¥X%%L%§veEh o¥'E@il§OQ££EE§€¥g§a Swehs

under the contro e enhancer/pronoter or a
cel | ul ar cRR&FRRT S pﬁforﬁ)tgé?’enAa‘BFéYH?JecP%odPﬁeﬁﬁeT‘B? a% ‘F#P"\P%ﬁ%ﬁ’g
susceptibility andaresntstaineent éat thesabsemdace the gendwiraPlagentols),

subgenom c vira ,&r;% ong r
enhancer/ pr onot ér g?éf%e ﬁf}jv R%e": eé PP(;O &% ﬁl' M%tratlon %ate early
(1E) enhgﬁcer/ﬁFBh‘ﬁ’t’é"i‘. ageng a%raeﬁém“@éldal c“’-"’@nbo'%ﬁ%ﬁaﬁf‘hﬁbi‘t AP0 KB V& ug
susceptibility fsdusesitd amleulate thesSépparerdto iplhibitbby goNesatration
subgenomi ¢ vi rak%egdwga@%%erhé UL ArtIARE 16RCoE ORELAL s 0T ed ' G102

i medi ate-early ncer/ pronote an 1 ndicat or
gene viral aV%%"E oPrPﬁ&FtC(ﬂﬂcoﬂQ‘Fg oP% Gﬂ’enti’%t%ﬁﬁtdldeﬁéﬂég vﬁﬁ‘ﬂ?%se t he
targets or encofgeepemt eimxhshirebistantBetést gaictcaf. an anti-viral
drug(s) thegn said vector contains the patient 30 sequence accept or
sites. The patient-derjved segnents are inserted in the patient
sequence acceptGFtEY’c%’Jr Pruge/Prug Candidafief gene viral vector which is
then referred tohasarthieriral drigsitadidCadiesdite/ ehkotestSydeen abechddeave. -

at selected times depending upon the target of the antiviral

drug. For example, in the case of HIV protease inhibitors,
20 including saquinavir, ritonavir, indinavir, and nelfinavir,
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. HIV
protease inhibitors are also added to the target host cells
25 at the time of infection to achieve the same final
concentration added during transfections. HIV reverse
transcriptase inhibitors, including AZT, dd4I, d4dC, 44T, 3TC
and nevaripine, are added to individual plates of target
host c¢ells at the time of infection by the resistance test
30 vector viral particles, at a test concentration.
Alternatively, the antiviral drugs may be present throughout
the assay. The test concentration is selected from a range
of concentrations which is typically between about 0.1nM and
about 100(M and more specifically for each of the following
35 drugs: AZT, from about 1nM to about 5(M; ddI, from about 1nM
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35 "Patient sequence acceptor sites" are sites in a veeitortfar

WO 97/ 27319 - PCT/ US97/ G T60® SHEET HAS BEEN
-67- insertion of patient-derived segnments and sai ¢ siteREPTRLEDE:

1) unique restriction sites introduced by site-directed mut-ageress
into a vect %% gaturally occurring unique restrict ipppnmbifigesl N t he
vect or; q§’ Selected sites into 5 which a patient-derived segnment nay
be i nserted usi ng al ternative clonidmg-nethods (e.g. UDG cloning). In
one enbodi ment the patient sequence acceptor site is introduced

into the indi et @eyEN@S¥Mr a3TUedixom abput pinM &t aboytehdM; d4T ad@xept or
sites are prefaﬂ:rcﬁh:' Wnivo€at Qsbwy 2% (M;0hnAfatevdiSipite, €268MNSob@Ei BIM @ t he

viral protein \%10 i3 dqhe t ar get of the anti-viral drug. The viral
sequences used L i ntroduction of patient sequence acceptor sites -
are preferably chosen so that no change, or a conservative

chan?e | 5 n}i)dﬁ%l %rﬁﬁl%e?w &mo@a:mttrﬁodb@g @Eﬂye&q&temliaﬂ ata 15canchhﬁ£t|e o
posi tion. rer.era e ent se n or are | ocated -
Within a rel atTUETC-RAnSaPRRIRS A GRebFa 5 tlia dRyd: GReGEROMRET Y 2019 | (at e
i ntroduction cﬁesmance tpati ehithisr invent segneMhe. candidataarntdstigal t he
patle?t t S&ﬂﬁtﬂﬁﬁﬁaf&?ﬂ&&édshbeftrﬂetééplcf@f&‘%é}@t%e'&nf W 4 pal Ialaét 20
IerOI’ ant genes_or re at or uences atl.ent-s acc or
sites may be I%‘?,’bcteé’c}u%t% r%réff g'égi 5ﬁ’§ CERd¢ Hime \%i’ 'é‘f”b%nBPrB Ny are
rel atively cormestesich tt@rge:ntbf ghe gandidate antit+vdradi.neAltearhtiorédy,r oduce

the correspondydie than Bﬁétééﬁdid&é'ah%ﬂrﬂ&é)lt&ﬁnﬂﬁfdde% dgé | vesk e yrent .
To 25 i nprove the . representatlion Ea I eg;e;l eri vg se nt s
further, such $r9 gy PR YR Yy P&é‘n &S588) in¢ ination

accorrrmdat e viwith seyappreveét antugeireslt ylrugrsumly dsn@drpodadl ¢ ddC, dA4Thsi dues
such as deoxyififs| NgyddihaliCBrNaVeoidd Mhich is BASEEHA S Whinical

capabi | |t|es Sef's. of resistance test vectors
trials such as ritonavir, or indinovir. The 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.
20 Following the identification of resistant mutants to either
known anti-virals or candidate anti-virals the resistant
mutants are igolated 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.
25 This will enable one of ordinary skill to identify effective

anti-virals and design effective therapeutic regimens.

General Materials and Methods
Most of the techniques used to construct vectors, and
30 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
paragraphs may serve as a guideline.
35
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30 havi ng patient sequence acceptor sites that define the sane or

overl apping restriction site intervals may be used together in the
drug resi stance and susceptibility tests to provi de representation of
pati ent-derived segnents that contain internal restriction sites

I denti cal to wogt2mm 35 pati ent sequence acceptor sitepPCT/ERWNO01608ul d
t hus be WD 97/ 27319

PCT/ US97/ 01609 =77~ - 68-
underrepresented,Jin eifher resistance test yector alone, Host Cells
The resi stance &elsatsm\/le(:storarﬁds ?’ﬁF?Sﬁﬁceﬁr‘F n%(%sj’ag%tse[dog)é’l B lower cass By e

host cells are fmeedpycdersers m@fer mavhbesst. The staytingmd adwiidsed

from human ti ssuasiandreadithadhcoine¥&14dNG, availaplé Npubh &clifroali Hevi ral
i nfection. Incgnhea%asgmgésé—lll_i\/cte t hese include .human _cells_such _as
human T cells, TbnCyt e8" T PBRhAge CTdefiaPi (% EQPPETY %‘?\‘ge &t
cell's, henat op@itailabl@ plasmids cigl lascordpvithymdrl isdledsprocedurtder del | s.
In the case  addi®fidiBVeqaivhebhe PO S ktRekEI8e SRR B &L noWinNeS

(Hep&, Huh 7),. primary hu hepatocytes, nmanmaljan cells . whi.ch can
be- infected by hdtiid ’S/tpe%’a‘ijﬂ’a’\ﬁqaﬁfﬁ %Pﬁé?e%w%.the °réﬁ%}yd§r’?’\;&& host
cells will asswxtigsat- the anti-viral 15 drug will enter the cell
efficiently and be converted by the cellular enzymatic machinery into

t he met ab ‘#i calclE rel evant formof the anti-viral inhjbitor. _Host
cells ar e:9 ef er %}ftrucnof’o REr Hhe aé’egt‘”ﬁﬁcl&%i FehodRVeRtiQn » employs
"resistance testtandard Jdgabiohowid cebksittbon “tentgeiguessohiah laxe’ weAl
"packagi ng 20 undisfrodielin’ tnkCheES (sbl adsiSi e8] ., tﬁ%np@a\g&ﬁ% the
trans-acting faﬁ:tqirs nd yi r@l %)acka]%l ngo roteins. required . t he
replication defective i rit Vetestidns ei niigien- Intergeiepge or
resi stance t estMard@tdrss ett alper odywx egi ModecalaesCloning: Pediaboraitozly
particlesis TheaRackagessd Plsph§ngs Kivbhdie Laboratory, N.Y.)}. 1Isolated
plasmids, DNA sequences, or synthesized oligonucleotides are
cleaved, tailored, and relegated in the form desired. The
sequences of all DNA constructs incorporating synthetic DNA
were confirmed by DNA sequence analysis (Sanger et al.

20 (1977} Proc. Natl. Acad. Sci. 74, 5463-5467).

"Digestion" of DNA refers to catalytic cleavage of the DNA
with a restriction enzyme that acts only at certain

sequences, restriction sites, in the DNA. The wvarious
25 restriction enzymes used herein are commexcially available
and their reaction conditions, cofactors and other

requirements are known to the ordinarily skilled artisan.
For analytical purposes, typically 1(g of plasmid or DNA
fragment is used with about 2 units of enzyme in about 20(1
30 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
at about 37°C are workable, although variations can be
tolerated. After each incubation, protein is removed by
35 extraction with phenol/chloroform, and may be followed by



25 provi ded for by the expression of viral genes contained W t hin
the resistance test vector itself, a packaging expressi on vector(s),
or both. A packaging host cell is a host cell which is transfected

wi th one or nore packaging expression vectors and when transfected

w th a resi siygywanid test vector is then referred to hermsg;mﬁg,

"resi stance test vector host cell” and is sonetines referr to as
a packagi ng host cell/resistance testrgvector host cell. Preferred
host cells for use as packaging host cells for HYV i ncl ude 293 human
enbryoni ¢ ki dn@®Fheg| | &xrartiom.ahand RiHe 86cleiet amlid Jecdesred r dlrom36:

59, 1977), BOSGdueobearffictions by precipitMe i 23&%% ethanol IF
PCT/ US97/ 01609 Proc.

Acad. Sci. 90, §535°d1 0837 FERBEALHAN: R 6he dea(‘fsfil fFFﬁ@%"%ﬂeWﬂYePeet

al., J.Virol. ®2rigymgdiogsy, mlmylamldblep(ﬁel Galve ardgjabiosiel nagel L.

Arzheim-lﬁnrscl&ne&uepﬁeﬁesls ué HhEP0) %da]:%sot]é%ﬁ%) (aF‘U“AUeg% efagt al.
S

Virol ogy *1989 169, %13 216)". ‘tar host ceI refe to a cel |
to be in apﬁlo?eg st¥fte f%g? ] %?r drupgy tir|

by the resi staﬁ‘@emeim«aﬂm%d?m cl@lgsoi)n whi ch expression or

I nhi bition of the indicator gene takes place. Preferred host cells
for use as target hos%ﬂc}:ell n 1g:Jde human T cell 10 | eukem a cell |ines
i ncl udi ng Jur ng ?%‘ Fgoments maxtee Ripme epfed dmvtrpxttng

CCL- 119) 10|-|UT7gi(:AT(IP- Tapgecfyragment ofafd geli \DNA peldyihbrsisefr (Klenow) Drug
Suscept i bi | i tylﬁndhaeﬁkébéﬁee deStfelPour db6x é&oﬁ‘&%‘:%&&gp h¥te@nd

resi st ance dﬁTPS{ a | nvent I on A e carrile one or
nore host ceII ‘?z’r‘i%l“’t‘fﬂ‘ﬂi’&t&egcléb‘f%ﬂﬁ BPouE 48t %R rﬁﬁwéﬂn%eﬁhét
concentration 20°C in 50 mM Tris {(ph7.6) 50 mM NaCl, 6 mM MgCl,, 6 mM DTT

and 5-10 mM dNTPs. The Klenow fragment fills in at 5

15 sticky ends but chews back protruding 3’ single strands,
even though the four dNTPs are present. If desired,
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

20 with Klenow, the mixture is extracted with phenol/chloroform
and ethanol precipitated. Treatment under appropriate
conditions with S1 nuclease or Bal-31 results in hydrolysis
of any single-stranded portion.

25 Ligations are performed in 15-50 (1 volumes under the
following standard conditions and temperatures: 20 mM
Tris-Cl pH 7.5, 10 mM MgCl,, 10 mM DTT, 33 mg/ml BSA, 10 mM-
50 mM NaCl, and either 40 mM ATP, 0.01-0.02 (Weiss) units T4
DNA ligase at 0°C (for "sticky end" ligation) or 1mM ATP,

30 0.3 - 0.6 (Weiss) units T4 DNA ligase at 14°C (for "blunt"
end" ligation). Intermolecular "sticky end" ligations are
usually performed at 33-100 (g/ml total DNA concentrations
(5-100 mM total end concentration). Intermolecular blunt
end ligations (usually employing a 10-30 fold molar excess

35 of linkers) are performed at 1 mM total ends concentration.



of the anti-viral agent at which a given percentage of I ndi cat or

expression-is i
t he concentrati

gene

nhibited (e.g. the I(Jerr] for an 20 anti-viral agent is

on at whi ch 50% of i ndi cat or gene expression is

inhibited). A standard curve for drug susceptibility of a given

anti-viral dwmouasisbe

devel oped for a viral segment PEEHUSY?®@Pther a

st andard | aboratory viral segnent or_froma drug-naive patient (i.e.
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cell (the resi s'f}é"?\cg’qtsé:stce\’/]e%t or Fﬁ%?saceerftl ) expressioit O°§ uﬁ? e ‘51?%%1 li;le
transfecting a packighyay hpbaswid | that hhas beephetyangfscirde funativastor
and packagi ng ei<pé.G«‘,{_Siji.s‘ﬂrtransctrihs_éal'sQﬁésﬁran-gl%tgasi S?ﬁf’ﬂl ttﬁﬁ]s \fceiqﬂeorth\éihralt

sed. t,0.l.Nrec a on S e e I 0s
Phasni D et B8k fed T dgif ol $anskefEeh N dEne" S
a two cell systewelewpyri ShegDHApaskingi agronintegratedestavhi cirges within
transfected witgha ﬁ@&'eﬁsa.ncqraﬁgeri?tic%r}/ﬁsﬁ Rhe PHhGRi&ScARGD Uiy el to

plasmid DNA may become degraded or diluted by cell division.
Random integration within the cell chromatin occurs.

In general, vectors containing promoters and control
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
and hybrid promoters such as tac promoter. However, othexr
functional bacterial promoters are suitable. In addition to
prokafyotes, eukaryotic microbes such as yeast cultures may
also be used. Saccharomyces cerevisiae, or common baker’s
yeast is the most commonly used eukaryotic microorganism,
although a number of other strains are commonly available.

Promoters contreolling transcription from vectors in
mammalian host cells may be obtained from various sources,
for example, the genomes of viruses such as: polyoma, simian
virus 40 {(SV40}, adenovirus, retroviruses, hepatitis B virus
and preferably cytomegalovirus, or from heterologous
mammalian promoters, e.g. b-actin promoter. The early and
late promoters of the SV 40 virus are conveniently obtained



either a functional or non-functional indicator gene. Functi onal

I ndi cator genes are efficiently expressed upon transfection of the
packagi ng host cell and would require i nfection of a target host cel
W th resistance test vector 15 host cell supernatant to carry out

the test ofoobiste i nvention. Non-functional indicatpgpn@ifgeoM th a
permuted - pronoter, a pernuted coding region, or an inverted intron
are not efficiently expressed upon transfsacti on of the packagi ng host
cell and thus the infection of the target 20 host cell can be achi eved

ei ther by co- @f apvaV4oregrniesion fragrantswhich 3keq centaénsHde S¥40l and

thﬁ target hostirfl lox@gin of réplHedthion Nf kel 9Ame@iaté eartya iRVmotlest
ce usi ng

t , resi sfance fest vector host.ce super.natant. In the
Cecond (g s ypag b aRsealeTITd Bes cratRbi ERtly (A L e Al "
host cell (thdlingildt Encestrict vemt Dragmant .celOf) calirge sepxampters from a

target hast calde nostheeR2Ckaoi8fat@disgliles @180 are usdANSiRAiaaG and
produce resistance test vector viral particles and sone of the

packagi ng host cells al so becone the target of infection by the
resi st ance testhesoetcguorgQusegahereimsnay cotagn susedect i idene ,amdso

resistance t6ilyfned a sETRLOMWINY RashdW] € ROogkieetliohYBEn8 npadasbLe wWith
vi ral resi st ance test vectors gpn£r|SJn a_non-fynctional )
i ndi cat or gen®XR%SH™ PEFRBEREY FBnd 8r,u’é‘”ﬁ'é‘\%'nﬁi"'e%r‘&"b RF @ host cgdidon, or
an inverited i traomicSmed | mikbat bhegenmestare notE8&mplesef fafci entiltpble

expressed uponydyetsfife! | Ghr¥erd fifcd GRidmalldh cells inc¥Ba@7/ 24319
PCT/ US97/ 01609_, are _qnly
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efficiently experafolss i eiGtEecos %e%eecoﬁHHFR}' Ebel |, orthiRe
provi de an oppiedanidxylbsengaael etheemallttelirug residtdrve gene Vimdxl) ,agent

under eval uati g, JdeAdltifiASGedilithae gend]’ She UL e A ERESt ance
test using a resistance test vector_conprising a functional_ i1.ndicator
gene, ne*gher gene. When such selectable markers are successfully

transferred into a mammalian host cell, the transformed
mammalian host cell can survive if placed under selective
pressure. There are two widely used distinct categories of
selective regimes. The first category is based on a cell'’s
20 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
25 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),
30 mycophenolic acid (Mulligan and Berg (1980) Science 209,
1422), or hygromycin (Sugden et al. (1985) Mol. Cell. Biol.
5, 410-413). The three examples given above employ
bacterial genes under eukaryotic control to convey
resistance to the appropriate drug neomycin (G418 or
35 genticin), xgpt (mycophenolic acid) or hygromycin,



the co-cultivation procedure nor the resistance and susceptibility

test using a single cell type can be used for the infection of target
cells. A resistance test vector conprising a functional indicator
gene requires a two cell 10 systemusing filtered supernatants fromthe

resi stance t a0 9727319 vector host cells to infect the targePCHUSK0@P| .
In one enbodi nent of the invention in the case of HV, a

patticl e-based resistance tests are carri @ out with 15 resi stance test
vectors deri ved fro c viral vectors, i.e., pLG | ucPP- HS,
pCG- | UcPP- HS &%ﬁg“ﬁ’ggg pCG | UCPP-PB, pLG | ucPC- Hs,

pCG- | ucPC HS pLG | ucPC- PB, pCG | ucPC-PB, pLG Ilucll-HS,

PCG lucl | -HS, pllarddfddeiBRr means RRErbaGtindBONA @Afo a host cell so

pCG CXCN( F- | ucP, a ransfect.e ]
packagi ng expr%%%lgﬁle féﬁ%tore@m“eﬁw}‘ﬁghﬁ? unc,:‘:( qlal‘ﬁf' ’%?Se 9% as

PCXAS- 407CRenv)otherwises t Ehnat PHR)| ymasa ek e i é‘lel?lbaééé r%%‘FfsQ%ncaeS t@slt may
be - carri eskttichMdndsbRs ] SleaRGRNke Sdr V Byt Qﬂi‘rd*ﬂfsioﬁﬂd f{®d8gration.

subgenom c vir vect or LS- |, ycPP- # ﬁ'%@
pLS- | ucPP- PB, a'%‘t’se Eﬁeﬂé"sé oPESV iR ST $ipadsd Berein for
pLS-| ucPC PB, Wsﬁm@(t;lps OprBeI hest - GE;IISp&; the | ¢al4gum phosphate
pLS;( lucl | - PB, ﬂpﬁathaﬁf}netnfgacfggar@fﬁh{ aaaféh e¢i®daer Eb V‘('ltd?Bt)he
packagi ng, expr e % and. ei t her _
pCW- HI Vel ﬁlﬁ% %%/"’r%p terRaghve methods: fon "r‘F?’}#@ 2 of
H V, non-parti ckee b%th%@mgltanue the DEABsdextwan ceethat, cuipafsiatdomach
of the above deggdi bed.'uollstlrc%5| aker@esléﬁst (VE$40" Sodie t rARHAE ORndf
sel ect ed host oS8l én bsem;g_;‘é?(hl ,pa ka {( % e reSS| on vectors.
35 °C'Th the BREPTON, FAPOTRTSth MRaa I SERREF IR FREAS nd
WO 97/ 27319 PCT/ US97/ 01609
15 Host cells may be transfected with the expression vectors of
the present invention and cultured in conventional nutrient
media modified as is appropriate for inducing promoters,
selecting transformants or amplifying genes. Host cells are
cultured in F12:DMEM (Gibco) 50:50 with added glutamine and
20 without antibiotics. The culture conditions, such as
temperature, pH and the like, are those previously used with
the host cell selected for expression, and will be apparent
to the ordinarily skilled artisan.

25 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
are expressly inéorporated by reference.



-72- resi stance test, resistance test vector viral particles are

produced by a first host cell (the resistance test vector host cell)
that is prepared by transfecting a packagi ng host cell with the

resi stance test vector and packaging 5 expression vector(s). The

resi stance tQglorpesbor viral particles are then used pErigdhegte a
second host cell (the target host cell) in which the expression of

t he i ndi cator gene i s neasured. Fa2a second type of particl e-based
susceptibility and resistance test, a single host cell type 10 (the
resi stance test vector host cell) serves both purposes: sone of the

packagi ng host cells in a given cul t ure*hfELE 1 transfected and produce
resi stance test vect orHIViIalug Suscepaibilieg il Resiwtaficé Pedtost cells in
the same culture are Usingt Restiatgnte ofTeski c¥edtnrshyConprisbngt ance t est

vector 155 particles PAtieproderdyed Rc8egmantds)est | oyAng a
singl e host cell type ¥¢R- ignaly t Fndivatarync@epest With "Aectors
conprising a non-functf tehFremeS®Tgene with a per mut ed pronot er

since such i nd}gﬁggrtggnﬁggn?ar‘g,rglfi o Sgtrl Y constrSXy %lssed upon infection
of a perm ssive Qs? celT,; they are v no é??hc[en y expressed upon
transf ecfiPon ofndheakaregRyst viral vestprgygentganingusd pesvifdachional

oppf)rt unity toifBasHtertdéne lwith af pesiurda &:{iemaaék-wéfalde&g@lﬁteduﬁdﬁﬁg
eval uat1 on. | ar _reasons, resl stan oVl hg. fwo
cell types ggg’ﬁa;}/llge cé’r%‘f'gd %50 sgl%gggpg‘ﬁf:t i"\?}g%?né'%f%hér?y\n%%‘éﬁ“gw es as
25 an al t er MAtp¥e geBepnvbichngrehdheetorgetds) efpantitviiyat afirugs.

particl es obt alrhedihdaddie geHReF I BPREest8EstgIf1ichp &84 lpce-1udPPPre
In the cgge of ,the,non-particl e-based_susce tlblHkgxygpd 0
tran

esi stance
test, résistandg8sd gl Ehe JHOYPE ViFREVeEyOTS P étFSﬁLogeg?gingle

host cell withatdelegdpst dRcéheediIV env gemet or Resishangpstase ¥ecparkagi ng
expressi on veceksved from\Ofhdagenehecbas@dcaesirSigenee +B5dE @eeteps|i ed
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site for inmnsertion of the patient-derived segment and are

20 used in conjunction with a packaging expression vector
encoding the amphotrophic MLV 4070A env gene product. The
indicator gene viral vectors pLS-lucPP and pCS-lucPP are
based on the subgenomic viral vectors pLS and pCS; each
encodes the HIV gag-pol gene only. Resistance test vectors

25 derived from the subgenomic indicator gene viral vectors,
pLS-1lucPP and pCS-lucPP, contain a sequence acceptor site
for insertion of patient-derived segment and are used in
conjunction with a first packaging expression vector
encoding the HIV vif, vpr, tat, rev, vpu and nef genes and

30 a second packaging vector encoding the amphotrophic MLV
4070A env gene product.

HIV Viral Vectors - Genomic and Subgenomic
HIV viral vectors were designed using the sequences of the

35 biologically active proviral clone, HXB2 (Fisher et al.
(1986) Nature 320, 367-371). Two types of viral vector were
designed: genomic viral vectors with deletions in a single
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-73- coding regions or inverted introns. These non-particle

based resistance tests are perforned by transfection of a si ngl e host
cell type with each resistance test vector in t he absence of packagi ng
expressi on vewbowss1Al though the 5  non-functional indi cRCIUSIYRHMIS
contained wthin these resi stance test vectors are not efficiently
expressed upon ' transfection of the tst cells, there is detectable

i ndi cator gene__expressi on resutln fro n-.vV

particl e- based E?eer\’/eerglc‘}:c r &nsEM t|o q‘ﬁeversoet}fe%anscrﬁ’rﬁsgﬁvfo the de\IA
strand transf erexpresgion gng Hﬂ@@e@@ﬁ\?er §,‘n§ﬁagper;w@1cs of pdrengeplete
non-functional vig£ataid GRibGehbmic MO HEVBEtRILs whichf mapti@@mdé rtﬂuqator
gene. As reverse tran rlpt 0

c0 penden
expressi on of tH o e geneschﬁ?ﬁl ! ’hcarﬁé%(t::g’%r gRF &Y %’n ?r%? s
vector, anbi- wrpﬁlsmss:eptagm@s}'na;xdbeesemmq dresttiagr, gbthiay g@1m.b|t

t he p'ol gePewRi Ol Ugdy BAGOORLrIY éé‘!@espaéltﬂ:ﬂ_:}etdﬁ’rl Vedct¥BAes of
contained within the I‘Eﬁl st ance test vectors

f Hi
reverse transcrYprio %Iv%t?aHHlﬁPﬁnﬁgFrl"ggﬁ??ssﬁﬁe m%hlf‘hé:hc?gn
of the non-funcyencrs foxlitthsa dmagetdonoocd 26 indfigator opesie icabsetiter sgene.

As reverse tranﬁén p&soiaawent se?@é@é@tﬂ:dfe priseniedy léoonad&:hﬁonal
expressmn erived Seg nment .c nt a| ed Wlt |n each

resi st anc&® u‘i”e%‘ie VEEFBFECE&RIP WFEF’ Etoicua s°’Fra§715 ipedheg I THEA
ability to inhitaxgethe gpree plegduct podicotied pgrtnit 28he phiseartticder iofed

segnents cont aiﬁ@@lé’ﬂﬂjﬁé}ﬂv@@ §e§ 8b&@l&fces. I @Hai¥e6hO Soth types oghe
packagi ng host cells are tragésfect ed Wi th the resistang t'est vector

and the approprY&t%°hat®ag§i it hanes sF8n MRFOTRPZALS, (%‘35’(35 pFBRudwrtive
resi stance testenkanegripsmotel] ©f the HIWATR d3alregion - vir & famdmns,

i ncl udi ngyst he eﬁﬁaﬁeaapmmote&r@ﬁéﬁrﬂrm 260 iﬁm&aa&r»%aﬁ} ( £ ’rélﬂgn daT

and 3TC, and t e inhibi tors qui havi r onavl r ., and

i navi 1 s Standegsd PmatRagRy TR | BHBLEYRN e3PT alie o GARACFECH IR viual

pl at es : plasmid DNAs (Ausubel et al. (1987) Current Protocols in '
Molecular Biology, Wiley-Interscience). The sequences of

all DNA constructs incorporating synthetic DNA are confirmed
20 by DNA sequence analysis (Sanger et al. (1977) Proc. Natl.
Acad. Sci. 74, 5463-5467).

HIV sequences are obtained from plasmid pBS-HIV (Page et al.
(1990) J. Virol. 64, 5270-5276) which contains the HXB2
25 proviral DNA sequence on an Hpal to Xbal restriction
fragment inserted into the polylinker of the pBluescript KS
(+) plasmid cloning vector (Stratagene, San Diego, CA). As
this proviral clone contains uncharacterized, flanking human
DNA from the site of proviral integration, two steps of
30 site-directed mutagenesis are employed to remove such
sequences using plasmid pBS-HIV as a template. 1In step one,
human sequences adjacent to the 5’ LTR are removed using
oligonucléotide 1 which contains the following sequences in
a 5’ to 3' direction: 1) a sequence complementary to the
35 first 18 nucleotides of the integrated provirus, within the



35 of packagi ng host cells at the tinme of their transfection,
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-74- at an appropriate range of concentrations. Twenty-four to 48
hours after transfection, target host cells are infected by

co-cul tivatiwg oy resi stance test vector host cells or perndbiidisos

resi stance test vector viral particles obtained fromb5 filtered
supernatants of resistance test vector h®at cells. Each anti -viral
agent, or conhination thereof, is added to the target host cells prior

to or at the thefE UP rR¥EGR| o a six;pugleptide Smalssibtefard Vomreddration
of the given aperieotide aeqagRbES, cphpienénthury Ntdhethé angbgebhoninl0

Det er mi nat i ongﬁlutelg%rg Rr gssion bi}[se ’H&;)%h‘a' QBF {;aff?fmker Vﬁl}(ﬁlpﬁﬁ tor ene in .

the target ho cells nf ected cO-cu on or
viral supernaPHA"OteY - nadBd Step P .adumanosennances crdipgenteor @b@l 5n for
exanmpl e i t haTH are &aﬁxevubaﬁ@lﬁ@%h@din@&uebtﬂ&élezIﬁhid‘}? d‘dr{t%fllnﬁ kue gene,

by nmeasur, f ctl |t e duction i ucj fer ase
activity obserf\?%g #’g?lbt%%f?en st(gce rif ig E\f?/l FHC e°t‘“ie Jeggfnce
prepar ati on ofcamPdeTeRRBEY &6t V&tmgwrnah-npaﬂhwlssmpt KS nl{+hejpsesence
of a given antdeyiond €PeNPyvudr ANt Swidsir’Othe Q&razarg‘éhéo 3)copt L@l run

the ab t I | at tot I
of the concontiarienaigh sl ke, ang PR ey RombiePeRtaon tire.

Thi s inHi%iti dfst 18 nygleetides gy the G&Fsgratedtﬂ’ieomma emtithihi bheory

concentration filghk U tégiordgenhe QéS@mm@%tllaQHuaflagfﬂl%d PBs-uxBel the
viral target product encoded by the patient-derived segnent s present

in the resistance test vector.
Genomic and subgenomic viral vectors employing the HIV-LTR

U3 region as an enhancer-promoter for the expression of
15 anti-viral target genes (Fig. 1) are each derived from
plasmid pBS-HXB2 by a single step of site-directed
mutagenesis. The genomic viral vector pLG, which is deleted
for the env gene, is prepared using oligonucleotide 3 which
contains the following sequences (5’ to 3’): 1} an 18
20 nucleotide sequence complementary to positions 7626 to 7643
of HXB2 within the env gene (all coordinates for HXB2 are by
reference to GenBank, accession number K03455), 2) an 8
nucleotide Notl site, and 3) an 18 nucleotide sequence
complementary to positions 6384 to 6401 of HXB2 within the
25 env gene. The subgenomic viral vector pLS, which is deleted
for the env, tat, rev, vif, vpr and vpu genes, is prepared
using oligonucleotide 4 which contains the £following

sequences (5’ to 37): 1) an 18 nucleotide sequence
complementary to positions 7626 to 7643 of HXB2 within the
30 env gene, 2) an 8 nucleotide Notl site, and 3) an 18

nucleotide sequence complementary to positions 5109 to 5126
of HXB2 within the vif gene.

Genomic and subgenomic viral vectors which employ the CMV IE
35 region as an enhancer-promoter for the expression of



In the case of a one cell susceptibility and resistance test, host
cells are transfected with the resistance test 30 vector and the
appropri ate packagi ng expression vector (s) to produce resistance
test vector host cells. Individual antiviral agents, or comnbinations
t hereof , are woeegnsio I ndi vi dual plates of transfectedcraishzoren® t he
time of their transfection, at an aggropri ate range of _
concentrations. 35 Twenty-four to 72 héars after transfection, cells
are — . - - .ol | ect and
assayed for fi ragﬁl;-/vfﬁ%llfté?ﬁ & B taillfe &erwed f?f)gngflgg‘tméégc ﬁssgg?\ t he
cul ture do not P&Ef| an@raye calpedseCG and pfhe rerRaskiyelyet@igt ddnsf Beeed
cells in the cyenbh@c ®8ral vectd lpctlper ppépated Leldwo ishepbe CBhtthe, can
serve as targe ene

t... 5 host_ cel | s_for, indicator .qgs expression.  The
Ceductfon (o Firde seelte ar nk Srneds Xk p1Be0ha Y PrEERFET R RO R
t he Sor esémagments : gillena ameickioral fxagnent okl a2jekBs msepagredar Edom
to a control ryéRgeBeing FRSANGEPOE witeh BRbiIVai®tr2E@AhGSthe vectordfiEral |y
relates to the I1?<§+Of th concgntratlo 05) theni“%u ant i vi rag gtg?t]ﬁgs a
si gnoi dal cur vEXFEARE BRGSEPREERScu DN SERRITE) BRI &8 ¢
appar ent i nhi bicootgindngenthat i MV IE ¢n@nasir-pwoagser, prepandd nabyon of
agents, for thqikekdling plas@idelpwi-Qdughesfrosies Bellds PRLERNt selgfi ved
segnent s &&r esegt in_the, resist al{lce c,‘;%qlst vector. 15 |, ntiviral
Drugs/ Dr & candit@5FaEs  conyqtring | ihs AMugdEoeRi88delRt othfe FRUE
system are addéganscriptigeikcrdeénthaiiendaptheivigalpbiiRe keret adgatibied he

antiviral . b YEstFOE FER MDD inGY B GRS 8efbnll ¥ &P OtAASMiGNPLRI 19T S,
20 i ncl udi n% saguipagl r. t.onawtr, | gdl navi 5 an(g gel.f |,na\_/<|ir, q
they are added PFSPRABRVIGT PHE SO GEacRED: RGAABLE L¥ pice-ditecte

mutagenesis to join the CMV IE enhancer-promoter to the
15 5'-LTR R region at a position permitting transcription
initiation to occur at the beginning of the R region, using
oligonucleotide 5 which contains the following sequences (5’

to 3'): 1) an 18 nucleotide sequence complementary to
positions 455 to 472 of HXB2 at the beginning of the R
20 region, and 2) an 18 nucleotide sequence complementary to

positions -18 to -1 of the CMV IE enhancer-promoter
(coordinates referenced to Boshart et al. (1985) Cell 41,
521-530) . The subgenomic viral vector pCS is derived from
plasmid pCG and is prepared from two DNA fragments: 1) a

25 vector DNA of 9.1 kB prepared by digesting plasmid pLS with
Smal and Clal, and 2) a DNA fragment of 1.3 kB prepared by
digesting plasmid pCG with Smal and Clal.

Genomic Indicator Gene Viral Vector- Permuted Promoter

30 The indicator gene viral vectors pLG-lucPP and pCG-lucPP,
and resistance test vectors derived therefrom, contain the
following elements in a 5' to 3’ orientation (Fig 2B): 1)
an HIV-LTR U3 region ({(pLG-lucPP) or a CMV IE
enhancer-promoter (pCG-lucPP), 2) an HIV-LTR R region, 3) an

35 HIV-LTR U5 region containing an inserted T7 promoter with a



at the time of their transfection with a resistance test vector, at
an appropriate range of concentrations. H V protease inhibitors are
al so added to the target host cells 25 at the time of infectionto
achieve the same final concentration added during transfections.
H V reverse wogmrhibanscriptase inhibitors, including AZT, gidmseSeifeos d4T,
3TC and nevari pine, are added to individual plates of target

host cells at the tine of infection by th@6fesistance test 30 vect or
viral particles a _ test concentration. Alternatively, the

at_ . .
antiviral drugSHRSCTPHARaPr{eRtalRI OPPosite ke shagyof The LERS, 4)
concentration theseddinedegiomsacfanie HIV gag-mshcamtsl, avpeNsStabj Chev s
typically bet 4, ababbe&h! YN b%gn 00 ferglM qnﬂ re
specifically :‘/\g? each 0;‘: t he 35_dandfgfe?o nejsdr uég):: E\kZTl rcglr%noé:boqj?nﬁ nMto -
about 5[err]hﬂcﬂﬁﬁ?tte inserted into the deleted env gene, and ®- a 3'
f rE)m a]bousdlnl\HI‘m-Hnout T eyamleMindiiGatbrogeabouhsdaMéOis inser@ddPUin
50[err] M d4T, oy t 2 I n . varipi ne,
from about 1n|\}|){'%oia%out %Sgﬁ err i l\{'/lJ . ELd é‘{nﬁ:ral]&nlglofﬁ%?fol&r%'&&?n%nﬁ METHS* thi s
i nvention, a ltafBi #Ce 5’'-UTR Hagifn Hhidnperrmits intemhl rritwsaleug
suscepti bilityeminely, 2) theessugilatescbashg Pediltins of ME 101 FeFh8e CAIH)Jat €

antiviral [ . t est _system at ap,appropriate
concentration %%tgg'g% %sl#; )ecatgggd ??%lpégﬁie%%no |afllgtﬁ%8?’1_n$%%r1oq'hepf’b‘?£‘f%qrar get
of the cafdi da¥¥antRsyid aFrange¥iptianale| grientatiqmr eppdsiteontocdidi dat e
antiviral conmRINLTRYbrDEMVESE ashiRincer - profo€ah tinkld e eaRiEbYhE M &b G RRUNd

TR D )bl EEETUDY Wenacry oty TP SR VhL LG T
clini cal gene also cannot be transcribed by the T7 promoter as the
indicator gene cassette is positioned upstream of the T7 .
15 promoter. Following reverse transcription and strand
transfer, the T7 promoter is copied from the 5’ LTR to the
3’ LTR, permitting functional transcription of the indicator
gene from the newly created T7 promoter by T7 RNA.polymerase_1
(Fig 2C).
- 20
Plasmid plucPP, which contains the indicator gene cassette,
is prepared in three steps. In the first step, plasmid
PVL-EMC/T?7 which contains a cassette flanked by unigque NotlI
sites comprising the EMC 5‘-UTR element and T7
25 transcriptional terminator, is prepared from two DNA
fragments: 1) a vector DNA of 3.0 kB prepared by digesting
plasmid pVL (described below) with NotI and treating the
vector with alkaline phosphatase, and 2) a DNA fragment of
0.8 kB containing the EMC 5’ UTR and T7 terminator prepared
30 by PCR using plasmid pTM1 (Moss et al. (1990) Nature 348,
91-92) as a template and oligonucleotides 6 and 7 as
primers, followed by digestion with NotI. Oligonucleotides
6 and 7 each incorporate a Notl restriction site. 1In the
second step, plasmid pVL-luc, which contains the coding
35 region of the firefly luciferase gene inserted into the



15 trials such as ritonavir, or indinovir. The effectiveness of

the candidate antiviral will be eval uated by neasuring t he expression
or inhibition of the indicator gene. In anot her aspect of this
enbodi ment, the drug susceptibility and resistance test nmay be used
to screen fowadmaBdnut ants. 20 Fol I owi.ng the identificaPFBNS01609
resistant nmutants to either - known anti-virals or candidate
anti-virals the resistant nutants af& isolated and the DNA is
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practiced5in tﬂlécaf‘érase coding XEILopr aPrEPRBAGr §>Yarli'=93 a‘#’ﬁmgarpiaﬁ’éml@ he
standgrd pGEROVGEE mfafsmg&s wﬁa@ﬂsdiﬁscrwme SRECi4 | crempIiated ONgnand ]
procedures. wever 0 nveni enc % g ragr aphs
MRy serve as a gﬁgan?cleotﬁie s @ SK S‘Sf%llllgweg by dlgeg’fg1 &9

pCT/ US97/ 01609with Nrul and BglII. 01lgonucleot1des7',& and 9 ineprpargele” and
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known 0 L0G: ALEoRNY M kpRSeAPPALE ! Bk B SR Y SKbLLES:

DNA of 3.8 kB prepared by digesting plasmid pVL-EMC/T7 with

15 Ncol and SalI, and 2) a DNA fragment of 1.7 kB containing
the complete luciferase coding region, prepared by digesting
plasmid pVL-luc with NcoI and XhoI.

Plasmid pLG-lucPP is prepared in two steps. In the first
20 step, plasmid pLG-T7 is prepared by inserting a phage T7
promoter into the upstream HIV-LTR U5 region in plasmid pLG
by site-directed mutagenesis using oligonucleotide 10 which

contains the following sequences (5’ to 3'): 1) an 18
nucleotide sequence complementary to positions 552 to 569 of
25 HXB2 within the U5 region, 2) a 20 nucleotide sequence

complementary to the T7 promoter, and 3) an 18 nucleotide
sequence complementary to positions 534 to 551 of HXB2
within the US region. 1In the second step, plasmid pLG-1lucPP
is prepared from two DNA fragments: 1) a vector DNA of 11.2
30 kB prepéred by digesting plasmid pLG-T7 with NotI and
treating the resulting vector with alkaline phosphatase, and
2) a DNA fragment of 2.5 kB containing the luciferase
indicator gene cassette prepared by digesting plasmid plucPP
with NotI. Clones corresponding to pLG-1lucPP, which contain
35 the indicator gene cassette inserted into the viral vector



10 Construction of the vectors of the invention enploys
standard ligation and restriction techni ques which are well

understood in the art (see Ausubel et al., (1987) Current Prot ocol s
in Mol ecul ar Biology, Wley - Interscience or Mani atis et al., (1992)
I n Mol ecul arwglogmpysig): A | aboratory 15 Manual , Cold Spri 609
Laboratory,” N.Y.)..  Isolated pl asm ds, DNA sequences, or synt‘?‘uesi zed
ol i gonucl eoti des are cl eaved, taileossed, and relegated in the form
desired. The sequences of all DNA constructs incorporating synthetic
DNA ver &tidhfa (GR@SeyipkionaluententatilopsiopppSahgeto ethatl .o2®he

(1977) Proc. Neizal ARE, Stk iddntbAHS8d WP Mestriction m%gﬁ%{l on" of DNA
refers to catal ytic cleavage of the DNA with a restriction enzyne

that acts only at certain sequences, restriction sites, in the DNA
The various 2FlasmigkmGilugRPeAsyRsepated Hereve step.omibr dited [first

avai | abl s step)d pldhwild gewpati ok ;%aimfeaorb? i achgrs p%';ge qiner
requirenents xeonlg?:%‘.‘i“ihgot eordsl I}%g I F&i,—iﬁ#hﬁeqs aﬁrqgi%%nin ) For .
anal ytical purposes, typrca yuf(gt T 0 RY3RHhPCGs used
with about 2 ¥ tssitef-ddxeghedi mubdoeneDi helhg odfigbnbébrotsiaieitioan. In

Al ternatively,ci sexeaaSsfép | §slddnfild PG- 1ucrp & WhphelS | %ﬁ%\e
conpl ete di ge%tzi e%ftst.hg)Dé\lAe %gt;s%rate. Incubgta?gn fj?on‘%;{:v}(#] about
one hour_to two tours . Y HBUL 37PEr 1 C 4 PREPREBR LY Aiansidna
vari ati oHs ca®Piemid pCGt BV erviktdy NotAf and tecedAt inyc that fesy 1 fimmy &iedtios
removed by 35 withe%lkadlineNphbsphdhesd) /1 9 0hopih f{%@%}e 120l pged by
WO 97/ 27319 ontaining the luci < a. PCT/ U 012%9 's R
- 78- etTer 2exr et PEnTUGhPTIR® MRALSALOLCPENE cCRARRATES PrSRATed
by digesting plasmid plucPP with NotI. Clones corresponding
to pCG-lucPP, which contain the indicator gene cassette
15 inserted into the viral vector with a transcriptional
orientation opposite to that of the CMV IE enhancer-promoter

and viral LTRs, are identified by restriction mapping.

Subgenomic Indicator Gene Viral Vector - Permuted Promoter

20 The indicator gene viral vectors pLS-1lucPP and PCS-1luckp,
anc_l resistance test vectors derived therefrom, contain the
following elements in a 5’ to 3’ orientation (Fig 2B): 1)
an HIV-LTR U3 region (pLS-1ucPP) or a CMV 1IE
enhancer-promoter (pCS-lucPP), 2) an HIV-LTR R region, 3) an

25 HIV-LTR US region containing an inserted T7 promoter with a
transcriptional orientation opposite to that of the LTRs, 4)
the coding region of the HIV gag-pol gene, 5) the indicator
gene cassette, 6) an RRE element from the HIV env gene
containing a viral packaging sequence, and 7) a 3' HIV- LTR.

30 The indicator gene cassette of pLS-lucPP and pCS-lucPP is
the same as in pLG-lucPP and pCG-lucPP. As for the latter
vectors, the indicator genes of pLS-lucPP and pCS-lucPP
cannot be functionally transcribed until reverse
transcription and strand transfer results in the copying of

35 the T7 promoter from the 5’ LTR to the 3’ LTR (Fig 2C).



aqueous fractions by preci 'pi tation wth ethanol. | f desired,

si ze separation of the cleaved fragnents may be per f or med by

pol yacryl am de gel or agar ose gel 5 el ectrophoresis using
standard techniques. A general description of size separations is
found i n Met veds7zBie Enzynol ogy 65: 499-560 (1980). PCT/USR@3€0Pi ct i on
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serted o] t e viral vector with a transcriptional
orientation opposite to that of the viral LTRs, are

identified by restriction mapping.

20 Plasmid pCS-lucPP is prepared from two DNA fragments: 1) a:
vector DNA of 11.6 kB prepared by digesting plasmid
pLS-1lucPP with Smal and ClaI, and 2) a DNA fragment of 1.3
containing the CMV IE promoter fused to the R5 region with
an inserted T7 promoter, prepared by digesting plasmid

25 pCG-T7 with Smal and Clal.

Resistance Test Vectors - Construction
Resistance test vectors are prepared by 1) modifying the
indicator gene viral vectors pLG-lucPP, pCG-lucPP, pLS-lucPP
30 and pCS-lucPP by introducing unique restriction sites,
called patient sequence acceptor sites, in or near the pol
gene, 2) amplifying patient-derived segments corresponding
to the HIV protease and reverse transcriptase coding regions
by PCR using complementary DNA (cDNA) prepared from viral
35 RNA or DNA present in the serum or cells of infected
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-79- "Transi ent expression” refers to unanplified expression

wi t hin about one day to two weeks of transfection. The optimal tine
for transient expression of a particular desired heterol ogous pr otei n
may vary de n several 5 factors including, for

trgnsac%/i ng-p@g‘?@%é& whi ch may be enpl oyed, tragsl ati ong%i‘ r‘@?o
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pl asni d takenaﬁﬁeB§°Fhé1tes Fd9- dBurs TR ABEEhPSE ﬁéFFBE EEHMBRFAg

transfection wleeptor pliessiardNhtrdueedoby degéa&iﬁdeﬁedjkdulthgdnb¥166| |
divisions 15 snBRndamy negndl A0 NE SEbL SLOTRLLO SECU Sy

I n genere'ﬁ VECLOr S cont ai ni ng promot er's an uencés which
are derived f EdmsEpEeteSEc BAPALTD| BegReNTe tﬂ?cePtOr lﬁ;ﬁswpnsas‘é gfed with

t he particul agpagst steél a:Ea ora)t sa$120s1te swrﬁ@hl edépindisanV HRcBrOkar yotic
hosts illustrati Vo et a- l.act amase and.l act,0os onot er
syst ens, %towjgll% t %se }(5%1 cod g’ﬁh’éﬁ?’ﬁn a)"dp'P%sr%togfr gis’yst em
and hybr| d pr &eYEEES §ﬁeﬁsa§1mfaasq)m¢e rre%%veﬁs Witigg in plagmadsi onal
baﬁterl alo proweebu&cepeaswt@@lmcpm}mddphsomu&pp% any Q:K:@’b m&:@@,-ns
eukaryotic m s yeast. cul tures so be used

S oy cos THEP S8 8HA et o B EH LdhERn BB accepror s Tbed ikt of
conmonl y used 2eBNBEy®tte andcacRaTEhisdte which defimeuthe sansatesvads her
strains are ce@Eslkingvai Imbl eplasmids Pr oppd £lscmmiry,ol | gm-tlhepscmpt ion

fromvectors | | t be . qbt ai ne varil ous

sour ces, 5&1%9118;?@ m?l?eaéo uS%E £%f gﬁ/srpl? é:g'v?ggh as’g (rgeyBﬁﬁ sim an
virus 40L5( SVA®E, raaéﬁ‘éww§es|tev¢©wnrms@schr@$fémet thepsang estrictignd
preferably cytsdmegalrewid, CE frommded egef DELRISErom pLaamaépam PaAgDt ers,

e.g. b-actin r%miheF Ef ar n l.at e pronoters he, SV, 40
Virus are convEg-aue g, ; agzr-]% e% gogether i Gole res1stance ests to
improve the representation of those patient-derived segments
that contain internal restriction sites identical to a given
20 patient sequence acceptor site, and would thus be

underrepresented in either resistance test vector alone.

Plasmid pLG-lucPP-HS is prepared by three consecutive steps
of site-directed mutagenesis using plasmid pLG-1lucPP as a
25 template. The first two steps are for the purpose of
introducing two new restriction sites, one of which (Hpal)
is unique to, and one of which (Sall) is already is present
ocnce in each indicator gene viral vector. The third step is
for the purpose of deleting the pre-existing Sall site in
30 each vector to make the introduced Sall site unique. 1In
step 1, a Hpal site is introduced immediately upstream of
the mature coding region of the HIV protease at position
2243 using oligonucleotide 11 which contains the following
sequences (5’ to 3‘): 1) an 18 nucleotide sequence
35 complementary to positions 2249 to 2266 of HXB2, 2) a six
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- 80- as an SV40 restricti on fragnent which al so contains the Sv40
viral origin of replication. The imedi ate early pronoter of the human
cytonegal ovirus is conveniently obtained as a Hndlll E restriction
fragnent. O wouwwsmie pronoters fromb5 t he host cell or ré’mw@!{”@ﬁ!?m es
al so are useful herein. The vectors used herein may contain a .
sel ection gene, also ternmed a sel ect8bre narker. A sel ection gene

encodes a te S .t urV| | or rowth 0 h cel l
10 transforﬁ’g‘&(i ﬁnl:i"ﬁe r}gz%agls s\}é%t‘ phids ég g?g% 5S35 geaueﬁéé
sel ect abl e nar lagr $Higr pmmpnamn@dttleg'edn@nddenttlmduces adicivpgesvat tve

reductase gengminbDHdd cné QbhE! h;onev.al) ind8CaHOXyd RS Breeiesot he
mul ti-drug resistance gene denosi ne deani naseF%ene and

the gl utani ne SHHFISE” l%n é 18 nWﬁé’T?t c RETREPER (R SMRRFREY s ar e
successfulgdy posn.ttLpaaSZ&$e® i2%4@ @InHERAl | abnhotep ckl la SeAd sibasi®r nmed

manmal i an host ;gehbatalaSat \Hhe chkbBkICESrHILAN c%@llﬁgt i'é.@lon of taeeﬁwre
There are two wi del ¥§used di stinct ca

The Tirst catedBFTbe FRARAFIIRTAOEcTT FOrehLon AL S BPAThEhGOPHEIEEETR o
mut ant cel |l |ine which ¢amtiainshehe follawing tsequengesw(s hdap&rident) o&na

suppl ement ed myg qmcm%uae seaee:%@ e&ﬁ&géarexmla&yr QEG%QQtS.Qnéleﬂ@én E@nt
sel ecti on which ersto sel ecti on ScagleﬁSltF I nany
4

and does 10  4%d¢ ?gqu % ?PleaL%’é‘ Spciephidns n‘éhlthg“f€V§5h'é s 25
typi cally use xegewget & ransestipgaset proteanhestquesicle. atThulsbs positiehl s

whi ch have a nQughQesa, M@)eéﬂrl%sﬁuéw&@i&é @equenceCWMch
resi stance and woyl ¢ survive the_selectio | es of such dom nant

t
sel ection use BFIGFRHE Ht %}7’8 183 o H(x§3ut et ﬁtfﬁ’d:’Be'rt(}f PY§3SF151RB) ec.

Appl. Genet. 1,8a327pjite within the vpr coding region at position 5785 of
15 HXB2 is deleted using oligonucleotide 13 which contains the

1-;

following sequences (5’ to 3’): 1) an 18 nucleotide sequence
complementary to positions 5791 to 5808 of HXB2, 2) the 6
nucleotide sequence GCCGAC which ablates the Sall site but
leaves the vpr protein sequence at this position unaltered,

20 3) an 18 nucleotide sequence complementary to positions 5767
to 5784 of HXB2.

Plasmids pCG-lucPP-HS, pLS-1lucPP-HS and pCS-lucPP-HS are
derived from pLG-lucPP-HS as follows. Plasmid pCG-lucPP-HS
25 is prepared from two DNA fragments: 1) a vector DNA of 12.9
kB prepared by digesting plasmid pLG-lucPP-HS with Smal and
Clal, and 2) a DNA fragment of 1.3 kB prepared by digesting
plasmid pCG-lucPP with Smal and Clal. Plasmid pLS-lucPP-HS
is prepared from two DNA fragments: 1) a wvector DNA of 11.1
30 kB prepared by digesting plasmid pLG-lucPP-HS with Ndel and
Xhol, and 2) a DNA fragment of 1.3 kB prepared by digesting
plasmid pLS-lucPP with Ndel and XhoI. Plasmid pCS-lucPP-HS
is prepared from two DNA fragments: 1) a vector DNA of 11.6
kB prepared by digesting plasmid pLS-lucPP-HS with Smal and
35 Clal, and 2) a DNA fragment of 1.3 kB prepared by digesting



30 nycophenolic acid (Miulligan and Berg (1980) Science 209, 1422),

or hygronycin (Sugden et al. (1985) Mdl. Cell. Biol. 5, 410-413).

The three exanples given above enploy bacterial genes under
eukaryotic control to convey resistance to the appropriate drug
neonyci n ( Aygd genticin), xgpt (mycophenolic

hygr onyci n, g VO 97/ 27319 | Feridsonbleos

PCT/ US97/ 01609 -92- -81- respectively.
"Transfection” nmeans introducing DNA into a host cell so that the DNA
i s expressed, mpﬁﬁnéw%aﬁghmlemcéal 5 otherwi se; the DNA
may also replicate either an extrachronosonal el enent or by

chr onosonal HE1 £ess ot her rovi ded, the nethod used

| i se
herein for e"%{m?'tgn ]r“r‘éfp%'ﬁ%flﬁ FE SReLE EVI £°P§ EPREQH T FmSHeSSphat e
co- preci pi tati®hn @drsttﬁatnahageudewm wEmdEp J&sis) pl®- lucPer asogy 52,

456-457. Al teraat;ﬂ\aeerret h'@ﬂé ffCiE:sU AR estdfd) are £ Crifd g ﬁQé atlzon,
t he DEAE—dextra of ectio nd biolistic I egler
(1990) Gene J’Pré"n?f“g?‘nga new r %‘gs’sqrbﬁltﬁsL%‘ﬁ'}Iataﬁfinngal eaghockt on

Press). 15 ofrHothidlelis adyeady tpoesdrectanceni ih ehehexpdesatop weakor s of

the present lﬂr\i&ratll OFe st . Cul wteed:ﬂﬁdcoéw&nibﬁiléﬁ BepseUre for %%d' a
nodi fied as i s ropr Qr I nduci ng pr.onpters, sele f
t ransf or mant s & ?#ﬁ t3Bgcthe s exdsting Rvul and EGWErﬁa@qﬁw in

F12: DVENQ G b@@)chswesgow th mlcboth;gl tesvliynénendd@fed siddd@iniquant i Bhoti cs.
‘The culture C@l@pt |10n§ PV%‘ICQleé 1ﬁ J.ﬂt{'&ﬁ@@%nftﬂrfe Jt@ﬂ(qurd Eag%re!atlﬁebfare
those previ Ouz:ﬁ%é usef‘:ure cod:.ng reglgn of the HI%‘e ?r%t O e snon: and
will be appar P ease at pos:x.t:u.on
2221 using oligonucleotide 14 which contains the following
sequences (5’ to 3’): 1) an 18 nucleotide sequence
15 complementary to positions 2227 to 2244 of HXB2, 2) a six
nucleotide Pvul site, which leaves the gag and pol precursor
protein sequences at this position unaltered, and 3) an 18
nucleotide sequence complementary to positions 2203 to 2220
of HXB2. In step 2, a BamHI site is introduced at the
20 carboxy-terminal coding region of the HIV reverse
transcriptase at position 4212 using oligonucleotide 15
which contains the following sequences (5’ to 3'): 1) an 18
nucleotide sequence complementary to positions 4218 to 4235
of HXB2, 2) a six nucleotide BamHI site which leaves the
25 reverse transcriptase protein sequence at this position
unaltered, and 3) an 18 nucleotide seguence complementary to
positions 4194 to 4211 of HXB2. 1In step 3, the pre-existing
Pvul site within the b-lactamase coding region at position
2413 (coordinates references to GenBank, accession number
30 X52331) is deleted using oligonucleotide 16 which contains
the following sequences (5 to 3’): 1) an 18 nucleotide
sequence complementary to positions 2395 to 2412 of
PBluescript KS (+) , 2) the 6 nucleotide segquence CAATCG
which ablates the Pvul site but leaves the b-lactamase
35 protein sequence at this position unaltered, and 3) an 18



to the ofdi narily skilled artisan. 25 The follow ng exanpl es nerely

illustrate the best node now known for practicing the invention, but
shoul d not be construed to limt the invention. Al literature
references are expressly incorporated by reference. WO
97/ 27319 WO 97127319 PCT/ US97/ 01609PCT/US97/01609

- 82- EXAMPLE 1 H 'V Drug
Suscepti bili ty And Resi stance Test -93- Usi ng Resi stance Test

Vect ors Conpr Pat Lent-deri e A
Non Punct i ohaPUCRARF 24P Foezice coppERantary ¥ posi RS UAR) corghR,
| ndi cat or GenefvVipBdueweript KS Chnktrubnisttepi®, thendinsaesdisgéng BawHI

vect O{S cont aigikRY wd tAQA- EHBCHTPNALy codlng{/&c@gq%oratg%gamaahng:r;nﬁgrHPE gfl
ronoter were ne n Su Vi
\Bectors corrprl’"g‘%%ggs Seté Rﬁ‘fé‘lslﬁgnﬁi"m‘t%eﬁ%égfmégt (cé:?‘% ngaERe Vi ral

drugs. 5 Tod lowdngaseyuegeres (bf sfo Bédt:ot b aul GB| nmﬂ?ecandiqaéeqhané’é’ are

15 “based on 1@&898&?3;%6%@(9&!&@3 filsG 20d s8R oeaﬁﬂsbeaﬁﬁ the 6 4
deletion in the HV e ctor derived from

the genonic i H&C&&PB& \ée%%q‘ﬁr’r%ﬁ %@%&gr@mh tblagﬁé- Fie At spEe. PYt pr,

contai n a pat ileaveseqtizec @I¥ccepromprotein ssdguerme | asertthien pbstihion
patient - deer%ai%g%at amﬂa@r&n%fb nuc!’éé@gldé‘ s%a%ﬂeete Wirldhea Rackagi ng
expreSS| on vecto codi ;E)(ﬁotrophl ¢ M.V 4070A env géne
pr oduct .1%he P°S"thﬁﬁ| Eﬁ?%rt‘beﬁe" |°ifa Béctors pLS-1ucPP and pCS-1ucPP are

Plasmids pCG-lucPP-PB, pLS-1lucPP-PB and pCS-1lucPP-PB are
derived from pLG-lucPP-PB as follows. Plasmid pCG-lucPP-PB
is prepared from two DNA fragments: 1) a vector DNA of 12.9

15 kB prepared by digesting plasmid pLG-lucPP-PB with Smal and
ClaI, and 2) a DNA fragment of 1.3 kB prepared by digesting
plasmid pCG-lucPP with Smal and Clal. Plasmid pLS-lucPP-PB
is prepared from three DNA fragments: 1) a vector DNA of
11.1 kB prepared by digesting plasmid pLG-lucPP-PB with Ndel

20 and XhoI, 2) a DNA fragment of 0.5 kB prepared by digesting
plasmid pLS-lucPP with Ndel and HindIII and 3) a DNA
fragment of 0.8 kB prepared by digesting plasmid
pPLG-1ucPP-PB with HindIII and XhoI. Plasmid pCS-1lucPP-PB is
prepared from two DNA fragments: 1) a vector DNA of 11.6 kB

25 prepared by digesting plasmid pLS-lucPP-PB with Smal and
ClaI, and 2) a DNA fragment of 1.3 kB prepared by digesting
plasmid pCS-1lucPP with Smal é.nd ClaI.

Patient-derived segment (s) corresponding to the HIV protease
30 and reverse transcriptase coding regions are amplified by
the reverse transcription-polymerase chain reaction method
(RT-PCR), using viral RNA isolated from the serum of
HIV-infected patients. Two RT-PCR protocols are used as
described. In the first method (Piatak et al. (1993)
35 Science 259, 1749-1754), separate enzymes, Moloney murine



based on the subgenom c viral vectors pLS and pCS; each encodes the
H V gag-pol gene only. Resistance test vectors 25 derived fromthe
subgenom ¢ i ndi cator gene viral vectors, pLS-1 ucPP and pCS-1| ucPP,
contain a sequence accept or site for insertion of patient-derived
segnent and conjunction with a first pac ression
vect or @enc}z‘gl ng the HVvif, vpr, tat, rev, vpu and ne mg%gwglgﬁand 30
a second packagi ng vector encoding the atgshotrophic M.V 4070A env
gene product. HV Viral Vectors - Genom c and Subgenom c H VvV
viral vectors lleHasvires ngviexrget heanegpistasse ¢ R{-'h@%%’es‘iam@b@“@al |y
active prOVI I atag | ONFe, pd it rialsies iRochle Molecular DiddhgstiNaisir eortdkio,

367-371) . Of ral e r r Vi |
o or i (o R o MegoFhg" cHE Braparar S5 98y YR b i
PCT/ US97/ 0160@CR reaction, respect:_vely In the segaopd methodgéﬂ‘él@%k letas
env, but shichapt heivbse Rreselie. t MacEkBbfol. 326Xpzessicu) and pj’;g@%m ng

characteristics of th conpl e §Lus d b |ra.I vect
whi ch may incl uazé'morﬂ Heils Egermo‘é’lh'?/ew fezﬁtgjg tD?]th géggﬂ%z@a 'aIJI Yive

specific target® c&ry 01P°§3E|s€@t§l\| EWFF?ShﬁdaF@sFBFaRGB tr6§F'thn suéwoas
gag- pol , F iy cﬁal&&y tondist iy FeBeSgehhoDsbtRies Bot AndYyDes a@i‘d
vectors have a nlc%Jere |ct|%;65|tevm |nthevra % or the
insertion of A IIRAISHESFIGERe AlssetD & 3IGel PRLO¥SLi eAPT n?fﬁ’@nce
accept origit essmplificatdion onfil parienmidgrdvedst seardnhs sthet nean de

within the antinsdsada recﬂs%rlgetuﬁ;@ea{éegmamt)ozt IR Mitrdiheyd At | on
of pati ent - der.i vedp

vector were deSt Y | %ug}%ﬁeﬁ t?fé‘?a’? )rgﬁ eoIga {etft®%adepor

enhancer - pr onos &tesf Iterﬁ@antWEIR U3 region, or a foreign

15 A first set of four resistance test vectors incorporating
the first primer pair is constructed from the following two
DNA preparations: 1) a vector DNA prepared from plasmid
pLG-lucPP-HS, pCG-lucPP-HS, pLS-lucPP-HS or pCS-lucPP-HS,
digested with Hpal and Sall, and 2) an amplified DNA product
20 of 2.0 kB prepared by RT-PCR using viral RNA isoclated from
the serum of an HIV-infected individual as a template and
oligonucleotides 18 and 19 as primers, followed by digestion
with Hpal and Sall. A second set of four resistance test
vectors incorporating the second primer pair are constructed
25 from the following two DNA preparations: 1) a vector DNA
prepared from plasmid pLG-1lucPP-PB, pCG-1lucPP-PB,
pLS-1lucPP-PB or pCS-lucPP-PB, digested with Pvul and BamHI,
and 2) an amplified DNA product of 2.0 kB prepared by RT-PCR
using viral RNA isolated from the serum of an HIV-infected
30 individual as a template and oligonucleotides 18 and 19 as
primers, followed by digestion with Pvul and BamHI.
Oligonucleotides 18, 19, 20 and 21 incorporate Hpal, Sall,
Pvul and BamHI restriction sites, respectively. To ensure
that the plasmid DNA corresponding to each of the eight
35 resulting resistance test vectors comprises a representative



15 enhancer-pronoter fromthe CW inmedi ate-early (1 E) region.

St andard net hods are enpl oyed for the construction of pl asm d DNAs
(Ausubel et al. (1987) Current Protocols in Mol ecul ar Bi ol ogy,

W ey-Interscience). The sequences of all DNA constructs incorporating
synt heti c DNAwayenennafirmed 20 by DNA sequence anal ysis ( Seomgiso7/etsosl .
(1977) Proc. Natl. Acad. Sci. 74, 5463-5467). H V sequences are
obt ai ned from plasnid pBS— H V (Page et aF95- (1990) J. Virol. 64,

5270-5276) which H
Co sbal restri BETBRS Of tng M iial aupBicibifies M oeRfY SR EpecPefi
pBl uescri pt KSof a giver) pgtientd ati dsiasy orethyndrsdr mwersaﬁi DFegd,

CA). As thatisPboMhhed ©bRaeneqntal n%hancm{s’mwtuéad,of | ankgigeRuman
DNA from t he si te&%Pgrow r al nt egrati on, of 30 si.t.e- d| r cted

[
nut agenesi s ar&s §8d BefE YERVE %’Eﬁ:huse §§§q}§’ﬁece% TRATRF Y
pBS-H V a$ a t giplsaid. DNA. step one, human sequences adj acent to the 5'
LTR are renoved usi ng oI i gonucl eotide 1 which contains the follow ng

sequences in irecti a.sequence conpl enentary to the
Seereee e MociBBEPHEItEY THRr AR APRSE B I etk e ERgRetes !
WO 97/ 27319 a third and fourth set of resist@Te¢ US@E)tOI\mors are

- 84- fptreyareeghﬁhg garalsmy raégkaﬁai»aés p%i@br%&@ pcid, 31\.‘a@ﬂeé8
nucl eot i de cript

(S5 dR begdiecrneiBER iR An By dagnorad, Wby ate, pasedlfin ERE | ho,
human sequencesespieacest ©f t mdigonugleotifesir el8enoléd uiong and 21,

ol i gonucl eot | dg2pthiaheg0nt Akl Widmer pool 01k MrtheHAHIANRSa( Aanhlr 3')

1) an 18 nucl eq e seqguenc Ienentar é region in
pBl uescri pt KS fﬂg rporates more t n one nuc eotl base (G, A, T or

C) at the each of the 18 nucleotide positions located at the

15 3’ end of the parent primer that display sequence variations
among the different patient isolates cataloged in the Los
Alamos HIV sequence database (Myers et al. (1993) Human
Retroviruses and AIDS 1993, Los Alamos National Laboratory,
Los Alamos, NM). The third set of four resistance test

20 vectors is constructed using vectors prepared from plasmid
pLG-1lucPP-HS, pCG-lucPP-HS, pLS-lucPP-HS or pCS-lucPP-HS,
with amplified patient seguences prepared with
oligonucleotides 22 and 23; the fourth set of four
resistance test vectors is constructed using vectors

25 prepared from plasmid pLG-1lucPP-PB, pCG-lucPP-PB,
pLS-lucPP-PB or pCS-lucPP-PB, with amplified patient
sequences prepared with oligonucleotides 24 and 25.
Oligonucleotides 22, 23, 24 and 25 incorporate Hpal, Sall,
Pvul and BamHI restriction sites, respectively.

30
Host Cells - Preparation
Packagi ost and esistance est Vector Host
Cells

Resistance test vectors are used to prepare resistance test
35 vector host cells from packaging host cells expressing viral



beyond the Pvul site, within the LacZ gene, 2) a six nucl eoti de Xbal
site, and 3) a sequence conplenentary to the 10 = last 18 nucl eoti des of
the integrated provirus, within the right U5 region. The resulting
plasmd is called pBS-HXB2. Genom ¢ and subgenom c viral vectors

enpl oying t o?z,y,stR U3 regi on as an enhancer-prono S e
expr essi on '2? anti-viral target genes (Fig. 1) are Eapg“gﬁj gg“r‘?@ed from

pl asm d pBS-HXB2 by a single step of site-ai+ected mut agenesi s. The
genom c viral vector pLG which is deleted = for the env gene, is
prepared usi ng RATRRSHIIE BFPFEENS. Wiheh packagipgt R ¢le ke maY| Po\prryided
sequences ( 5'76fdr By :thesléxméa&oﬂo °|§2 vligtﬁb.'?gtahﬁe gOAtEIe ?«Dilﬁliiiﬂf&fﬂear y
to positions A . n the e ene (a .
coordi nates for aélr%é pyest ‘chrté%t'er é\r%n(?%%() C%nl?aa%?gérclges%’f%ﬁesfﬁﬁ%‘er
K03455), 2) arvertor(s).ngelkasih deENoRer Siransigny oy sarble rrrtsfrdtdon
sequence s SO UL AU g0 hoRti tie@NSmagShet eméﬂgﬁe&ftdﬁgﬁ%?oc%ﬁédéﬂﬁhet he
i e

25 env gene. e subgenonic viral vector pLS._whi.ch is dele ,
for the env, tRETEIA PFOCghs o i PAGKAERAY, SHRrSRAISE, ¥GoCor endpying
ol i gonucl eot i deam awphatrrephig MEVt apviatneopreiuct enabédgacpreduct(ixn ino

3'): 1) an 18 rudilst@hicdereSCHRROS host celQNBECPEIE A MO BOEIVddy 7626
to 7643 of HXB2 wi t-hin the .30 cleqtide Notl site,

.env _gene,..2) . 8.n
and 3) an 18 ViFh RILFHGISE yéﬂﬁ@n@%“c&ﬁﬁ?‘)éﬁ%ﬂgg?’yl? P HostiIThE3FERE t o
5126 10of HpEPlaM t hi Resistande geast vectors (Revived afidosulujesmids
viral vectors whigh &md-a6,t .cCWMcbB-88, pckeBhePp-#$ al pcG-lucPp-PB
enhancer-prormteerﬁcogeoralltgfv ferits wWith the exceptien of enV\D 11327319
PCT/ US97/ 01609 g xceptger Ve 2RE 295 uaed
target genes arkedqiednfef r yespbaantes psd amector host cells. The
PVL-env4070A packaging expression vector which encodes the
1s amphotrophic MLV 4070A env gene product is used with the
foregoing genomic-based resistance test vectors to enable
production in the resistance test vector host cell of
resistance test vector viral particles. Resistance test
‘vectors derived from plasmids pLS-lucPP-HS, pLS-lucPP-PB,
20 pCS-1lucPP-HS and pCS-1lucPP-PB encode the HIV gag-pol gene
products only, and are used to prepare resistance test
vector host cells. The pVL-env4070A which provides env, and
either the pLTR-HIV3’ or the pCMV-HIV3’ packaging expression
vectors, each of which provides the HIV vif, vpr, tat, rev,
25 vpu and nef genes are used with the foregoing subgenomic
based resistance test vectors to enable production in the
resistance test vector host cells of resistance test vector
viral particles.

30 Plasmids pLTR-HIV3’ and pCMV-HIV3‘ are each derived by
removing most of the gag-pol coding region from the genomic
viral vectors pLG and pCG, respectively. Plasmid pLTR-HIV3'’
(Fig. 3B) 1is prepared by site-directed mutagenesis using
plasmid pLG as a template with oligonucleotide 26 which

35 contains the following sequences (5’ to 3'): 1) an 18



pLS, and are called pCG and pCS, respectively (Fig. 1).
viral vector pCGis prepared in tw steps. In the
intermediate plasmd is prepared fromtwo DNA 5 frag]
fragnent 11.2 kB prepared from di gesting plasmd p M
treating the weeummsiow th al kal i ne phosphat ase, and 2)rer/Dsgoi608gnent
of 0.9 kB contai ning the CW | E enhancer-pronoter prepared by

di gesting plasmd pVL-1 (described bet®y) with Snal. 10 Pl asm ds
containing the | region in he _.sane transqgriptLon

o Tentation ac PRELEPsife deiiefle tohoidiensi®iPro ppeit{BR AR LOMI2e
In the second sP&p HX¥R2aswithiocthe pol gepepapsBd fFonfRhild | RREIPREIER e

plasnm d by si teséhﬁéﬁ&@dcomplem%@ﬁai\%%neéi poketiiehs td3s GV b2 of HXB2

enhancer-pronoter {0 the 15 eqgi.on a [ tiop.permitin
transcription WltI'url’ni atIoh ?Sn%t:cur%%sq'll%; Béé‘ré?'n A ng%gé rIglclt)eg]fsgn,
usi ng 5 ol | puaparedtfintm swoihh fregmenns: the af eLbor yragmpndnese (&'

to 3'): 1) anga8ppuphesdi gy SEBIANGR garmh\;e.aegmwntmr withPORat | RS 455
to 472 of HXB2 a ?he begi.nni n o‘L_ t he 2 r]gﬂl_on ang %g{ an 18 .

nucl eoti de sequEhBé: c?fh%l m?npg%y fagment °80§i’?i Prepared by digerbingny 1 e
enhancer - pr onot plasmid ge®oridimsmed muflefbxEed to Boshart et al. (11985)

Cell 41, 521-530). The subgenomi c viral vector pCS is derived from

plasm d pCG and_is ptepared fr DNA fragments: 1 5 vect or of
5. KB pr A o Fbg = GV RPALIOR dFBES i 1 ConashycteRazect tud R o
DNA fragnent of ffagmegBterepar ed Wgcror faageent n@ipl4asii EBpPSepaxiedSrey and

dal. Gepqghst L6 ISRERAE SANS Mahihl VEF 9y «B8H BHL RL-tROWRER NAdT
The indi cator gené vi

al vectors pLGlucPP and p l ucPPp, ._and
resi stance test 2 cﬁgﬁyde?’?%e%l) t%e‘?‘% rffﬁﬂg"%‘ﬁt Bg}zt‘ﬂem containing,; the
el ements in a 5'compl8teorpdihat regi¢ki gf2Bhe MLV4A070A mnv Hyehd TRrodi3ct

region @BLG | yaBRleotfles 237 @YV 206EF coordSAREESCLiREAMILEN GenBank,
(pCG | ucPP), 2) _an Hi n 35 i—il VE%SJ%)USJre L on

cont ai ni ng an i%&??§g°#$§ﬂ‘§6{‘£t|$3n%£)h t et al. - Virol. 64,
. 757-766) prepared by PCR using plasmid pCRIPamgag-2 (Danos
and Mulligan (1988) Proc. Natl. Acad. Sci. 85, 6460) as a
temlilate with oligonucleotides 27 and 28 as primers,
20 followed by digestion with Nrul and BglII. Oligonucleotide
27 incorporates a unique Nrul site followed by a consensus
sequence for mammalian translation initiation (e.g., Kozak
(1991) J. Biol. Chem, 266, 19867-19870), while
oligonucleotide 28 incorporates a unigue BglII site.
25
The mammalian expression vector pVL-2 containg the following
elements in a 5' to 3’ direction: the CMV IE
promoter/enhancer, the CMV IE first exon splice donor, the
human_ (1 globin second exon splice acceptor, a cloning site
30 polylinker, the polyadenylation site of the SV40 T antigen
gene, and the SV40 origin of replication. Plasmid pVL-2 is
constructed in four steps as follows. 1In the first step,
plasmid pVL is prepared by replacing the cloning site
polylinker and phage T7 and T3 promoters of plasmid
35 pBluescript II KS (+) with a cloning site polylinker

This Sheet Has Been Replaced
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- 86- transcriptional orientation opposite to that of the LTRs, 4)
the coding regions of the H'V gag-pol, vif, vpr, tat, rev, vpu,

del eted env, and nef genes, 5) an indicator gene cassette inserted
into the del gene, and 6) a 3 5 H V-LTR.  The jocat or
gene cassettgb?gn??s(erted I n pLG | ucPP and pCG | ucPP PZ%EE'%J"@?;% ns the
foll owi ng el enents: 1) an EMC 5' - UTRegegi on which pernmits internal

ri bosone entry, 2) the conplete coding region of the luciferase (luc)

gene, and 3) a Fontaumbeg iBasiiial Nogdni Auedr HiHMMIIIndiSphior ShI, EgsRE, has
a transcripti ongbuof iRt Isguxqppﬁﬁéie Nt 1, h&ho1 ancﬁla\éskﬁ'f Qésé‘M/céF%

enhancer-prom)te and t heref.ore cannot functional [y franscr
these el enents. STHe> 1 ndP ?é‘tolrs °°n5tr¢’é‘rrr§§ [EEEmc &ito e f(‘?a&’f?&‘ﬁsbed-)bfthe
T7 pronoter as v@etor fragméntataf Jefe kPaspeepared pysidutariedy upbdswidn of

the T7 15 5 propel@éscriptolirowkgg (lﬁVQh%‘ﬁ ﬁééﬁffr' Fﬁﬂ&)ntrégglngtr

t f the T/ ter copi g
pre?nmsttelrng fﬁncf?%ﬁ WPW aﬁ%ﬁ?’bf‘f’ ﬂ" *?ﬂe‘q%cﬁlt%ﬁp&a ase, aggne)f Forhe
new y created TPrpguent @reppred Wllaxmdaglrxagasweerlappn(g:bg136‘:)1uc2£bt1des

Plasm d pl ucPP, | C ai di or q%&pt
prepared in thr%glhséta)ﬂﬂ ¥, E§téﬁalﬁl€stﬁ§?‘ep1{%? EPJ%lym?/fa'B‘E{f\/r:/alnfl

whi ch cont ai ns :ﬁ‘q é”‘fql’érﬁ?@& By u fLﬁ%Fél%tqc’ntammgl 125 H-é’?fﬁ)ﬂ ditng
the EMC 18'-UTkholR|®its in ané’' T 235 ordér arslativel apakhet pRIMdwd¥ipt | S

prepared from f nmgn% ) f
prepared by di g%}tl?s%wplasmgs‘?né% ie‘s%?fﬁgﬁtﬁ{e ow 7 x%‘?%ﬁjﬁ Hhd
treating the e I?Mtrr?sé"lrl%glt RE gﬂb@;ﬂ% aé’é‘é-ysérﬁd 2§na"-1E5P\IA?€F<F9§§1Tent

of 0. 8 kBstemt aami g ddredibfeSplaBiidnit Pk epareidn don plwﬁrectﬂﬂ_o
by PCR using p'ﬁ§”lﬂs9§ﬁ@n§“@ﬁ§ EMVa&E Eﬁﬁggée A o348, q fir eg&}‘as a
tenpl ate otid | mers, 0l

d oligonucl
di gesti onggn ﬁgf’r ?'@%uc‘?‘%t F}(‘.I%shu“‘an (3 gHepin e%&??r}%cﬁi?%br%?:'é-% Not |
restriction si t%ccqapr-cme This isteomedidvepplpbmidi ik prieplared fhow sy ai ns

the coding 35 pnAegtagndicd Ne)f id afdotdritihghant 88ns. 4 N8 S LUL Hyhe
digesting plasmid pVL with HindIII and EcoRI, 2) a DNA
fragment of 0.9 kB containing a CMV IE promoter-enhancer and
20 first exon splice donor (nucleotides -674 to -19,
coordinates referenced to Boshart et al. (1985) cCell 41,
521-530), prepared by PCR using the plasmid pCM5027
containing the PstI wm-fragment from HCMV strain AD169
(Boshart et al., Ibid) as template with oligonucleotides 31
25 and 32 as primers, followed by digestion with HindIII and
Sphl, and 3) a DNA fragment of 0.1 kB containing the human |
(1 globin second exon splice acceptor (nucleotides 6808 to
6916, cocordinates by reference to GenBank, accession number
J00153) prepared by PCR using plasmid ppSVaHP (Treisman et
30 al. (1983) Proc. Natl. Acad. Sci. 80, 7428-7432) as a
template with oligonucleotides 33 and 34 as primers,
followed by digestion with Sphl and EcoRI. Oligonucleotides
31, 32, 33 and 34 incorporate HindIII, Sphl, SphlI and EcoRI
restriction sites at their respective ends. In the third
35 step, plasmid pVL-1 is prepared by inserting the SvV40 T
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-87- manmal i an expressi on vector pVL-1 (described below), is
prepared fromtwo DNA fragnments: a vector DNA of 4.1 kB prepared by
digesting plasmd pVL-1 with Nrul and Bglll, and 2) a DNA fraqnent of
1.7 kB cont ai WO#32tH¢ conplete 5 | uci ferase coding regi OF, "EPB%&?’ed by
PCR using plasm d pCGEM luc (Pronega,_gdvadison, W) as a tenplate
and ollgonucleotldes 8 and 9 as prlners fol | owned by di gestion

le\ﬂ: t|h Nr u:j §n|d| IBgéﬁﬂx Fampuaé@pia@m gipadirtd BEOE mft%txa\edlateus:ll,asnam

ol, and Bg sfriction sit n

t hi rd step, pl as%??js TUc {9? %/\hf"fhpreparegoﬁ"trgmnst‘f%e cod%%és'lrngeré?s o? t%he
| uci f erase gene themt edfragmenthepfeet - PhekKBMPEEPRREd | RifrerRutdridary the
transcriptional 1ntermédﬁfdﬂenaéﬁsmﬂc§ wivpapgurf r aput wheD\A didgpents oy a

vect or DNQE’CG)‘;%EI& Dl\%ﬂ ga;irrequ)y d| Stl 1_‘g;opltehsm %\HM‘ EIL\/C/ tl\getnh 15

Ncol and SaPl ntal ni ng
conpl et e | uci f er pelyadriiyigtiogi cﬁiteprélpm@weél gEERG ni-:P 2533 p’lfasﬁ'rﬂ@'

PVL-1uc w th Ncotogrdh s by refererddedslige lug PP elssvrsr)e@aﬂeacerzwfo

steps. In the fir ste pl. as pa sertin
phage T7 %%D%g%) |‘?ﬁe(?a&ﬁg EB’S[FBFgaﬁFI’—'W’ Eq‘ﬂs&gr%%?% P%% %?ed‘?m LG
by site-direct edBﬁxHag‘Jeﬁf@s)i g-uMbhg ARHJQOMI ebt | W7 -FR Whashtemplate orittdi ns
the }‘ol | O‘t""lﬂg ferfﬁ&ﬂ&lé&gﬁe@ 35)5aé'1d i]gs %515 mers, £LIWRA byied Spchtarme 2
conpl ementary to i S o) n,

a 20 nucl eoti de E eéﬂ;é}f} g?I‘H'i:"g[rfp %ﬁb‘?}?’é"ri}ﬁ"&%g\,\%‘% ﬁf&)%t’e’?co %‘)e an
| 8 nucl eotide uniggeqehideasdnihehurestryictiopositénm: Saﬁltorweqﬁm&XBz
Wi thin fjh]? US {egh%lé\llA ]['int h$eS GRIE RS IktRp, P! %@\'n(idplpeﬂ ‘écggs) prepar‘e% by g
prepared fromtwy ra a,ve epar e
by di gesti ng pl adRFEE hivg %ge\/\#‘(’ﬁo ﬂ)(ﬁlﬁm ?1’%1 rep?NAat:Lon into plasmlg St

Plasmid pVL-2 is prepared from two DNA fragments: 1) a

r\_.

vector fragment of 4.2 kB prepared by digesting plasmid
pVL-1 with Nhel and Xhol, and 2) a DNA fragment' of 0.2 kB
containing the SV40 origin of replication (nucleotides 5725
to 5578 of SV40, Ibid) prepared by PCR using plasmid pSV2 as

20 template with oligonucleotides 37 and 38 as primers,
followed by digestion with Nhel and Sall. Oligonucleotides
37 and 38 incorporate unique Nhel and Sall restriction sites
at their respective ends.

25

T (=] oS
Target host cells used for resistance tests carried out with
resistance test vectors derived from plasmids pLG-1lucPP-HS,
30  pLG-lucPP-PB, pCG-lucPP-HS, pCG-1ucPP-PB, pLS-1lucPP-HS,"
pLS-1ucPP-PB, pCS-1lucPP-HS or pCS-1lucPP-PB are prepared from
the human embryonic kidney cell line 293 and the Jurkat
leukemic T cell 1line (American Type Culture Collection,
Rockville, MD). Each cell line is stably transfected with
35 an expression vector encoding a wvariant phage T7 RNA



treating the resulting vector with al kali ne phosphat ase, and 2) a DNA

fragnment of 2.5 kB containing the |uciferase I ndi cat or gene cassette
prepared by digesting plasm d pl ucPP with Notl. C ones corresponding
to pLG |l ucPP, which contain 35 the indicator gene cassette inserted into
the viral v - WD 97/ 27319

PCT Uo7/ 01608 2R - 88- PETCRTHSR
transcriptional orientation opposi te to tha- of the viral LTRs, are
identified by restriction map Plasm d pCG | ucPP is prepared in

two steps. |n BpdYMerage.s ThlSsYé’ﬁla‘b‘F £OMCAIPEET FY4D Braspabash Bpcilmssrting
a phage T7 locpldwatéoni signdhe(NIEst fageuHLY- f_il'ﬂnéﬁtd agieO - |t@rﬂ||1ﬁﬁg‘ d

pCG by sid r | eotide, 10.

t he second stepffe ﬁgsfn?g&i(gg ﬂg% S%?ng?lé’d’l’ \/\5 BRIATE fico,"and
fragnents: 1) 5“&’@&9@%‘ H\H"d’fe Feli rpe ?‘é?)a(rlé@bl?y' éFg@%t i P8R0 Nuglledmi d
pCG T7 wigh demandzetsr ea?, npadws gae3yl. ti nﬂle\/QﬁrD-rfunctlonWD.t finall%ak:bﬂe

phosphat ase, @) fh O f 5—@9??{:‘3118%6%% edvect:or 6.%Ont0a|‘£9{ qﬁ!@]‘ pt &% 8

| uci ferase i nd| cat or gene casse
pl ucPP with Notffunc@l@ﬁé% é@ldr1§§[§9ﬁdlgﬁgle by r?@ep‘&} tyapecrithtase copoai n
the indicator geifeceasact b€ l%he Ic&&g@tedcbmm th@e!hl@in ecEpsmW thea

transcri ptional ent ati.qn etotﬁf

enhancer - pr onot refposa'tlgngn v% rHte QL%O r°5.'1°§erd’é ?'f’rve% tt%/ H‘E&FFBHr
mappi ng. 10 geng heediid cregdteat or Fekknwirig ath&/edindegraPéonuteid Phenot er
20 The i ndi Q@pﬂﬁr@ﬁnﬂn&iéﬁioﬂ &nﬁbsthé'c?frﬁé\g cﬂﬁ.& leBRosome by and

TR T i e N G
regi on (pLS- |t@p@pp§trge5rcelél Wpabge of functionally transcribing the
indicator gene.
15
Plasmid pVL-T7RNAP-NLS is used to direct the expression of
a variant T7 RNA polymerase linked to an NLS, in human and
other mammalian cells and cell lines. pVL-T7RNAP-NLS is
prepared from three DNA fragments: 1) a vector fragment of
20 4.3 kB prepared by digestion of the plasmid pVL-2 with EcoRI
and BglII, 2) a DNA fragment of 2.6 kB encoding T7 RNA
polymerase amino acid residues 34 to 883 {(nucleotides 267 to
2817, coordinates by reference to GenBank, accession number
M38308, Grachev and Pletnev (1984) Bioorg. Khim. 10,
25 824-843) prepared by PCR using plasmid pT7-Gl1 (Deng et al.
{1994) Gene 143, 245-249) as a template with
oligonucleotides 39 and 40 as primers, followed by digestion
with Nrul and BglII, and 3) a synthetic DNA fragment
encoding the first three amino acids of SV40 T antigen
30 followed by amino acids 118 to 133 of the SV40 large T
antigen containing the NLS (Lieber et al., Ibid), prepared
by annealing the overlapping oligonucleotides 41 and 42,
extending with Xlenow DNA polymerase and digesting with
EcoRI and Nrul. Oligonucleotides 39, 40, 41, 42 incorporate
35 NruI, BgllI, EcoRI and Nrul restrictions site, respectively.



enhancer -pronoter (pCS-l1ucPP), 2) an HV-LTR Rregion, 3) an 25  HV-LTR
US region containing an inserted T7 pronoter with a transcriptional
orientation opposite to that of the LTRs, 4) t he codi ng region of the
H V gag-pol gene, 5) the indicator gene cassette, 6) an RRE el enent
from the H Vvamyrisee containing a viral packagi ng schOFH8ENOI@Ad 7) a
3 HV- LTR 30 The indicator gene cassette of pLS-l1ucPP and pCS-| ucPP
S ‘the same as in pLG | ucPP and pCI;¥Q%?WD. As for the latter .
vectors, the indi € fs - l.ucP pPCSH PR capnot e
functionally ??gﬁég‘?i%%é&nﬁokﬁp#&?g gg 2 éééc‘tr{:‘r:aabnls?cf“?ﬁ anp‘aﬁdtg?rand
transfer result SSFAPLAENEGYy i ¢f 8Fabbe trapgfectantenniorhymasm and sthefR t o
the 3' LTR (Fi gm3finalian cells an@Cr@Y1 2I/itds by c%-transfecﬁ;on. '%VLiﬁfo op
PCT/ US97/ 01609 4; . _ - 895 m -l uc
is prepared in g \Jﬂgegtt:gpgl.]e,l SRRESF 9% Ot neoTee., %éﬁoasgr%oﬁr?)f%‘?er?sﬁh?%%
cont ai ns aSphag8°oRfeEf oFfitigitance tpnghe tanftibicsiches Lbst PAasmid\pVIFNes
regi on of plasnig pt&ared friom awepamdfzfalrgﬁmntcgq Dg%fvaﬁérﬁnFﬁagﬁé%@ c?(fact_ogI
DNA of 9.1 5 B,pLep | gesiing plas R t n lal, an
2) a DNA fragnegf30#50§§8€%H%%ﬁﬁ?ngl?$maﬂﬂaﬁﬁ?ﬁﬁmhhtﬁwgngﬁgggh gb? |iﬁ#
contai ning an i Rg¢ffed aPA Fondt GNA pfeggment byf 0.8 &Bgesritagmingsnthe
PLG T7 with Snakomplle €k aleo doﬂihbigé@ﬂ%i‘d(nucleto%tia%ﬁm ﬁ?ﬁrgﬂdg zEIégz-bf'CaE’e 'dSb
prepared fromt DNA nent s; a vegct.or of 9.9.kB prepared by
di gest i ng ol asmwg5 ;’%%%EPF wht ORBET” arft qr%éﬁf‘ltﬁﬁ t$reFesalt | %%f‘@%‘l’f or
with al kal F‘ﬁ@eﬁﬁb@%ha}%@e}‘ aBeO Q04 4 BRIk retyneadt. of198H kBene 189,
i geati ng pl aSmea Bl QB eh Rt oy osad soeiehfl PpEPRLES (sourhBin and op
di gesting pl asni . nesg _corres dj hg - ,
whi ch contain thrgng?gg?}l)mrsge%amégggt eaen' i i ﬁggr%@g i 3t oatﬁ%'%’/)r?ra?
vector with a twWakBceildgponaleotides of3enpdt hen aspmsinesrst,o fdldiowsid the
viral LTRa5 aredigestibfleniitd edkdrir eghi Ch4 O MPPidldgonucleotide 43
incorporates a unique EcoRI site followed by a consensus
sequence for mammalian translation initiation, while
oligonucleotide 44 incorporates a unigque BglII site.

20 PVL-T7RNAP is introduced by stable transfection into 293
cells by the calcium phosphate coprecipitation method
(Wigler et al. (1979) Cell 16, 777) and into Jurkat cells by
electroporation (Irving et al. (1991) Cell 64, 891-9501).
293 cells are maintained in DMEM medium (JRH Biosciences)

25 supplemented with 1 g/L glucose, 10% donor calf serum
(Tissue Culture Biologics). Jurkat cells are maintained in
RPMI 1640 medium supplemented with 10% fetal bovine serum
(Irvin Scientific), glutamine, penicillin and streptomycin.
Transfection cocktails for 293 cells and Jurkat cells each

30 contain a mixture of 10 micrograms of pVL-T7RNAP and the
selectable marker pVL-Neo in a mass ratio of 10:1 to 20:1.
Twenty-four to 48 hours following transfection, cells are
replated in the same media containing the antibiotic G418
(GIBCO, Grand Island, N.Y.). Independent 293 cell clones

35 resistant to G418 are picked directly from selection plates



20 Plasm d pCS-1ucPP is prepared fromtwo DNA fragnents: 1) a

vector DNA of 11.6 kB prepared by digesting plasmd pLS-1ucPP with
Smal and Clal, and 2) a DNA fragnment of 1.3 containing the CW | E
pronoter fused to the R5 region with an inserted T7 pronoter, prepared
by digestin I kgl 25 pCG T7 with Smal and d al. TR ce Test
Vectors - Cogwgtﬁ@?on _ Resi stance test vectors are pr(arpa_regﬁ‘%gﬂl)

nodi fyi ng t he i ndi cat or gene viral veegers pLG | ucPP, pCG | ucPP,

pLS-1 ucPP 30 and pCS-1ucPP by introducing unique restriction sites,

cal | ed patient akkfietve WeekpiVid Aneesxpppded FrepRnERyspsl Indepepsdeat 2)
arrgl i fying patientkater cedll SEHRIY SresiseSPMONedoNgG418 ared bbeaﬂ?éa Pyt ease
and reverse tr s \ onpl e ary
DNA (DN pr epeiii T 3D PLOR AR RS o redludtrh X APHE LRSI
cells of infectaRp are expanded §py oFNPIVFEIGE.

PCT/ US97/ 04609 _ - 90- patients, and
3) inserting t fsml | f.i e ng reci,sel into_ indicat ene
viral vectors at- pat |eesr}t3%g§1§qgg%c%§é "Pur. é"‘ctcecp 8‘r cs:,llo g§ ?E?g_c%pe o
sets of patienttheffuenavel ofacexpressitnesofir eT7 nt REYudeelymerase by

site-directed nadwganesng 5 the Nt AN Ofoft he druday-Rekeat or 7gene gyar al
vect ors. The

first _set .of l{\)@&'ent equen acceptor.sites cqnsi st
of a Hpal PRIYISSRRS SPESLE 1t BN Ao BaEEFRd 1y R GPgdf using tre
conpri si n§0t he mtth%ﬂprkgimﬂwb@ddmgti_egi vethod (Resubsl tdte al. (198Nerse
transcriptase cOghPéht 88b08col L3l ﬁéiﬁbdl%rphféﬂbﬂ% Wley-?ﬁ&i‘é@f&d@u
pCG- | ucPP- HS, p%%l uc P—H% gnd CS-,] ucPP- HSi_ ssin oT eimscicggd et )':Ofthe
pati ent sequenc® adHPEFRErt e2lt SikenGs §ppressing optimal levels o
T7 RNA polymerase are then identified by determining their
ability to support T7 RNA polymerase-specific transcription
15 in transient transfections with plasmid pEMCLucbgAn (Deng et
al. (1991) Gene 109, 193-201) in which the transcription of
the luciferase gene is directed by a T7 promoter. 293 and
Jurkat clones supporting the highest levels of luciferase
gene expression are chosen for further use; these are
20 referred to as 293/T7RNAP-NLS cells and Jurkat/T7RNAP-NLS

cells, respectively.

Drug Susceptibility and Resistance Tests
Resistance tests are carried out with resistance test
25 vectors based on indicator gene viral vectors pLG-lucPP-HS,
pLG-lucPP-PB, pCG~lucPP-HS, pCG-lucPP-PB, pLS-lucPP-HS,
pLS-1ucPP-PB, pCS-lucPP-HS or pCS-lucPP-PB, using either two
types of host cell or one type of host cell. 1In the first
type of resistance test, resistance test vector viral
30 particles are produced by a first host cell (the resistance
test vector host cell) that is prepared by transfecting a
packaging host cell with the resistance test wvector and
packaging expression vector(s). The resistance test vector
viral particles are then used to infect a second host cell
35 {the target host cell) in which the expression of the



a Pvul site and a BanH site which define the sane interval,

resul ting I n pl asm ds pLG | ucPP- PB, pCG- | ucPP- PB,

pLS-1 ucPP-PB and pCS-1ucPP-PB, respectively. Cognate pairs 15 of

resi stance test vectors which define the sane restriction site

i nterval (eg.wa%m2gsagederived from pLG | ucPP-HS and pLRAINSOWOEE) ar e
used together in sone resistance tests to i nprove the representation
of those patient-derived segnents t id3contain internal restriction

sites identical {Ragegiden e RElIRLLeuARAUCNCEy AMGPDIAEon]I [ ype ATKE

woul d thus be underT epresente TH el ther resistance test vect or

al one. PFeSHFERTAG FeRPP- 1ISSERIPS heFedcdl! t FYRR LR cERF18eA%ps
of site-direct edtest ageaest shast ngepl hssetvgd Gedttic Ritigsoses25 somet enfpl ettee.
The first two Stggékgéfné OE]OEEG %)It-li[g) 3€a nguven cul\:ﬂi-é%'t@gn %QcEE&’ an

restriction site IS, uni que to one of ich
(Sall) is aPr ead?r?guﬁ?e’gee?ﬂts"-ance tGﬁ e"Fﬂt‘é’éc‘f'H'%lpééttéFi@%n%n@l?%ﬂ‘e of
vector. The thirdhet émpsts cells fiar thte pamposalohirdelate nghé¢ hearget of
e, ' 19 S0 batbhEsdl 8 e beyetilod RS RECLIGAMEI  1©
of the mat HF@d‘é%ﬁ]ng ngmhamem%sw \eTR kvdge aatslﬁtﬂslletlhﬂﬁt cell
2243 usi ng ol i goaypéenie goskibabi obtnm&ajst&nbbecéﬁ lvttdgs comprSeamgnces

(5 to 3 ) 1) a%8f%§éf&{dldelﬁ§m Sé% g(;?gp ?&nﬁ{t%dt Opp&ﬁott.éxo ns

2249 to 22
PCT/ US97/ 01609 while sich indicator genes are effigjently expERSSRS | YROTHpal

sites which | eaveafébeigng ¢f ot#£i rpmms@i&e hostatcébis pekdy i cirdinaidter ed

and i ntr OdUCES ae???éf&l\{@%&evgx X e%{n n@g\a nsr}%cgﬁo{'lpg% tt?xeva.J.Qm O t;[: he
pol precursor a%desﬁ nucteoti de sequence corrp ary
to 5 posmonsczé%tvaezzalzdoﬁhwazrovud«# Shc PPROTRUSHLY &Q tleegsure the

15 effect of the anti-viral agent under evaluation. For
similar reasons, resistance tests employing two cell types
may be carried out by co-cultivating the two cell types as
an alternative to infecting the second cell type with viral
particles obtained from the supernatants of the first cell

20 type.

Susceptibili a istance Test - Two Ce
Resistance test vector host cells "are prepared by the
cotransfection of a resistance test vector and the
25 appropriate packaging expression vector(s) using either the
293 cell line, the tsa54 or tsa20l cell lines (Heinzel et
al. (1988) J. Virol. 62, 3738), or the BOSC 23 cell 1line
(Pear et al. (1993) Proc. Natl. Acad. Sci. 90, B392) as
packaging host cells. Resistance test vectors constructed
30 by inserting patient-derived segment into pLG-lucPP-HS,
pCG-1lucPP-HS, pLG-lucPP-PB and pCG-1lucPP-PB are
cotransfected with the packaging expression vector
pPVL-env4070A, while resistance test vectors prepared by
inserting patient-derived segments into pLS-lucPP-HS,
35 pCS-1lucPP-HS, pLS-lucPP-PB and pCS-lucPP-PB are



I ntroduced at the carboxy-term nal coding region of the HYV reverse

transcri ptase at position 4190 using oligonucleotide 12 which
contains the foll owi ng sequences (5 to 3'): 1) an 18 nucl eoti de
sequence conplenmentary to positions 4196 to 10 4213 of HXB2, 2) a siXx
nucl eoti de dikle€ Which | eaves the reverse transc;*g%gﬁ dghotein
sequence at 'S position unal tered, and 3) an 18 nucl eoti de sequence
conpl ementary to positions 4172 to-4#489 of HXB2. In step 3, the
pre-existing Sall site within the vpr coding region at position 5785

of 15 HXB2 i satalagisdectsdng wikthgorihe egddmglifignhi edtpre@stianns viettors
foll owi ng Sequegs\ﬁﬁ%rx(viovbﬁ 3'dnd 1) e3Rptd U%( -tﬁﬂz% 'Sequncepcmv
5808 of nucleotlde

conpl enent ar 5791 to
segﬁence GCC>C/3A ‘Wﬁﬁ%ﬁggﬂﬁ?e@% heekdL§ |axg F@P&&V"—d as C2EgR%e Qe CRdds -

protein sequence at this position unaltered, 20 3) an 18 nucl eoti de
sequence conpl fiha! RoPOUdiiang -8 ity et Of
Pl asm ds pCG | ucpPP- 9 pLS: | ucPP- HSra %?own lflucPP- "893)? g&urclovgd from

pLG | ucPP- HS ast%%l °c?\ﬁ§ cPFQsﬁ?H“‘bC%‘ Rassagedost a isl?)r%b]d-ﬂé’d’nf EYFEYWo
DNA fragnents: three degbor d8lAsohrdédPated 48 kduys g&ﬁb&dtbytﬁhmsdtﬁ@n

plasmd pLGIlu §ga]_g n ) t of 1.3
kB prepared by(\%fglgtq‘ﬂnrg:gl ei’i ﬁo ny o %JC%?UCP%E&% %ma% (fa%itap

Pl asnid pLS-| udfe |gglcium phgs %%rﬁpwlﬁﬁﬁlmﬂﬁmmg B) t@ Yector
DNA of 111d 30 mg dd&iprefpaied :dé)élétgﬁ&él 88s0| A6ttt sk phria | P odrtiachdel

S'ngsm d pLéhFLCpP%jgﬁgaNgg%‘é éﬁ%%c %asn’?dggcét?%dﬁ%ls 2 %St I':%gt

prepared from t{RFINA F&g’ﬁ%’rﬂ% Ipdavvé\e%rarm\sqvefr aijagents, 11":G§-u|§1rl§sar ed
by di gesting plasnixévekSel veRibdiSpdade Sanibobcr8AZT, Ghal,dand AT anBNA

LE—?—?BES;/ 8263933'&-8 %rn%oﬁlgdppéftgéggsfﬂﬂﬁitors saquinavyp, %7:{120;;?5];;%1- and

indinavir, as well as combinations thereof, are added to
individual plates of transfected cells at the time of their
transfection, at an appropriate range of concentrations.
Twenty-four to 48 hours after transfection, target host
cells are infected by co-cultivation with resistance test
20 vector host cells or with viral particles obtained £from
filtered supernatants of resistance test vector host cells.
Each anti-viral agent, or combination thereof, is added to
the target host cells at the time of infection to achieve
the same final concentration of the given agent, or agents,
25 present during the transfection.

For infection by co-cultivation, media is removed from a 10
cm plate of resistance test vector host cells prepared by
transfection 24 to 48 hours earlier, and 0.5 to 1.0 x 10°
30 Jurkat /T7RNAP-NLS target cells are added to the plate in
Jurkat cell media containing the anti-viral agent at the
appropriate concentration. Tafget cells are co-cultivated
with the resistance test vector host cells for 24 hours,
then removed and added to freshly prepared resistance test
35 vector host cells for a second co-cultivation in Jurkat cell



-92- plasmd pCS-lucPP with Smal and d al. Plasm d

pLG | ucPP-PB is prepared by four consecutive steps of site-directed
mut agenesi s using plasmd pLGlucPP as a 5 tenplate. The first two
steps are for the purpose of i ntroducing two new restriction sites
(Pvul and Barwip7273tich of which is already present onEETURIIOAEN

I ndi cat or gene viral vector. The third and fourth steps are for the
pur pose of del eti ng the pre-existing Pvul "3R8 BamH sites in 10 each
vector to nake t e g S

site is int roduc‘g atq%ggu&?%r%é% %fl udh él&erfthésﬂ &y the %%)r rr%r’leo

of the HIV prot e‘a%‘éc%li‘trpﬁfs‘l% on Twenty-four houxg GJaitgé'nu(FIh@otan'@ 1'%?ﬁtch
contains the fol éeVisg are haAHHLLREES £dbm t €h3' )se&aman w-@m&m:lﬂﬁ:

sequence 15 C n ar ) S. 2227 10 Iy X
nucl eoti de Pvul 8%‘?18&@ Whi ch egvggr #\ rj'a’gor%tndwﬁgfrl% reguﬁ%r imeg ;ﬂl}the
sequences ab thlscﬁt)%ﬂd cﬁh%ﬁlaﬁ:@rbéffamld@ahmelS(PBS), ang |assayesl for

sequence conpl enpaéaferdde POoSetiwits . 2203 ?BrzzagxfectlonOf wH>éBI2 flliéfécﬁp

2, a BanH site is |nrt1_=(t__oél ced at .the.2 %P ﬁ termggl ing re%gl on
of the HV retapgatants, mediq; 6lsas"ée"b‘fv ost tP8n %2 L%t] nB a

ol i gonucl eoti de 18sistancetiestt yveAtear neostheeldls pwepgredgbenveangfectiions' ) :
1) an 18 nﬁsl estudehsﬁﬂyeasﬂféwl offd liddi 01530§iltdé}%%1 hhRough 4235

of HXB2, 2(}3{ a g cl e e BarrHt site whlfF Ieave {ﬁﬁﬂ rgyerse
transcript 2% pr t Fedkht They KN, OF papvest eREd; 7
18 nucl eoti de seqhm Mwbmmtnon Ju::]kathrl?ENAPélnm ced 14210. ‘i)fto
HXB2. In step 3 1tbexp1:me&at h8fed to P! oF bR Wighbl Nmikeubs | GEtAMGE
codi ng region gfl t%gg é o‘léllgt oordi nat es references totGenBa)<
accessi on nunber megiA33p Hhe S¥gd, SPRITOE Yru &RE5: PRt & Vi /&t
cont ai ns tbe polvbvemg d84ommcest(5Llouds3' MI) 1andn the mppemyidgse
sequence gegnpl eﬂsﬂééﬁﬁfraﬁi(bn BESdHé QHei-¢381 dge nt&éiZ ’IQernty four to 48
pBl uescri pt KS (1{% N g Ieo de se 2’8 @/n
bl ates the Pvul bente st FadsBtione the tershndoessce Jpwff& oS LRt &Yat
this position ungenerdihgaticen3) awadBed three times with  ice-cold
phosphate-buffered saline, and assayed for indicator gene
expression. Target host cells infected by co-cultivation or
20 with filtered viral supernatants are assayed for firefly
luciferase activity as described (Ausubel et al. (1987)
Current Protocols in Molecular Biology, Wiley-Interscience) .
The reduction in luciferase activity observed for target
host cells infected with a given preparation of resistance
25 test vector viral particles in the presence of a given
anti-viral agent, or agents, as compared to a control run in
the absence of the anti-viral agent, generally relates to
the log of the concentration of the anti-viral agent as a
sigmoidal curve. This inhibition curve is used to calculate
30 the apparent inhibitory concentration (IC) of that agent, or
combination of agents, for the viral target product encoded
by the patient-derived segments present in the resgistance
test vector.



- WD 97/ 27319 ' PCT/ US97/ 01609

- 93- nucl eoti de sequence conplenentary to. positions 2419 to 2436

of pBluescript KS (+). 1In step 4, the pre-existing BanH site within
the H'V rev coding region at position 8474 of HXB2 is del eted using
ol i gonucl eotw@®7a7/mshi ch contains the 5 fol | ow ng sequerscqrusoDoiehe 3 ) :
1) an 18 nucl eoti de sequence conpl enentary to positions 8480 to 8497
of HXB2, 2) the 6 nucl eoti de sequend®6SGATTC whi ch abl ates the BanH
site but Ieaves th H YV rev prote| n sequence at this position

unal tered, and 3 . e e SIS ES pRee-teslcane Sellt o 10 positions
8456 to 8473 ofRﬁCBQtance test Plvasitods mwl ueE’PsP&repLﬁxépEﬁFa PByan@he
PCS- | ucPP- PB argorransedtalioqed Jffr o pIIQSbEI%EFCEB @g?tt_ol L OV PI %@f o

pCG | ucPP-PB - ared om t wo ragnen a vec
12.9 15 kB pr%%%ﬁ%%l‘-’%F i gaskagipg| Sé‘ﬁfﬂsfyt@l NGPPQPBS Mﬁlssalevamer

Clal, and 8) a mww?mnmméeue deBTpriepe/ EIRNAP-BLGeSd 1 Y as packg)jﬁ-gn d
pCGIucPPWlthﬁg@g al S P- d,from -
three DNA fragnents: a{%hg vectohgﬁ)ﬁkgngé ta ‘P%tl?ﬁs O%?‘g 'g cg &E‘stl ng
pl asmi d pLG | ucPrE$E Mg n werrzoderawedxr\epsmeyte mt¢raghenluqﬁpei$ kB
prepared by di gesm+11g:PP Hs,pl aspL@- mé?psb-u;ﬁDP V\hﬁdil qujcgachﬁpnﬂhl | apd 3) a
DNA f ragrre ep b estin pl as

pLG- | ucPP-PB wi da%ﬂf gF‘asmchy &églﬁﬁcpﬁ eF§1°n ‘b"r%&ﬁfr ed
fromtwo BRA fr%@’r’e?ﬂ‘@o"ﬂ‘\ra ®r FERIESANCE] . BeklB F§Ctops epvaneedrbsl by

di gesting pl asninbettSrgic fRaiRnid-der$vall agdgments Cigdo

and cral. PSR DY BOCHen o)l oo pinang Fﬁggh? H%?S”a'

protease 30 afRFFIARacted aid ptihe cRatkrpingi crrpressiomp| ivewubsy
the reverse tr apikérptd OM0A ANMNEL 8EEr CHETR- HIRA0! ib@N ptRy ey « . (RT-PCR),
using virgk RNA isolated fromthe serum of H V-infected patients.

Two RT-PCR protocols are used as
Cells are transfected using 5 to 10 mg each of the

resistance test vector and the appropriate packaging
expression vector(s) to produce resistance test vector host
cells. 293/T7RNAP-NLS cells are transfected by the calcium
20 phosphate coprecipitation method and Jurkat/T7RNAP-NLS cells
are transfected by electroporation. Individual anti-viral
agents, or combinations thereof, are added to individual
plates of transfected cells at the time of their
transfection, at an appropriate range of concentrations.
25 Twenty-four to 72 hours after transfection, cells are
collected by centrifugation, washed three times with
ice-cold phosphate-buffered saline, and assayed for firefly
luciferase activity as described. As transfected cells in
the culture do not efficiently express the indicator gene,
30 transfected cells in the culture, as well superinfected
cells in the culture, can serve as target host cells for
indicator gene expression. The reduction in 1luciferase
activity observed for cells transfected in the presence of
a given anti-viral agent, or agents as compared to a control
35 run in the absence of the anti-viral agent(s), generally



descri bed. In the first nethod (Piatak et al. (1993) 35 Sci ence 259,
1749-1754), separate enzynes, Mol oney nurine WO 97/ 27319

PCT/ US97/ 01609 - 94- | eukem a virus
reverse transcriptase (BRL, Bethesda, M) and Taq DNA pol ynerase
(Roche Ml ecuygyorb¥aagnostics, Ontari o, Canada), are useaCTIUR97/04689
preparation of cDNA and for the PCR reaction, respectively. In the
second net hod (I\/UI der et 5 al. (1994) R0 in. Mcrobiol. 32,

292-300), a SI n me, The t her no us ( Tt.h ner ase,
i s used gﬁﬁ?'s'?eﬁoi:‘ﬁ é%f\lAlgﬁ’/n? ggl?% ca‘?f&F?‘%éf cth"Sn"’“"E pral
primer pairs, coﬂgestl ag @fsmmq;dalclcwvedesﬂissamm,tmm curve is used

ol i gonucl eot i des tOZQalaaﬂatgluhe aarp%ar%ml QNRSHi £SFy é&}?celﬁrauaapl(t&y cggion
of patient-deri Vﬁg a>s nment s precgisely 1nto

t he indicator Fn¥/ec‘i.’5rc§°mtbmat188n?5| ‘?\9%’5?41«3{%&1‘/38&1?3 arget
Pvul / BanHl sat | ept'oductepemcoded by tihecpatiesnpedériredd .segrEnmts Arksest Het

of four resistangget @EEi%’@%ﬂ@é sté&cq,reggggtl ng the first prinmer pair
is constructed fromt ol lowing t DNA preparations: 1) a vector
DNA prepared fromplasmd pLGI ucPP-HS, pCG | ucPP-HS, pLS-1ucPP-HS or
pCS- | ucPP- HS, di gest ed with Hpal ExXAMMIE 2 and 2) an anplified DNA
product 20 of 2.0 kB p¢ = 333 4 d‘ﬁééi' [ ed from
the serum gfg an HlV-i nf eﬁ& diyﬁ‘é a&eﬁgg@é rff:%fé

ol i gonucl eoti des 18 and ﬁﬂf_&%rnf-l.“i-s_,véd) Ob%nkyndbgesmm A wth
Hpal and Sall. A second Beh-mindticnalesi MiditsdeSt Gene Wie€Rt O
i ncorporating the secondPpriuied udingr 8egbost ruct ed 25 fromthe

fol l owi ng two DNA preparations 1) a vector DNA pr epar ed from
pl asm d | u?l.‘g cator Bene l\}J.iCrPaFJ). Vector - Comstruction

The genomic indicator gene viral vectors with patient
seguence acceptor sites, pLG-lucPC-HS, pLG-1lucPC-PB,
pCG-lucPC-HS and pCG-1lucPC-PB, and resistance test vectors
20 derived therefrom, each contain the following elements in a
5’ to 3' orientation (Fig 4B): 1) an HIV-LTR U3 region
(pLG-lucPC-HS and pLG-lucPC-PB) or a first CMV IE
enhancer-promoter (pCG-lucPC-HS and pCG-lucPC-PB), 2) the
HIV-LTR R and U5 regions, 3) the coding regions of the HIV
25 gag-pol, vif, vpr, tat, rev, vpu, deleted env, and nef
genes, 4) a first indicator gene cassette containing the 5’
coding region of the luciferase gene, inserted into the
deleted env gene, 5) a second indicator gene cassette
containing the 3’ coding region of the luciferase gene,
30 inserted into a deleted 3’ HIV-LTR U3 region, and 6) a 3°
HIV-LTR R and US region. pLG-lucPC-HS and pCG-lucPC-HS
contain unique Hpal and Sall patient sequence acceptor sites
at nucleotides 2243 and 4190 of HXB2, respectively;
pLG-1lucPC-PB and pCG-lucPC-PB contain unique Pvul and BamHI
35 patient sequence acceptor sites at nucleotides 2221 and 4212
of HXB2, respectively (see Example 1 for details). The
first indicator gene cassette contains: 1} a second CMV



pLS-1 ucPP-PB or pCS-lucPP-PB, digested with Pvul and BanHl, and 2) an

anplified DNA product of 2.0 kB prepared by RT-PCR using viral - RNA

i solated fromthe serumof an H V-infected 30 i ndi vidual as a tenplate
and ol i gonucl eoti des 18 and 19 as primers, followed by digestion with
Pvul and Bagyd 9727319 A igonucl eotides 18, 19, 20 and 21 igpepsdobisbe Hpal ,
Sal I, - Pvul and BanH restriction sites, respectively. To ensure

that the plasm d DNA corresponding to eacto&f the eight 35 resul ting
resi stance test vectors conprises a representative WO 97/ 27319

PCT/ US97/ 01609 enhancer-promoter, 2) the 5’ coding regimn of the JawpiEeraspet he
:4! V viral ﬂuagigeﬁaeq'amnarsém 1 rtcf 63T wpiY 3) faodzma 1R \epliat ggﬁbr.ﬁt
east one hundi, n n { . ..C | t.rans [ nes t.al ne Ln.the
construction ofﬁg é?ggﬁg ﬂ%l‘mrz"elf"solrg%5?;‘(‘:‘:ec?se%?t{tveeé"'tc’ %Fggf]% us_eci’u} e-r'g_’tlﬁ' o
preparati on of g¢ne gegond xPMAsSplice accrptionpr 8V ethed’'r epding mesiicon obf

patient-deyivegdneeyiBférase gen? (Bniflo Atk dsounhesais0Qf, apgI Ht ApCEVLOST
vectors are

repared. using,partially_degenerat.e P r.i_mer . pool s
called 10 ol PoAYGEREsIRELen 9iBE; " Bhe M SRR Gl R e B e BRR, R
sequences of tdlei duaiferase ddsands3’ cbding2pegions axe, identicakdgechevel y.
Each primer po@ndthesynt iRl Ze6ppds ™M that JFAl dHCOr POF&E €S clfpr €
t han one nucl eot i de base {’Gﬁ A o , O,.at the ch of the 18
nucl eoti de posiSERSSFoREPEtEY (R4 1pvirals: "é‘ﬁﬁ;'of t KOVSXPEnt BPFi nEPet hat
di spl ay sequendaciferaseorss and 3‘anoedinderelyidnsy eane ppermated sbhathe

catal oged in thedi@¥ance td¥taMPactbysS]IEENCea At §ba%%d(ﬁ%§r§eﬁorﬁl is
(1993) Human Retroviruses .and ALDS 1993, Los Al ﬁg%s_ ti onal
r

Labor at ory, downgk& eAMaRbst I@)q. CoFRI 1 AP et DGr TRNR 15 FFRDESHiRe st
- 20 vectors i whighstqarctlel splimpd/ aoi yenguagearce dfynnagroplds tivgiferase

coding region. Following reverse transcription and strand

is transfer, the luciferase 3' coding region is copied from the
3 LTR to the 5’ LTR, permitting the transcription of mRNA
which can be spliced to generate a functional luciferase
coding region (Fig 4C).

20 The subgenomic indicator gene viral vectors with patient
seguence acceptor sites, pLS-1lucPC-HS, pLS-lucPC-PB,
PCS-1lucPC-HS and pCS-lucPC-PB, and resistance test vectors
derived therefrom, each contain the following elements in a
5’ to 3’ orientation (Fig 4B): 1) an HIV-LTR U3 region

25 (pLS-1lucPC-HS and pLS-lucPC-PB) or a first CMV 1IE
enhancer-promoter (pCS-lucPC-HS and pCS-lucPC-PB), 2} the
HIV-LTR R and U5 regions, 3) the coding region of the HIV
gag-pol gene, 4) a first indicator gene cassette containing
the _5; coding region of the luciferase gene, 5) an RRE

30 element from the HIV env gene containing a viral packaging
sequence, 6) a second indicator gene cassette containing the
3’ coding region of the luciferase gene, inserted into a
deleted 3’ HIV-LTR U3 region, and 7) a 3’ HIV-LTR R and U5
region. pLS-lucPC-HS and pCS-lucPC-HS contain unigue Hpal

35 and Sall patient sequence acceptor sites at nucleotides 2243



pLG | ucPP-HS, pCG | ucPP-HS, pLS-1ucPP-HS or pCS-I| ucPP-HS, W th
anplified pati ent sequences pr epar ed wth ol i gonucl eoti des 22
and 23; the fourth set of four resi stance test vectors is
constructed wusing vectors 25 pr epar ed from plasmd pLG | ucPP- PB,
PCG | ucPP- PB, wo 972731pLS- | ucPP-PB  or  pCS-1ucPP-PB, with anquuUssn/emes
patient sequences prepared with oligonucl eotides 24 and 25. ,

a i gonucl eotides 22, 23, 24 and 25 incorpor®® Hpal, Sall, Pvul and

BanHi restrlctlon |te C?erzlggf;%#esfpv&% %&f@lgﬁsi}eﬁﬂ%&i%

Packagi ng Host s an
Resi st ance test F@@t@)\dgpﬁr%B Ay ppépue (?Wés PodaRREHE Patignt sqguenrge

hO/St cells from paekpgbfg didsds cet| nexyceideBg 32271l and 4212 of WMXB2,

97/ 27319 Q

- 96- packaﬁeﬁBeSF%)Y ¥ls Threhef . asékéﬁdlcapro%%é Cjag%gﬁte cont%ll%s
for by the &xpreddi ansecond relV gahancegnpaPmeten 13 rf-héehé’ codmgsrggme
test vector itsebf, chePAGKAGH M EL Eh@s%ﬁho acideeet €6 (£46) oranlaof.alﬂ alitwer

transient or stable tr nsfetlon f th kagi ost ce

enpl oyed to prodgge Fhetce °B§Ekag| rTg‘ pr%?cé '?é % gégaﬁ ﬁn&pFﬁgﬁ?%ﬁe
vector encodi ng contaansanphoan optgleobinygene gmé)re}mmlspénagl 8sceptor,
production in 3 enée§4 sﬁo’im@ kegioMest anehqzﬁtclﬁeﬁs@fgé&sI(ﬁhaaseaéf&é

vect or viral parti h_can | cie I n urran target .10
cells. R st aﬁ‘ég tf’eg?giec?ﬁ s3) d%?l%% c&%ﬁ%ile ﬁfﬁém sitey GHRICHE Hs,
pLG | ucPP- PB, pCGucutPPasis &hdap8G3’ uc@F&:l?B regicascod® ghdrmdtédgeimestive t h

the exception of x@BYst@Rde atEstSGEctors, t&va&rs@dl&%nsrc%péi&mcsndtS@irand
vector host cells. The é)VL env4070A ackagp Ng SXRressien vector
whi ch encodes th&ransfer must occur to generat non-perxmu uciferase
and 3’ coding regions, permitting the transcription of mRNA
15 which can be spliced to generate a functional luciferase

coding region (Fig 4C).

Plasmid pVL-luc5’, which contains the first indicator gene
cassette, is prepared in three steps. In the first two
20 steps, the artificial intron contained in pVL-1 consisting
of the CMV IE splice donor and (-globin gene splice acceptor
is subjected to site-directed mutagenesis to create
restriction sites which upon digestion yield a DNA fragment
whose 5 and 3’ termini correspond precisely to the start
25 - and end of the artificial intron. In step one,
site-directed mutagenesis is carried out with pVL-1 using
oligonucleotide 45 which contains the following sequences
(5' to 3’): 1) the 18 nucleotide sequence which precedes the
CMV IE splice donor, 2) a TAC trinucleotide sequence
30 corresponding to first half of the SnaBl restriction site,
and 3) the 18 nucleotide sequence at the beginning of the
artificial intron. As the sequence of the first three
nucleotides of the intron is.GTA, the resulting plasmid
pVL-SnaBI contains a SnaBl restriction site which upon
35 digestion releases the 5’ sequence of the intron as a blunt



15 anphot rophi ¢ MLV 4070A env gene product is used with the

f oregoi ng genom c-based resi stance test vectors to enable producti on
in the resistance test vector host cell of resi stance test vector
viral particles. Resi st ance test vectors derived from pl asm ds
PLS- | UCPP- Hgq PladsbUcPP-PB, 20  pCS-1ucPP-HS and pCS- | ucPRcfigssipiessie t he
H V gag-pol gene products only, and are used to prepare resistance

t est vector host cells. The pVL-envdD&¥OA whi ch provi des env, and
either the pLTR-H V3' or_the pCW-H V3" packagi ng expression vect ors,
each of which fBvedes tHe S4ep twp, Shke-diglected, mupsgenegis isheametiedenes
are usgfl vm'thdtdiﬁ_ fwitRgpVDgSHARY QAL 01igonub386€lidesd 6 twHich Tc@lﬁ}tam?tors
to enable pro | [ : I stan est ct.ar st_.c .

resi stance tes;t%&egibolrl%"}lgs S&ﬁygpéggr?%cl g§5 §30\i? ttgf"‘arsl% suc[eﬁlf?}gli-lalFVB'
and pCW- Hl V3' segiugnsgciptddibe/eendyof the ramipghfiied agpsintaon, he?lgay- &6

codi ng region Eﬁﬁmmhheogegfn%S%pence &bfﬁésﬁ&ﬁﬁfﬁ? - QG 2l Hgfi of the
G Tosdirect od MtAdeRSarE cetry oite: Bdh i d S Rars Semence
ol i gonucl eot i d€old owirghtRS _-gledhimasnd icecadesntodi -ngAs etjire rixapienc®’ of 0
U] col 1 06 seayanes il Sty | a b s A T st s Bheo
\r/]\n'utchie(r)l t he pofq rg"'esr‘l@,tggﬁg ﬁrieafrrf‘l?é rﬁ%’?’é%ﬁtd&e&vuﬂ s SHTERERScorip| e%@ﬂ?gry to
posi ti onst®25 txesyFricgiopxprite whirhhiupoarmhediagstior. relphassi dtheCVW: H V3!
(P 70 g e orotik anun, B ohTELAY et 125 el sadiant o
Gal, and 2) 5 Tk PARFRNE S A el TR erereed, Frim st | phy Prachencs:
1) a vector DNA of 5.3 kB prepared by digesting plasmid
pVL-luc with EcoRV and NhelI, and treating the resulting
i5 vector with Klenow DNA polymerase and alkaline phosphatase,
and 2) a DNA fragment of 0.1 kB containing the CMV IE splice
donor, prepared by digesting plasmid pVL-SnaBI/Pvull with
SnaBI and Smal. Clones corresponding to pVL-lucS’, which
contain the CMV IE splice donor inserted in the correct
20 orientation into the 1luciferase coding region, are
identified by restriction mapping.

Plasmid pVL-luc3’, which contains the second indicator gene
cassette, is prepared in three steps. In step one, plasmid
25 PBS-LTR, in which the 3'LTR of pBS-HXB2 is subcloned, is
prepared from two DNA fragments: 1) a vector DNA of 3.0 kB
prepared by digesting plasmid pBluescript II KS (+) with
XhoI and Xbal, and 2) a DNA fragment of 0.8 kB containing
the 3’LTR, prepared by digesting pBS-HXB2 with Xhol and
30 Xbal. 1In step two, plasmid pBS-LTR-luc3’, which contains
the 3’ coding region of luciferase followed by an SV40
polyadenylation site, inserted into the deleted 3’'LTR, is
prepared from two fragments: 1) a vector DNA of 3.5 kB
prepared by digesting pBS-LTR with EcoRV, and treating the
35 resulting vector with alkaline phosphatase, and 2) a DNA



plasmd pCGwith Smal and Cal. .10 Plasm d pVL-env4070A (Fig. 3D) is
constructed fromtwo DNA fragnents: 1) a vector fragnent of 4.3 kB
prepared by di gestion of the pVL-2 nmanmalian expression vector with
Nr ul and Bglll, and 2) a DNA fragment of 2.0 kB containing the

conpl et e codiwg9reion of the M.VA070A env gene product 15 PCT{OS2#01€0%t i des
37 to 2001, <coordinates given in GenBank accessi on nunber M33469,
Qt et al. (1990) J. Virol. 64, 753713766) prepared by PCR u5|ng
pIasrrideRIP ( o] n II| 1988), . Pr. d.
Sci. 85, 6460) ?"e%t BB, PpiB °a°d‘t"‘h ?fnq‘u‘?(:lzotu)l Sifhralll Cng X
primers, 20 iR lﬁ)"‘(ﬁ’l @Qé-vﬁoﬁlwit hPRFEﬁr%di’SBgHQeSUGQi FHREMiEot i de

27 i ncorporatqma-m Grie iNB¢brYi hAdf RhéDyetoDlowed Wis ajteatment ofsSedeence

for manmal i an trgglé | ti.ation ( Kegak 1991) Bi ol .
Chem 266, %f%% é}“en% Yl&’ ?‘1g“8Y’| gonu oc}fme 57y |nccér |5lorat es a
uni que Bg$| | Shawingpsthe 3' veiferasei Sedingr asdion vmemtqsi/un &&et ai ns
the fol |l oW Ng correcte! @¥@BhEatidn Aid., tdg: oditedi ESCti: gidele G | E

pronot er/ enhancer, the CW s c

gl obi n second%ﬁﬁfcrﬁlpt&g &Ee%bﬁ 5 §)‘§Rroﬁ$€hg %&ﬂ‘%&d tbﬁol‘&ﬂﬁtrﬁ%é:f‘mlnhe
pol yadenyl at i ovaping -of Itlh%té&/ét@r?ezanpilg@md PVL-1yeRé, iarpreapaxred/£aonr i gi n
of replicati onwd Bl frdiflentsl:S 1) a ve(é@.@x%t mt ed ianof omréﬁe i'easb

foll ows. ‘g?ic g gge

cl oni ng %#tet hg e r%t&%s/]tgﬁ id @B%ﬁaﬁw J}%Ppﬁ'g%\?

pBl uescript [|trecgmeng of vihehrasulbimmyestor wisily hlkkéine phosphatase)

97/ 27319 and 2) a DNA fragment of 0.1 kB cowﬂ%”ﬂéG@gglobin gene
- 98- . . . .

second exon splice acceptor, prepared by digesting plasmid

pVL-SnaBI/Pvull with Pvull and Smal. Clones corresponding

15 to pVL-luc3’, which contain the (-globin second exon splice

acceptor inserted in the correct orientation into the

luciferase coding region, are identified by restriction

“mapping.

20 Plasmids pLG-lucPC-HS, pLG-lucPC-PB, pLS-lucPC-HS and
pLS-1lucPC-PB are prepared by the same three step procedure.
In step one, plasmids pLG-lucDP-HS, pLG-1ucDP-PB,
pLS-1ucDP-HS and pLS-lucDP-PB are prepared from two DNA
fragments: 1) a vector DNA prepared by digesting plasmids
25 . pLG-lucPP-HS, pLG-lucPP-PB, pLS-lucPP-HS, pLS-lucPP-PB,
respectively, with Smal and Clal, and 2) a DNA fragment of
0.8 kB prepared by digesting plasmid pLG with Smal and Clal.
In step two, plasmids pLG-luc5’-HS, pLG-lucs’ -PB,
pLS-1lucS5’-HS and pLS-luc5’-PB are prepared from two DNA
30 fragments: 1) a vector DNA prepared by digesting plasmids
pLG-1lucDP-HS, pLG-lucDP-PB, pLS-lucDP-HS and pLS-lucDP-PB,
respectively, and treating the resulting vectors with
alkaline phosphatase, and 2) a DNA fragment of 2.5 kB
containing the first indicator gene cassette prepared by
35 digesting pVL-lucS5’ with NotI. Clones which contain the



containing BssH I, Notl, Smal, Hndlll, Sphl, Smal, EcoRl, Nrul ,

Apal, Bglll, Nhel, Notl, Xhol, and BssHI| restriction sites. pVL is
constructed fromtwo DNA fragnents: 1) a vector fragment of 3.0 kB
prepared by cutting plasmd 5 pBl uescript 1l KS (+) wth BssHI,
and treati q? 19 resulting vector wth alkaline ph%&ﬁﬁfﬁcﬁ% and 2)
a DNA - fragnent prepared by annealing overl appi ng oligonucl eoti des

29 and 30, extending with Kl enow DNA poljyyerase and “digesting with

BssHI I. Plasm ds containing the Hindlll to 10 Xhol sites in a5 to 3
order rel ativéirsttirdiBinmsgenptcassette inkSr¢ed ipitasthe wiaml GeaBank

accessi on nunWiEhX§2§‘2:Z}xsé‘f§ptlonal iA8RhLEEL 860 bYp %@éﬁ'{é Gd gﬁaﬁ!ﬁeﬁ' Bfle

analysis. In the | nt er medi ared

eg n
from pl asmi d H‘@Eai £8RS by T n’s%‘?‘ﬁ’rfd-%n?ycﬁﬁsFﬁlﬁﬁh%c'@deP@mt &P ShEPf| r st
exon 15 spIthtreedcphsmmsdpbaelmq,lpgd;oIchG-eRB)nplLsxmcEcmHs:end

acceptor .5 Thi fmsniﬁ&ﬂedtﬁt arkl g fe% pffmreaofr tﬂrapg‘?nenél

fragnents: 1) a vector fragnent” o repare est| ng
pl asnmi d pVvL WERCPEnHYA sk b Y2 136 05 Plann.laarr@IdG &Pcé oHRB
contai ning a GkME-Lacpr orB] @L&»rihmscemmaddzms lﬁcSS{PB,E)!:@ISpeS:phVGEy, donor

(nucl eot i des 4 r djynat e ef Boshari,et al.
(1985) Cel | 4?1% xg&szf@so baIdregg‘?e?)bygpégA s’?{r?gf'ﬂ“'eﬁ'FL ?a (15{ %5/5027

cont ai ni ng t hEOBERLRRY  Haettcand inddopter 9PRe AFASEette, PrFBB§ﬁ§rPYet
al ., |bii®) asdtiigeptahg plamidlpgmumiceot wdeh RAoPSand afsh132 as priners,
f ol I owed by digestion with Hndlll and Sphl, and 3) a DNA fragrrent of
0.1 kB contai ni ngmt he gl obi n second exon sgl i ce accept or

u
(nucl eot i des G3g5migs PCG6§)'SEBPCE'é%r di PR e IRF -F8rer SFSs 116 EaliBanrRd
accessi on numpes-1lucPCJBB 143 qarcepplreﬁabgd Fﬁ%nutbvbgnphaﬂaghqm@\lati? a

(Treisman et JQcoeordl oy 19§ ggéand 4 as &quBSC' eiffer 74??al§i§8% as a

tenplate with oligonucleoti
di gesti AP wi t P83 chﬁdﬁﬁcoﬂﬁ XSRS RBe| B&Br dUSPC-HS angy pl§y lugBCARA. 34
i ncor por at e Hregpetri®phy, @pth swud BodRClaI, ande3) rd dNrofrapgimeatabft heir

respective engss g #}E‘péﬁd By321 gestirftP p18EASH P With smaP HREEE DY
i nserting the SV40
Resistance Test Vector - Construction
20 Resistance test vectors containing a non-functional
indicator gene with a permuted coding region were designed
using the HIV genomic and subgenomic viral vectors
comprising anti-viral target genes described in Example 1.

25 Resistance test vectors are prepared from plasmids
pLG-lucPC-HS, pLG-lucPC-PB, pCG-1lucPC-HS, pCG-lucPC-PB,
pLS-lucPC-HS, pLSlucPC-PB, pCS-lucPC-HS and pCS-lucPC-PB
(Fig. 4B), by the procedure ,described in Example 1.
Resistance test vectors are constructed with vectors

30 prepared from  plasmids  pLG-lucPC-HS, PCG-1lucPC-HS,
pLS-1ucPC-HS or pCS-1lucPC-HS using amplified patient
sequences prepared with oligonucleotides 18 and 19, and with
oligonucleotides 22 and 23. Resistance test vectors are
constructed with vectors prepared from plasmids

35 pLG-1lucPC-PB, pCG-1lucPC-PB, pLS-lucPC-PB or pCS-lucPC-PB
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- 99- anti gen polyadenylation site into this internediate plasm d.
Plasm d pVL-1 is prepared fromtwo DNA fragnents: 1) a vect or fragnent
of 4.0 kB prepared by cutting the internediate plasmd with Bglll and
Nhel, and 2) wobhnb fragment of 0.2 kB containing PORUSBYM@S T
antigen " pol yadenyl ation site (nucleotides 2770 to 2533 of $SV40,

coordi nates by reference to Reddy et al -(31378) Sci ence 200, 494- 502)

prepared by PCR using pl Ld pSV2 (Sout hern and 9

ool Gen 1, 3535945, SnBETLEed 2\ odianl Beienssnucl BEPPHES 35 BHEF 6 as
prinmers, fol I owddappudleetidem 20 and \Rilt, halg wilthapdighricledtigmsukeand des
35 and 36 incoggorate uni que Bglll and Nhel restriction sites at their
respective ends. In the fourth step, plasmd pVL-2 is prepared by
inserting the SV4O origin of replication into plasmd pVL-1. 15 Plasm d
pVL-2 is pr epabPedgf SuscenpbihNA thr agdeResistance Test vector fragnent of

4.2 kB prepar eiegxséaHSétdé&spseérEé}rled oup\ﬂy Enui M\&zﬁire%nde;@ﬂbe@nd 2)
a DNA fragnent .of 0. }f ai ni ng SVv40 or| g' | i catéon
(nucl eot i des 5'7'?5Exa‘“p etd %%fé’ig‘P‘"swoR ’Fb?ﬁ?n'iﬁ' eiitte e§§r°5€RP SPRALE
plasm d pSV2 aﬁrm plaseipé gilés-BudPC-8E|, gphGel vk, BB-laniC-BS and
primers, icel-haued.- by ﬂ&eat f&&w%ﬂ\h% é8l gele!, - aﬁlawuglaa% des

37 and 38 inco or.at e uni que el and restriction sit
respect i V& end n3u§§t1°n WJ""‘f”ar géteHosPaBERFLNg epr&FSéPnhosYeEE‘P’r’ s
used for resi swmcenvesvez\.carrlm:.m'anmt htest veddrst aprepheed VErtwors

g(e:g Ry pbg%gngasptﬁnbuwgp&&s 02 pralaGcsdC e, Popcs B PUE” Mona

PCS- | ucPP- PB aPES5BFEF =8B resinde th ﬂ]‘é gagnaele F?cﬁﬁ"@%%@?lé{el g ne
293 and the Jumktat used in| evhgunctilorceritt ipd.-epAOroAanangpeithet utke

Collectiofy  prrrRaskyilbe pdR)- x%ch pltkh iﬁg'ee,ﬁéstsqugeaa%ectfﬂ with

35 an expr eSSI Qn vector enco ng _.a varl ant 8 ag
registance tests carrled out using t ost cell types, the

293 cell line, the tsa54 cell line, the tsa201 cell line, or
the BOSC 23 cell line are emﬁloyed as packaging host cells,

and unmodified Jurkat cells are employed as target cells.
20 As the non-functional indicator genes with permuted coding
regions contained within these resistance test vectors are
not efficiently expressed upon transfection of the packaging
host cells, infection of target host cells is carried out
either by co-cultivation with packaging host cells, or by
25 using virus from the packaging host cell supernatant. For
similar reasons, resistance tests carried out with these
resistance test vectors may employ a single host cell type.
Resistance tests using a single host cell type are carried
out using either 293, tsa54, tsa201, BOSC 23 or dJurkat
30 cells.
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- 100- pol ynerase. This variant contains an SV40 T antigen nucl ear

| ocalization signal (NLS) fused in frame to the N-term nus of the T7
RNA pol ynmerase, permitting its transport into, and function in, the
cel | nucl eusyplohRey €t al. (1989) Nucleic 5 Acids Res.pJfcq -8493).
The non-functional 1 ndicator ~gene in the resistance tes vec '
converted into a functional indicatar gene by reverse transcrl pt ase
upon infection of the target cells, resulting fromthe

repositioning of the T7 pronoter rel BXAMPLE03the indicator 10 gene

coding region.  Fol lmW Beughsubsbseisiiiy ’hat RE d 4@\ ed i ndi cator
gene into the target weldg c O@i%b!‘eg‘? Vech‘z‘Bsil'?ttE:gQ? %?;gl he nuclear T7

RNA pol ynerase expresididyt-derivéde t @egfilerte{s) i S @appbl e aof

functionally transcrlﬂnrngtuw:lonal Indicator QgGeme 1%With AnPlasmd

pVL- T7TRNAP- NLS i s usedvesrt®dr dakrone expreSS| on of a variant T7 RNA

pol yner ase I|nged to an :}L%é in_human a . other mammalian cells and
t

celi lines. s Ve t°r§)r e'ﬁ%ﬁtead'q’ﬁﬁn thr cROPONURGERRAN s: 1)
a vector fraghedicafor?@ene #ishka8npimpartsd Hntdiogestrondesidhei plssyg d

pPVL-2 wiph EcolRl HIV geRfiBllana fibdendMicf * D cadi ng T7
RNA pol rase gm noJ'aC|a(§.l re%% ﬁqgg':s (nuc%eotgcsnepggf@%gto
2817, coordin fAr8ftc9rpete B%?H&begcéé‘s@‘éﬁpﬁﬁnber MB8308,
Grachev and Pl et nev (1984) Bi oorg. Khim 10, 25 824- 843) prepared by PCR

usi ng pl oS drffediod Buih edl poctesy (1930kre@naacedds. 205 20) | ac

a tenplate wth ., 0]igonuc eotl fol | oned by

di gestion The | ig9eRoRi6) BHAY |, IeRR Ifrals\YRHQET BRRhf maghent
encodi ng5t he fequendenr eaceeptax ackilsesf SHHE- Tuert 1N 3Puc-1dcid-essd by

am no aci ds 1d&s11,choR 1y éh@epéagguéquﬁi;rand resistance test vectors
derived therefrom, each contain the following elements in a
5’ to 3’ orientation (Fig S5B): 1) an HIV-LTR U3 region
(PLG-1lucII-HS and pLG-lucII-PB) or a first CMV 1IE
20  enhancer-promoter (pCG-lucII-HS and pCG-lucII-PB), 2} the
- HIV-LTR R and US regions, 3) the coding regions of the HIV
gag-pol, vif, vpr, tat, rev, vpu, deleted env, and nef
genes, 4) an indicator gene cassette inserted into the
deleted env gene, and 5) a 3’ HIV-LTR. pLG-lucII-HS and
25 PCG-1ucII-HS contain unique Hpal and Sall patient sequence
acceptor sites at nucleotides 2243 and 4190 of HXB2,
respectively; pLG-lucII-PB and pCG-lucII-PB contain unique
PvuI and BamHI patient sequence acceptor sites at
nucleotides 2221 and 4212 of HXB2, respectively (see Example
30 1 for details). The indicator gene cassette contains 1) a
second. CMV enhancer-promoter, 2) the coding region of the
luciferase gene interrupted by an inverted artificial

intron, and 3) an SV40 polyadenylation sequence. The
overall transcriptional orientation of the indicator gene
35 cassette is opposite to that of the first CMV

enhancer-promoter and viral LTRs, while the orientation of
the artificial intron is the same as the latter elements.



antigen containing the NLS (Lieber 'et al., Ibid), prepared by

anneal i ng the overl appi ng oligonucl eotides 41 and 42, extending with
Kl enow DNA pol ynerase and digesting with EcoRl and Nrul.

A i gonucl eotides 39, 40, 41, 42 incorporate 35 Nrul, Bglll, EcoR and
Nrul restrictivmen®sioe, respectively. -~ WD 97/ 27319PCT/US97/01609

PCT/ US97/ 01609 -101 - Plasmid pVL-Neo is

“enpl oyed as a sel ect abl e marker for the ~115- establishment of stable

transfectants o %?R and,oth | ap |1 o neSnpPYy
co- transfectlon& g Edltrhgctlsn He e°xrr gé?or}s’o?g%eeo% COhd
phosphot r ansf er 8BBARERK - EB-”O'“QFGP&T eflees egiaft arléédt ot® hethet PEP@FPélmwﬁ

Plasm d pVL- NeOfunctloﬂlél Pt LN ek g0 d WehONAnke@g8BNtint rbh &a¥@GkEOIbe

fragment of epared es pV, wi th. EcoRl and
Bglll, and 2) asf)?ﬂl}l\c?rag fr\if‘go“}n(?n%%§g°go Lfga%'s% § ?égn %t o h%?’ecfaet%
codi ng regfon (geBeeobydedhes55’t o V3%E of LThe QU tipps firghsp&Adn IE
sequence, coor dhR&hESr - itoiiter!, N hdRARBAK leads @&ceraél Q@maua‘merofUCLQ@4

Beck | 1982 |
pSvaneo (Sout hePRVERERS iherop by RMAGESITEInd) EHARERERACTndTedfol G 0
tenpl ate et hstol i gomat| efunclsioni@ landexprassed i s s theol rmwbti;}g 15

digestion wt htrgﬁg&l @nﬂas thl |ant1segsbg(31*i%heg.§:h.9ﬁ 43F'ollow1ng the
i ncor por at S a uni {{ consens

g e . ns 1 ﬁlo #)ans ¥ra t:.on Ofe f or
manmal i anlt ransFatTOR i Mt §lr| Bh Rt 8??5%%&%&?&8%2
i ncorporates a nhequ@%ltantsmr@urazo DNX,\VL t g RNaARliicationt rarite edaby ks abl e

traﬂszI ection |m'£9n39.\30na1]|. t??hﬁ@r@e& e €17 %%!%B"tg@pléﬁhSnEQPI hiihel et Lon
g}stec?roporat i on %I&‘ﬁﬁt %{tg{i Tt%’loﬁa@e}ﬁé%?re&ﬁ%6|¥)nzt'em°vedk? §%egcéf-:)|sl sy
are mai ntained i n DVEM nedi um (JRH Bi osci ences)

15 The subgenomic indicator gene viral vectors with patient
sequence acceptor sites, pLS-luclI-HS, pLS-luclI-PB,
pCS-luclI-HS and pCS-luclIl-PB, and resistance test vectors
derived therefrom, each contain the following elements in a
5’ to 3' orientation (Fig SB): 1) an HIV-LTR U3 region

20 (pLS-lucII-HS and pLS-lucII-PB) or a first CMV 1IE
enhancer-promoter (pCS-lucII-HS and pCS-lucII-PB), 2) the
HIV-LTR R and US regions, 3) the coding region of the HIV
gag-pol gene, 4} the indicator gene cassette, 5) an RRE
element from the HIV env gene containing a viral packaging

25  sequence, and 6) a 3‘' HIV-LIR. pLS-lucII-HS and
PCS-1lucII-HS contain unique Hpal and Sall patient sequence
acceptor sites at nucleotides 2243 and 4190 of HXB2,
respectively; pLS-luclI-PB and pCS-lucII-PB contain unique
Pvul and BamHI patient sequence acceptor sites at

30 nucleotides 2221 and 4212 of HXB2, respectively. The
indicator gene cassette contains 1) a second CMV
enhancer-promoter, 2) the coding region of the luciferase
gene interrupted by an inverted artificial intron, and 3) an
SV40 polyadenylation sequence. As is the case for the

35 pPLG-1lucll and pCG-lucll genomic viral vectors, the indicator



25 suppl emented with 1 g/L glucose, 10% donor calf serum (Ti ssue
Culture Biologics). Jurkat cells are maintained in RPM 1640 nedi um
suppl emented with 10% fetal bovine serum ~(lrvin Scientific),

glutam ne, penicillin and streptonycin. Transfection cocktails for
293 cells agghomaket cells each 30 contain a m xture of pdflusteidgr ans of
pVL- T7RNAP and the sel ectabl e marker pVL-Neo in a nmass ratio of 10:1
to 20: 1. Twenty-four to 48 hours fuld-owi ng transfection, ceIIs are
replated in the sarre medi a_ contai ning the antibiotic (418

G and | sl and Z%@eP. )of | RbRpbiricht 299 3PE8r fuef bneanagt bPesﬁ"‘é’t%ﬁ-Pnﬁél@‘MB are
pi cked di r ectdnanfscedibeadl entibmfied ahe inverted iMF&/i% Iehhoved and

PCT/ US97/ 016%%\@1: e tra crigt:.?n and \{1ra1 J.rhtje%r t1C6| Ioc F.\Oer(Ftl\go Weeks.

and are expa or anal ySi ndepe nes
resi stant to3&18 are obtai ned by I|mt|ng dilution after two to three
weeks ofs drug sel ection and are expanded for analysis. 5

A18-resi stanry oa%%?‘ %Xﬂ'ui ceI Imbchon%%n%ae?%crgggedln&t%ator tgvké%%r | evel -

of expressio yrre'r ase rm nin of
st eady- st at e CaSERLEeRNA in ku?hera%be spe%%”tﬁfclqm S YRtFes ze(ir'@y1 t he

??913% usi ng tﬂ\&.-ﬁﬁamlé&i%tbelrlrs bhﬁ%v%fwéu: dnzgt ulsma ﬁ&hb@ﬂefé’f’éubﬂdlﬁb al . 9
n n ar_ Bi.al o ey-lnterscience

293 and Jur kat e%l E‘cl %ne%g}e)ex&reéisgrﬁeggg 1&1 %gag'faé %rom £w Bﬁ‘

pol ynerkse arferagmentisdent) fPedfelﬂtoéfet@i’aﬁmﬁmg QfleﬁrB kB puepared by

support T7 ngéﬂt)iw %ﬁﬁa%%(?'vfz.t(h tEGSIBET A | Qﬂeiélng thRel AR%1RALg

transfections WI Al Deng e 1991 Ge e 109,
193200 i n Woeh RATPr aReREAG SRR Bha 2,0 (B8, sragmibbe B
directed by #-%7 lpﬁ!oﬁ@récspmrw\dpremsemm@t theomasisappalt mgrpne
hi ghest | evelgedifendéchi€pasdi by digesting pVL-SnaBI/Pvull with Snal and

15 Pvull. Clones corresponding to pVL-lucII which contain the
artificial intron inserted into the luciferase coding region
in an inverted orientation are identified by restriction
mapping.

20 Plasmids pLG-lucII-HS, pLG-lucII-PB, pLS-luclI-HS and
pLS-1luclI-PB are prepared from two DNA fragments: 1) a
vector DNA prepared by digesting plasmids pLG-lucDP-HS,
pLG-1lucDP-PB, pLS-lucDP-HS and pLS-1ucDP-PB, respectively,
and treating the resulting <vectors with alkaline

25 phosphatase, and 2} a DNA fragment of 3.2 KB containing the
luciferase indicator gene cassette prepared by digesting
pPVL-lucII with Notl. Clones which contain the correct
plucIl indicator gene cassette inserted into the wviral
vector with a transcriptional orientation opposite to that

30 of the viral LTRs are identified by restriction mapping and
are used for the preparation of resistance test vectors.

Plasmids pCG-luclI-HS, pCG-lucII-PB, pCS-luclII-HS and
pCS-lucII-PB are each prepared from two DNA fragments: 1) a
35 vector DNA prepared by digesting plasmids pLG-lucII-HS,



gene expression are chosen for further use; these are 20 referred to as
293/ T7TRNAP- NLS cel Il s and Jurkat/ T7RNAP- NLS cells, respectively.

Drug Susceptibility and Resistance Tests Resi stance tests are carried
out with resistance test 25 vectors based on indicator gene viral
vectors pLG wE#iR7sis, pLG | ucPP-PB, pCG | ucPP-HS, pCCCTUSOFD?

pLS-1 ucPP- HS, pLS- | ucPP- PB, pCS-IucPP—HS or pCS-1ucPP-PB, using

ei ther two " types of host cell or oAd7type of host cell. In t he first

t f t t t
a)rlgep(r)odﬁ::js#%e}‘ﬁﬁ E??dstp?%eﬁ ??F\Ié‘sr%i‘% slf\l";sﬁé extt %g’tﬁg?p?/%'ga%? 3ffost
cell) that is piehdinal bpdt CIabi eo1d By & DNA fragmeRbtigthg -RokB peepaxgd h the

resi stance tespyVerddst Bl plasmiaPpekading shEd &% edayector(s). The
resi stance test vector viral “particles are then used to infect a

second host cell 35 (the target host cell) in which the expression of
t he 5 Res 051278 Test Vector - Construction PCT/ US97/ 01609

-103-t t iit@é'gga«t_ﬁce geﬁ@stisv@aa@fged?ﬁ Pre aﬁféa S el ﬁyslﬁxtuag t
resi stance tes ost .C y r.esi vect or
host cell) servﬁg poé"g’?L ﬁé'gg é& ert g kag?ﬁﬁ %%%f?c%ﬁﬂs in
a given cuIturpLafbu¢11ﬁﬁﬁ&xnkﬂ}knuil-93 pﬂsdmueIIeB$sammcpcsekmcﬂbdﬂbr

viral particlegpagd sage Ohy he I diRRtireCelL Sct {bdd1€ 152 MBxaMbI &I 6 ar e
t he target t he resistance test vgctg; ga | cl es thus

of ctlon
br oducedi0Resi BPSHEEATRS, Sl SPFRETE FTp! CHAEICEe
possi bl e with peepatedice fmst vedeemidsonpliGivrId-HS, npﬂG#lmmiI{HHM

I ndi cator gene ﬂsttn@mﬁﬁémt&p &x@s’um:ru HS \Afghge amsii# e C%Qh&ﬁf'es
are eff|C|entI géessed upo ectlo

erms e ho
they are not FE3 PERE e@x‘b’r"é‘%?«g&gﬁﬁﬁﬁ %‘iﬁ%&?lﬁ‘ffl}\fg'tﬁﬁ host

oligonucleotides 22 and 23. Resistance test vectors are
15 constructed with vectors prepared from plasmids
pPLG-1lucII-PB, pCG-lucIiI-PB, pLS-lucllI-PB or pCS-luclI-PB
using amplified patient sequences prepared with
oligonucleotides 20 and 21, and with oligonucleotides 24 and
25.
20
Drug Susceptibility and Resistance Test
Resistance tests are carried out by the procedures described
in Example 1 as follows. Resistance test vectors prepared
from plasmids pLG-lucII-Hs,.pLG—luciI-PB, PCG-luclII-HS and
25 PCG-1lucli-PB lack a functional HIV env gene, and are used in
conjunction with the packaging expression vector
pPVL-env4070A. Resistance test vectors prepared £from
plasmids pLS-luclI-HS, pLS-lucII-PB, pCS-lucII-HS and
pPCS-1uclI-PB encode the HIV gag-pol gene products only, and
30 are used in conjunction with pVL-env4070A, and either the
PLTR-HIV3’ or pCMV-HIV3' packaging expression vectors. 1In
resistance tests carried out using two host cell types, the
293 cell line, the tsa54 cell line, the tsa20l1 cell line, or
the BOSC 23 cell line are employed as packaging host cells,
35 and unmodified Jurkat cells are employed as target cells.



cell type, and thus provide an opportunity to nmeasure the 15 ef fect of

the anti-viral agent under eval uation. For simlar reasons,

resi stance tests enploying two cell types may be carried out by
co-cultivating the two cell types as an alternative to infecting the
second cel |l ywyRend h viral . particles obtained from pbeysbHafEdeat ant s
of the first cell 20  type. Susceptibility and Resistance Test -
Two Cel | Resi stance test vector hestsecells are prepared by the

cotransfection of a resistance test vector and the 25 appropriate
packagi ng exphesdiomoreéunetignakiingisiather gehes with 193erbed intmons he

tsatSﬁ OE OtS séa22&>c1n3 &aﬁd?dlﬁﬁﬁh:(ﬁ'bltﬁégé qtes:.sta?éta t(ésg;889reétof'érglre %?ots3_738),
or e : £ l.ne ro cad. Cl .

90, 8392) as 1Clear1ctl<13'g|er1’8°ﬁ?(?%te c g a%ﬁeaé'fsgfﬁ_‘)&émt eo; 'il}gect]%? 3D ruct ed -
30 by inserkdsty eatlpntinfedtied ofgmrempetnhospl&ellgPis Hrried out

pCG | uchP®- HS, e:LtkEE-xG'ﬂnUQPdD (Plﬂ.th@IEQ.Oﬂ 9@%' Hﬁgfagﬁg h@é@ cells C¥ys gpystected
with the packa ress whi | e

resi stance t e3tt r&p. a#ga B?Ckagmsf ﬁé‘”eql"t |°ﬁ& pﬁPP%ﬁ’PaB%‘ﬁ ved Fegnent s
into pLS-I ucmmﬁaﬁaeaml uegtFigdgnce tesSs (ERR1RE ouindvitip Ghdsec PP- PB

are yﬂ%é@%&%t vectors may emplo ngle host 11 ¢t
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with the pa&ETiAPcetssEsshaing\@citigle host coll.ryRe7ave eakFiedit her

pLTR- H V8" out upOwy- HivBer 293, thkaddgt/dgdAVAR- NkGECebs s oar anerRatoyed as
target host cglifs. 5 Packagi ng host cells are grown in DMEM nedia, 1

g/ L gl ucose,

EXAMPLE 4

Non-Particle Based HIV Drug Susceptibility
15 And Resistance Test Using Resistance Test
Vectors Comprising Patient-derived

Segment(s) And A Non-functional Indicator
Gene.

20 Drug Susceptibility and Reaistance Test
Non-particle based resistance tests are carried out using
the resistance test vectors comprising non-functional
indicator genes with either permuted promoters, permuted
coding regions or inverted introns, described in Examples 1,
25 2 and 3. These non-particle based resistance tests are
performed by transfection of a single host cell type with
each resistance test vector in the absence of packaging
expression vectors. Although the non-functional indicator
genes contained within these resistance test vectors are not
30 efficiently expressed upon transfection of the host cells,
there is detectable indicator gene expression resulting from
non-viral particle-based reverse transcription. Reverse
transcription and strand transfer results in the conversion
of the permuted, non-functional indicator gene to a
35 non-permuted, functional indicator gene. As reverse
transcription is completely dependent upon the expression of
the pol gene contained within each resistance test vector,



10% donor calf serum and passaged at a 1:10 dilution every t hree
days. Cells are plated 48 hours prior to transfection at IxlOf[err]
cells per 10 cmplate. Cells are transfected by t he cal ci um
phosphat e coprecipitation nmethod using 5 to 10 10 ng each of the

resi stance tewbsvemt®r and the appropriate packagi ng @XFASIUIEHP
vector(s) to produce resistance test vector host cells. |ndividual
anti-viral agents, including t he r‘é'\?'@rse transcrl ptase inhibitors

AZT, ddl, ddC, d4T a 3TC nd, t i S ir
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parti cl es 50bt agesdrai muoceduresi descmibesiiporEnanmiies Lovitle shet Snttoving

vector host Cehbalflcatlo@chl)arﬁésﬂgcraaﬂcea&%@t v%c69abaﬂet teankbeseed. is
added to rget host, cell.s at 3 gv; tl nf ect on to achi eve
Fent®) 8P

the sane final 18580%%%3??5?1"’6*“1%&“@':\/&? éggﬁfg agent Spre&ent
during the tragshbihabhons therdaf, i nfaast i onaddedo- catti vappropriatéa i s

removed from acmcentratf&w' &d en’&inh%%' §.t %ﬁ@u&‘@ét ¥e€£-9£sﬁ'9§€e&ei1$§t

repar ed tran t (0] our ear to 1.
DOrorr 938 serihl APRRRABERLY ALFeE( LZBREESSELiRUGaY PBSENSel IR saTe

Jurkat cell nedaaveshéedid iy FRchamts -follawingerrangfadteon and appayedi ate

concentration. gofargeds £8lds a&@cf@l@w' ti wmeedreaumw flnt h@u&ﬁé:?é@é‘ce

test vector host cel |s for 24 ho# éﬁlé en re a}gded

freshly prepar 8Gtr¥iF¥: gREE Yt o 'host, # I"?G?P ﬁFT' f‘6’rt 3 BHRE"

co-cul tivati onresidtakat teHt vector in th¥(PpBEdehiFEl 6f a given anti-viral

PCT/ U897/1951609agent, or agents, as compared to a control run in the
absence of the anti-viral agent (s) is used to calculate the
apparent inhibitory content (Ki) of that agent, or
combination of agents, for the viral target gene product
encoded by the patient-derived segments present in the

20 resistance test vector.

Resistance Test Vector - Comnstruction
For non-particle based resistance tests with resistance test
vectors comprising a non-functional indicator gene with a
25 permuted promoter, resistance test vectors are prepared as
described in Example 1 using plasmids pLG-lucPP-HS,
pLG-1lucPP-PB, pCG-lucPP-HS, pCG-lucPP-PB, pLS-lucPP-HS,
pLS-1ucPP-PB, pCS-lucPP-HS or pCS-lucPP-PB. Eaéh resistance
test vector is transfected into host cells expressing a
30 cytoplasmic T7 RNA polymerase (eg., 293/T7RNAP cells or
Jurkat/T7RNAP cells). Such host cells are prepared by the
stable transfection of 293 cells and Jurkat cells as
described in Example 1, using plasmid pVL-T7RNAP, which
directs the expression of a cytoplasmic phage T7 RNA
35 polymerase in human and other mammalian cells and cell



medi a containing the anti-viral agent(s) at the appropriate

concentration. Twenty-four hours later, the target host cells are
harvested fromthe second co-cultivation, col | ected by

centrifugation, washed three'times with 5 i ce-col d phosphat e- buf fered
sal i ne (PBS) sayed for . . luciferase activity. r

I nfection vmw?%g%fs?glstered supernatants, nedia is renﬁfgﬂgﬁ’o&m’a 10 cm
pl at e of resi stance test vector hogigcells prepared by transfection
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expressi on. Tacgessihos tmoiersMBBB08] eCrdnheroandl Piaghdwn 10843081000t h

filtered vira at S aahe rofd r.ef.l .uci ferase
activity as d}ecg?rd:'oﬁie@' ( us.af%l) g? §§?¥8§1%§ éé IFJJ'r}lgofrlra esH‘E‘dPPJS{’?)%:gI%Si n
Mol ecul ar Bi oRodiemPhRt8y Wittherebiggnugleotides ®ik aBdudOi i i primexs.er ase
activi t yoobsetuvkliobed Hyatggéstion wikt®sSkEcert land BEEEL €d oMi bBnacBbyEiie

preparation of,resi 5 st ye r.yir articles in the presence
of a given a7 f’zéh - Vi (r?:ael% gg%ﬁ%'?u%r}sycao Fg_'?éea_go?cj;%%‘# g’g Focan%%‘Fﬁ‘F%l run
in t he SB898PRES dfort RukanyPti¢ rtansdasdionginit tation deages Kazak

the log of theéilssnrentrati @iddf. thenanii-v2¢e) age¥s7aisero), whaywidal
curve. This iphkpbifi FME IS . al cul at.e 30 he. appar ent

i nhibitory co%géﬁﬁgﬁkon C)4OO%H§§gPEg3§%?,a or raue Bg&%%bfﬁg Il on of
agents, 1Por the viral target product encoded by the patient-derived

segment s presesk roh-gaartieleShaW® resistahfSiteRE Aith resistance test
vectors comprising a non-functional indicator gene with a
‘permuted coding region or inverted intron, resistance test
vectors are prepared as described in Example 1 wusing
20 plasmids pPLG-1lucPC-HS, pLG-1ucPC-PB, pCG-1lucPC-HS,
pCG-lucPC-PB,_ pLS-lucPC-HS, pLS-1lucPC-PB, pCS-lucPC-HS,
pCS-1ucPC-PB, pLG-lucII-HS, pLG-lucII-PB, pCG-lucII-HS,
pCG-1luclI-PB, pLS-lucII-HS, pLS—luéII-PB, pCS-luclII-HS or
pCS-1lucII-PB. Each resistance test vector is transfected

25 into either 293, tsa54, tsa201, BOSC 23 or Jurkat cells.

EXAMPLE 5

HIV Drug Susceptibility And Resistance Test
Using Resistance Test Vectors Comprising
30 " Patient-derived Segment(s) And A Punctional
Indicator Gene.
Indicator Gene Viral Vector - Functional Indicator Geme
The genomic indicator gene viral vectors with patient
35 sequence acceptor sites, plasmids pLG-1luc-HS-1,

pLG-luc-HS-2, pLG-luc-PB-1, pLG-luc-PB-2, pCG-luc-HS—i,
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- 106- Susceptibility and Resistance Test - One Cell Resi st ance
test vector host cells are prepared by the cotransfection of a

resi stance test vector and the appropri ate packagi ng expressi on
vector(s) usi wbepiiier 5 293/ T7TRNAP- NLS cel I s or Jurkat / Teigesdistd cel | s
as packagi ng host cells. Resi stance test vectors constructed

by inserting patient-derived segmeid®d-into pLG | ucPP-HS,

pCG | ucPP- HS

LG lu PP—PB
cot r ansf ect ed p&ﬁfﬁ‘ 'p&’gﬁagPﬁgPBehﬁ"&szg fuﬁe%}?aé 34 THILSERRED70A,
whi | e resi st antestestcverd alexripedpahetdebyom, each nsertEiimg tpbat Eehloding ved

segments into phSyLHEEPILS 5 to p%rgyﬁgftjﬁﬁq %p;@—%)' :UCKR- BR nrdrgrr

pCS- | ucPP- PB are cotransfecte acka%"v% expr esgl on
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Cells are trposteatePB®) ngor5 @o fliksty eath TE telmhancer- peemstemce

test vector e , < oetar
produce resi stgﬁgg %ggfﬁgpi g&§ P@‘C@?%C‘f'ﬁ“@%ﬁéﬁﬁﬁﬁ £he f’?)Zfare

transfected by2¢ héhEaFEVuﬁT&OR anth J&H HERSE ESpr 82 ﬁPFaFPGﬁnﬁEFﬁSH°%"I‘Io°
Jur kat / T7TRNAP- Bhe HEVI gag-pol.and fi,r apaf eeaed Hav.elwgnl,r dedegedoenv| natdi dual

anti-viral c?e%écelf) Caﬂf”i' Ehﬁ% %%‘ﬁ‘é e&!sseﬁ:rtee %%%%@t%ﬁ A5 vigeal

pl at es of transfe tine ction, at an
appropri & rafg§éebed c&%’erﬂ?‘éﬁvl oﬂ%d 23 a T\%/ent]i;‘f SRt o P?GhéHFSH%f’ter
transfection, pte-lec-Bs€2, pCC-Quid-Hstedahy peeHIid-Hml eontwashenidbe ee
times with e I ,Ei]%; P l.ne, rafdirefly
| uci ferase acti glktiyarg(g é’gc "T? e _teﬁgﬁtﬁggégge%??&%%e#ggf%%SQXSQ?%Q{%%%t ure

do not efficienrfly eRBfes4i®Re i9fdi EBBPr gdif@PesbivelyansPeBrddce®RTY in
the cul ture, a@metthcswezj Pe-lled -PB-1 &R | e MUN@E2 koheainatinbgiee as

target hogl celplg,foby, ogs ! Cg&gEeQE“eFSé.?éﬁéé' OQcc%;tb? Jedé'fééé)“ A0

| uci f erase acti vi t erve or cel ransfecte Er esence of
a given anti -vPP&Ileanéﬁ?s PR 1agRA 142 125 oL JR R c e EBegE L RRt Y o(lse:?S XapRe j n
t he absence of it hiomndetails) . agertie Sindpeiwal fgne cassettes of each

plasmid contain 1) a second CMV enhancer-promoter, 2) the
coding region of the 1luciferase gene, and 3) an SV40

20 polyadenylation sequence. The indicator gene cassettes of
pLG-luc-HS-1, pLG-luc-PB-1, pCG-luc-HS-1 and pCG-luc-PB-1
are inserted into the vector with a transcriptional
orientation opposite to the wviral LTRs or first CMV
enhancer-promoter (Fig. 6B), while the indicator gene

25 cassettes of pLG-luc-HS-2, pLG-luc-PB-2, pCG-luc-HS-2 and
PCG-luc-PB-2 are inserted into the vector with the same
orientation (Fig. 6C).

The subgenomic indicator gene viral vectors with patient
30 sequence acceptor sites, plasmids pLS-1luc-HS-1,
pLS-luc-HS-2, pLS-luc-PB-1, pLS-luc-PB-2, pCS-luc-HS-1,
PCS-luc-HS-2, pCS-luc-PB-1 and pCS-luc-PB-2, and resistance
test vectors derived therefrom, each contain the following
elements in a 5’ to 3’ orientation (Fig 6): 1) an HIV-LTR
35 U3 region (pLS-luc-HS-1, pLS-luc-HS-2, pLS-luc-PB-1 and
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VPY, 5 el At %Egﬁgﬁce aé'&i:égﬁgr s;tegea'leﬁu?f%%@zzfiéé %%45”91&8%1@0

tal ni 1-8[ INng region o ucl.rerase gene,
& he HXB2, (ereeRpacEive e, Pg-)s‘d-u§e§’8nél i ndPle%t Bic e,
c@mtxfu-mmg bhé Bls<ng-Hp-egbAtadh ddieydelovhier &s@ HRiNT,

gene

30

q{tegﬁg g&cgé }%O%%gg%%%ﬁggeggl&;’ 2221 ang| |4\51|2TR R

B2 respect:wely The indicator gene cassettes of each
plasm:td contain 1)} a second CMV enhancer-promoter, 2) the
complete coding region of the luciferase gene, and 23) an
SV40 polyadenylation sequence. The indicator gene cassettes
of pLS-1luc-HS-1, pLS-luc-PB-1, pCS-luc-HS-1 and pCS-1luc-PB-1
are inserted into the vector with a transcriptional
orientation opposite to the viral LTRs or first CMV
enhancer-promoter (Fig. 6B), while the indicator gene
cassettes of pLS-luc-HS-2, pLS-luc-PB-2, pCS-luc-HS-2 and
pCS-luc-PB-2 are inserted into the vector with the same
orientation (Fig. 6C).

Plasmids pLG-luc-HS-1 and pLG-luc-HS-2, pLG-luc-PB-1 and
PLG-luc-PB-2, pCG-luc-HS-1 and pCG-luc-HS-2, pCG-luc-PB-1
and pCG-luc-PB-2, pLS-luc-HS-1 and pPLS-1luc-HS-2,
pLS-luc-PB-1 and pLS-luc-PB-2, pCS-luc-HS-1 and
pCS-luc-HS-2, pCS-luc-PB-1 and pCS-luc-PB-2 are each
prepared from two DNA fragments: 1) a vector DNA prepared by
digesting either pLG-luclI-HS, pLG-1ulI-PB, pCG-luclI-HS,
pCG-1lucII-PB, pLS-luc-HS, pLS-luclI-PB, pCS-luclI-HS and
pCS-1lucll-PB, respectively with NotI and treating the
resulting vectors with alkaline phosphatase, and 2) a DNA
fragment of 3.0 kB containing the luciferase indicator gené
cassette prepared by digesting pVL-luc with NotI. Clones



contain uni que Hpal and Sall patient sequence acceptor sites at

nucl eoti des 2243 and 4190 of HXB2, respectively; pLG | ucPC- PB and
pCG | ucPC-PB contai n uni que Pvul and BanmH 35 pati ent sequence acceptor
sites at nucl eotides 2221 and 4212 of HXB2, respectively (see Exanple
1 for detail swoe7278ide . . .first indicator gene cassette coRCEUSHOI®Y a
second CW _ WO 97/ 27319 _

PCT/ US97/ 01609 -123- -108-

enhancer - pronot er, t he 5' cod| ng region of the | uciferase ene
(ani no aci ds lc‘?%t ing the Bjdirasgy PEREFIRSetdSnoRserted inf.a s%’c‘g?d’d
I ndi cat or genevt:aabet&ca:qmmbnsh tyanscripfichial orientgehens ecsliat isseon

splice acceptOfy Zhe th&xé’u qs&%sngafeegi@éhﬁfle% bytpsswfee‘ﬁrr@sfﬁ'a L
(am no acids 447 to 550), 3) SV40 pP-ﬁ yadenyl ation site. he
S

transcripti onaf®®ri &HS ‘t]1"’(5’nH§f'1 and PHE-1uRiH%2dse 5° and 3' coding regions

are identscal to one another, and opposite to that of the first

cw - enhanﬁg%ji%gw grestaggctxyal co LFisucti oowever, as the 10

| uci ferase 5' coding regions are permuted in the resi stance
test vectors (Resistgpess t?ﬁfdl‘fﬂj:tr‘%’@ gGentaining agiiRctieagd ofndigater
codi ng regi on)gene® nRtlAe=i debignedrudiny the Hmhlgénmi‘c be&nd pulepshdntic

generate a fungijopaled E %roﬁxfﬁls:.n : aﬁ@P—h\ﬁgiarle (}%esggé}xgco A€

transcri gt i on and stran ranster Uci T Ing region is
copi ed f*8m t hén Example 1LTI3%%—%“I?§C5 TeSIR VeGEONS: TR PHIRBTEAFEER TS on of
MRNA whi gboean phasapliscediin genemst ecife f proteaund |ldesckehede in

coding region SELRI0) . #Bsysrdlice SUROENGNLEL DY R QL HNR NS AsetEotOrS

wi th patient SIt
pLS-1 ucPC- PB, Vectori)c%qn?cm@ FﬁS°EnHlﬁ€E-¢%cﬂ-’“@‘liBC'§ﬁd1r cBLGT et
vectors pCG-luc-HS-1, pCG-luc-HS-2, pLS-luc-HS-1, pLS-luc-HS-2,

is pCS-luc-HS-1 or pCS-luc-HS-1 using amplified patient
sequences prepared with oligonucleotides 18 and 19, and with
oligonucleotides 22 and 23. Resistance test vectors are
constructed with  vectors prepared from plasmids
pLG-luc-PB-1, ' pLG-luc-PB-2, pCG-luc-PB-1, pCG-luc-PB-2,

20 pLS-luc-PB-1, pLS-luc-PB-2, pCS-luc-PB-1 or pCS-luc-PB-1
using amplified patient segquences prepared with
oligonucleotides 20 and 21, and with oligonucleotides 24 and
25.

25 Drug Susceptibility andl Resistance Test
Resistance tests are carried out by the procedures described
in Example 1 as follows. Resistance test vectors prepared
from plasmids pLG-luc-HS-1, pLG-luc-HS-2, pLG-luc-PFB-1,
pLG-luc-PB-2, pCG-luc-HS-1, pCG-luc-HS-2, pCG-luc-PB-1 and

30 PCG-luc-PB-2 lack a functional HIV env gene, and are used in
conjunction with the packaging expression  vector
pVL-env4070A. Resistance test vectors prepared from
prlasmids pLS-luc-HS-1, pLS-luc-HS-2, pLS-luc-PB-1,
pLS-luc-PB-2, pCS-luc-HS-1, pCS-luc-HS-2, pCS-luc-PB-1 and

35 pPCS-luc-PB-2 encode the HIV gag-pol gene products only, and



derived therefrom each contain the following elenents in a 5 to 3
orientation (Fig 4B): 1) an H V-LTR U3 region 25 (pLS-1ucPC-HS and

PLS-TucPC-PB) or a first CW IE enhancer - pronot er (pCS-1ucPC HS
and pCS-1ucPC PB), 2) the - HV-LTR R and U5 regions, 3) the coding
region of t gag- pol gene, 4) a first indicator cassette
cont ai ni ng r\sol;w'ynh 5' coding region of the luciferase geﬁgm%’ f%RRE 30
el enent fromthe HV env gene containingp,g.viral packaging '~ sequence,
6) a second indicator gene cassette containing the 3" coding region

of the I uci feaﬁSEugeﬂelniﬁﬁﬁjﬁx&ﬂ:ﬂdﬁ @vith pvL-edeheted, 3and;HI é/nLH& ehe egi on,
and 7) a 3 T an gi an LS L ucPC-HS a pCS- ] ucPC- H

cont ai n uni q:% l’[—‘# %g% b Hc%’fnf?gt i gafkg q nceenggcg 8r gF f!égr?at

nucl eot i des ZQﬁﬁlstance tes'i\mag?/ gagrfed out with two host cell types,
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15 intron, those comprising a functional indicator genes are

typically able to express their indicator genes in the
transfected packaging host cells. Neither the
co-cultivation procedure, nor the resistance test using a
single cell type can therefore be readily adapted for the
20 infection of target cells using resistance test vectors with
functional indicator genes, as it would be difficult to
distinguish between indicator gene expression in infected
target host cells and the transfected packaging host cells.

25 All publications and patent applications cited in this
specification are herein incorporated by reference in their
entirety as if each individual publication or patent
application were specifically and individually indicated to
be incorporated by reference.

30 _

As will be apparent to those skilled in the art to which the
invention pertains, the present invention may be embodied in
forms other than those specifically disclosed above, for
example to carry out the drug susceptibility and resistance
35 test on other viruses, without departing from the spirit or



Plasm d pVL-luc5', which contains the first indicator gene cassette,
Is prepared in three steps. In the first two 20 steps, the artificial
intron contained in pVL-lI consisting of the CW | E splice donor and
(-gl obin gene splice acceptor is subjected to site-directed

mut agenesi s t ygEIRaie restriction sites which upon di gesgrusswoisnel d a
DNA fragnent whose 5' and 3' termni correspond precisely to the
start 25 and end of the artificiatl2%ntron. In step one,
site-directed nutagenesis_is carried out with pvL-1 usmgr )

ol i gonucl eot i dERFHPEH CBBRREF Fst SHES 6F | BH® e fdeRcesThe Partisulag 3.
1) the 18 nucl entbodd meatjsest & hahiohent eoedescrhbed aboveCMirée E theire€erdonor ,
2) 8 TAC LI nuGlqld donaqaueascas 11 1u 95800 anﬂoéorégfxsfctwef Oipphe

SnaBl restriction sit nuc) eot | de seg@eﬁ&e
begi nni ng of t H¥oPe of althet |R¥e£en|tnt‘rr6’f?ntl°ﬂs }he28efGEn t R F?‘Fst
three 5 Nucifgsndées cfaimberafhépnthan @éind heinitsad tionghiel @%amghles

pVL- SnaBl cont a&&&aa}m@&agh Eﬁ%tﬂ’&%ﬁ% .r}lggldte%c\gilghgtg ypon 35 di gestion

rel eases the 5~ sequéence of WO 97/ 27319
PCT/ US97/ 01609 -110- DNA end. In
step two, site-directed nutagenesis i snmmmcb out with pVL- SnaBlI
usi ng ol i gonucl eoti de sequences (5' to
3'): 1) thg 18 nucl eoti VWB%Q ERQ&%%&%,: £ qegu,i.gl cial

intron, 2) a CTG5 tIddmpe mi%argg sk (@) to last half of

t he Pvull restri @mdon auheum Indiltarde auﬁéeot | de sequence
following the -globin splice acceptor. As the sequence of t he | ast

t hree nucl eoti qusugofs,}s}&gﬂtgbggg%s (%esti%ance Tegg§ul ting plasmd

pVL- SnaBl / Pvul | contain estriction site which upon
di gesti onl? el eRERLgHQCe tests ‘S’%ﬁ%eﬁ@ErEdet It ftoh ZesisHRngR Bﬁﬁtend

In the third wvectors based on the indicator gene viral vectors
PCG-CXCN (F-1lucP) 2, and pCG-CXAT (F-1ucP)2, both of which are
similar to the pCG-luc-2 described in Example S, using two
host cell types. In the case of pCG-CXCN(F-lucP)2 the

20 indicator gene viral vector was modified in that the
indicator gene cassette lacked intron A (CMV/a-globin intron

described above), not contain a polyadenylation signal and
the downstream 3’ U5 sequence was ommitted in the
construction. The downstream US was replaced with the SV40

25 poly A signal and origin of replication regions. The
indicator gene viral vector pCG-CXAT (F-lucP)2 differed from
pPCG-CXCN(F-1ucP)2 in that the indicator gene cassette
contained an artificial intron downstream of the CMV
enhancer-promoter and a TK polyadenylation signal region.

30 Resistance test vector viral particles were produced by a
first host cell (the resistance test vector host cell) that
was prepared by transfecting a packaging host cell with the
resistance test vector and the packaging expression vector.
The resistance test vector viral particles were then used to

35 infect a second host cell (the target host cell) in which
the expression of the indicator gene is measured.



step, plasm d pVL-Iuchb' .is prepared fromtwo DNA fragnents: 1) a

vector DNA of 5.3 kB prepared by digesting plasmd pVL-luc with EcoRV
and Nhel, and treating the resulting 15 vector with Kl enow DNA pol yner ase
and al kal i ne phosphat ase, and 2) a DNA fragnment of 0.1 kB containing

the CW I E donor, prepared by digesting plasm pmg'y [/ Pvul |
with sﬁ‘%’ﬁ%ﬁd Snal Vrlkis

Cl ones corresponding to pVL-1uc5
contain the CW I E spli ce donor inserteg2gn the correct 20 orientation
into the Iuciferase codlng reglon are identified by restriction
mappi ng. : tibi b 35 et Tegest he second i ndi cator

gene CW A r . d 25
pBS-LTR, in c%[ggﬁgt%nfér%%%ftege%&l-& 2('%? g'%suE TOA dﬁ-; ity Qnﬁm&ylg%a@rled from

:
two DNA frag Jéerf)seagﬁ%%t%sssmeo‘t’a% e ructe p?%%é’r"é‘& 851 ﬁ‘f §&3t ng
pl asm d pBl ussarigfiectedKSvith vhéh resistidhok arestXbakectand DNA.a Dithe

fragmentg of Oréfg%amnt@égu nggctoxst%n%ahxga Prchane do s L esLIRA g
pBS- HXBZ wi th Xhol and 3 In ste pl asm'd pBS-LTR-1 uc3’

whi ch cont aj fgeverse tf?l’és%nl?:"ﬁﬁ%ﬁeﬁ\é@’i‘%‘?? &F‘altu\‘f?’r'%%@ef’o?“ls(ﬁﬁéﬂ:wean SV40
pol yadenyl at iean &letse,stlanSerted tie 0 Ml edtedidlieed rave¥Be | Sranscripuagear ed

fromtwo frag ,tojr)d %qugﬁmq\w‘ ggé éeggs nce &L aJe%Q:ol}y 'quSt' ng

pBS-LTR with r eat resu |ng vector wth al'kaline
phosphat ase, %12’)1 DRpeduced bY tragsfgpting othe resistance test

PCT/ US9/6 016G8ctor DNA into host cells were used- tblinfect taréd’tagmsm of
o opared by diah caovy sbict S R Bce, of AA0R" ARG L EAA o0 By
treatment of Q elncrea$b%$1l FPH@eFFﬁﬁms wPEh %%néwmrﬁﬁgyﬁ%r Fxom
Clones 5 happdLivatdly 0c06€1a6aCA000gM) AT anidbkt 6F Iutifase
activity produced in infected target host cells in the
15 presence of drug was compared to the amount of luciferase
produced in infected target host cells in the absence of -
drug. Drug resistance was measured as the amount of drug
required to inhibit by 50% the luciferase activity detected
in the absence of drug (inhibitory concentration 50%, ICs,) .
20 The ICs;, values were determined by plotting percent drug

inhibition vs. log,, drug concentration.

Host cells (293) were seeded in 10-cm-diameter dishes and
were transfected several days after plating with resistance
25 test vector plasmid DNA and the envelope expression vector
PCXAS (4070A-env) . Transfections were performed using a
calcium-phosphate precipitation procedure. The cell culture
media containing the DNA precipitate was replaced with fresh
medium, from one to 24 hours, after transfection. Cell
30 culture media containing resistance test vector viral
particles was harvested one to four days after transfection
and was passed through a 0.45-mm filter before being stored
at -80° C. HIV capsid protein (p24) levels in the harvested
cell culture media were determined by an EIA method as



correct orientation (ie., opposite to the direct of transcription in
the 3'LTR) are identified by restriction mappi ng. In step three,
plasm d pVL-luc3" is prepared from -two DNA fragnments: 1) a vector DNA
of 4.0 kB prepared by 10 digesting plasmd pBS-LTR-luc3" wth EcoRV,

foll owed by woerRrsesmt nent of the resulting vector wth al kacrmsere1609
phosphat ase, and 2) a DNA fragnent of 0.1 kB containing the (-globin
gene " second exon splice acceptor, pri@fared by digesti ng pl asm d

pVL- SnaBl /Pvul I_ with Pyull and Smal. C ones_correspondi ng
PVL-luc3', whi BRSEBAPSSAPY kbe(TMHAGHWETo M AR F 1SFF K, o) acééﬁt'b?
I nserted i n t héoecoyretghorhontsaatbeaforientimfielkeion, thuget ecalbs cO2¥hgandgi on,

are identified, Q&é‘i‘f’%éf&}%ﬁ’ced in 'EE@E' 881 turé thedil %%Wt%mﬂ%%&uﬁﬁf: HS,
pLG | ucPC- PB, S-1ucPC-PB are prepare t he sane

three step proeédﬁFElal t"’°lfrP1%tdéﬁu‘:6HES of Fﬁ%fh%nnlﬁg

pLG | ucDPPB, end:m?'—a?t lou @G5k AnanBLEZT WehBeRBrat fols %%eelaiﬁemﬁa@ DNA
fragnents: 1) a vec DNA prepared by digesting plasm ds 25

pLG- | ucPP- HS, tpronghewp- tie infestiernPPTaEget Host| gebfs pere inoculated

respectively, with S6pl 8pdrfiRdfeul YesA sBBACE! 88BBNVebtor hos®. SekB
prepared by digesting plasmd pLGw.th Smal and O al In step _two,

pl asm ds pLG FUesrbagant. n Qentyod ipfections yexq peyfommednusing ¢etlh' - P
are prepared feadttive DiN&d38 fioagmuotk: framsfeaetionsDNAny emNzxd byr

di gesting qpl as %gﬁsfectl&lrgﬂolxlﬁgpn g BjreG'xJe‘égQEﬁﬁge l\)é%@grl_%é%glw th

pLS- | ucDP-PB, respect |ve , treating the resulti n% vec
al kal i ne phospPéTf‘asem%\l?RPtZ) BNA ?#‘é&ﬁﬁﬂﬁ OPXPres§ipn gsridi niPRAt he
first indicatorpg®ns (sasertémvior.epaond hky ?:Erentqh gesti npup¥l -dithy thé h

Notl. C ones [ 97/
PCT/ US97/ 001603’Qb§ﬁ1§95’5§ rhle@% medium was addw to e%Zﬁltgell Twelve to
thirty-six hours later the media was completely replaced

15 with fresh media. One to three or more days after infection
the media was removed and cell lysis buffer (Promega) was
added to each well. Cell lysates were diluted 100 fold in
lysis buffer and each diluted cell lysate was assayed for
luciferase activity (Fig. 7A). The inhibitory effect of AZT

20 was determined using the following equation:

% luciferase inhibition = 1 - (RLUlUC [zpy + RLUluc)

where RLUluc (p1) is the Relative Light Unit of luciferase

25 activity in infected cells in the presence of AZT and RLUluc
is the Relative Light Unit of luciferase activity in
infected cells in the absence of AZT. IC;; values were
obtained from the sigmoidal curves that were generated from
the data by plotting the percent inhibition of luciferase

30 activity wvs. the log,, drug concentration. The AZT
inhibition curves are shown in (Fig. 7B).

Nevirapine ug Susgceptibility/Resistance Te
The resistant test vector, based on the indicator gene viral



-112- first indicator gene cassette inserted into the viral vector
with a transcriptional orientation opposite to that of the viral LTRs
are identified by restriction mapping. In step three, plasmds

pLG | ucPCG-HS, pLG | ucPC PB, pLS-1ucPC-HS and 5 pLS-1 ucPC-PB are prepared

fromtwo m/\‘,r%g;;wts: 1) a vect or DNA prepared by di '
pl asm ds pLGf)ac_ " - HS, pLG | uch' - PB, pLS-luc5'-HS andq’&%@%’@&s'- PB,

respectively, wi th Xhol and Xbal, _i3Rd 2) a DNA fragment of 1.1 kB
cont ai ning the second indicator gene cassette, prepared by 10 di gesting
pl asni d pVL-|vwedtomi t hpEeCXaNdF Xbatp) 2, cofitasneds pkhel UCPte¥E:se

pCG- | ucPC- PB, 5 ﬂiﬁg PGS - P, Le each ared. fromtwo
DNA fragnment 3?9%5;% éé\?ggtagfncm g(:ted;glrggg E?g?/‘ bl&ﬁé’@éf?‘ﬁiég s

pl asnids 15 PRPETkPelere. pPRtuPCEPRE pESSUSCPREEBlandoplthe UnRC PB,
respectivel y, nucldosidd rendrEbatramttript adeDVh {5 26BN he¥hi rapine 1¢8r KB

pr epar edg by djgest4 ng ' ] | and,Cl al . . si.st ance
Test Vector dk%oe%ip{'r uc%e%%gegcgéggggﬁ . testmga\?engSFéoncogfail?ﬁsﬁg a
non- f unct i onaPackaging ekl oprngehnfartion pér hestd teadiety qeddisorwess e

desi gned pevfonged he Ha/ gedudcyided subggponi ceyiral AREL O frug
conpri sing anglzvi.tal d.an nes_described in_Exanple 1 25 :

Resi st ance t%%ﬁ?éé/%&l&?.gt@?é:? %?Lsg? Har ed-'es%rsom 35| adfsgEibed  Fhevecpc Hs,
pLG | ucPC- PB, N§\(FaRidrEC- fis3cercd hiddre/pBsistancy | SasucR@luatedl SiaiokC- PB,
PCS- | uckE- HS weneli i{pSrlel (Rt rat iohki $ang i) fxrd o [ 660 PP &AW ¢ Aescri bed
in Example ln.q nevi@%%'i% ailﬁﬁ.tel_rs.t vectors are, const.ructed gvith vectors 30
prepared  from “SprASKIHS AP IRbEuEEe vatdtRidngd as desqyided cpc. Hs
or pCS-| ucPC-3PYRi iRy &% Rrhdedspahtemtin Figugeqd€nces prepared with

ol i gonucl eotides 18 and 19, and with ol i gonucl eoti des 22 and 23.

Resi stance te ) X ed, wth vectors pr epar ed
from plasm ds 2 T B PR HESELSRANLE Gl e g,

pCS- | ucPZ- pPB The resistant test vector, based on the indicator gene viral

vector pCG-CXCN(F-lucP}2, contained the protease sequence
derived from the biologically active proviral clone, pNL4—3,
that is susceptible to the protease inhibitor, indinavir
(MK-639, Merck). Transfection of host packaging cells and

20 infection of host target cells were performed as described
for the AZT drug susceptibility/resistance test except that
the protease inhibitor, indinavir, was present in the
transfected packaging host cell cultures as well as the
infected target host cell cultures, as described above.

25 Indinavir susceptibility/resistance was evaluated using
indinavir concentrations ranging from 1.5pM to 3uM. The
indinavir inhibition curve was determined as described above
for AZT and is shown in Figure 7D.
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-113- usi ng anplified pati ent sequences pr epar ed wth

ol i gonucl eotides 20 and 21, and with oligonucl eotides 24 and 25. 5

" Drug Susceptibility and Resistance Test Resi stance tests are carried
out by the prwoodwres descri bed in Exanple 1 as fol | onwecTRSSI/MA668NCE
test vectors prepared fromplasmds pLG | ucPCHS, pLG | ucPC PB,

pCG | ucPC-HS and pCG | ucPC-PB | atk®% functional HV env gene, and are
used in 10 conj unction W th té}gwp&%c’kagl ng expressi on vect or
pVL- env4070A. Resi st ance test repared from pl asm ds
pLS-1 ucPG-HS, pLS-I|ucPdepatip @S—Dmmmkbihty -RegdptapBecncode t he

HI V gag- pol gene produc'ﬁe§tonl &iaﬂd Resl%ﬁ" &8tco V&ﬁ&Pan with
pVL-env4070A, and elth tiosj L 1: eﬂe on a agl ng
expressi on”vectors. ert Fﬁ é g £2 ?s Carried out - ust ng two host
cell types, the FF I ne, the tsab4 cell line, the tsa20l1 cell

|l ine, or t he BOSC 23 cell Iine are enployed as packagi ng host cells,
and unnodi fied Miﬁt&eueaeawrsﬂp#éwwkascbabgehcefbﬁs 20 As t he
non-funct naI %% atar eneesvvmth err{)urt edcé:nq:ﬁlfg contai ned
vmthlnth ereril ért St veﬁaolr s ggflClré?ﬁ.l jPR&de

upon transfect |mFiJ€$fattCt¥e geaekWgrhgan lnvem@sit inskpy, werne etlﬁs‘rmetﬁ usdnget
host cells is qumviQdbdidomic vir@ft b@&tbi‘sC@o@bﬂ'iéi&ﬁj i AN td%rﬁ%CKA\ﬁlchg

Supernatant . Fore the oG8 ) "HE AElRaPBELE, "Puat ndiRacer dspeui ¢ n

t hese res‘i’@ﬁa}ncﬁe@fms VRES GIBY (NI I@MFOYP%A%T Ingl @rdiobased| pnt Lhe.
Resi st ancgst est Subfdiihid $ipgl evaesdr Gotd-HavRe @he CAdLtStbr gene WlrallSi NY

ei ther 293, tsa54c’:t<§rsag<9n al%CS)SC Zgor?rfﬁ]rycrtlg%%aio 1nd1c%to§' gene cassette

containing an inverted intron and all of the cis-acting

regulatory elements that are necessary for HBV DNA .

replication (i.e. (DR1, 5’&£ DR2, DR1%*, 3'pA) but lacks the

20 HBV gene sequences (i.e. C, P, S, X genes) that provide the

trans-acting structural and enzymatic functions that are

necessary for HBV DNA replication and wvirus particle

formation {Fig. 8B)}. The C, P, S and X genes and patient

sequence acceptor sites are contained within a packaging

25 vector pPK-CPX (described below, Fig. 8D) and pPK-S

(described below, Fig. B8E). In this embodiment the

indicator gene viral vector pCS-HBV(NF-IG)II- (PSAS-) and the

packaging vector pPK-CPX constitute a resistance test vector

system. The non-functional indicator gene viral vector

30 PCS-HBV(NF-IG)II- (PSAS~-) contains the following elements in

a 5’ to 3’ orientation: (1) the CMV IE enhancer promoter

regiori, (2) the 5' region of the HBV genome and the DR1 and

5' copy of the encapsidation signal region (£) (the pre-C

ORF translation initiation codon is eliminated), (3) a

35 non-functional indicator gene cassette in which the

' indicator gene ORF contains an inverted intron, (4) the

region of the HBV genome containing DR2, DR1*, the 3'g, and
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-114- EXAMPLE 3 H 'V Drug
Susceptibility And Resistance Test Usi ng Resi stance Test

Vect ors Conpri sing Pati ent-derived Segnent ( s) And A
5 WBsssHpst i onal - Indicator Gene Wth An PCT/USI/01609

I nverted I ntron Resi stance test vectors containing a

non- f uncti onal i ndi cator gene wthygg-inverted intron were designed

usi ng 10 the H'V genom ¢ and subgenom c viral vectors conprising
anti-viral tartde genedBlespoilyadenplakdoml e(da) signal | noigdamor Ghee

Viral Vectors goy- @Yﬁrc"tggnbmt ''9fdicator Tr@erﬂ?noégcﬁrééﬁdhat aﬁs%%'ﬂ%e\” ;3

vectors with patient sequence_ acceptor _ _sites, I'T-"H
pLG | ucl | - PB, SOMPTi§ PEe??mwraﬁalp@éﬂtﬁ;|ﬁ°1ﬁsmaﬁde}%f§%%?amatr@§@
vectors der i vhe tH'er &for 0B eacientattiang the(Jf)oI ROVt renelreipiilohalln a

S5 to 3" Pri e@rﬁfa!n%@r(-gkgmégér ré%% HI% La-ol;R S8l Of%) an frﬁl%at%(\rl I-HS

and pLGI ucl | - PB) a, first ancer- prom)
(pCG | ucl | - HS 5§ ﬁ@@-ﬁa&BFPQPB? ipyethed mtrw«/ (R R ﬂ%ﬂr&@% 3)
t he codi ng r egicdiyadehyllheibhV signalagseauenvef, (epg. ta;tvgou ev, (Hsw-1

del et ed env, ac(r!.gmﬂ ah 1,giesqies 4 an i ' rted
into the l'e env gene, an%j 5). aﬂgé Iﬁl@iﬂ% égéré (%%zle%%%ahd 25
pCG | ucl | - HS. (ﬁﬂﬂs&tﬁeuﬁﬁﬁué FB%'FS%FPCPtS&InIapoFFéﬁFaEé%e‘?RIPMte togEdept or
sites atiocucl emmvi dequeéndd «lehehtS0 (PigHEE),. Howevdrspaet ixYﬁ"cyn w1th1n

pLG lucl|-PB gnd p%dllgngrPng&QLaéﬁ}.eu%a ueh?ﬁlea&u@%’ Earll ent

sequence accept or si tes ot'l and
respectively (tgz'é@nm%ﬁpeas the HBV sequence elements.

. In a second embodiment, the non-functional indicator gene

15 viral vector, pCS-HBV(NF-IG)II (PSAS+), contains  a
non-functional indicator gene cassette containing an
inverted intron, all of the cis—acting regulatory elements

that are necessary for HBV DNA replication, and some or all

of the HBV gene sequences (i.e. C, P, S, X genes) that

20 provide the trans-acting structural and enzymatic functions
that are necessary for HBV DNA replication and virus
particle formation (Fig. B8F). Resistance test vectors
derived £rom the indicator gene viral vector
pCS-HBV (NF-IG)II(PSAS+) contain patient sequence acceptor

25 sites (PSAS) and are used in conjunction with the packaging
vector, pPK-CSX (Fig. 8H). In this embodiment the indicatoxr

gene viral vector may also provide some or all of the
packaging functions, such as P. The structural and
enzymatic activities that are not provided by the indicator

30 gene viral vector, but that are necessary for HBV DNA
replication and virus particle formation, are provided using
additional packaging vector(s) pPK-CSX (described below,

Fig. BH). 1In this embodiment, the non-functional indicator

gene viral vector, pCS-HBV(NF-IG)II(PSAS+) contains the

35 following elements in a 5’ to 3’ orientation: (1) the CMV IE



30 1 for details). The indicator gene cassette contains 1) a

second. CMW enhancer-pronoter, 2) the coding region of the | uci f erase
gene interrupted by an inverted artificial intron, and 3) an SV40
pol yadenyl ati on sequence. The overall transcriptional orientation
of the indi cajyere;aeé 35 cassette is opposite to thatpciaiseribie
first cw enhancer-pronoter and viral LTRs, while the orientation of
the artificial intron is the sanme as the 41&X-er el enents. WO
97/ 27319 i PCT/ US97/ 01609

-115- Tr aRSBAREEF ORT MOt FRZE et ol 2yeddenyS t hEedienn@icNipe HBV

enhancer - pr onot gendaes at@d tkeadpra tdirl psodudihen mfe~-C ORF umrehnedation
transcripts as ft, Is ed, int.ron. cank | iced. | & ﬂfﬂ
orientation. Tr é‘%gglrllg%?&%n%&d%%xhei% n%?%‘g%%r %d) ' ge‘%g agly l'ftl%eé _gﬁlgl
LTR or the ficassettry containing mpado¥erpednbReyon hRRsiddionpdawithdnt he
removal of ghe the regYehtefl thd HEV RjenBNA wRitEi Mgy cdritadwgoleeoirnditat or

gene is still naot fugctional ressed t ting .
transcript has &F é:ﬁf'i géngé %’riaenrééﬁ ig)(;e%f a OY’%?)%\A %53 %?Pza@fﬁ"& rdg\l/‘é}."seg P
transcription ofgeme segmgnteriipl el Tegian Af dheofBY genone cesgrinmng

proviral DNA, tipRai, N, 0reigene’ €AN 2@ the BuaCHBINZA Ysig@dBCregeenby
the second CW enhancerpronnt e o8 thesinverted ot r‘(r)iﬁrareiasvge n.
previously renoved R gt'50) ® nléunc%% %Jbé@%ﬁ?% i ndi-Cat of - gene vFEgF'
vect ors witth pateGSnHBV (NF-IGkElretREAS+dccépeor indicator Wede yekprpgsion
PLS-1uclI-PB, casseR€e- his! A -tiartditd-ipfeSohtt! brfEat b @ppoisdecthbethe
vlectorsl o d 'R,veg theéef Hom, gcﬂ?conta%i n %e efvo! I O\é\gnqmetlrenengﬁ Ln a
5 to 3' orient &R ERFECEEIEMERLS AT vEFtR BPWRGTon 20 TR ERLE T | - 1S
and pLS-lucll-rBe ipdicato¥|rasne CIORF | Bas thenhsanser -Yrasssréptional
(pCS-lucl | -HS ar@iRaeakieh! a&Rine dipv RRquence elements.
15
In transfected cells the packaging vectors (Figs 8D, 8E and
8H) provide, in trans, the structural and enzymatic
functions that are necessary for HBV DNA replication and
virus particle formation, but that are not provided by the
20 resistance test vector or the indicator gene viral vector.
In the embodiment in which an indicator gene viral vector
such as pCS-HBV(NF-IG)PP-(PSAS-)is co-transfected with a
packaging vector, such as pPK-CPX, the combination of those
vectors constitute a resiétance test vector system, it is
25 the packaging vector that contains patient sequence acceptor
sites for insertion of the patient-derived P gene segment
(described above). The packaging vector pPK-CPX contains
the following elements in a 5’ to 3’ orientation: (1) the
CMV IE enhancer-promoter region, (2) the region of the HBV
30 genome spanning from the C ORF translation initiation codon
to the 3’ pA signal and including the C, P, S, and X genes.
The C gene of the packaging vectors is modified such that it
does not contain and/or express the pre-C ORF sequences and
does not express the S proteins (described below) .
35



H V-LTR R and U5 regions, 3) the coding region of the HYV gag- pol

gene, 4) the indicator gene cassette, 5) an RRE element fromthe HV
env gene containing a viral packaging 25 sequence, and 6) a 3
H V-LTR. pLS- | ucl I-HS and pCS-lucll-HS contain uni que Hpal and

Sal | pati enty gw? * acceptor sites at nucleotides 2 90 of
.HXB2, re?%e Ively; pLS-lucll-PB and pCS-lucll-PB con%ﬁﬂﬁgﬂ?lﬁe

Pvul and BanmH patient sequence acceptor_ﬁlzt_es at 30 nucl eoti des 2221 and
4212 of HXB2, respectively. The i ndi cator (gene cassette

contains 1) &n s¥8¥nd RUM/ that enbedesr-proandgsr 2p theotoihag i£gi on

of the | uci fel’ §8ferent1£ﬁgégggéﬂ él:Pt e@nb%ﬁ%n Iﬁérégﬁ% érIdl(i} al:o‘fdﬁ1 '35

and 3) an SV48£ at 1 Qn,sequence. e case “for e 35
pLG lucl | and PBESTIRYS SFC%%’E:? oPackaging et chker resistance
WO 97/27319  test vector containing a non-functioR&T/ii@iddti0%ene or a
(116- s 9eHEA- lnpliddic hhdﬁegtﬁénlé%krsf%%to*}enﬁxgéi%a'toB%'F'ggxé%

transcri bed unti|l after t e I nvert ron 1s renovéed an
transcription SRECPHE dvidnsl PiBrepins -onTee cilreRs-rge takemEpe pevent fhesni d
pVL-1 ucl |, whi ehcapsidation k€ RNAI $Eb@icedE Feom ac]@i’éﬁﬁj tRctorkNand W ch

t he art|f|C| t SnaB?Pv s inserted into the
| uci f er ase cod%ﬁnﬂréI el encfaiag%%% ?Irllve\eéFftlec(:Jr “6FYeR a'i}f ﬁesffgﬁ}"éﬁa?%ﬂ‘ from

two DNA 10 YeaEENDS: n°‘1‘)f‘§“iFéaD@r1 flmégﬁéﬁﬁrogeBGBVkBibr'e%iF@d RYA.
di gesti ngopVL- Fimsw t lthiec NA apdotiteedi by t heckfpitd | R8ctors ¥WeekOrndd th
al kal i ne phosppg}esen @ s2) nt, B corre onqc_ié;ng
precisely to t e art 219G Al eg? % éé%n &g ncer?ﬁ’e?)rér(éﬁ ngllgFgélgu
pVL- SnaBl / Pvul #0¢)i 8% spSecgnd, 15n camgA lwher@I ehkex drhee §portengndfor P
pVL-l ucl | whi ces@niztikagtiig functions are provided by the resistance test

' vector or non-functional indicator gene viral wvector,

15 packaging vectors, such as pPK-S or pPK-CSK, that do not
express the C and/or P gene products are used (Figs. 8E and
8H) . '

Resistance Test Vectors - Construction
20 Resistance test vectors are prepared by 1) modifying the
indicator gene viral vector pCS-HBV(NF-IG)II-(PSAS-) by
introducing unique restriction sites, called patient
sequence acceptor sites (PSAS) in the P gene region, 2)
amplifying patient-derived segments corresponding to the HBV
25 drug target, e.g. reverse transcriptase or DNA polymerase,
by the amplification of viral DNA present in the serum or
cells of infected patients, and 3) inserting the amplified
sequénces precisely into the indicator gene viral vectors at
patient sequence acceptor sites (Fig. 8F). Alternatively,
30 resistance test vector systems are prepared by 1) modifying
the packaging vectors, pPK-CPX, by introducing patient
sequence acceptor sites in the P gene, 2) amplifying
patient-derived segments corresponding to the HBV drug
target, e.g. reverse transcriptase or DNA polymerase, by
35 amplification using viral DNA present in' the serum or cells



artificial intron inserted into the lucif erase coding region in an

I nverted orientation are identified by restriction mappi ng. 20 _
Plasm ds pLGlucll-HS, pLGlucll-PB, pLS-lucll-HS and pLS-1ucll-PB
are prepared fromtwo DNA fragnents: 1) a vect or DNA prepared by

di gesting pl awa oG | ucDP- HS, pPLG | ucDP- PB, pLS-| ucCh17se2/08k0o

pLS-1 ucDP-PB, respectively, and treating the resulting vectors
with alkaline 25 phosphat ase, and 2) a1BNA fragnment of 3.2 kB containing
t he | uci f erase |nd| cator gene cassette prepared by digestin

pVL-Tucll wth REt | infeyed o PARALBRS corARg n 3¢ helBBP¥Fickid the 5‘F‘Eg+fled
i ndi cat or gene saguehtesipserissiy riinxd h,e1quraa:kagmg vEetdos a\ttbament

transcri ptional t t at 30 e
i dentifi gd by rgg?hlg{c}{:léoélg&ngg %ﬁ;‘ég QF&E BI% Oy% e}ﬁhéa%trn%%gfa | on of
resi stance test5VefEBPsis si uate‘I"’I BeHF dkhe p@?‘i“h"cl‘? He spacey cand ¥

pCS-lucl|-8S ag6mains opChnhé uelprdeiar e(l@tﬁ@ﬁlﬁtémﬁrﬁdwﬁéﬂﬂilﬂ\lbﬁ)%e s

L[‘é‘grﬁgf IS- Hé) apggtelﬂeeggaﬁ%g}%?)?g{@gat@/ond'gleéé)l g p! @ﬁgn (_J,IS PSAS is

PCT/ US97/ 01609 situated near the C-terminal end of|the RNase B domajn |ofPB,
pLS-l1ucl|-HS andnpl$ | pebtefiB. I asirGiiival Yof 2 pawltentsaahaéw ¢ ageneaind

2) a DNA fragne re estln

Smal and d al . Qgg%n%zey%?Ba%ceg?éé?nﬁescetq&% "u% S&?res reg%'éf’s’t‘énce
test vect 30s ar &hpr Epumatian ¢h pl chimesic P gepa@damnca-ls,n ph&chuthe -8

PCG lucl I -HS, p&kal sifddePBomains are encoded by the vector P gene sequence

while the reverse transcriptase/polymerase and RNase H
domains are encoded by the patient-derived segments (Figs 8D
and 8F).
15 .
In HBV the entire S gene ORF overlaps the P gene ORF but is
expressed using a different reading frame (Nassal, M. and
Schaller, H. (1993) Trends in Microbiology 1, 221-228).
Thus, HBV P gene sequences (reverse transcriptase and RNase
20 H domains) obtained from patients also contain the
corresponding patient S gene sequences. Expression of the
patient-derived S gene region from the overlapping S gene
ORF is prevented by eliminating the three S gene ORF
(pre-S1, pre-S2, and S) translation initiation sites and/or
25 introducing in-frame termination codomns in the
PCS-HBV (NF-IG) II- (PSAS+) or pPK-CPK vectors (Figs. 8F and
8D) . S gene expression is provided, in trans, using a
separate packaging vector that provides well-characterized
S gene products (Figs 8E and B8H). The modifications that
30 eliminate S gene expression are performed without
introducing changes to the overlapping amino acid sequences
that are encoded by the terminal protein (TP) or spacer
domains of the P gene.

35



pLS-lucll-HS, pLS-lucll-PB, pCS-lucll-HS and pCS-lucll-PB

(

Fig. 5B),

by the procedure described in Exanple 1. 10 Resi stance test vectors e
are constructed wth vectors pr epar ed from plasmds '
pLG lucl1-HS, pCGlucll-HS, pLS-1ucll-HS or pCS-lucll-HS using

and with

eotides 22 and 23. Resi st ance test PCAMUSE/603 o 15

anplified pa&bg? sequences prepared with oligonucleotides 18 and 19,
|gonucl

constructed W th vectors prepared._j3ftom plasmids

pLG lucl 1 -PB, pCG lucll-PB, pLS-lucll-PB or pCS-lucll-PB

us

i ng

anplified pabruntSuscephibiddsy apdcpesixtancy tests oligonucleotides 20
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particles containing an encapsidated indicator gene
“pregenome” RNA, which as a result of splicing of the
inverted intron, contains a functional indicator gene.
{Figs. 8B and 8C).

Replicate transfections are performed on a series of
packaging host cell cultures maintained either in the
absence of the anti-viral drug or in increasing
concentrations of the anti-HBV drug (e.g., an HBV P protein
reverse transcriptase or polymerase inhibitor). After
maintaining the packaging host cells for up to several days
in the presence or absence of the anti- HBV drug the level
of drug susceptibility or resistance can be assessed either
directly in the host packaging cell lysates, or in isolated
HBV particles obtained by harvesting the host packaging cell
culture media. Alternative approaches can be used to
evaluate drug susceptibility and resistance in the cell
lysates and the isolated HBV particles.

In one embodiment, referred to as the one cell assay, drug
susceptibility or resistance is assessed by measuring
indicator gene expression, e.g. luciferase activity, in the



contained within these resistance test vectors are not efficiently
expressed upon transfection of the packagi ng host cells, infection of
target host cells is carried out 5 either by co-cultivation with
packagi ng host cells, or by using virus fromthe packagi ng host cel
supernatant. o279 Simlar reasons, resistance tests car rpcagusovibiesy t h

t hese resi stance test vectors may enploy a single host cell type.

Resi stance tests u5|ng a single host cell-13pe are carrled 10 out using
ei ther 293, tsab4 %a201 BOSC 23 or Jurkat

EXAVPLE 4 transtecfgl packaging Bessqceyis Brrhé}hSuBE%ﬁ?Wﬁ 19% ybggnce

And Resi st ance Tstanssi-nwjirRdsidtnce Ie&-taductlon in luci€erass activity
Conprising  Padseedeibyed ungtignal
N e%bs tﬁnSfes%sce rglagl_fe %pég(;&éﬁey S Q’

I ndi cat or y an afce- Test
Non- particl e ba?é’&lr'é@ﬁ'ﬁaﬂ%%m‘teﬁrs cg lééﬁ?’éd’fo@tge%Pngs compayed to a
resistance g est cogttrols ONPin Sichg NisenddCtddNBhe antil-fdi&at Qgedengy, W th

ei t her per nut edgty &Q{,SIEFQEQ%‘ @g the %ggd @gtﬁ'x%glc%pl%eg{'- %?GIH%I th8sed

i ntrons, descri be I n EXa TRese cnon
resi stance test @iflgviral 5%?’#’6@1%& lﬁimﬁéieéﬁm of a si ngl e host cell
type with each resistance test vector in the absence of packagi ng

expression vect g f t|on |nd|c
cont ai ned wi t hi (r?rnfﬁe'sélé"t:rggglglf%nce q'Ie]:s't toge f%?s tf:;l(r)e""sno".t e?)d:wo W&c?@ﬁﬂ’y
expr essed dfpon FNgsFuEFEBRLBILite %gteseehasce is assengmed by weneutriabye

i ndi cat or gene emleaswngéﬁléﬂpﬁé@s&bﬁme g. 1uf&€iﬁe¥hé§| acﬁ?ixh eiQaEﬁQ
rand .t ransf

reverse transcrifbl@R. nogBeNE £ §°1ﬁ$wmga?rﬁf 1?1% [},;@tn,sgﬁg lPﬁdY"t‘é]E'or

results in the conversion
gene to a 35 HE&Y- BRFRIEERS ox HRYVt Péﬁ'é%Clﬁr rﬂmAeaFeFPe'g'@h‘eely KBV vivalse

transcription i paradplesebyptrdepeddendm U?Q@k&é‘ﬁ@%@@%@ﬂéﬁam used N€os pol
gene cont aiged Wiglehi-p @ﬁgk\:a{zegsétshgggec £75 MR From those particles is
used to transfect target host cells. At the time of
infection or transfection the appropriate concentration of
the anti-viral drug is added to the cell culture. Up to
several days following the infection or transfection, the
20 target host cells are lysed and indicator gene expression is
measured. A reduction in indicator gene expression will be
observed for cells transfected or infected in the presence
of drugs which inhibit HBV replication, for example by
inhibiting either the reverse transcriptase (- strand DNA).
25 or the DNA polymerase (+ strand DNA) activities of the HBV
P protein as compared to a control run in the absence of
drug.

In a .third embodiment, referred to as the DNA structure
30 indicator assay, drug susceptibility or resistance is
assessed by measuring the level of HBV DNA replication that
has occurred within the transfected packaging host cells or
within the virus particles produced by the packaging host
cells. In transfected host cells the HBV subgenomic viral
35 vector is transcribed and the RNA transcript is packaged as
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-119- anti-viral agents may be tested for their ability to inhibit
t he pol gene products encoded by the patient-derived segnent s
contained within the resistance test vectors. Non- particl e based

resi stance S e carried out by the 5 general proce I bed in
Exanple 1 vmg‘{eq#?’ﬂggf ol | ow ng nodi fi cations: 1) Resi s?msﬁ@iﬁ?; vectors
are transfected into the appropriatgspost cells, 2) anti-vi ral agents,
or conbi nati ons t her eof are added at appropriate

concentrat i ons*glfegemﬂ:imiicdunNAcul bulf 5 GfirusamataehetdoRpSthel redeiontc
mredi ately alhll sL BRI EHAP R, NSt hdl LErBlfar orlBEERL Yl 72

hours follow n rans I on and ass uciferasée a Vi
The reduction® I&Eﬁ:f@?@seCORSlS'ah‘EQthfyaoU%%mﬂéFef OPimest SEERNE and

transfected wigdrtdagi s stramsmhara,@@yt eStInV%Ctsiibde@uU&Q Wt@@‘?n@:%eOf a

gi ven antj-viral agent ent s 0 ont

t he éabsence DJN? tRe an‘fdrr\?ﬁ 5? agceoﬁf't (1§Fti n%gosdaq Slnggﬁfaé@ tfrﬁ’gm
appar ent i nhi biaasnDNAdont €fr he@aguxg HBAt DMjenepligation, cuonlifkidadd oof
agents, for thaierd aﬁrér&l@él tBrQﬁUﬁf an Hﬁﬁmgtbﬁc&ﬁfe that is

patient-derived se ent in si anc test vector,.
Resi st ance Teséjr\')begrg) Eh%o YUAs 8 prege’l‘—‘?ﬂl% ‘E:lf‘ee JRyVEFsion
resi stance tesfs thiitsh spddredaRih testhe rc- Wécaodsccgmlfmw a
non-funcig onal i ndicator gene W|th a 25 perrrut ed pronoter, resistance

test vectors gre art__epg)are?c}EC E’h co Cﬁl’l be 1°EE:E§F g 1 usin | asm ds
pLG | ucPP- HS, 38 | U PEBE; 66&- § BEIBE, GEYEBP. Hs,
pLS- | ucPP- PB, wit&iindiBV. p8roichEs- mmFima%BsuEgeBSE'etl sompilcs-ion oft @8V
ve?:tor is ”art&fzﬁcf 0 1%5%05:%&q|t|1§ge>iﬁr e8! HdrMad@on 6¥! lQ-{&' @ﬁﬂ‘sﬁ E7hRNf\
POl YTer 8%° (ot ekl TARACL G201 Soion. s IAERAL EEMBLCSLL R SUED Pt
cells asl5 (npoegisieh gangcEXphpdR dnd I pglymerase pALIVIRRNAD, widilch
directs the expngsSithe OfordathlcRP|cFs e MIA0& akgeR\Bdequence, which in
turn, can be measured as a decrease in the amplified DNA
product using a number of quantitative amplification assays.
In one example (Fig. 10B), the binding site of the reverse
20 primer (Pr) is separated into two components by an intron
sequence that is inserted into an indicator gene ORF in the
same transcriptional orientation as the HBV sequences. The
primer binding site of the forward primer (Pf) is located
within the region of the viral vector that is flanked by the
25 DR2 and DR1* sequences. In the linear HBV vector the Pf and
Pr primers direct DNA synthesis in opposite directions and
are oriented outward with respect to each other. 1In this
case, the Pr primer directs DNA synthesis in the upstream
direction (toward the 5’ copy of (€£€) and the Pf primer
30 directs DNA synthesis in the downstream direction (toward
the 3’ (€). This arrangement of primers and template does
not constitute a functional amplification unit in the linear
indicator gene viral vector. Furthermore, the Pr binding
site is not intact in the linear unspliced vector and thus
35 Pr will not anneal to the target DNA. In contrast, the Pf
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-120- lines. pVL-T7RNAP is constructed fromthe follow ng two DNA
fragnents: |) a vector fragnent of 4.3 kB prepared by di gestion of
t he manmal i anwgygIReHsi on vector pVL-2 with EcoRl and Bstyinkse7/gds6b 2) a
DNA fragnment of 2.6 kB containing 5 the conplete coding region of .
the T7 RNA polynerase (nucl eoti deB37:66 to 2815, coordi nates given

i n GenBank n%ccessi on nunber M3830B, G achev and Pl etnev (1984)

Bi oor g. KRR PI0PT HRREB ASPUPreplr HoVaRs PEReRERRACP| Wi FSFPRCE tas

a tenpl ate withegldhgothekredhi ths AFlanet 4fli sl epricyar f HBV DNRoEbawedihy

di gestion with EgeRhkeang; : i qﬂ_gﬂ 20l | i te

uni qué EcoRl site foel ov\erd Ii/é aagjgns nsf%sﬁl%t Q.f sFelheueﬁgé f%?e(gee&’%;"%yo ?%
transl ation ini @S5eMghefeal. 1nf@ethPr primer dynding sitgj.o| BothCReamers 266,
19867-1987(®, now |direct DNA i gpntiséent | dowafd | BROr PAhAleS copyni silepRy! | |
site. 15 EhARNERAN S d i cente L th resistance test
vectors conpri s:‘iﬁé hg ngfrqi?f%iri%t i%é:%%?ﬁi ﬁé?ga(fé)%%g?g% \%\n}l?hwé athe‘r Btélilﬁu?]éd
codi ng regi on oM NFeStEANANPFoFCCPNR; st Fde mEzangement yeft Brimere and

prepared as destlempdtiencinsiitheels Sifagctlonap! &l i cat iBhGuhie PCrES,

pLG | ucPC- PB, - 1ucPC- HS, pCG | ucPC- PB, pLS-1ucPC HS,
pLS-1 ucPC PB, pCS-1ucPC HS, pCS-1 ucPC-PB, pLGIlucll-HS,
pLG lucl | 388, pCG lucl!-HS, pCG | ucl | -PB, pLS-lucll-HS,

pPLS-1ucll-PB, pQ& buchleéfn#five embo@ShehtChbt - hac sddiensbaing;tesbr
JoClor bor| cAnokRehgY FRig. 1910 5 29%koh§iitad B ivi BP0 B

amplification enzyme (e.g. Tag polymerase) is measured
rather than the production of amplified DNA (C. Heid et al.,

15 1996. Genome Research 6:986-994). The 5’ exonuclease
activity is measured by monitoring the nucleolytic cleavage |
of a fluorescently tagged oligonucleotide probe that is
capable of binding to the amplified DNA template region
flanked by the Pf and Pr binding sites. The performance of

20 this assay is dependent on the close proximity of the 3’ end
of the upstream primer (Pf) to the 5’ end of the
oligonucleotide probe. When the Pf primer is extended it
displaces the 5' end of the oligonucleotide probe such that
the 5’ exonuclease aci:ivity of the polymerase cleaves the

25 oligonucleotide probe. The purpose of the intron is to
distance the Pf binding site sufficiently far away from the
S5’ end of the exonuclease probe sequence to essentially
eliminate detectable exonuclease digestion of the probe
oligonucleotide in the unspliced target template. Removing

30 the intron by splicing serves to position the 3’ end of the
Pf binding site immediately upstream of the probe 5’ binding
site. The latter rearrangement enables the quantitative
detection of exonuclease activity of the amplified target
template (Fig. 1E).
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H'V Drug Susceptibility And Resistance Test Usi ng Resi stance

Test Vectors Conprising 30 . Pati ent-derived Segnent(s) And A
Funct i onal | ndi cat or Gene. I ndi cator Gene Viral Vector
- Functional |ndicator Gene The genonic indicator gene viral vectors
w th patient sequence accept or sites, pl asm

pLG | uc- HS- 1 wg?'”m" pLG | uc- HS-2, pLG luc-PB-1, pLG I uc- PquT,UEg@-lmC HS- 1,
WO 97/ 27319 -138- PCT/ US97/ 01609

-121- pCG | uc- HS-2, pCG luc-PB-1 and pCG |l uc-PB-2, and resistance
test vectors deruycSczdearimigr om each contain the foll ow ng elements in

ab to 3 ori t n HS- 1,
pLG | uc- HS- 2, ch§ Iéuc%%P 1&@ % %)rféétgh‘{ l’-srg‘éqz n 1&{%1c§%9 ?é’q%%cﬁ}
enhancer - pr onpY &Fter °°nt(a\c}€(’5!‘9ué P@lfurﬁﬁ}quﬁ:l HS anﬁ% geRe pEagsette
andpCG | uc- PB-@jth an inZertbé Hn¥rohRaRdna packegimmsvedtothe) codimg

regions of raﬁé‘%écﬂat O%%%k&%& Vhé VRir1d atthgr Thaitter %éz?é ﬁﬂﬂze'l" and

nef genes 4) an i1n gen sse e 1 NSEr Into fted env-
gene, and 5) ¥ESLOH \RYoduces piag | gacppsidation repperenys. Z(EﬁCG-RNPc HS- 1
and pCG | uc- H:Zageitpth ¢otitdifiing thdpaindanarse! lgepel.i enfhe SRR

acceptor site 4 es ect | ve.

pLG | uc- PB- 1 S"g&&pfﬂ BELUES. ) 1n ‘éég A T%’g‘g%‘g‘i‘iit}?%‘d/ RSt G

uni que 15 mralaﬁdmcgamﬁ than |aé'|¢t no RupeHeed laxctém sesistapee '-%ﬂSt

gucl _eloti)ﬂes _ZI_ZQécwhd Bat2chat HxB2ne E8SHLEY :cﬂﬂ{ ylfsﬁe:rﬁxaephegatmn Jarfo'orl )
etails cassettes ea as cont ai a
second CW en %%:gfé%?tg'%otm ggggﬂ o €O %Ctrleogrf on B?W%ﬁ%“?%gﬁsgr ase
gene, and 3) afeb\sl0 the m%mmsynatvmls@qgémeand Packpgiing entorme

cassettes of give isd o HBv IviddiGCpatteiPBed , cd{¥ailniergHeon leddiubgxaddac- PB- 1
indicator gene viral vector “pregenome” RNA, which as a
15 result of splicing of the inverted intron, contains a
functional indicator gene.

Drug screening is performed as follows: indicator gene viral
vector and packaging vector DNA is used to transfect the

20 packaging host cells. Replicate transfections are performed
on a series of packaging host cell cultures maintained
either in the absence or presence of potential anti-viral
compounds (e.g., candidate HBV P protein reverse
transcriptase or polymerase inhibitors). After maintaining

25 the packaging host cells for up to several days in the
presence or absence of the candidate anti-viral drugs the
level of inhibition of DNA replication is assessed either
directly in the packaging host cell lysates, or in isolated
HBV particles obtained by harvesting the host packaging cell

30 culture media. Either DNA detection or indicator gene'
activity methods, described above, can be used to evaluate
potential anti-HBV drug candidates.



are inserted into the vector with a transcriptional orientation
opposite to the viral LTRs or first CwW enhancer -pronoter (Fig. 6B),
whil e the indicator gene 25 cassettes of pLGluc-HS-2, pLG I uc-PB-2,

pCG | uc- HS-2 and pCG luc-PB-2 are inserted into the vector with the
sane or i wgbatisp (Fig. 60). The subgenom c i ndi pgrs@REW Vi ral
vectors with patient 30 sequence acceptor  sites, pl asm ds

pLS- | uc- HS- 1, pLS-1uc-HS-2, pLS-tae9PB-1, pLS-luc-PB-2, pCS-luc-HS-I,
pCS- | uc-HS-2, pCS-luc-PB-1 and pCS-luc-PB-2, and resistance t est
vectors derived therefrom each conEXRMPREREB ¢ o | oui ng elenents in a 5
to 3" orientation (Fig 6): 1) an H V-LTR 35 U3 region (pLS-luc-HS-1,
pLS-1uc-HS-2, pLS-| uc- FBpatitds Drug Susceptimﬂw aﬁélﬁs;stance

PCT/ U897/01609 Test Using Resistance _ Vectors. | yc- PB- 2)
or a firs$t ngn trb ;-Derive\;@g % Img)g | uc- HS
pCS- | uc- PB- 1 and pCS- T “@"t" g ¥ df“ﬁ%"ﬁ %R n i ons,

t he codi ng regi-on of the dHFﬁ gag- pol gene, 4) the indicator gene
cassette, 5) an RRE 5 el ement fromthe HV env gene containing a viral

packagi ngio Iﬁ&ﬂé@f&e el vikad Peckb- Lmns@z%clcuenHS- 1, pLS-luc-HS-2
pCS-luc-HS-1 an -HS-2 contain un

8 i que 8 and Sal fun Aat | elnt
D oaubnce coent SPALTEEeT 5ehe T EE T Bethoi *ahBlaidy 2 hog funchiia
respectively; poéicatorRene wiph S permRged, pl@notmcdﬁslgna@dlsmg

PCS- | uc- PB-2 cogh asw %H?é%omb” virgh Raddor compiaféirﬁg%ﬁaqugaﬁes &E}Gﬁ:}H or

sites at nucl eoti de

B ti
i ndi cat or gene 8555 ?e a’é?nre&séh °2f an ’é’s}ﬁ?ﬁ §8H§§fsﬁ¥§ m‘é% "hocf S iae
enhancer - BBonot ¥ira}) veaeors, p%ﬁiﬁ"éi“é‘ EGUPRy (PIRF ONn (ﬁret hagegcidn dibsse

gene, and 3) ansubgenomic viral vector pCS-HBV. The indicator gene viral
vector, pCS-HBV(NF-IG)PP- (PSAS-), contains a non-functional
indicator gene cassette with a permuted promoter and all of

the cis-acting regulatory elements that are necessary for

20 HBV DNA replication (i.e. DR1, 5’& DR2, DR1*, 3'pA) but
lacks the HBV gene sequences (i.e. C, P, 8, X genes) that
provide the trans-acting structural and enzymatic functions

that are necessary for HBV DNA replication and virus
particle formation (Fig. 10B). The C, P and X and patient

25 seguence acceptor sites are contained within a packaging
vector pPK-CPX (described in Example 7, see Fig. 8D). The

S gene is contained within a packaging wvector pPK-S
(described in Example 7, see Fig. 8E). 1In this embodiment,

the indicator gene viral vector, pCS-HBV(NF-IG)PP- (PSAS-)

30 and the packaging vector pPK-CPX constitute a resistance
test vector system. The non-functional indicator gene viral
vector, pCS-HBV(NF-IG)PP-(PSAS-), contains the following
elements in a 5’ to 3’ orientation: (1) the CMV IE enhancer
promoter region, (2) the 5’ region of the HBV genome and the

35 DRl and 5’f (the pre-C ORF translation initiation codon is
eliminated), (3) a non-functional indicator gene cassette
assembled such that the promoter region is positioned 3/,



15 SV40 pol yadenyl ati on sequence. The indicator gene cassettes of

pLS-luc-HS-1, pLS-luc-PB-1, pCS-luc-HS-1 and pCS-|uc-PB-1 are
inserted into the vector with a transcriptional orientation opposite
tothe viral LTRs or first CW enhancer-pronoter (Fig. 6B), while

t he indi cat 20 cassettes of pLS-luc-HS-2, pLS-lug
pCS- 1 uc- HS- 35%%%’ pCS-luc-PB-2 are inserted into the vggftﬁ(s)%m\}mm?h the

same orientation (Fig. 60C). -1afl asnids pLGluc-HS-1 and
pLG | uc- HS-2, pLG |luc-PB-1 and 25 pLG | uc-PB-2, pCG |uc-HS-1 and
pCG | uc- HS- 2, ipEG | dowiB:-leam, of ahle ip@Echbor PBeRe ORFLS- (4ic- EBel 3’ and

pLS-1 uc- HS- 21 reglon BlfsthECHﬂB glznom%ngontm:élﬁ u?ﬂ;g BR1*, p@ﬁéljjcg Hamk

and pCS- | uc-HS-2. . pCS-1uc-PB-1 and

prepared fromtifo :E)NAHP?’a@]F‘en?%Qnal Q/’e‘%‘fcftmpﬁfee%a%&% bﬁf%’fflatmn
di gesting eit hieritpla@ilonc| leddsn plis | uéllrﬂmaqsﬂl}l ucthe Hon- functional
pCG | ucl I PB, ﬂdﬁééﬁ%ﬁg'engl‘éx%y{bélgﬁ (f%tg?tltgchg ﬁP:gsed of some or

pCS—IucII-PB respecti vel an eatin resultin
vectors with @xal Pheth ﬁo EoHAPYiRg gigmenty BREA ge ipe ddifent” oF°3.30 kB
cont ai ni ng t heodieritfagriane | rtd.l)cahoungenaaBSrzbomeentermrsapar e(IRBs) ,

di gesting pVL C n 1){\QHQ WYEENRY)
PC USOT] 0160942‘5 af §Haoidor gEh@NEShich may contal {hed? %olrﬂtarlorﬂ'ng  he

i ndi cator genéR%stdrtd ?ww‘a%lapsivgﬁenylan% red I tHIUERBot h
transcripdi onale @f.i enHaV+DNS themadine klnasteo igemeyi r adv40NRs q4f an

I dentified by érﬂ'@aﬁfdcf' PI NQeqsi (eg hgo Hg?é and,

Wit ctional
pLG | uc- HS- 2) © %%m Stance Fest’ Vect o nyl?ruc or iona
Resi stance t estndACAtATs 9EBRL ¥i KR hgvectUnc tihenandifaken: gene expression

cassette has a transcriptional orientation either opposite
to or the same as the HBV sequence elements. In cases where

15 the indicator gene ORF contains an intron, the intron has
the same transcriptional orientation as the HBV sequence
elements.

In a second embodiment, the non-functional indicator gene
20 viral wvector contains a non-functional indicator gene
cassette containing a permuted promoter region, all of the
cis-acting regulatory elements that are necessary for HBV
DNA replication, and some or all of the HBV gene sequences
(i.e. C, P, 8, X genes) that provide the trans-acting
25 structural and enzymatic functions that are necessary for
HBV DNA replication and virus particle formation,
pCS-HBV (NF-1IG) PP- (PSAS+) (Fig. 10D) . Resistance test vectors
derived from the indicator gene viral vector,
pCS-HBV (NF-IG)PP- (PSAS+), contain patient sequence acceptor
30 sites and are used in conjunction with the packaging vector
pPK-CSK (Fig. 8H). 1In this embodiment the indicator gene
viral vector may also provide some or all of the packaging
functions. Furthermore, in this embodiment the structural
and enzymatic activities that are not provided by the
35 indicator gene viral vector, but that are necessary for HBV



gene were designed using the H V genonmic and subgenonic viral vectors

conprising anti-viral target genes described 10 I n Exanpl e 1. Resi stance
test vectors are prepared fromthe above plasmds (Fig. 6) by the
procedure described in Exanple 1. Resistance test vectors are
constructed wwdw727319 vectors prepared from plasm ds pLG | usetdSsodo1609

pLG | uc- HS- 2, pCGluc-HS-1, pCGluc-HS-2, pLS-luc-HS 1,

pLS-l uc-HS-2, 15 pCS-luc-HS-1 or pCS-1 134LHS 1 usi ng anplified

pati ent gg{_ encea gre ar ed%\nth ol i gonucl eotides 18 and 19, and with
ol i gonucl eot i de TSRiiSatlonAnd (Vi s PartigletpErakion, are prA¥ifget ed

with vectors uspngpadéditiodalopackpbasgivictors. IpLthisienPBdiment, the
pLG | uc- PB- 2, p%ﬂ%f@cﬁonﬂ%' %&’ﬁcztozo #’éf?‘el ue Plyeddls: PB- 2,

pCS-1uc-PB-1 or hﬁ? usi n pat 1 ent sequentes
prepared Wit hp ~H FEO%%H%O&P%)ZOCW@P t%ﬁcf%lpﬂlﬁﬂlwté‘oﬁldes
24 and 5 25. a 525 to YugpeSiesceyptiobi:| 1(y &he Remi smarmmdieetr -promoter

Resi stance test$egiBnCa(sj athoul bygibs &f%d%%s dfiShd 'Q,%ifthe DRIL.L and

Exanple 1 as fol |l gws. ESSI stance {est vectors asm ds
pLG | uc-Hs-1, pBE&EI udt 2PrﬁL%;|9%FPBtﬁanslatl°&LGAF=&6mBlQn p%'iqn@m s,
pCG | uc- HS-2, p€EGiminaf@dll, anid)30an pﬁ[&a{n&—zPBerbaék ardgiel | epatmitda env

gene, and are Ui?@mb@er), (4)C9ﬂéltn%%8§\ncon %Q&emf kA N0 ment

expressi on . veclor nce vecto
prepared rom (5} thg éE‘ﬁi‘Gémr pIene (RS- 51) an 1m§srrxaé Hsbgsome entrY
PLS- I uc-PB-1, site pURB)G- PEa@, (PCS-thec- 55 kegﬁes-lm tﬁeZ,Hmﬁ%éﬁ@mEB-

and 35 pCS-1u 0 th \Y (] M| and
VO 97/ 27319 @:oggagn@fi& Bﬁz BRH gﬁg B L: Sﬂgcgz}'%s 3-&%}896/1& signal
-124- region (the pre-C ORF translation 1n1t1at10n codon is

eliminated). Within the non-functional indicator gene viral
15 vector, the indicator gene expression cassette has a

transcriptional orientation either in the reverse or forward

direction with respect to the HBV sequence elements. In

cases where the indicator gene contains an inverted intron,

the intron has a transcriptional orientation the same as to
20 the HBV sequence elements.

Resgistance Test Vector - Comstruction
Resistance test vectors containing a non-functional
indicator gene with a permuted promoter were designed using

25 the HBV subgenomic viral vector comprising anti-viral target
‘genes as described in Example 8. The indicator gene wviral
vector or the packaging vector is modified to include
patient sequence acceptor sites (PSAS) for the insertion of
P gene containing patient-derived segments (PDS) (described

30 in Example 7, see Figs. 8D and 8F). The expression of the
patient-derived S gene is eliminated as described in Example
7 (see Fig. 8D). Uniform S gene expression is provided, in
trans, using a separate packaging vector that provides
well-characterized S gene products (Fig. 8E).

35



are used in conjunction with pVL-env4070A, and either the pPLTR- HI V3!

or pCW-HI V3" packagi ng expression vectors. Resi stance tests are
carried out with two host cell types, using the 293 cell line, the

tsab4 cell line, the tsa201 5 cell line, or the BOSC 23 cell line as
ackaging h and using unnodi fied Jurkat cell get
(F:)ellsg ° qmm‘ﬁ@,bhfnfect|on of targgt cells with these orrgﬁﬁggmbgéistance

t est vectors contai ning functional indicayer genes is carried out

enpl oyi ng the procedure for infection with 10 resi stance test vector

viral particl eBreg o¥nadeptiibitldtydand ResistrercentTastts obt ai ned from
resistance teshrigChabclpEiAli®ly and rdfflhifld Sedtt dRACIIRAA IS Syamml e
non-tunc

1. In cont rast t tance test vectors c r-sing i onal
i ndi cat or ‘é}énae TESAA a&‘éﬁt’iﬁ%t WSarox PaFRdt 1[5‘%:‘?6!:8? genarviradert ed
15 i ntron, véotersopSStBBVI{NE- IGIRR- (BSAS+) hdbE atieh ag&-l&e&saéﬁce test

packagi ng | 't va

procedure, norP ‘%%eﬁﬁc‘? St BB~ BSAS 1 ﬁ’@daa packaging| geety, tl%/ﬁié-@’ih

therefore be resihd yeikhest eohd otypéieofOhost i BERLt ben teb tgpeet cFeldsstusi ng

resi stance tesg¢eect @bened t r.g as, i.t would

be difficult toe o |ns |tr:tf1?% i eétivq\’gleb?r?éd? rh%n% g?gf%‘ssqltﬂ‘? n

i nfect ed with aefeﬁbé‘%a% |'-'§S§nuet=ﬁ<ér twlhéf %@wmwagmg gostitdel | s.

25 %AI | 1publ lmtlﬁm gahenirzﬁabljvéﬁdlo%dcpheﬁagﬂn h\i'éc:to::s (1 e.

speci fication r er e_in their ntirety
S rde! ‘:Qgt? BQEEE?. %Béte v:.r glarshc&g?e are

as i f each indivigdual_ publication or 5@?

specifically FHPTIEYi dGPEILDing ca?’éd gegcapsidaped| ndodpepberd Ilgene
reference. 30 “pregentmefi RNA bsoratpyiarieiat atﬁbrﬁm&ﬁ:tﬁbﬂa'leﬂndﬂcéﬂ?r Yelnel.0 -
whi ch the Wﬂkﬁ_\fpn n h esgnf, i nveptio .enbaqdi ed
in orm; T her. E:Q ?ﬁ%sbgéés.%eeéflgggf’l ha! %8 o gd d'{/n?/urfc ienal™ !
exanpl e 1 car’r IRt gene it s shep PEBTREE mmnqt@y sﬁamwvwed ticest on

ot her viruses,fundthauialdemiilcatgr§ gemet ldxrIpg itheOBV DNA repllcatlon :
process (Figs. 10B and 10C}.

typicallys abI evé&&xpzfg&d; h@érﬁpffgthpgatéq{ %ﬁé&eéadé} tc%le%e v:.ra ransgc ect ed

Drug susceptibility and resistance tests are performed as
20 described in Example 7 (above). The resistance or
susceptibility of patient-derived reverse transcriptase
and/or DNA polymerase activities to various anti-viral drugs
can be measured by measuring the levels of indicator gene
expression in transfected or infected host cells.
25 Alternatively, resistance or susceptibility can be measured
by gquantitating the amount of HBV DNA replication that has
taken place. The latter can be performed using quantitative
DNA amplification assays. In one example of this type of
assay, (Figs. 9F and 9G) the primer binding site of the
30 reverse primer (Pr) is located in the region downstream of
the 5'¢. The primer binding site of the forward primer (Pf)
is located within the region flanked by the DR2 and DR1*
sequences. In the linear HBV vector the Pf and Pr primers
direct DNA synthesis in opposite directions. 1In this case,
35 the Pr primer directs DNA synthesis in the upstream



WO 97/ 27319 ' PCT/ US97/ 01609

-125- essential characteristics of the invention. The particul ar
enmbodi nents of the invention described above, are, therefore to be
considered as illustrative and not restrictive. The scope of the
present invenwmsvarsigas set forth in the 5 appended cl ai mspertssoidoan
being limted to the exanpl es contained in the foregoing description.
EXAMPLE 6 H V Drug Suscepti bid43ty And Resistance 10

Test Usin esi Sfance Vect o S Conprj si ng

Pati ent - derlved LEGHERTD (4 owsZd the §' 8 And Abeurkh iirey pxestsy Pilhe.
Drug Suscepti bi Isynyhaadsliiersn:maﬁmms'ﬁaﬁm al5recResm sittaowaedt st 3 ‘\wer eThbs ri ed

out with resist Qgﬁ te rs e r

vectors Eé(%%i%onfll%u&é% pgxgﬁ?g P%ggh%gt% ?Sﬁﬁ %ﬁ are
sinilar to the B C“t"-’o‘?%c‘ffflﬁec}fﬁ ;ﬁ‘le r5C°B¥| AE Eh® viral h¥RELR%] |
types. | @ t hetbatelnfupllc-IOXCNeBnsfieBy2onhe BD coritndiscat 6he gPHeand r Bt

vector was nDdl n h | e a e.lac
intron A (CW/ [ eﬁgg;gs glsﬁh?%t raglneonentat %glcﬁﬂcf ‘gb%%%kf géﬁ%£c3ht a'lhﬁéja
I

pol yadenyl at i on*§T %’Hﬁ that 1s; feupd,iahalike vigd ovsqueBeth ximens t t ed
in the conewr diiecn. DRZe simmisdsieandimniastliepbingle WebPyt b swp 25

Do ra vecsor ol eRRhT HCBERIM byl B2 0%oma. i, axprhdthet e, 0"
that the tAdi caPBr™ @rtda§§@§’ fate cons%maﬁn@oﬁwwm emllfmatmrpn

downst ream of thaei€W enhancer - pronoter and a TK pol yadenyl ati on
signal region. 30 Resi stance test vector viral particles were produced by
a first hgst cell (the resistance test vector host cell) that

was prepared byPFPERFRREM4RY a packagi ng host cell with the
resi stance testDyvegt srraemind cugirok agh NINEXFHRGS | fdhe/ 81, vector that

15 contains a non-functional indicator gene with a permuted
promoter is performed essentially as described in Example 7
above.

EXAMPLE 9
20 Hepatitis Drug Susceptibility And Resistance

Test Using Resistance Test Vectore

Comprising Patient-derived Segments And A

Non-Functional Indicator Gene Containing A

Permuted Promoterx And Translation Initiation
25 Sites.

Indicator Gene Viral Vector
Indicator gene viral vectors containing a non-functional
30 indicator gene with a permuted promoter and translation
initiation site, pCS-HBV(NF-IG)PPTIS were designed using HBV
subgeriomic viral vgéctor comprising viral genes which are the
target(s) of anti-viral drugs. The indicator gene wviral
_ vectors pCS-HBV(NF-IG)PPTIS(PSAS-}), are based on the
35 subgenomic viral vector pCS-HBV. The indicator gene viral
vector contains a non-functional indicator gene cassette
with permuted promoter and translation initiation regions,



The resistance test vector viral particles were then used to 35 I nfect a

second host cell (the target host cell) in which t he expression of
the indicator gene is nmeasured. WO 97/ 27319

PCT/ US97/ 01609 -126- AZT Drug
Suscepti bil 1“;(%/ LStance Tests The resistance test & | uc- 2
.containing a tunctional l ucif erase gene cassette was constructed and
host cells were transfected with tiaa-resistance test vector DNA

The 5 resistant test vectors contained "test" patient-derived
reverse transanfiptdde ekqbbacedst-pstingr aeguilnspryusdepenbse that ape

resistant to hBeegyﬁfﬁcfdxdﬁva %%ptl’iéaéﬁéhpha%e DR1, 51 hipRit Opr1 ALT
(Sigm). The ei &) g 3 &c}% gart, rtl.cles pr duced y
transfecting B e85t AREESt & ge\?gcts&quﬁﬂﬂ Pnt'd -FosCrcdll Smefe used-
to infect tar genehbstthat pwidr_ gridwn dirams-actinge sbyeeoteral Aaldor in

the presgnce enz 'd}ﬂa C%Qnt L3kl OﬁécQEsEPﬁ deﬁ (wg'ﬂmf rom
approxi mately O é% err] err g} r{&_ UC)I g
activity prod3EBg* @@tde?il‘f‘é? £ E%W%t*‘?f‘t &91511B) o T8ECe of

drug was conpér exhd oXt lgensso Lanid opat ient esageence acgeptiorediites ndeet ed

target host c e

measured as t%ghgﬁ%ﬁea%mi g‘i?aéﬁaglrng ﬂ?%%]‘gtpo I N |b?%k%§;ﬁ%8?@ V\ﬁﬁ‘;

| uci ferase ac®Plity ﬂéﬁeﬁt ggne 1is ‘fq{‘ttaﬁé‘egbsléhc Sf PAFKRERh Y BFERF y
concent nat i onpsRYS, | (Bxamplle 20, Fighe dE).err]|Iwakhes venbdifeartni ties by
plotting perceph; dLufr gen Juliylb cRBxVSes Liag p‘—]mqrp‘é&é%?%%tf aéwn

Host cells (293) were see I n 1 0-cmdianmeter dishe
transfected s&B&r BPcﬁﬁgﬁn%fY%‘Ftcrﬂ REKERE H‘PnlsééFk‘FﬁnéerQS:'-Sta?%%tt%"ct or
pl asm d DNA amdctbe eysebmpe el eSshofunccioial indicator gene viral

vector, pCS-HBV{(NF-IG)PPTIS(PSAS-}, contains the following
15 elements in a 5’ to 3’ orientation: (1) the CMV IE
enhancer-promoter region, (2) the 5’ region of the HBV
genome including the DR1 and 5’€ (the pre-C ORF translation
initiation codon is eliminated), (3) an indicator gene ORF
lacking a translation initiation site, {4) an
20 enhancer-promoter region (permuted promoter) (5) the 3°
region of the HBV genome containing DR2, a functional pre-C
ORF translation initiation c¢odon, DR1*, the 3'g, and the 3’
HBV pA signal region. The non-functional indicator gene
cassette is comprised of some or all of the following'
25 elements arranged in a 5’ to 3' orientation: (1) an
indicator gene ORF that does not contain an in-frame
translation initiation site, {2) a transcriptional
polyadenylation signal sequence (e.g. HSV-1 thymidine kinase
gene, .SV40), (3) an enhancer-promoter region. Within the
30 non-functional indicatorx gene viral vector,
pCS-HBV (NF-1G)PPTIS (PSAS-) the indicator gene 'expression
cassette transcriptional orientation is the same as the HBV
sequence elements. In cases where the indicator gene ORF
contains an intron, the intron has a transcriptional
35 orientation the same as the HBV sequence elements.



PCXAS(4070A-env) . Transfections were perforned using a

cal ci um phosphate precipitation procedure. The cell culture medi a
containing the DNA precipitate was replaced with fresh medi um from
one to 24 hours, after transfection. Cell 30 culture nedia
containing rweiskame test vector viral particl es WRETHEPTAME6®ed one
to four days after transfection and was passed through a 0.45-nmm
filter before being stored at -80 C4AIV capsid protein (p24) |levels

0 the harvested, o o ookl eulture media vere delenyned, by, an. 5 A g hod

PCT/ US97/ 01609 viral vector contains a non-functiongl- indicatopgesgended

by the manufact %&@éeé&eAGonEa@Q@ﬁ%cls PDmutaax ﬁlQ:moter imtxrahsbatmrs
before i nfection et cells

3 an 93/ were. pl ated in_cel
cul ture nedia c&ﬁt’“g % no RA9F*C agrl st 5?’ oﬁ“:élt 19 ufﬁgﬂgaﬁ?ryAZT
begi nni ng & 10@[-\-srn=§115«$anbat5are eadeﬁgam QOIDOEBB[BNA] wepTheawian, and

concentrations weme & nf1al ed the msth @HQhQH&uéﬁéeénf(QCél og, 13ar get >bost
cells were inocul ate of transfected ;ﬁe3| e te

9
vector host cel Igenessj §Bﬁ'érn8f%¥1’t‘9460 & ol P 5ANSSEE S W ﬁuﬁé ¥ medP 5| ng
cel | cul t engymabica fémomonwckthatr argkecnieorssatyo £GNA)HBWr DNA

transfections C?E;?i{‘baglfobae reghgt ancel}%%t VeBtaQrtPéﬁém d formath,
wi t hout t he envel

( pCXAS( 4020A- enPFF- HB%EQF’{BE{WP%SEF?@EH aF‘?gPIA t fge structural, apd on,

fresh nedi um wasnzguetit caesich tiels| thanedne nog providedibyt ywhei xndbcasor at er
the nedia was C@&Eetﬁﬁéf eoé@md LBt ¥t deSHelBAAy EBE Lt Mhge of

nore days after 7i nf ectl he nedi.a was removed and cell, lysis, buffer

(Promega) was Y©€P 1888éﬁntad‘de¥1&ﬁ“%\@alrt16%f3| R IR \BF S H:Hq"dtdé& 4Bt 9 ol d
in | ysi s ladidfieiocnall paxitadiirigutvedtoes| pPysegX Wkscadpadednf Brample

luciferasgaacti vt webFipdg. 78%) . Thend b 1 (0l 30TdrRCleddftadbdd within the
packaging vector pPK-CSX (described in Example 7, see Fig.
8H). In this embodiment, the non-functional indicator gene
viral vector, pCS-HBV(NF-IG)PPTIS(PSAS+), contains the
following elements in a 5’ to 3’ orientation (Fig. 11D): (1)

20 the CMV IE enhancer-promoter region, (2) the 5’ region of
the HBV genome including the DRl and 5‘f£ (the pre-C ORF
translation initiation codon is eliminated), (3) an

indicator gene ORF lacking a translation initiation site,
(4) the P gene containing patient-derived segment, .(5) an
25 enhancer-promoter region (permuted promoter) (6) the 3
region of the HBV genome containing DR2, pre-C ORF
translation initiation codon, DR1*, the 3'g, and the 3’ HBV
PA signal region. Within the non-functional indicator gene
viral. vector, the indicator gene expression cassette has a

30 transcriptional orientation the same as the HBV sequence
elements. In cases where the indicator gene contains an
inverted intron, the intron has a transcriptional

orientation the same as the HBV sequence elements.

35



20 was determ ned using the follow ng equation: % | uci ferase

inhibition =1 - (RLU uc [err] [err] RLU uc) where RLU uc [err] is
the Relative Light Unit of luciferase 25 activity in infected cells in
t he presence of AZT and RLUl uc is the Relative Light Unit of

luci ferase a¢ébiisady i N infected cells in the absence ppfmbelisos | CoO
val ues were obtained fromthe signoidal curves that were generated
from the data by plotting the perea&é-inhibition of |uciferase 30

activity vs. _the log[err drug concentration. The AZT
i nhi bi tion curRfftahaBce,dRfti Keerogs —onstructionNeyi r api ne Drug
Suscepti bi | it yHdeeisitstnrece thasd  vectorEe d@iisHindnh t et NefiAinctiasRd on

t he i ndi cat ' . 9 . .
b C$'/ IU29I7;:8 186 gﬂ'f'dleca\ngabene with a permu¥\Qd g{cg!zo%:]e_%lygye designeq using

pCG- CXON( F- | udie2 HBV sybgrnguiedviral jeectory egmpxising antirvhsal igangss
sequence sler i wehds B deecklibbaois axampAd Ve The in@iextdAlgdedRAraAN4-3,
that is suscepjd tQ .t Nnop- ... nycl eosi reverse franscriptase .
i nhi bitor, ne\%alr%r?%negf Bpfﬁe SQaCk%rﬁgBﬂ.’gé‘é%léhg%ng%?glﬁhegﬂt gﬁ%i' r'?‘)n.cq“%e
Transfection R#tiERSsEequence REdeRHaTysabess(RFRF) foacthenindettoiin odr get
cells we[) eI r} geper E6htRTning @%tiendeaéﬁi@&ﬂ_st;agnfe%d Itg (PHEE (dedtdlibea drug
susceptibility. | C tesis as i be above. , Vi rapi ne
suscepti bil i tyﬁrg g%%aé#’g%cg' See%ﬁﬁf%at% %5@5%5’10 The xpregfinn of thie
concent r¥ i onPatdrgitrGeriyad(s @eoe| b rdliminated| #¢ dedicribed in Example

7 (see Fig. 8D). Uniform S gene expression is provided, in

trans, using a separate packaging vector that provides

well-characterized S gene products (Fig. 8E).

is Drug Susceptibility and Resistance Test

Drug susceptibility and resistance tests are carried out by
the procedures described in Examples 7 and 8. The
non-functional indicator gene is converted to a functional
indicator gene during HBV replication (Figs. 11B and 11C).

20
Drug Screening
Drug screening using an indicator gene viral vector that
contains a non-functional indicator gene with permuted
promoter and translation initiation regions is performed
25 essentially as described in Examples 7 and 8 (above).

EXAMPLE 10

Hepatitis Drug Susceptibility And Resistance
Test Using Resistance Test Vectors

30 - Compriseing Patient-derived Segments And A
Non-Functional Indicator Gene With Permuted
Coding Regions.

35 Indicator Gene Viral Vector- Indicator gene viral vectors
containing a non-functional indicator gene with permuted
coding region were designed using HBV subgenomic viral



The nevirapine inhibition curve was determ ned as descri bed above for

AZT and is shown in Figure 7C. . I ndi navir Drug

Suscepti bility/ Resistance Tests 15 The resistant test vector, based on
t he indicator gene viral vector pCG CXCN(F-1ucP)2, contained the
pr ot ease sequgeaT2T319 derived fromthe biologically activecmusyioies

cl one, pNL4-3, that is susceptible to the protease inhibitor,

i ndi navir (MK-639, Merck). Transfect4dn of host packaging cells and
20 i nfection of host target cells were erfor d as escrlbeerd‘: for
the AZT drug s(RERAEIIMBAFEBRSYiFaL seass 358 (8} Scase

i nhi bitor, indiamd-+vineds phegent iThet hemd:.cat:ot:r arm[nsct od rpdck atgargprisost
cel | cultures %?cé"‘@i V(‘i\ﬁ‘ &E‘?PCR(PSAé ny e%,Tr%dFSé‘é@eén heat sGhhdndhi d WigS1 as

descri bed above. i navl r suscept bi reS|a§t ance” was eval uat ed
usi ng i nd‘f%ﬂrr P&?r’ig@m r anieoﬁé‘dllﬁﬁﬁPﬁggq & RIFAFpVEEEOB[RRMPE Phe
i ndi navi r §nhi én-curcittivhadasiniticitimedens daseetbed wiltdvea permdted AZT

and is shown i /
PCT/ US97/ 01609nc£diq+g QEgPOn: and all of th\éoc?g %Jégljl‘% regulatory elements

EXAMPLE 7 that are nggessarys foryfBYLESNRpF R 153 hdiREsi HRdncé '€
Test Usi ng D¥s) grGe 3/ pAesbut Veckorthe HBV gene sequéinddgy | Si.rg C

Patient-Deriveds Se@ng(nbgﬁles)b‘%rﬁ |p§'ov1de £he s tral}gn acggﬂgté&\?ﬁtdm

Gene Contai ni ng cat or ne
Viral Vecl®r %ﬁ@!ﬁf‘i}é’c i fipnegions| nghatt oﬁrgen%e%#%mecfto&rs HBYnt & ng a

non-functi Onal replication and virus particle formation (Fig. 12B). The C,
P and X genes and patient sequence acceptor sites are
contained within a packaging vector, pPK-CPX and the S gene
is provided by the packaging vector pPK-S (described in

15 Example 7, see Figs. 8D and 8E). In this embodiment the
indicator gene viral vector pCS-HBV (NF-IG)PCR(PSAS-) and the
packaging vector pPK-CPX constitute a resistance test vector

systemn. The non-functional indicator gene viral vector,
PCS-HBV (NF-IG)PCR(PSAS-), contains the following elements in
20 a 5' to 3’ orientation: (1) the CMV IE enhancer-promoter

region, {(2) the 5’ region of the HBV genome including the
DRl and 5'£ (the pre-C ORF translation initiation codon is
eliminated), (3) a non-functional indicator gene cassette
assembled such that the promoter region and a 5’ portion of
25 the coding region are positioned 3’, i.e. downstream, of the
remaining 3’ portion of the coding region, {4) the 3’ region
of the HBV genome containing DR2, DR1*, the 3’'£, and the 3’
HBV pA signal region (the pre-C ORF translation initiation

codon .igs eliminated). The non-functional indicator gene
30 cassette is comprised of some or all of the following
elements arranged in the 5’ to 3‘ orientation: (1) the 3°

region of an intron ending in a splice acceptor sequence (2)
the 3’ region of an indicator (reporter) ORF or selectable
marker ORF, (3) a transcriptional polyadenylation signal
35 sequence (e.g. HSV-1 thymidine kinase gene, SV40), (4) an



I ndi cator gene with an inverted intron were designed using HBV
subgenom c viral vectors conprising viral genes which are the
target(s) of anti-viral drugs. The indicator gene viral vectors
pCS-HBV(NF-1 G 11-(PSAS-), are based on the 15 subgenom c viral vector
pCS-HBV.  Thgy é7pdseat or gene viral vector contai ns ap@fiisdrenéedi onal

i ndi cat or gene cassette containing an inverted intron and all of the
ci s-acting regul atory el enments thausare necessary for HBV DNA
replication (i.e. (DRL, 5 [err] DR2, DR1*, 3'pA) but |acks the 20 HBV
gene sequencesnhaneer pramotsr xegipes)(Fhiheppovremiamet an indieakoncting
structural angeR8zgRRA} i G6f UBREI BAS ridd@bnalof an inviese Wsfindieh HEY DNA
replication an1¥éé ot EE%LSnce. Wift%ﬁa{:hgrhérﬁ&m&@%ndhgn& {toxs and X
genes and patren . sequenceé acceptor sites are contal ne WENTN a
packagi ng 25 gengec¥irrl yFRtaepX thejdndicgégr serswexpregsiogprasggtte pPK- S
(descri bsfl behfw, agistg'an'\s/(&Eiptl:iéoﬂtfﬂl. t&ﬁé%ngﬁ&ﬁ@ﬁij”?ﬂheﬁ he&he Sﬁméndéﬁat o[
gene viral vector - - - - n e packagi vect or -
pPK- CPX const??%?%{) ergglesplg}ch FB%PcveS@S?‘%“@s- g)?stc =8 'I"%bere ok
non- f unct i onainfihckter ogepencORE r gontedngr /O intpcos, HRWENFinGrbh- (RSAS-)
contai ns the bpibp¥éddi®! EABNESME Norientattich wikh3 r&¥deRt ald Ahie #Ey the

CW | E enhancer roggteg.[re region, (2) the 5 region of the HBV genone
and the DR1 aRga4e? MERASF of the encapsidation signal region ([err])
(the praoC ORF translation initiation codon is elimnated), (3) a 35

non-functionaky hNdeedha’ emB&dEnertdS t¥d Gron-FundBiéhalt DRaicator | eh&at or
gene ORF contains.an inverted jnfron, ( n of the HBV

genone cont ai ¥i-hyt DREC I*,°°"E‘T1%1%s[@rr?‘%’ngﬁgn"timalr “1n LoRELE 7/ 9919
PCT/ US97/ 01606assette containing a permuted codingl3tegion, altlheof 3the HBV
pol yadenyl at i gRs-4£Ang StdRAlatJr§9eQRmentBCrhat aPONnéLdddQNatort NEEAL OF
gene exgge55|8ﬂAcggg {céiié%, and some or all of the HBV gene sequences
(i.e. C, P, 8, X genes) that provide the trans-acting
structural and enzymatic functions that are necessary for
HBV DNA replication and +virus ©particle formation
pPCS-HBV (NF-IG) PCR(PSAS+) (Fig. 12D). Resistance test
20 vectors derived from the indicator gene viral vector
pCS-HBV (NF-IG) PCR (PSAS+) contain patient sequence acceptor
sites (PSAS) and are used in conjunction with the packaging
vector pPK-CSK (described in Example 7, see Fig. 8H). In
this embodiment the indicator gene viral vector may also
25 provide some or all of the packaging functions. 1In this
embodiment the structural and enzymatic activities that are
not provided by the indicator gene viral vector, but that
are necessary for HBV DNA replication and virus particle
formation, are provided using additional packaging vectors.
30 In this embodiment, the non-functional indicator gene viral
vector contains the following elements in a 5’ to 3’
orientation: (1) the CMV IE enhancer promoter region, (2)
the region of the HBV genome immediately downstream of the
pre-C ORF translation initiation codon and the DR1 and 5°€,

35 (3) the indicator gene cassette containing a region of the



conprised of sone or all of the follow ng el enents arranged in the

5 to 3 orientation: (1) a transcriptional 5 enhancer - pr onot er
region, (2) an intron, (3) an indicator gene containing an inverted
intron, (4) a transcriptional pol yadenyl ati on signal sequence

(e.g. SV40) WO $HsA9| t hym di ne ki nase gene). The | nﬂ?ﬂgﬁﬁﬂlﬁgﬁne
expr essi on cassette has a.transcri pti Qal orientation opposite to the
10 HBV sequence el enments (Fig. 8B). HoweVer, the intron within t he

i ndi cator gene ;@%Fg@a%mtshﬁnmatyr a8sEaiRtdRAbr a1) OF icBat @} ipp S ahe HBV
sequence el enents a sécond egg g@ t he non-funct.i o g)hz
i ndi cat or gene xlfgene\ﬁ ra‘l‘“ t\?&ctr(ﬁﬁmn BEsE U’?Nr& MY F9§ﬁ§%lnmgc 4 ns

a non- f undMRIOnalthiendi’€at endgthe 34sEBYtpAceigrmahirggimm (the preeftt ed
;gﬁrﬂg\/ %HA re‘f Eh§t§£&id}9 ESGM ahggy b@e%r@iﬁnmaceat)hat AiEnDECRIRArY

| cat | on nd _.some, or. he gne seguences
(i.e. C, P S ’)P‘be \é§5—'tf'-ﬁ§13120 15966‘?&81} he PFﬁﬁs acY?‘ﬁg st r vEEGFSF rand
enzymati c functp@s$iBV (NF-IRAPCRIBSAREes Sdrey fiodiEBVoDNAgerep| icogitessiand

Vi rus par tégé{eefc%r % anﬁhgcrﬁfamrﬁqsb%-aaaestis&temxor&e same

deri ved from i cat or gene viral vect or

pCS- HBV[ NF- | G) 19 F@@ﬁlt@oﬁpaﬁw aﬁﬁgﬁPC§ea%%‘W%rccem dases whege; the
(PSAS) and ar e ims®itatorc genenconoainst dnt hevaaokdigintron, theedntrponp Rl- CSX

(Fig. 8H,4INn thi rﬁ:’%@ i B Ye t L n c al so
provi de sorre or a% qh © é%r\aéck@aglfe?%%t Sﬁct‘ﬂl’lgﬁsq'ﬁgé% gg rtg[a Wh
structural ancﬁequenc@n?}ﬁﬂ‘ﬁ%sact ivities that are not provided by the

i ndi cator 30 gene viral vector, but that are necessary for HBV DNA

replication an HSa R e ded usi ng
addi ti onal pacck%%iﬁg: vect?re%g VL - rb(?esg?lngq:gxge | ow, Fig. BH). In

thi s enbodi mentREFIE-IGR fLFrﬁ?ctl on‘éﬁCQ‘?ﬁﬁ cfgtaining géne RYN-Hfunftaesal
pCS- HBV( NES | G | indiSAaSor genkawihshtdepsedmuted ebdingngegi@nardre idesdagnedt 0 3'

orientation: (]ﬂsﬂbe t(l:M/Hﬁﬁ subgenomic viral vector comprising anti-viral
target genes as described in Example 7. The indicator gene
viral vector or the packaging vector is modified to include
patient segquence acceptor sites (PSAS) for the insertion of
20 P gene containing patient-derived segments (PDS) (described
in Example 7, see Figs. 8D and BF). The expression of the
patient-derived S gene is eliminated as described in Example
7 (see Fig. 8D). Uniform S gene expression is provided, in
trans, using a separate packaging vector that provides
25 well-characterized S gene products (Fig. 8E).

Drug Susceptibility and Resistance Tests

Drug susceptibility and resistance tests are carried out by

the procedures described in Examples 7 and 8. The
30 non-functional indicator gene is converted to a functional °

indicator gene during HBV replication (Figs. 12B and 12C}.

Drug Screening
Drug screening using an indicator gene viral vector that
35 contains a non-functional indicator gene with permuted
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-131- enhancer-pronoter region, (2) the 5 region of the HBV

~genone and the DR1 and 5 [err] (the pre-C ORF translation initiation
codon is elimnated), (3) an indicator gene cassette, containing an
inverted int{gymepesi tioned within 5 the region of the Jd\@apRee Which
may contain sone or all of the C, P, S, and X genes as we as a _
patient-derived P gene segnent, (4)-19te region of the HBV genone

cont ai ni ng DR2, DR1*, the 3'[err], and the 3'[err] HBV pA signal

regi on. WPERMRt EKe 2HEn tranelpshan ARdréatéengeagions alsyeerfprmed

PCS- HBV(NF- | ) elssehBAst)y adaiesdidied @h ESRRPleSXPr&KHiMONabove) .CasSett e
has a transcriptional orientation m e]tto t he HBV sequence

el enents (Fig. 8F). However, the intron w lhl n t he i ndi cator gene ORF
has the same transcrl pFFB%'éH-tiS Dmgcﬁﬁsawa‘-tii"éﬁi&! AndbRpgistaneence

:Ingments 613E|) provi de gb %,Ggﬂfél §F?’Bﬁ?ﬁ?§‘vﬁ%ﬁg%€e¥ﬁ§g Fgs 8b 6

functions that are necessary BV DNA replication and Vi rus
particle formation, but that are not provided by the 20 resi stance test

vector orgthe izaa'heat:ei- 68hEe Virall WREbe - construdeidi enbodinent in which
an i ndi cat or gengﬂ_ ga vVec NF-1G P PSAS—;is

co-transfected or gen%ac‘f@ar@lngvﬁggf’ﬁ? g?l‘&?na’aé”ﬁ?KaCP
conbi nati on of indésator gengemegies drgignedutusing c8Pét anbgemmic vecral

system it is %ctorbheo RBE KD Ov 14801 erleiAlwHARM ahr@S that kepheEd)ehEe
accept or sertion 8f th eg%ésgnt deri ved, P géne se rrent
(descri bed above‘}' ¥ﬁ %ac L89Ry vEREor 1B coft4f nsviral  ygpgt

f ol | owi ngSel enPRSsHBN (B-EG) {RSAS-)or i @re abasad ©h) the subgendddds | Firal
enhancer - pr o1Toi@k<600i ges-6Y (e 6@l Olalichbr BYedd vigRIOTIesR8ENI NG

[romhe C OF pLkaliBhtel o8 4id 31 Q050400 o punel odgl® sl E0AED 2"
vectors is modichEegtsacand ekl of the cisteetimgt regnlatoraredemenssptbat t he
pre-C ORF sequaReehedRdsary foflOREvV 'SHA SXPBThtie FiPeOt RS Gdgssribbed
bel ow) . %% DR1*, 3’'pA) but lacks the HBV gene sequences (i.e. C, P, S,
X genes) that provide the trans-acting structural and
enzymatic functions that are necessary for HBV DNA
replication and virus particle formation (Fig. 14B). The C,
P and X genes and patient sequence acceptor sites are
25 contained within a packaging vector pPK-CPX and the S gene
is contained within the packaging vector, pPK-S, (described
below see Figs. 8D and B8E). In this embodiment the
indicator gene viral vector pCS-HBV(F-IG) (PSAS-) and the
packaging vector pPK-CPX constitute a resistance test vector
30 system. The functional indicator gene viral vector
pCS-HBV (F-IG) (PSAS-) contains the following elements in a 5
to 3’ orientation: (1) the CMV 1E enhancer-promoter region,
(2) the 5’ region of the HBV genome including the DR1 and
5'¢e (the pre-C ORF translation initiation codon is
35 eliminated), (3) a functional indicator gene cassette, (4)
the 3’ region of the HBV genome containing DR2, DR1*, the
3'¢, and the 3’ HBV pA signal region (the pre-C ORF
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-132- In HBV, RNA that encodes C and/or P proteins is

preferentially packaged, in cis, and consequently could interfere
with the efficient packaging of the resistance test vector containing
a non-functi oweo7yde cator gene or a 5 non-functi onal i nebrasNeL6ENE
viral vector RNA that does not encode C and P proteins. Two steps are
taken to prevent the encapsi dati on -3521RNA produced from packagi ng
vectors and to i ove .the enca dat,ion_efficiency of the_resistance
t est vect BFaﬁ?l?ﬁ‘ggm? B e e o (el E‘&‘%’%t‘& e{2MENITEY ¢ vEbEoINRARRLAY)
First, the RNAgpnedexpxedsiqrachagengeviztcomprdeed abtsome or adiit af nthde 5'
encapsi dation ng'ﬂ%wiﬁ%' Qﬂetﬁéﬂé]an(fdé&i 8} @ s+ toand §1f%en§§€9&&1

cases where eittzﬁe t he ene, and/ o gene packagl ng, functi ons are
provi ded by the ‘tésixkt &Rd S‘F’éﬁ?tmnal 98@?’6?3%@1?95'}?“@%0%?%' i 'di ca®r
gene viral Svect éantrdb, (Jaanadndjcaest Pene SREhoASs¢iRiCtablle pRKkEDKgerdat

oy Recret Zé%ge@rgts Cued cHipEi859F BORAGRY i Sl ghtl Beadindll,
vectors are prep&r8d $¥A0D) idjregtipeal (HSV-ilghymidingdisasergenslect or

pCS- HBV( NF- | G | Thé Fﬁﬁﬁ@t&w gene exiprlesedoni dipsdtitieghas 4 exhhbétiptiondl es,

called patient orlentaéﬂyef'ger £ 35REPLYT o m?nt g)%ogli‘,?AS)t gl:ﬁehe%ﬁ, '?%%% [eq gn,

2) anpl i f y| ng at 1 ent Ived seg correspon
drug targép e. ®¥se transcri ptase or DNA pol ynerase, by the
anplification of V|ral DNA present in the serum or cells of infected

patients, and 3y,i nsefdd PG té.ﬁﬁao%.rMehftl e he Jtnd:l.c%g. $N%%n reCI S.Lely | nt o the

i ndi cator gene viral vectors at sequernc accep Sy Sy JiFl g.
8F). Al ternat|v€P9taB%S a fuagtionade Jtnégtcat«ezét S‘Pnéygiié%%tfeﬁ:e e rii erehqoy 1)

nodi fyi ng cis-acting regulatory elements that are necessary for HBV
15 DNA replication, and some or all of the HBV gene sequences
(i.e. C, P, S, X genes) that provide the trans-acting
structural and enzymatic functions that are necessary for

HBV DNA replication and virus particle formation
PCS-HBV (F-IG) (PSAS+) (Fig. 13D). Resistance test vectors

20 derived from the indicator gene viral vector
pCS-HBV (F-IG) (PSAS+) contain patient sequence acceptor sites

(PSAS) and are used in conjunction with the packaging vector
PPK-CSK. 1In this embodiment the indicator gene viral vector '

also provides some or all of the packaging functions. The

25 structural and enzymatic activities that are not provided by
the indicator gene viral vector, but that are necessary for

HBV DNA replication and virus particle formation, are
provided using additional packaging vectors pPK-CSX
(described in Example 7, see Fig. 8H). In this embodiment,

30 the functional indicator gene viral vector contains the
following elements in a 5’ to 3’ orientation: (1) the CMV IE
enhancer promoter region, (2) the region of the HBV genome
immediately downstream of the pre-C ORF translation
initiation codon and the DRl and 5’g, (3) a functional

35 indicator gene cassette within the region of the HBV genome



t he packagi ng vectors, pPK-CPX, Dby introducing patient sequence

acceptor sites in the P gene, 2) anplifying patient-derived segnents
corresponding to the HBV drug target, e.g. reverse transcriptase or
DNA pol ynmerase, by 35 anplification using viral DNA present in the serum
or cells WD 97/ 27319

PCT/ US97/ 01608 271 -133- P %R ¢t ed
patients, and 3) inserting the anplifiedis2- sequences precisely into the
packagi ng vectors at patient sequence acceptor sites (Fig. 8D). In

one enbodi nentthapecontainsssomgAgri 81 ofudthed hedn SheahdrVegenss i hid)spacer

andtR_T f df):m&; f}i?eg_lfqr{ be &@rﬁg\fi r{oimgnieﬁh@&?xhﬂnsgims 25t DRAW), Otf_h% hﬁteS,d
rotein trans [ on site).an e 3. S ._.._._Situated near

Fhe C-terni nal gréahgﬂb% ryt'hg%&Ngges#Pﬁ haf FEAsR- %’nll?‘lflhéhﬁ bpdtgiror gene :
| nsertion of avi¥al efRcteari kbe Ingbeator genss eypressianocasechpes ihar a

sequence @cceptfinsdrtig ifodeall beibArdOion tdidHedl MRborALEf t8 &R ¥IL iganlR gene

sequence i n whj chtﬁehq{%_slegu?ﬁggpg$§$acer dormai ns are encoded by the vector-

i

P gene sequencd® 2%y anscri pt ase/ pol yner ase and RNase
H dormai ns are encoded by the patient-derived segnents (Figs 8D

and 8F). 15 ResidthddeVTeda® 9BLEbE S & Ideiewer | aps the P gene ORF but
i's expressed using a different reading frame (Nassal, M and

Schal ler, H. ( %?J’(‘;ﬁtaf’fceends’:?sht M EF D70 og§/°'%a’2’§'f-92283. non-Ifujghionalpy p
gene segu@ncesifdivator gengnwith gt aeemanddRpecmot2r webte desihgned usiiigi ned

from patientsendlyEv s6B§LSbM:c Wi®al vectdi%aﬁﬁpgaﬁﬁsg&&atbe%ﬁ
sequences. Expression

over L apping S GEnes =o Uedguived i BEHIEIF o olTHR ABAIRECTR AR A gone
ORF (pr ev&itompr erSXheanpaSkagimgmsivatton iiE t madibiedi tos ol wie
patient sequence acceptor sites (PSAS) for the insertion of
15 P gene containing patient-derived segments (PDS) (described
in Example 7, see Figs. 8D and 8F). The expression of the
patient-derived S gene is eliminated as described in Example
7 (see Fig. 8D). Uniform S gene expression is provided, in
‘trans, using a separate packaging vector that provides
20 well-characterized S gene products (Fig. BE).

Drug Susceptibility and Resistance Test
Drug susceptibility and resistance test are carried out with
a resistance test vector based on a functional indicator
25 gene viral vector, pCS-HBV(F-IG) (PSAS+) or with a resistance
test vector system based on an indicator gene viral vector,
pCS-HBV (F-IG) (PSAS-) and a packaging vector(s). 1In
transfected packaging host cells, the indicator gemne viral
vector produces an encapsidation competent (£+) RNA
30 transcript containing a functional indicator gene cassette.
The packaging vector{s) provide, in trans, the structural
and/or enzymatic viral functions that are not provided by
the functional indicator gene viral vector, but that are
necessary for viral DNA replication and particle formation.
38 Upon co-transfection of packaging host cells, the indicator



25 I nt roduci ng I n-frame term nation codons I n t he

pCS-HBV(NF-1Q | | - (PSAS+) or pPK-CPK vectors (Figs. 8F and 8D). S gene
expression is provided, in trans, using a separ at e packagi ng vector
that provides well-characterized S gene products (Figs 8E and 8H). The
nodi f i cat i onswiaer2780 elimnate S gene expression arerCrmsIrorcoed

W t hout i ntroduci ng changes to the overl apping am no acid sequences
that are encoded by the term nal protei n'E‘ﬁU or spacer domai ns of

t he P gene. ; 731 o

PCT/ US97/ 016093éene. viral vect¥p %ydz 'a?:mg Yel%tzﬁrs ‘are cB'Pab.le of
Suscepti bility ZRidriRsERVapagtfeles contaimingy agyepreppsiiated cator

resi stance testgems evieaY ivetbt@ut “pregenvinéh RNA esont#irtihd estfurtfienahased
on i ndicator geﬁ?%ivéaﬁ%r ene c¥ g&e%g pCS-HBV(NF-1 G 11-(PSAS+) or with a
resi stance test vector system based on an indicator gene viral vector,
pCS-HBV(NFR I G) I | - (PSAS-) and a packagi ng vector, pPK-CPX, usi ng

ei ther one typermwftHiesexafple preievandipasopfgdistviral ve&€bt contains a

Co-transfectio ok g Lls. el rw a resistance test
vector, such ag% %@%&%wgé%%i%%ﬂgﬁaﬁ%ﬁeaﬁﬁ&ra]tt hpearcﬁkfgﬁfenﬁa’\‘/é’crto ce
pPK- CSX, or wi t¥PHFaLe¥ ggnsragedieity in tyapgfectad eellsuth the absence

pCtS_- HB?/( yflf-_l G off - EHBSAINA ?M&@E&@hn%i’ig. yﬁp.tor-mort_tr@-.it Ntd¥e of a
patient-degive enl_. SUCH: - , (i...€.. resistan e

vect or sysé em dfprog_ucets?ll-lBglﬁv%gga?gr gg?‘epar’flll%l elg’hlg’&ﬁtlgf’niﬂ %\; B
encapsi dated i¥RRMAGAongde dBsigs can ehenewaluafed bywhiachessingr ¢bel t of
splicing of therirus parviiledd pridudied Gt @hd1Spackadiild ORGse | Bl Eakan

gene. (F'tﬂssing88t?1gd ggfticles (or particle DNA) to infect (or
transfect) a target host cell. Alternatively, DNA
is replication can be measured directly in virus particles

isolated from packaging host cells by using the DNA as an
indicator. A drug which inhibits HBV DNA replication will
reduce the formation of virus particles containing the
"mature” rc-DNA form of the functional indicator gene viral
20 vector. Consequently, the functional indicator gene will
not be efficiently transferred to the target host cells
during infection/transfection and the amount of indicator
gene viral vector cccDNA and indicator -gene activity in
these cells will be reduced. The detection of indicator
25 gene expression in target host cells in a two cell assay .is
performed as described in Example 7. The detection of
rc-DNA in virus particles is performed using DNA as an
indicator as described in Example 8 and illustrated in Figs.
9F and 9G.
30
Drug Screening
Drug screening using an indicator gene viral vector that
contains a non-functional indicator gene with permuted
promoter and translation initiation regions is performed
35 essentially as described in Examples 7 and 8 (above).



Replicate transfections are perforned on a series of 20 packagi ng host
cell cultures maintained either in the absence of the anti-viral
drug or in increasing concentrations of the anti-HBV drug (e.g.,
an HBV P protein reverse transcriptase or polynerase inhibitor).

After wBioRbAahdi Ng t he packaging host cells for up toPEq.Ways 25

in the presence or absence of the anti- HBV drug the |evel drug
susceptibility or resistance can be asseised either directly in the
host packaging_ cell |ysates, or in isolated HBV particl es obtai ned by
harvesting t he® n Aeg cel | cul ture nedia. Al ternative
approaches can be used to 30 eval uate drug susceptibility and resistance

e oL SRRSO SO R Sz ) O

enbodi nent ré#grred to assay bility or
resistance i s assesd@d™ey) md8BQrIMFBEL) i ndicator gene expression, e.g.

| uc} fU g g z;/ssglzgggz)vi t\5* -iOTGu'IreGGAAGGGCGA'rCMA%M%E&A&A%TTTTCCACA-3' f g
PCT - . - - transfecte
packagi ng host cel |(S42I ﬁnetrtlne(%}r?'gs%%c%obzr) absence of anti-viral drug.

A reduction i B uci¥ elISETRETCORAGTCTGAGCAHSECCFUTAGEATETGATAN S 'ect ed i n
the presence of a gisvemer) (se@nip-ndi®3l agent, or conbination of agents as

SEL’E?‘;F?J el es tsaC'?ﬁwé§*%M%%éi%}%%%%%%F8%A%$3$%3Hm¥érﬂa@??.eC? ol
agent asl@ si gnoi dd44ciierd. (SEQ ID NQm)a second enmbodinment, referred to as
the two cell assays5’-GGTCTAACCAGAGAGACCCGGTTCACTAAACGAGCT-3"
{36-mer) (SEQ ID NO:5)
6)  5’-GAATTCGCGGCCGCAATTCCGCCCCTCTCCCT-3'
(32-mer) (SEQ ID NO:6)
15 7) 5’ -GTTAACGCGGCCGCGATATAGTTCCTCCTTTC-3
(32-mer) (SEQ 1D NO:7)
8)  5'-GAATTCTCGCGACCATGGAAGACGCCAAAAAC-3’
(32-mer) (SEQ ID NO:8)
9) 5’ -GTTAACAGATCTCTCGAGTTACAATTTGGACTTTCC-3’
20 (36-mexr) (SEQ ID NO:9)
10) 5’-AGACGGGCACACACTACTTAATACGACTCACTATAGGG
TGAAGCACTCAAGGCAAG-3' (56-mexr) (SEQ ID NO:10)
11) 5’-AAGAGTGACCTGAGGGAAGTTAACGGATACAGTTCCTTGTCT-3'
(42-mer) (SEQ ID NO:11)
25 12) 5'-TCCAGCACTGACTAATTTGTCGACTTGTTCATTTCCTCCAAT-3"
(42-mer) (SEQ ID NO:12)
13) 5'-TAACGCCTATTCTGCTATGCCGACACCCAATTCTGAAAATGG-3 "
(42-mer) (SEQ ID NO:13)
14) 5’'-AAGGATACAGTTCCTTGTCGATCGGCTCCTGCTTCTGAGGGG-3
30 (42-mer) (SEQ ID NO:14)
15) 5'-CTAAAAATAGTACTTTCCGGATCCCAGCACTGACTAATTTAT-3'
{42-mer) (SEQ ID NO:15)
16) 5’'-TTAGCTCCTTCGGTCCTCCAATCGTTGTCAGAAGTAAGTTGG-3"
(42-mer) (SEQ ID NO:16)
35 17) 5’-GTCCCAGATAAGTGCCAAGGATTCGTTCACTAATCGAATGGA-3’



10 drug susceptibility or resistance is assessed by measuring

I ndi cat or gene expression, e.g. luciferase activity, in the t ar get
host cells following infection or transfection with HBV particles or
HBV particle DNA, respectively. HBV viral particl es obtained from
packagi ng hostwoettmisare used to 15 infect the target hospcrasémieny DNA
fromthose particles is used to transfect target host cells. At the
time of infection or transfection th%ppropriate concentration of

the anti-viral drug i,g.,adde L culture. Up to several days
followi ng the inf ecti(%% ggr?rgén)%c}‘g@ iq\cﬁ&ri,”?he 20 target host cells are

| ysed and i ndi cd8r §énEARKPEEEEAAAT TGS CTCAGATRAGECTEREG R T eduction in
i ndi cat or gene expreqsBorey) | [sEE 1D No:1@hserved for cells transfected or

infected in the presenc ' LAkl bi.t, HBV replication, for
exanpl e by ll%ir)nhlgbi ?Fﬁ?%??%&&@rcg&gﬁgg%{g?ﬁﬁl ptase (- strand DNA)
25 or tHe DNA pol yABraer) ({SEQ (EhdOBINA) activities of the HBV P
protein as conpaygd &0-aaseptc@iTddNtANGGARRTARRREEPrPlacTTCCC dr UG.

In a third enmbodi nmen as ,the DNA structure 30 I ndi cat or

assay, drug suscep#%ﬁ%gééﬁ‘gﬁ'&eé?i s(lsgﬁﬁ'sr iisﬁ’o ID N:20dsed by

measuring the | @18l 6&f -EEVARPECARINIAGOACTGACTAATTTATCTACTIGTTCUr red wit hin

t he transfected packagirfechesiarel | | i o & virus particles
&2QUmer) (SEd Mo ING

pr oduced t he packagi cells. Ln transfected host cells the
HBV subgeg%om c \#Sal gSSBQA%%%W%FWE@%%HAB%g‘%ﬁéﬂﬁmq'ﬁpaﬁscri pt is
packaged as (33 -ipéx OPPIAN3UBEQ ID NO:22)

PCT/ US97/ 01609 23) 5‘-GTTAACGTCGACTT (G/T) (T/C) TCATERETCC (a/T) ATREEJENONI C”
RNA. During virus matyration, t regenomn c RNA I's converted to the

e
rel axed circul ar forn3f™¢h oniSEQ” ID NO:23)
24) 5'-GAATTCCGATCGACAAGGAACTGTATCCTTTAACTTCCC

15 TCA (G/A)ATC(A/C) CTCTTTGG-3’ (55-mer pool) (SEQ ID
NO:24)
25) 5’ -GTTAACGGATCCCAGCACTGACTAATTTATCTACTT (G/T)
(T/C) TCATTTCCTCC (A/T)AT-3’
(52-mer pool) (SEQ ID NO:25)
20 26) 5'-ATCTCTTACCTGTCCTATCTAACAGGCCAGGATTAA-3'
(36-mer) (SEQ ID NO:26)
27) 5'-GAATTCTCGCGACCACCATGGCGCGTTCAACGCTC-3"
(35-mer} (SEQ ID NO:27)
28) 5'=-GTTAACAGATCTTCATGGCTCGTACTCTAT-3’
25 (30-mer) (SEQ ID NO:28)
29) 5'-GAATTCGCGCGCAAGCGGCCGCAACCCGGGAAAAGCTT
AAGCATGCAACCCGGGAAGAATTCAATCGCGAAA-3!
(72-mer) (SEQ ID NO:29)
30) 5’-GTTAACGCGCGCTTCTCGAGTTGCGGCCGCTTGCTAGCTT
30 AGATCTTTGGGCCCTTTCGCGATTGAATTCTT-3
(72-mer) (SEQ ID NO:30)
31) 5'-GAATTCAAGCTTGGCCATTGCATACGTTGT-3'
(30-mer) (SEQ ID NO:31)
32} 5'-GTTAACGCATGCATAAGAAGCCAA-3'
35 (24-mexr) (SEQ ID NO:32)



DNA (rc-DNA) consisting of a conplete mnus strand and partial plus

strand DNA copy. |In a subsequent step, the 5 rc-DNA is converted to a
covalently closed circular DNA form (cccDNA).  To neasure HBV DNA
replication, anplification primers are designed to anplify an HBV DNA
structure t%wz% formed by the splicing of pregenonperiPoids t he
conversi on lT’ this spliced RNA to the rc-DNA and cccDNA fornms. 10
"Formation of the correct anplification-tugeget structure wi t hin HBV
particles requires successful conpletion of HBV DNA replication

resulting in 3Bk fo rRAATICGERATCCTONBCERATCCCGACCAECBNA. Anti -viral drugs
that inhibit HBV DNy I} zgtgqom;,lﬁo sfyeverse transcription and DNA

pol ynmerase activitjies e fo Qn of the DNA target
sequence, Wwhi 115?1 é QT%WTTESHC{E%%@%M&EQ decrease in the
anplified DNA BQ)TW)CHSEIQ A9 ¥Om8&ber of quantitative anplification
assays. 5  3bf) Ope.GaRRIASATTT@CCASRYeAcAerdwatlizng site of the reverse
20 primer (Pr) I s_separ i_ntg t conponents by an intron

sequence that is iﬁi%‘r“t‘ ?é‘?%g? éﬁ 8ﬂd¥\gbt or gene ORF in the samne
transcri pti onaé) or$ erGETAAIECTAGCOTECRBNCAEGABARGATA-BHe primer binding

site of the forvarg3prad®r (dgo IbsNbogg; ed w thin the region of the
viral vector that iLs flanked b DR1* sequences. In the

li near HBV ved?br ?heGMTWA%CATCEFGS?F%cﬁ%& DNA synthesis in

opposi t @odi rect i ons3@smer) (SEQI® NOi:23M} ed out ward with respect to each

other. In thig cdtrn oleus dMA synthesis in the
upstream dlrectlon t owar 5 copy ([err]) and the Pf prinmer

30 directs DNA $3RTHERY s!SEQ tIPe Qo%ﬁét ream direction (toward t he
3" ([err]). Thp} asra@mmccﬁcammmmseamr{yrrpl ate does not

constitute a functi9naheAP{dd (‘ﬁt %039 it in the linear i ndi cat or
gene viral vector. Furt?lerm)re site is not intact in

the Iind&r undplicid- g'EW%TtTW%G%AACGW’%WW *ot anneal to the target

DNA. In contrast, (Bbemé¥) (SEQ ID NO:40)
41) -5’ -GTTAACGAATTCTTGCAAAAAGCTTTGCAAGATGGATA
AAGTTTTTAGAAACTCCAGTAGGACTCC-3'
(66-mer) (SEQ ID NO:41)
20 42) 5’ ~-GAATTCTCGCGATCTAGACGTTCTACCTTTCTCTTCTT
TTTTGGAGGAGTCCTACTGGAGTTT-3/
(63-mexr) (SEQ ID NO:42)
43) 5’-GTTAACGAATTCCCACCATGATTGAACAAGATGGA-5'
(35-mer) (SEQ ID NO:43)
25 44) S'-GAATTCAGATCTTCAGAAGAACTCGTCAAG-3'
(30-mer) {SEQ 1D NO:44)
45) 5¢ -CCCCGTGCCAAGAGTGACTACGTAAGTACCGCCTATAGA-3'
(39-mer) (SEQ ID NO:45)
46) 5’'-CTCTGCTTCTCCCCGCAGCTGGAGAATTCAATCGCGAAA-3'
30 (39-mer) (SEQ ID NO:46)
47) 5'-GTTAACGAATTCCCACCATGAACACGATTAACATC-5'
(35-mexr) (SEQ ID NO:47)
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-137- and Pr priners assune an inward orientation with respect to
each other in the relaxed circle formof HBV DNA found in mat ur e
virions and splicing of the RNA pr egenorre has assenbl ed an intact Pr
primer bi ndi ngo7keste Bot h priners g/ 9| rect DNA synt hemgsussmemogl t he
singl e copy of DRl W thin the pl us ?/and copy of rc-DNA and in

ei ther plus or m nus strand OéEWLISm arrangenent of priners
and tenplate constitutes a functional anplification unit (Fig.

100). 10 1 FENFRAL FAFORMATE®YHI ment of the DNA sequence | nd| cat or

gﬁisxr/re(l(:ieg'g. 9_|I?th BO|1§ %ggggb‘?l ‘?%'po\é' tyDgnléri(;{t(:aher fh nﬁﬂe product| on
of anplified DNA (C. He 1996. Genone Research 6: 986- 994) .

The 5' exonucl ease (ii) TIRLE BFt ymwmure&nzsb'smradsorpinm Mdthdascmed ytic

cl eavage of a fl ubDeeseritiing t aggddvoraommiceoiSudeept bbblityt Arsi
capabl e of binding to t Resasphnde ed DNA tenpl ate regi on fl anked by
the Pf andlOPr bi ndi ng S|tes The perfornmance of 20 this assay is

dependent on the cl‘d<d!pr OXNWPWO‘PFtW@NC@% 47 of the upstream pri ner

(Pf) to the 5 end (qfvat I&S?Rﬁéggglr: %‘Q%Eé §%l de probe. Wen the Pf primer

is extended it th Réﬁ\g&:gjcl eoti de probe such
t hat isthe 5' exonugggag 1 Wintel G gg 8f yggrmlga%aves the 25

ol i gonucl eoti de probe. The cmpq&_e., &orikhe I ntron 1's di stance the
Pf binding site sufficidbl| STAZE: &y Yor®m t he 5' end of the

exonucl ease probe sequedB¢ COUNEREntUrditle@ Statesel i mi nate detectable
exonucl ease di gestion offF{ hBIRy 01%)36 ol i gonucl eotide in the unspliced

target tefipl ate. RQHQV|Q § |ntron by spI|C|ng serves to position
the 3" end of the
5' bi ndi ng site.

|y upstream of the probe
@8@ lt:. l es the quantitative
detecti on of exonucl easececépm-mﬁ@‘ ERYPEE VL, tenpl ate

(Fig. 1E)2535 (D) SOFTWARE: PatentIn Release #1.0, Version #1.30

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B} FILING DATE:
30 (C) CLASSIFICATION:

(Viii)ATTORNEY/AGENT INFORMATION:
(A} NAME: White, John P.
(B) REGISTRATION NUMBER: 28,678
35 (C) REFERENCE/DOCKET NUMBER: 50130-A-PCT/JIPW/AKC

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 212-278-0400

40 (B) TELEFAX: 212-391-0526

(2) INFORMATION FOR SEQ ID NO:1:

(I) SEQUENCE CHARACTERISTICS:
45 (A) LENGTH: 42 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

50 (ii) MOLECULE TYPE: DNA (genomic)
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- 138- Drug Screening - Drug screening is carried out using an

i ndi cat or gene viral vect or containing a non-functional indicator
gene cassette with an inverted intron and a packagi ng vector(s). In
5 t ransf egbadnaskagi ng host cells, the indicator gene ékaﬁmymnﬂ”
vector produces an encapsidation conpetent ([err]+)

transcri pt containing the indicator gene. The packagi ng vect or (s)
provide, in trans, the structural and/or enzymatic viral functions:
that are not provided by the resistance test 10 vector, but that are
necessary for viral DNA replication and-158- particle formation. Upon

co-transfection of packgg host cells, the indicator gene viral
vector and packagi¥d)vSERYENCE DESCRIRRION:sSEQOIPENOvItal particl es

cont ai ni ng an or "pregenone"
RNA, which as g&ﬁégﬁ*fgéggﬁqiﬂgFA§5|g@%ﬁtégﬁé51§§q4$&§Pﬁ€d ntron, contains
a fynctional indicator gene. Drug screening is perforned as
follows: 1 ndi cepprogesimarioN For seoVestgs.aAnd packagi ng vector DNA is used
to transfect the 20 packagi ng host cells. Replicate transfections are
per f or ned on 6&ixesSEQUENTE HARAGTERISTIIS:Cel | cul tures maintained
either in the absence or(Xr dENGTH: 082 pbasmtpaixrsant i - vir al conmpounds
(e.g., ¢8ndidate HBV ﬁi) AEEei pucleyeragid transcriptase or

pol ymer ase inhibitors). @ ﬁ?kﬁgpﬁ%ﬂgf ingle the packaging host cells
for up to several days i QFPOLOGY : e or absence of the candidate

anti-viral drugs t OLE e DNA replication is
assessedjzeit her hﬁl)d?reékﬁé #Kgﬁhe pack%glngqﬁost cell lysates, or in

i sol at ed HBV(piyr tapiuemcebbasordrProarstRs tipngiot. B¢ host packagi ng cel |
30 cul ture nedi a. Ei ther DNA detection or indicator gene

activity netho@%@TTﬁﬁﬁﬂﬁt§§$C§BE¢§C TAGATECTR: AGATTETalC At

20
(2} INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 44 base pairs
25 (B) TYPE: nucleic acid
: (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

30
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
CTCCTCCTCC AAGTCTGAGC GGCCGCCTTT AGCATCTGAT GCAC
44
35

(2} INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 44 base pairs
40 . (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

45
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
50 CTCCTCCTCC AAGTCTGAGC GGCCGCCATA TGGTGTTTTA CTAA
44

(2) INFORMATION FOR SEQ ID NO:5:



potential anti-HBV drug candi dates. WO 97/ 27319
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EXAMPLE 8 Hepatitis Drug Susceptibility And Resistance

Test Using = Resistance  Test Vectors 5 Conpri si ng

Pat i ent - Der i waslofaagugent (s) And A Non- Funct i onBCT/USATN0E&P or
CGene Containing A Per nut ed_llgrgqrmter. 10 I ndi cator Cene
Viral Vector - Construction | ndi cat’'or gene viral vectors containing a
non-functi onal Lngé@@é"% mwrgﬁlgﬁ)@gnut ed pronoter were designed
usi ng an HBV subgepmgendtial 3¥ephse s&ms i sing viral genes which
are the target(s) of antisVviT¥PE:dnugdeidheciddi cator gene 15  viral
vectors, pCS-HBV(NF-I1 G PP RISS3NDEDNESShaseugbs t he subgenom c viral
vect or pCS HBV. The i ndi (&l drommi Adpear vector, pCS-HBV(NF-1G PP-
(PSAS-), contains a non functi indi cat or gene cassette with a

pernut ed pronoter dmd) aM‘PL%‘FULE TYPE( hENg; ég%?'l‘*ﬁ;’ regul atory el ements that

are necessary for gff E%WI{EES@ I(ﬁ'&bﬁn éé(.Qeml%g;s 5'[err] DR2, DR1*,

3' pA) but ene Sséquences S, X genes) that

provi de the ”@@;&'c@ﬁhtﬁﬂ @Aémﬁeﬁc% AeaLPANAREERGERINCt | ONS that are

necessary for HBV DNA repkgcati on and virus particle formation (Fig.

| 0B). The C, P and X and patient 25 sequence acceptor sites are

contained wt hi(maLpa‘@RagTI\ng FOR SE@JDONOpPK- CPX (described in Exanple 7,

see Fig. ¥D). The e is contained within a packagi ng vector pPK-
(é)7SEg§@§

(described in Exarrpl TEBFW'F% enbodi nent ,
base pairs

(B) TYPE: nuclelc acid
(C) STRANDEDNESS: single
20 ~ (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

_ (xi) SEQUENCE DESCRIPTION: SEQ ID NO:é6:
25
GAATTCGCGG CCGCAATTCC GCCCCTCTCC CT
32

(2) INFORMATION FOR SEQ ID NO:7:
30
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
35 (D) TOPOLOGY: linear

(1i) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
40
GTTAACGCGG CCGCGATATA GTTCCTCCTT TC
32 :

{(2) INFORMATION FOR SEQ ID NO:8:
45
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 32 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
50 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



the indicator gene viral vector, pCS-HBV(NF-1G PP-(PSAS-) 30 and the
packagi ng vector pPK-CPX constitute a resistance test vector system
The non-functional indicator gene viral vect or, :

PCS- HBV(NF- | G PP- ( PSAS-) contains the foll ow ng elements in a5 to
3' orientatiyg the CM/ | E.enhancer pronoter regi e 5
regi on of the ﬁg@ genone and the 35 DR1 and 5'[err] ﬁ%sjﬁg%k%
translation initiation codon is eligmi-nat ed) , (3) a non- f uncti onal

i ndi cat or gene cassette assenbl ed such that the pronoter region is
posi tioned 3' (xi) SEQUEN@E DESCRIPUION: SEQ ID NO:8:

PCT/ US97/ 0160 - 140- i.e.

downst r eam o&%'ﬂ%CT%%q %QSA GERBR BRECCEAAAR IE 3! regi on of the HBV
genome cgntaini ng DR2, the 3 [err] and the 3" HBV pA signal
region (the pggy Q%ﬁiﬁbﬁ FoRO8BE kpidiation codon is elimnated).

The non-functional I ndi cator gene expression cassette is conprised of
sone or al | ofl)t reEduENceWCcRARALEERSPr@ f anged in the 5 to 3
orientation: (1) an int@naENGTHOSBEEbESE IPaixtd € (| RES), (2) an

i ndi cat 8 gene, which G¥REai nuaheiavaridkd intron, and (3) a
transcriptional polyade I §tT|R6ND§P§ﬁ§$ sstpghece 10 (e.g. HSV-1

t hym di ne ki nase gene( EQPOGY( 4}inegr enhancer- pronoter region.

Wthin the non anct aor viral vector, the _

i ndi cat g gene eerstrjlmg‘%‘%ULE TYBQ gf?g ranscri ptional orientation

ei ther opposite (xj) §@mcnﬂh§8%€§§ fsont | hesdﬁ gnce el ements. In cases
co

where 15 t he indicator gene a| ns on the intron has

the same tranGTTAXTAGREICTOTOBAGET ROAR'BT'M@\. }:I_ﬁ*f-p@e_quence el ements.
In a seggnd enbodi nent, 3®he non-functional indicator gene

(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 56 base pairs
25 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

30
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
AGACGGGCAC ACACTACTTA ATACGACTCA CTATAGGGTG AAGCACTCAA
GGCAAG 56
35

(2) INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 42 base pairs
40 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

45
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
AAGAGTGACC TGAGGGAAGT TAACGGATAC AGTTCCTTGT CT
42
50

(2) INFORMATION FOR SEQ ID NO:12:



20 viral vector contains a non-functional indicator gene

cassette containing a pernuted pronoter region, all of the cis-acting
regul atory elenments that are necessary for HBV DNA replication, and
sone or all of the HBV gene sequences (i.e. C, P, S, X genes) that
provi de the twowsemasi ng 25 structural and enzynatic funatousy7/otses are
necessary for HBY DNA replication and virus particle formation,
pCS- HBV(NF- 1 G PP- (PSAS+) (Fig. 10D). Reslé&dt-ance test vectors '

derived from the §§1| cat or ene vi ral vect or,
pCS- HBV( NF- | G) PP- (Pé%\é di?ﬁ‘%-%g g {5TE Gr?lence accept or 30 sites

and are used in conjuncti gﬁg;_,g@l ctor pPK- CSK (Fi g.
8H). In this enbodinment t i viral vector may al so
provi de some or all of theyp o - lmeaiu%ctl ons. Furthernore, in this

enbodi ment the structural and enzymatic activities that are not
provi ded by the 35 (ii) rMOIEQULE (WPE:vDNAl (gesémic) but that are necessary
for HBV WO 97/ 27319

PCT/U897/01609 (xi) SEQUENCE DESCRIPTION: SEQZU14K112 DNA

replicati df and formation. are provid usi ng

addi ti onal packgé%igéﬁgﬁ’ d}?‘s\ i §Gémﬁ?%rﬁTT?9?é"CCA AT nhon-functi onal
i ndi cat or gene vi ral vect or, pCS— HBV (NF-1G PP- (PSAS+),
contai ns the folbpwikBoieren %anSEé ID 310 3" orientation: (1) the
CW | E enhancer - pronot er regi on, 2?0 e 5 region of the HBV genone
and the DR1 and (ip' $EQUENQE|mHARAETﬁRf§¥ﬁ¢SEinS|atiOﬂ initiation codon
is elimnated), ( ?A) dENSTHan¢Rr bpsemdirs regi on (pernuted
pronoter), (4) the P gene l3‘)01‘1sz§113|1| ngwgawe&m-tﬂerlved segnent 10 (5) the
i ndi cat or _gene ORF (6) an! $ntSERAMPE §§€)n%‘-féﬂtery site (IRES), and
(7) the 3%Pregion of the HBVIGEQLREY: 1inexpntaining DR2, DR *, the
3'[err], and the 3' (HBV etk lrvpE . Dnﬁeﬂg Wdilfje Pre-C CRE translation

initiation codon is
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

25

TAACGCCTAT TCTGCTATGC CGACACCCAA TTCTGAAAAT GG
42

{2) INFORMATION FOR SEQ ID NO:14:
30
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 42 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
35 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

0 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
4
AAGGATACAG TTCCTTGTCG ATCGGCTCCT GCTTCTGAGG GG
42

a5 {2) INFORMATION FOR SEQ ID NO:15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 42 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
50 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



elimnated). Wthin the non-functional indicator gene viral 15 vector,

the indicator gene expression cassette has a transcri ptional
orientation either in the reverse or forward direction with respect
to the HBV sequence el ements. In cases where the indicator gene
contai ns angj d intron, the intron has a transcgddid
orientati on“{({;%ﬁégége as to 20 t he HBV sequence el enent ?éﬂb@%%

- Resistance Test Vector - Construction _.jgz- Resistance test vectors
containing a non-functional i ndi cator gene with a pernuted pronoter

wer e desi gned usi Agi25SEQUENGCE HIBSCRIPFIONM SEQI| IRINWVe® or conpri sing
anti-viral target enes as described in Exanple 8. The indicator gene
vi ral v MFAFh&%%@T\%@%QFSTWMW AF i ncl ude

pati ent §,requence accept of2sites (PSAS) for the insertion of P gene
cont ai ni g pat;il,ents | -BDS), . (descri bed 30 in Example 7,
see Figs. 8D a(lr%z gEgSﬁhﬁgo%%ggﬁo%%oﬁbf%g patient-derived S gene
is elimnated as dqs¢rspgemics RIBIRA@ERTISTICE: (See Fig. 8D). Uniform S gene
expression is provided, (AN LENGTH: 42NBasdSpAGra Separate packagi ng vector

t hat praw des wel (BreyeEt ehicldedcSagefe products (Fig. 8E). 35

WO 97/ 27319 (C) STRANDEDNESS: single PCT/US97/01609

-142- Drug Suscep®l BFORQLOGYd IRBeALt ance Test Dr ug
susceptibility anqaﬁ?si stance tests are carried out with a resistance

test vegtor based i OGN Tde PPRallgenomiclectors, pCS- HBV( NF- | G) PP-
(PSAS+) ""or with : €S} GRS e ec m_conpri sing an
i ndi cat or gene vi 3%1( ?vgééor, R;)I%g-lﬂﬁw%\ﬁél%{éﬁ‘(%As-) and a packagi ng

vector, pPK- CRfaAGCTCCTT CGGTCCTCCA ATCGTTGTCA GAAGTAAGTT GG
42 -

20
(2) INFORMATION FOR SEQ ID NO:17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 42 base pairs
25 : (B) TYPE: nucleic acid
(C) STRANDEDNESS: gingle
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

30
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:
GTCCCAGATA AGTGCCAAGG ATTCGTTCAC TAATCGAATG GA
42
35

(2) INFORMATION FOR SEQ ID NO:18:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
40 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

45
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:
GAATTCGTTA ACTTCCCTCA GATCACTCTT TGG
33
50

(2) INFORMATION FOR SEQ ID NO:19:



using either one type of host cell or two types of host cell. Upon

co-transfecti on of packagi ng host cells, either wth a resistance
test vector and a packaging vector or with 10 an indicator gene viral
vector and packagi ng vectors (i.e. resi stance test vector systemn

HBV viral parivosrassiare _ produced containing an encagI/osveo9

i ndi cator gene "pregenone” RNA containing a non-functional indicator
gene. Wthin the transfected host celf3s, the non-functional 15

i ndi cator gene with thg gernuted
functional indicator
(Figs. 10B and 10C)

perfornmed as 20 descr|§g% st
or swgsceptibility otppagd

ronmpter is converted to a

BYRERBIE®Dl i cation process
'%%gsgﬁFg Pit €§and resistance tests are
? {@bove). The resistance

ruyﬁgafé%erse transcri ptase

and/ or DNA pol ynerase activities to various anti-viral drugs can be
nmeasur ed by neasuri fgit hMOLEMEIE TYPE: nDNARa{@en@eiE expression in

transf ect ed

or infected host «cells. 25 Al ternatively, resistance or

susceptlblllty can W&L1heSEQVENCE DESCRB?TQG&nt$EQuIDu¥QIi? amount of HBV DNA

repllcatl
quantitative
assay, (Figs.

ebriRicgres ad A

place. The latter can be performed using
nTEEESSEANTn one exanple of this type of
9F and 9Q t e priner binding site of the 30 reverse

(_(D

primer (Pr). 15 asatadormti e @BodgnRy e O the 5 [err]. The

priner binding site of the forward primer

is located within the

region flanked by théiDREEQUENGERUHARACTERSETIIENCES. | n the |inear HBV
vector the Pf and Pr pri ngkls LENGTH:d66ebas®Naient hesis in opposite

di rections.

In this case, (B5 TYPEzhpucPeicpa¢ir directs DNA synthesis

in the stream (C) STRANDEDNES39 single

PCT/ US97/ 01609

25

30

35

40

45

50

(D) TOPOLOGY: linear -143-
(ii) MOLECULE TYPE: DNA {genomic)
{xi} SEQUENCE DESCRIPTION: SEQ ID NO:20:

GAATTCCGAT CGACAAGGAA CTGTATCCTT TAACTTCCCT CAGATCACTC TTTGG
55

(2) INFORMATION FOR SEQ ID NO:21:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 52 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:

GTTAACGGAT CCCAGCACTG ACTAATTTAT CTACTTGTTC ATTTCCTCCA AT
52

(2) INFORMATION FOR SEQ ID NO:22:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



direction (toward the 5 [err] and the Pf primer directs DNA synt hesi s
in the dowmstreamdirection (toward the 3 [err]. This primer -
configuration does not constitute a functional anplification unit in
the linear copy of the viral vector 5 that is used for transfection.

I n contrast the Pf and Pr . prinmers assune an orientaj/] d each
other in th®O%2B1  c PNA formthat is found in mat ure vi ?ﬁégﬂ@sﬁ%
prinmers ‘now direct DNA synthesis teyard the single copy of DRL

within the plus strand copy of rc-DNA ThIS arrangenent of 10 prinmers and
tenpl ate constitutes) aSEQUENGEO DESCRNPTION CadB®@ID NO:22uNi t. Drug
Scr eeni ng Drug screening using an indicator gene viral vector that 15
contai ns a nOBARTICETTMACTIVGICTSAORATEMETOTT MIGE per nut ed pronoter is
per f or rred essentl ally as*described in Exanple 7 above. :
EXAVPLE 8 Susce g)tl bility And Resi stance

itis Dru
Test Usi ng (2he§m§c?lg\?.ﬁf)o% TO&; SEQ gBt%?sz Conpri si ng
Patient-derived Se Non- Functional |ndicator Gene -
Containing A Wrg%@%’%ﬁ QCEBRIS'?ICS d Translation Initiation 25
Sites. 190 I ndi cat O(B)Gem@ hahlggétg)é,_d I ndi cat or gene viral
vectors containing a noef \STRANDRDNESS : singld cator gene with a pernuted
pronoter and translatiotb) TOPOLOGYt:i atnhearsite, pCS-HBV(NF-1G PPTIS were

desi gned usi ng HBV subgenom c viral vector conprising viral genes
whi ch are t he (ii) Je Q—Q—)gﬂ GWPEnt PV% fggneRifds. The indicator gene viral

voct o “prs o erh® (B S Rske B ol Stk T BT o ne0e "

non-functi onag Tﬁﬂt@’?&@rA@ﬂQ&ﬁ%S%EETCCWATW th pernuted pronoter and
transl ati on |n|t| ation rggi ons

20

{2) INFORMATION FOR SEQ ID NO:24:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 55 base pairs
25 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

30
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
GAATTCCGAT CGACAAGGAA CTGTATCCTT TAACTTCCCT CARATCMCTC TTTGG
55
35

(2) INFORMATION FOR SEQ ID NO:25:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 52 base pairs
40 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

45
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:
GTTAACGGAT CCCAGCACTG ACTAATTTAT CTACTTKYTC ATTTCCTCCW AT
52
50

(2) INFORMATION FOR SEQ ID NO:26:
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- 144- and all of the cis-acting regulatory elenents that are
necessary for HBV DNA replication (i.e. DRL, 5 [err], DR2, DRLl*,

3'pA) but |acks the HBV gene sequences (i.e. C, P, S, X genes) that
provi de the ty, g?zﬁgl ng structural and 5 enzymati c funecrmseo1609at
are necessdry HBV DNA replication and virus particle
formation (Fig. 11B). The C, P and-Xégenes and patient seguence
acceptor sites are cont ai ned vvlthl n a ckag| ng vector pPK-CPX
(Exanple 7, Fig. (1) UEN?F ‘ai ned in the packaging
vector, 10 pPK-S, e Paln? this enbodi ment the

i ndi cat or gene viral vect ;?3) 1 PSAS-) and t he
packagi ng yector pPK-CPX n%lp tb8ya 1 ce t est vector system
The non-functional indi cat or gene Vi raI vect or,

pCS- HBV( NF- | G PPTI S(SSAMQLECURE! ®¥DE : t bea f (ddraniieg 15 elenments in a 5
to 3 orientation: (1) the CwW IE enhancer - pronot er region, (2)
the 5 region of th@CHB\SEQUENCEQQBSﬁEIPmHJdiS’E@ tIBe NDR2Z6and 5 [err] (the
pre-C ORF1Prans] ation itiation codon is elimnated), (3) an

i ndi cat or gene &RETCTTACC | Cﬂ‘@‘TCTaAAC’l‘?%FFE”fGath@lT initiation site,
(4) an 20 enhancer-pr3 noter region (permuted pronoter) (5) the 3

region of the H gmugﬁ&@' RN8rHReR fapnctional pre-C ORF
transl atiqg ini El%atlon codon, :%1*, % Sﬁferr'] and the 3 HBV pA

signal region. The npp-ggqmcgn@hzxi{nd&m”xmne cassette is
conprised of sone or all () tpMcrH:| BV base pairsel enments arranged in a 5
to 3" orientation: (1){Bn TYPE: nuplletataridiene ORF t hat does not

contain an in-frame (Q)r STRAHPEBNESS nigingtlieon site, (2) a

transcri pfPonal pol PlaFFORPEER 1iReAN sequence (e.g. HSV-1 thynidi.ne

ki nase _ gene, §. 4)0) ﬂ%@ﬁgﬂghﬁ@& ggfeonq;%;tlecré region. Wthin the 30
c

non-functi onal tor,

pCS- HBV( NF- | G) PPTI S(£P}5As'isduéﬂt% bﬁgbﬁﬂa?foﬂﬁ%ﬁw f2Shon cassette
transcri ptional orientation is the sane as the HBV
GAATTCTCGC GACCACCATG GCGCGTTCAA CGCTC
35

{2) INFORMATION FOR SEQ ID NO:28:
30
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B} TYPE: nucleic acid
. (C) STRANDEDNESS: single
35 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA {genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28;:
40 :
GTTAACAGAT CTTCATGGCT CGTACTCTAT
: 30 :

{2) INFORMATION FOR SEQ ID NO:29:
45
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 72 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
s0 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



sequence el enents. |In cases where the indicator gene ORF contai ns an

intron, the intron has a transcriptional 35 orientation the sane as the
HBV sequence el enents. WO 97/ 27319

PCT/ US97/ 01609 - 145- In a second
enbodi nent, _the non-functional indicator gene viral v;&,g% Q%Bai ns a
non-f unct i oN > ¥ cat or. gene cassette containing a pernuted pronoter
and transl ation initiation regi onggg-all of the cis-acting

regul atory 5 el enents that are necessary for HBV DNA replication, and
sone or all of the(*BY SEOUENOEQDBSCRIPTION: SEQ AD 80:X9: genes) that
provide the trans-acting struetural and enzymatic functions that

are necessaryGM'BTCG(F@s/ GORAGCGGCCr cPrARCEGEHE  AARMGCTTAY| r GEATCCARL | cl e
formation, 10 © %%‘WNF | GPPPTI S(PSAS+) (Fig. 11D) . The structural and -

enzymati c actl t are not provided by the indicator gene viral
vector, but tha are neceﬁsary for HBV DNA replication and virus

parti cle formati on, are provided using addi ti onal packagi ng vectors
pPK- CSX (descr { bpdinrormarioNe FOR sSEQ/ipSMe:F09. 8E). The C, S and X are
cont ai negowi t hin the packagi ng vector pPK-CSX (described in Exanple 7,
see Fig. 8H). (i tIRQUENCEOCHRBACTERISTICSY- f uncti onal indicator gene
viral vector, pCS HBV(NFT I PH: STPIASierpddrs contains the

following el ements in a & 5 GPFéﬁ%‘éti\ (F| g |1 1D): (1) 20 the CW
| E enhanger - pronot er reg%cg Rggg E S§e ?’e‘@ t he HBV genone
|nclud|n§theDRI and 5' F]o gpr% translation initiation

codon is elimnatgegd) ,MOI_(E’%)ULan.YPE( ?NAnFB%ﬁr ygene ORF lacking a
4

translatlonlnltlatlon site he” P gene contalnlng
patient-derived segeentsEgUENCENDEBCRIPENMNMGERY DOMRL:80:r egi on  ( per nut ed

pronoterpo (6) the 3 regi on of the HBV genone containing DR2, pre-C
ORF t rangg’ghc%ﬁgggn tGQﬂmC‘G'@GAGdo'nTGMGC;GQ h&TECT3EETT ANGATEETTG HBY

GATTGAATTC TT
25 72

{(2) INFORMATION FOR SEQ ID NO:31:
(i) SEQUENCE CHARACTERISTICS:
30 (A) LENGTH: 30 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
35 (ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:

. GAATTCAAGC TTGGCCATTG CATACGTTGT
40 30

(2) INFORMATION FOR SEQ ID NO:32:
ki) SEQUENCE CHARACTERISTICS:
45 (A) LENGTH: 24 base pairs
(B) TYPE: nucleic acid
~ (C) STRANDEDNESS: single
(D) TOPOLOGY: linear
50 (ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:



pA signal region. Wthin the non-functional indicator gene vi ral

vector, the indicator gene expression cassette has a 30 transcri ptional
orientation the same as the HBV sequence el enents. | n cases where
t he i ndi cator gene contains an inverted intron, the intron has a

transcripti OR@dorarse Orientation the sanme as the HBV sequeRCHUSITOM®AL s.

35 WD 97/ 27319 .

PCT/ US97/ 01609 -167- - 146- Resi st ance
Test Vectors - Construction Resi st ance test vectors containing a
non- f unct i onal GTTAACGFMi% ROAAGRAR GF¥h a pernmuted pronpter were desi gned
usi ng t he HBV subgefiom c viral vector conprising anti-viral target 5
genes as descriggd moﬁi@ﬁﬁbﬁ FOR ﬂ@jﬂl@ocggor gene viral vector or
t he packagg ng vector is nodified to 1nclude patient sequence acceptor
sites (PSAS) for thegi)nSEOUENCE OFHARACTERRSPEES:cont ai ni ng pati ent-derived
segnents (PDS) (describedA) LENGTH: Baipise ppizee Fi gs. 8D and 8F). The
expression of the 10 ¢aﬁ|@mrsdemwlaics dde is eliminated as described
in Exanpl e 7 (see #Fg IVESSor ﬁlsgééne expression is provided,
in 39ans, using a dBparaP ’ékalg‘l’}?tj‘rvect or that provides

vel | -characterized § gepp; BEAfCropd Fidn Bkponid?  Drug Susceptibility

and Resi stance Test ug susceptli y and ' resi stance tests are

carried out by (xlt)h%E@bQﬁ@ﬁUﬁﬁécmdnbeézbnIEXﬂﬁpiﬁs 7 and 8. The
non-functignal indicator gene is converted to a functi onal i ndi cat or

gene during HB\GAARIEHAGCHT GCTCECQOTGC | NEGATLAGEC) .
30

(2) INFORMATION FOR SEQ ID NO:34:

20
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
25 (D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:
30 :
GTTAACGAAT TCTCCTGCGG GGAGAAGCAG
30
(2) INFORMATION FOR SEQ ID NO:35:
- 35
(i} SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
40 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:

45
. GAATTCAGAT CTGCCATACC ACATTTGTAG
30

{(2) INFORMATION FOR SEQ ID NO:36:
50 {i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid



20 Drug Screening Drug screening using an indicator gene viral

vector that contains a non-functional indicator gene with permnuted
pronoter and translation initiation regions is perforned 25 essentially
as described in Exanples 7 and 8 (above).

EXAMPLE 10 Hepatitis Drug Susceptibility And i e

.Test Usi ngwogﬁggfgstance Test Vectors 30 Corlr’??ﬁjgﬁl@%
Patient-derived Segnents And A -168- Non-Functional |ndicator Gene
Wth Pernuted Codi ng Regi ons. 35 I ndi cator Gene Viral

Vector- | ndicator gene WClaPTRBNDEPNESS: sirgqet ai ni ng a non-functi onal
i ndi cat or gene with per rf? e@OPOLOGY ¢ ofinapxr egi on were desi gned using HBV

subgenom ¢ viral - WO 97/27319 )

conprising viral ggngs Spebﬁﬁcﬁrﬁgégﬁﬁ : L%%PN&BI &?P&?Etsksv;ral dr ugs.

The indicator gene viral "vectors are based
on the subgenmwumAACGER GCTCCHEAEQITdXI2AdRYA The indicator gene viral

vector contains a 5 nen- functi onal indicator gene cassette with a
per mut ect0 coding region, and all of the cis-acting regulatory el enents
that are neces<dr fNFORMABYOMNACR eFBQ cl iNon3(i:. e. DR1, 5'[err] DR2,

DR1*, 3'pA) but lacks the HBV gene sequences (i.e. C P, S, X genes)
that provide the trd SSgEEF Es%%ct?r ISTEES10 enzymatic functions

0 base pairs
that arg; necessary fqg) E: nucleic acid

(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

20
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:
GAATTCGCTA GCATCCCGCC CCTAACTCCG
30
25

(2) INFORMATION FOR SEQ ID NO:38:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
30 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

35
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:
GTTAACGTCG ACGCAAAAGC CTAGGCCTCC
30
40

(2) INFORMATION FOR SEQ ID NO:39:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 base pairs
4sS (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

50 (ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39:



replication and virus particle formation (Fig. 12B). The C, P and X
genes and patient sequence acceptor sites are contained within a
packagi ng vector, pPK-CPX and the S gene is provided by the packagi ng
vector pPK-S (described in 15 Exanple 7, see Figs. 8D and 8E). In this
enbodi ment t hggo 9273191 Nndi cat or gene viral vector pCS-HBV ( NFrOTG)SIPOG0Y
(PSAS-) and the packagi ng vector pPK-CPX constitute a resistance test
vect or system The non-functional -il&8rcator gene viral vector,
pCS- HBV( NF- 1 G PCR(PSAS-) , contains the followi ng elenents in 20 ab to
3' orientation: GARTTCT PETIFRaREET - pronot er region, (2) the 5
regi on of the HBV genone i“ficl udi ng the DR1 and 5'[err] (the pre-C ORF
translation inithat {QRoHPHRSDN For SEQ gbilﬁgr@é,ed), (3) a non-functional

e

i ndi cat or gene cassette asse such that the pronoter region and a
5 portion of 25 the sSEOUENCE egRRRCRERIPORId: oned 3', i.e. downstream
of the remai ni ng 3' (A)OMENGTHef 30hBage®daig s egi on, (4) the 3' region
of the HBV genone contai n{Big TORE;: BRcleichecBl[err], and the 3 HBV
pA signal region (the preld GURANDERNESS: osingdiei ation codon is
elininatedf. The non- f utRt (TOFRLOGKdi ¢4BRAT gene 30 cassette is
conprised of sone or,all. qf ow .el.ements arranged in the 5
{47 pyftegol® WPREDHRE, (gqnomi®

to 3' orientation: ( “i'ntron ending in a splice
acceptor sequence (i) sequi® BestRgPPRow! &b irifieaugr (reporter) ORF or
sel ect abl g5 mar ker , (3) a transcriptional polyadenylation signal
35 sequence GETRACARE |cTITAOGECACARCOBRAGTENE, SV40), (4) an
WD 97/ 27319 30 PCT/ US97/ 01609
- 148- enhancer - pronoter region, (5) the 5 region of an indicator
gene ORF, 2%\:5) t h@) 5INF O FRR BEer&h Meidning in a spli ce donor
sequence. “Wthin the,non; 1C1 | O [ ndi . gene viral vector, the
i ndi cat or gene expregls)l orkr%@%%‘cggﬁggﬁfﬁ%ﬁ;s

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

25 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41:

30
GTTAACGAAT TCTTGCAAAA AGCTTTGCAA GATGGATAAA GTTTTTAGAA
ACTCCAGTAG 60
GACTCC

35 66

(2) INFORMATION FOR SEQ ID NO:42:

(i) SEQUENCE CHARACTERISTICS:
40 ' {A) LENGTH: 63 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

45 (ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42:

GAATTCTCGC GATCTAGACG TTCTACCTTT CTCTTCTTTT TTGGAGGAGT
50 CCTACTGGAG TTT €3



5 has a transcriptional orientation either the sane or
opposite the HBV sequence el enents. In cases where the i ndi cat or
gene ORF contains an intron, the intron is oriented in the sane
orientation with respect to the HBV sequence el enents. 10 In a
second enbodi nent, the non-functional indicator gene viral vector
contai ns a WBATRB®Mtti onal indicator gene cassette chFFASATHGY?A
pernmuted coding region, all of the _174_s-acting regul atory el ements
that are necessary for HBV 15 DNA re|31 ication, and some or all of the
HBV gene sequepg§esnFORMATION @orRCSER 15 n:ggnes) that provide the
trans-acting structural and enzymatic functions that are necessary
for HBV DNA(i} eSEQUENGEOICHARAGTERISDECSparticle  formation
pCS- HBV( NF- | G PCR( PSAS+{A) (UEN§$TH:12P) base Resist ance test 20 vectors
derived 5from the ind{RBatHPE:qapelegrragidyect or
pCS- HBV( NF- | G) PCR( PSAS+LC)C(§§?N‘%§§§§§§htS%%nce acceptor sites
(PSAS) and are used in AR :wttAe®he packagi ng vect or pPK- CSK
(described in Exaqrppe J@Lﬁﬁ;ﬁziﬁpﬁg%gg k§enomic) this embodiment the

SO

i ndi catp gene viral vector may a pr ovide some or all of the
packagi ng functiongi) SEQUENUES DESCRIPEIONC sEmtrd A -.alructural and

enzymatic activities that are not provided by the indicator gene
viral vector, GOURACGRAT TCCCACOATGNATESRACHAE GATAGEBY DNA replication and
virus particle f or¥fati on, are provided using additional packaging
vect or s1530 knﬁ&l%s enbaodi nent . _the non-functional indicator gene viral
vector contai hé’t %m%d’oéﬁ SFentl ¥A:4d5 (o 3 orientation: (1)
the CW I E enhance(ipr cE ‘?ﬂh&ﬂwﬁﬁi . the region of the HBV genone
i nmredi atel y downstream ofy thivary. 3op5§é§r ¥rd ranslation initiation codon
and thezpR1 and 5' [err](BﬁErypE?%hcgggcla gator gene cassette containing a
regi on of the (c) YPERNDEDRESS: single :
PCT/ US97/ 01609 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
25
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44:
GAATTCAGAT CTTCAGAAGA ACTCGTCAAG
30
30

(2) INFORMATION FOR SEQ ID NO:45:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 39 base pairs
35 - (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

40
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45:
CCCCGTGCCA AGAGTGACTA CGTAAGTACC GCCTATAGA
39
45

(2) INFORMATION FOR SEQ ID NO:46:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 39 base pairs
50 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear



- 149- HBV genonme which may contain some or all of the C, P, S, and

X genes, (4) the region of the HBV genone containing DR2, DR1*, the
3'[err], and the 3" HBV pA signal region (the pre-C ORF initiation
codon has been elimnated). Wthin the 5 non- f uncti onal i ndi cat or
gene Vi ralwo HSfol OF . pPCS- HBV( NF- | G PCR(PSAS+) the potusgwoasosgene
expr essi on cassette has a transcriptional orientation either the sane
or opposite to HBV sequence el enents. |n-takes where the i ndi cat or

gene contains an inverted intron, the intron is 10 oriented in the sane

orientation with redddcMOLECURE TERE: DNA (gegeBAEL el ements.

Resi st ance Test Vec t anc test vectors
containing a non- MCéﬁgﬁgﬁé&Sﬁlﬁé&#ﬁwﬁ otsgé hé &?tﬁsa pernuted codi ng
region verg desigigitrrer coblhbifleb GaRRhaeRaACARBLEcKALal vector comprisi ng
anti-vi raI§ get games as descri in Exanple 7. The indicator gene
viral vector or the packagl ng vector is nodified to include pati ent
sequence accept (2) SINRSRMARIOR) FORrSEG eIl ment7i:on of 20 P gene contai ni ng
patient-derived segnents (PDS) (descrl bed in Exanple 7, see Figs. 8D
and 8F). Yhe expressiidn SERUENCE CHARAGERRISRIC&erived S gene is elininated
as described in Exanple (3 I'Elf‘:;'f":%ee:a 'gs%ﬁflrlm form S gene expression is

provi ded, in trans kagi ng vector that provides
25 well-characterized ( "% g §E) Dr ug
Susceptibjdity and Resi stance ﬁ'es s ug susceptibility and resistance

tests are carried oml)bmoLECULghgymoqg@ur ®fendaseli bed in Exanples 7 and 8.
The 30 non-functional indicator gene is converted to a functional

i ndi cator gene duri hg)HBEQUENCECRESCRIFTIQNS. SERBIANNOIZT) . Dr ug
Scr eeni ng Dr ug screeni ng usi ng an indicator gene viral vector that 35
cont ai ns 4%non- (F'UFM(?% TCFH FEATS r AMARSATTPY 2687 hut ed



WO 97/ 27319 Us97/ 01609

- 150- pronoter and transl ati “mu“‘“m‘ M (MB%I ons i s perfornmed
essentially as described in Exanpl eﬂ

EXAMPLE 11 Hepatitis DFug® Sdsceptl bility And Resi stance - _
Test Using ance Test Vector Conprising : ri ved
Segnent (s) ‘Kﬁ 'i;‘%%ncti onal I ndi cat or Cene. Pﬁ%ﬁm‘ﬁl cat or
Gene Viral Vector - Construction Ingicat or gene vi ral vectors

contai ning a functional i ndi cator gene were designed using HBV
subgenom ¢ vi whkt is cladgasddris:conpri sing viral genes which are the

target (s) of anti-viral drugs. The indicator ~gene viral vectors
15 pCS- HBV( F- IG) (PSAS-) are based on the subgenonic_viral vect or
pCS- HBV. The iAdiBaERPd gior deteRminisst osusceptibikitpy(for Gan
(PSAS-), contains mfmrﬂnairUgndbﬁ@i:@gl@@ne cassette and aII of the

ci s-actipg regul atory e} enme t are necessar r

replicat |gon (i.e. gae)[egh%ngngg Elexesf':’. %ut %Iegéks YR&" By gene-
sequences (i.e. C, P 's, compxigangsi phmermxslﬁrdé'edhéegmans andi am
structural and enzyrratllnalfcunaw gafiel N0 & xdaecessary for HBV DNA

replication and virus partic [, ot B) P and X
iy éuel ug' Lgesﬁare ':fgﬁ froginﬁgf:ned wi t hi

genes and patient sequehce accepto ina
packagi ng vector pPK- @w)anmqawrgngemressmm sofohhai hedioater ngene

packagi ng vector, pPK-S, (destri leadrgec hos &M ; %e@ Fi gs. 8D and 8E).
In this enbodi nent the i_ndi,cat gene Vi ral BV(F-1G

(PSAS-) and the otV a iR 880 hﬁPl&’@;)%SCsdﬁgtl Cf{Jt"'ts'h IRATEREOR e test
vector 30 system The gengncliramalc) | witkatbe egwressipnalof vele or

pCS-HBV(F-1G (PSAS-) cont aijmildaeokolhefd RgaShes®NBeh NsfepPs (a) - (c)
are carried out in the absence of the
15 - anti-viral drug,
wherein a test concentration of the 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 DNA of a subgenomic viral vector.

25
4. The method of claim 1 wherein the resistance test
vector comprises DNA of a retrovirus.
5. The method of claim 1 wherein the resistance test
30 vector comprises DNA of HIV.
6. The method of claim 1 wherein the resistance test

vector comprises DNA encoding vif, vpr, tat, rev, vpu,
and nef.
35




to 3" orientation: (1) the CIWIEeaha,ncer_pLen@LeJ——r—eglon (2) the

5' region of the HBV genome includin ' (the
pre-C ORF translation initiati on I‘(ﬂl‘l"l"ﬂll [“ II el i m nat ed) (3) a
functional indicator gene cassette, regi on of the HBV

genone cont ai wWow2p5i3, DR1*, the [err and the 3' Hevrdimiapal
region (the pre-C ORF - WD 97/ 27319

PCT/ US97/ 01609 -173- -151- transl at'i on
initiation codon is eI i mnated). The_indicator ene expression
cassette is congri sedP8f W&hedorof| rFlaimt He wherein oFgewmglem&néﬁrsved

arranged in the 5 tee§meﬂtledi}ip)izl§a§; a funct{dnaB ¥ifdIS Felglemeaal
enhancer - pronoter region, (2) an intron, (3) an indicator gene ORF or
sel ectabl e marker gene ?L a transcriptional polyadenylation

si gnal sequence®- = Thee “&tmmf oflaindilr eehexgin thsvpattepti-denéveidnase

gene) . 5 The indsegihent geneodeP s igrdbrednsehbe RastBet £aNgeEi BEi gRal
orientation the same_gs; Oﬁ ]g_)ﬂ)adsrlte to the HBV sequence 10 el enents.
In a second enbodi nment, e 1 ndrcaor gene viral vector contains a
functional indicator gene cassette, all of the cis-acting regul atory

el enents that ame nerhesadethbar dBVcifim 1%51%&:1 Cehé O?atQQHtSQE?:LGé%a”
of the HBV gene sequ enes rovi de t

trans-acting fggﬁm?ur aﬁnﬁﬁée%nfyﬁaﬁ ‘P‘Eﬁf’ct BBﬁge%‘P\%tt RE fGesthfy
for YIBYV DNA target coff iamh angddvivrludrugparticle  formation
pCS-HBV(F-1G (PSAS+) (Fig. 13D). Resistance test vectors 20 derived
from the i ndi,cat gy, e 8RS8 vira veLCt ar . CS- HBV&F | G (PSAS+)
contain patient sequence TEESHt S sFialm 17 whenedrs) the pafaentaderived

conj unction wth t heSpaBRRli ¢AIPrdsesr a retropHalCI€nd.n this enbodi nent the
i ndi cat or gene viral vector al so provides sone or all of the

ackagi ng ;fzunct Lons. e .
p gl ng 45 shal TEQ method of claim 1 wherein the patient-derived
segment comprises an HIV gene.

12. The method of claim 1 wherein the patient-derived
segment comprises an HIV gag-pol gene.
20
13. The method of claim 1 wherein the indicator gene is a
functional indicator gene and the host cell is a
resistance test <vector host cell including the
additional step of infecting the target host cell with
25 resistance test vector viral particles using filtered

supernatants from said resistance test vector host
cells.

14. The method of claim 1 wherein the indicator gene is a
30 non-functional indicator gene.

15. The method of claim 14 wherein the host cell is a
packaging host cell/resistance test vector host cell.

as 16. The method of claim 15 wherein the culture is by




25 structural and enzymatic aEBLT\ﬂTt_ih_Wﬁ—ﬂot provi ded by

the i ndicator gene viral vector, at are necessary for HBV DNA
replication and virus particle f \ m\“‘ provi ded usi ng

addi ti onal packagi ng vectors pPK- H‘ﬁmm““““ bed in Exanple 7, see

Fig. 8H). In this enbodinment, 30 '+ the funtti®ondl indicatgr i ral
vect or cont WPTZ2PA following elements in a5 to 3'"6'?‘%2%’3%1 on: (1)
‘the CW | E enhancer pronoter regiqgn, (2) the region of the HBV genone
i medi at el y downstream of the pre-C ORFtranslation initiation codon
and the DR1 and 5' ¢efédlrivabion.functional 35 i ndi cat or gene cassette .
within the region of the HBV genone WO 97/ 27319

PCT/ US97/ 01609 -152- t hat contains

sone or all of7t+heTke metlmd gddckaimnks whesein the téxgetediost oelihks HBV

genome containi ng BPectd *witherekbiltianke test ved@okh@igal HENrPA-SgNal
vect or ' cat or ene

region. Wthin the _indic r _gene vi ral t he jndi

expr essi %\:1 casset t 8°ha3 giigtezgec{]rs(ﬂpsegﬂa&apsﬁaﬁmpi ERt gt Pﬁﬁi‘%gflﬁ%rh‘ai‘gosi te
to or the sane celhbredistdives tgatnvecedenersts.cells., Resi st ance Test
Vector - Construction Resi stance test vectors containing a
non-functional _10 i ndi,cat or ne with a permuted pr.onoter were, desi gned
usi ng thS'HBV“EdB%"elh%‘iﬁ%f %e'\lraéf“ aer’l‘%’T’g’C‘b § SiFCAROF- 9PRSI 28 aR get
genes as descri bedlwpifteags egehe.The i ndi cator gene viral vect or or

t he packagi ng vector is nodified to include pati ent sequence acceptor

sites (PSAS) for the insertjon of 15 P gene contai ning patient-derived
segnent s (PDS}g('degE?i'bee%md ot cﬁﬂl%ﬁﬁ!eé%?? tBe Hcatny geResEy. ahe
expression of the E. colpataamigester.i ved S gene is elimnated as descri bed
i n Exanpl e
20. The method of claim 15 wherein the packaging host
i5 cell/resistance test vector host cell is a human cell.

21. The method of claim 15 wherein the packaging host
_cell/resistance test vector host cell is a human
embryonic kidney cell.

20
22. The method of claim 15 wherein the packaging host
cell/resistance test vector host cell is a 293 cell.
23. The method of claim 1 wherein the target host cell is
25 a human T cell. '
24. The method of claim 1 wherein the target host cell is
a human T cell leukemia cell line.
30 25. The method of claim 1 wherein the target host cell is

a Jurkat cell line.

26. The method of claim 1 wherein the target host cell is
a H9 cell line.
35




7 (see Fig. 8D). UniformsS gene' expressi ovi ded, in trans,

usi ng a separate packaging vector th vi des 20 wel | -characterized S
gene products (Fig. BE). Dr ﬂ'l i

mg ILW” y and Resistance Test
Drug susceptibility and resistance testc dl out with a

resi stance t r based on a functional inflicator 25 pEaARS7VIcHR!
il

vector, pCS-HBV PSAS+) or with a resistance test vector system
based on ‘an indi cator gene viral vector, -175- pCS-HBV(F-1Q (PSAS-) and a
packagi ng vector(s). In transfected packagi ng host cells, the

i ndi cator gene $7ral The methaofr clpimdiceberein tdec49gigest hoat cehbeient
([err]+) RNA 30 Aremecedlat 1Gewt ai ning a functional indicator gene
cassette. The packagi ng vector(s) provide, in trans, the structural
and/ or enzymatic viral functions that are not provided by t he
functional indi 88torAgesristange restovecbor ¢omprimimg a pathegesdexrivédr
viral DNA seplicati oseghéhtdaidd Ghe ihai BBLL e, Upon co-transfection
of packagi ng host cells, the indicator WO 97/ 27319

PCT/ US97/ 01609 -153- gene viral
vect or and pack@8i ngThecresistance apabt evettor of dmdinn@sHRNhearin cties
contai ning an encapspahed &t 1dadicau0kegment J€Bhe/ igedle VECt Or " pregenone”
RNA cont ai ni ng a functi onal i ndicat or gene cassette. 5 In this
exanpl e, the indicator gene viral vector contains a functi onal

i ndi cat or 1§ene 88sseThe zadistaned otestaveptoducé claim i28diwiatreringetiee

activity in transfechge &@l lderdiRelih8eReRH CEs ﬁwo,oro%oraB e\ replication
a

(Fig. 13). In the case of a 10 unction i ndicato gene, the

inhibition of HBV DNA replication by drugs can be eval uated by

harvesting the 31. The¢ruyespstanad esepr odecenr i oft kdapackagiwigeredst wed |

and patient-derived segment comprises a retroviral gene.
15

32. The resistance test vector of claim 28 wherein the

patient-derived segment comprises an HIV gene.

33. The resistance test vector of claim 28 wherein the
20 patient-derived segment comprises an HIV gag-pol gene.

34. The resistance test vector of claim 28 wherein the
indicator gene is a functional indicator gene.

25 35. The resistance test vector of claim 28 wherein the

indicator gene is a non-functional indicator gene.

36. The resistance test vector of claim 28 wherein the
indicator gene is a luciferase gene.
30 )
37. A packaging host cell transfected with a resistance
test vector.

38. The packaging host cell of claim 37 that is a mammalian
35 host cell.




using the particles (or particle DNA) to infect (or transfect) a
target host cell. Alternatively, DNA 15 replication can be neasured
directly in virus particles Jﬂmﬁmm packagi ng host cells by
using the DNA as an i ndi dathodl mhinhibits HBV DNA .
replication_w reduce the forat Fons of* virus parti i ni ng
the !'ﬁﬁ;&}’?”rc- DNA form of the functional i ndi.catorlg se’%‘%%l 20
vector. Consequently, the functional indjcator gene wl| not be
efficiently transferred to the target host cells during
infection/transfection and the anmount of indicator gene viral vector
cccDNA and i ndigcat g [ Vi in t hese cell i1l _be reduced.
The detecti onggf' i‘ril'glecggglr(ggghg éé%‘té &% }e%fsi%galuﬁ ?Jérglﬁé hbgtacé’f"f“?ni n a
two cell assay is host c®llforned as described in Exanple 7. The

det ecti on of rc-DNA in virus particles is perforned using DNA as an
i ndi cat or. as scribed _in, Exanple 8 and. jllystrated jn_Figs, 9F and
9G 30 ° qug)g Slggge ?ﬁﬁaglgg %ﬁb E%}jEe nﬁiﬁ’srpnﬁjlaﬁh?ﬁd?%a?opuﬂéﬂe
viral vector that embryemihtdiidney mmilf.unctional indicator gene with

per nut ed pronoter and translation initiation regions is perforned 35
Si}sgggllgl ly a%1qesl%;1|eb8gcl|<£glEnxga%s%schfngf %lg%.ggﬁiggaﬁ 011566@3 cell\s/\p
-154- A i gonucl eot i des 1)

5" - AGTGAAT TAGERCT T%@%@% RddEXEIMIE A Paim 37 that is(ézhﬂgé&x (SEQ
IDNO1) 5 2) he?aaf:gr-nra L I%%GCGATCT CTAGATGCTAGAGATTTTCCACA-

43. The packaging host cell of claim 37 that is HepG2.
15 44. The packaging host cell of claim 37 that is Huh7.

45. A method for determining susceptibility for an
anti-viral drug comprising:
(a) introducing a resistance test vector comprising a
20 patient-derived segment and a nonfunctional
indicator gene into a host cell;
(b) culturing the host cell from (a);
{c) measuring expression of the indicator gene in a
target host cell; and
25 (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 absence of the anti-viral drug,
wherein a test concentration of the anti-viral drug is
30 present at steps (a)-({c); at steps (b)-(c); or at step.
(c).

46. The method of claim 45 wherein the resistance test
vector comprises DNA of a genomic viral wvector.
35 '




(42-nmer) (SEQ I D NG 2) _
5' - CTCCTCCTCCAAGTCTGAGCGGCCGCCTTT (44-ner)
(SEQ 1D NQ 3) ARG WWWTATGGWTTTAUM 3
10 (44-mer) (SEQ ID NE)4)

5' - GGTCTAACCAW S 3122836 CCGT TCACTAAACGAGCT - 3! ( 36- ncprusePides D
NO 5) 6) 5' - GAATTCGCGECCCCAATTCCGCCCCTCTCCCT- 3" -

(32-mer) (SEQ I D NO 6) 15 7) 5' - GTTAACCEGGECCECGATATAGT TCCTCCTTTC- 3
(32-nmer) (SEQ I D NO 7) 8) 5' - GAATTCTCGCGACCATGGAAGACGCCAAAAAC- 3'
(32-mer) (SEQ | 3 ™NO g}ﬁe methog) of claim 45 wherein the resistance test

5' - GTTAACAGATCTCTCGAGE EACAAIImsI¥N el T 3f 20subgenomid 36 ek, D

NG 9) 10) 5' - AGACGGGCACACACTACTTAATACGACTCACTATAGSG
TGAAGCACTCAAGGCAAG- 3' (56-ner) (SEQ I D NO 10) 11)

5' - AAGAGT GACCTGAGGGAABE T ARtBeAT ACAGTIRODT T4 (Fhgrein the resifdneer rebSEQ
IDNO 11) 26 12) véctEWJ&%CMTEEGICR@QJﬁTJ@TTTCCTCCAAT 3
(42-mer) (SEQ I D NG 12)

5'TNWGIUWW?GﬂﬂKﬁ&%@W&%NTGGMWﬂG}3 (42-nmer) (SEQ
| D NO 13) 4P4) The. NRCBATAGAGTICERT GROGMHTEREET OHECTEET SAGHES 8esB0
(42-ner) (SEQ I D NO iéftor compgPlses DNA of H

5' - CTAAAAATAGTACTTTCCGGATCCCA CTGACTAATTTAT 3 (42-mer) (SEQ

| D NO 15) 16) 5' - TTAGCTCCTTCGGICCTCCAATCGITGTCAGAAGTAAGITGG 3
(42-mer) (¥EQ | BONO. T8p 3Bthodl BEf claim 45 wherein the resistance test

5' - GTCCCAGATAAGT GCCARGEAGF A AN BREA G- £ T4$4319
PCT/ US97/ 01609 od e G vify ypr, tat, $8v)74RL;

51. The method of claim 45 wherein the patient-derived
15 segment encodes one protein. '

52. The method of claim 45 wherein the patient-derived
segment encodes two or more proteins.

20 53. The method of claim 45 wherein the patient-derived

segment comprises a retroviral gene.

54. The method of claim 45 wherein the patient-derived
segment comprises an HIV gene.

25
55. The method of claim 45 wherein the patient-derived
segment comprises an HIV gag-pol gene.
56. The method of claim 45 wherein the indicator gene is a
30 luciferase gene.

57. The method of claim 45 wherein the host cell is a
packaging host cell.

35 58. The method of claim 45 wherein the packaging host cell




(42-mer) (SEQ ID NO 17) 4:8)——5'—-—GAAIICGIIAACTTCCCTCAGATCACTCTTTCI} 3'

(33-mer) (SEQ I D NO 18) - GTTAACGTCGACTTGTTCATTTCCTCCAAT-3' 5
(30-ner) (SEQ I D NO 19) mu m””",

5' - GAATTCCGATCGACAAGGAACTGTAT L

TCAGATCACTCTTT, (55-mer) (SEQ I D NO 2 21)

5' - GTTAAC&[&& CTGACTAATTTATCTACTTGTTC ~ PCIUSITNI609
ATTTCCTCCAAT-3' (52-ner) (SEQ I D NO 21) 15F 22) '

5' - GAATTCGTTAACTTOCCTCA( G A) ATC( A/ C) CTCTTHGG 3 (33-mer pool )
(SEQ | D NO 22) is 23humbh- GTRACGTCGACTT( G T) ( T/ C) TCATTTCCTCC( A/ T) AT- 3'
(30-ner pool) (SEQ ID NG 23) 24)

5' - GAATTCCGATCGACAA CTGTATCCTTTAACTTCCC 15
TCA( G A) ATC( AR®)-cTEPfTRE hod 3£ (edaighdp) whesmdn phe packaging N@sm)ceu

25) 5' - GTTAACGCGATGBCAGRARTRASTRAIITAT GEARE]( 66T .

(T/ C) TCARITCCTCC (A/ T) AT-3' (52-mer pool) (SEQ | D NO: 25) 20
26) 5'- ATCTCTTACCTGTCCTATCTAACAGGCCAGGATTAA- 3' (36-mer) (SEQ
| D NO 26) 60 .27 Fhesme thed T C38dmCLACUIGATCCHE TEANCRENEY Host cell
(35-mer) (SEQ I D N@s23) 293 cel28) 5' - GTTAACAGATCTTCATGGCTCGTACTCTAT-3' 25
(30-mer) (SEQ I D NO 28) 29)

5' - GAAT TCGCGOGCAAGCGGECCGCAACCCGGGAAAAGCTT

AAGCATGCAACCCEAGAAZRAT PEARFOLITARASE' cell of claifi725nehiat ( SEQal Rul&n29)

30) 5' -MBTTAACCCCCREDAEDREAEITISAEAFHCCCTTGCTAGCTT 30

AGATCTTTGGECCCTTTCGCGATTGAATTCTT- 3 (72-mer) (SEQ I D NO 30)
31) 5' - GAATTCAAGCTTGGCCATTGCATACGITGT- 3 (30-mer) (SEQ ID
NO: 31) $2) Bheraphariar GOSTARBAAGOEAAL8im 365 that is fapemer) (SEQ
| D NG 32)
63. The packaging host cell of claim 45 that is Huh7.
15
64. The method of claim 45 wherein the nonfunctional
indicator gene comprises a permuted promoter.
65. The method of claim 45 wherein the nonfunctional
20 indicator gene comprises a permuted coding region.
.66. The method of claim 45 wherein the nonfunctional
indicator gene comprises an inverted intron.
25 67. The method of claim 45 wherein the host cell and target
cell are the same cell.
68. The method of claim 45 wherein the target cell is a
human cell.
30

69. The method of claim 45 wherein the target cell is a
human T cell.

70. The method of claim 57 wherein the target host cell is
35 infected with resistance test vector viral particles
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- 156- 33) . 5' - GAATTCGCATGCTCCOCTGCTCCGACCCGG 3 ( 30- ner)
(SEQ I D NO. 33) 34) 5 -Gf GAAGCAG- 3'

(30-ner) (SEQ ID NO 34) 5 35) ¥NeE TGCCATACCACATTTGTAG 3'

(30- ner) (SESV*,B.”%‘QS) 36) 5 - GTTAACGCT AGCTCCAGACAT GAFARGNI G093’
(30-ner) (SE 36) 37) 5' - GAATTCGCTAGCATCCCGOCCCTAACTCCG 3" 10
(30-ner) (SEQ I D NO 37) 38) 5' - GTFAAGSTCGACGCAAAAGCCTAGGCCTCC 3
(30-nmer) (SEQ I D NO 38) 39) 5' - GAATTCTCGCGAACAGT TGGCCCT- 3!

(24-nmer) (SEQID NO‘EB’)anSEllteIGF SgPeCT PATREAT I TR EkasEmeG e sy
(30-mer) (SEQ ID NO.d))1/resistdhte test vector host cell.

- 5' - GTTAACGAATTCTTGCAAAAAGCT TTGCAAGATGGATA

AAGT TTTTAGAAACT CCAGTAGGACTCC- 3' (66-mer) (SEQ ID NO 41) 20

42) 5' - GAATTCTUSCGAET AGAURH CTACCIZIBTEGITGMMerein said culture is by
TTTTGGAGGAET CCTACT GRASSIR+3'vat ion . (63-ner) (SEQ I D NO 42) 43)
5' - GTTAACGAATTCCCACCAT GAT TGAACAAGATGGA- 5' (35-ner) (SEQID

NO: 43) 25 44) 5' - GAATTCAGATCTTCAGAAGAACTCGTCAAG 3' (30- ner)
(SEQ I D NO 44) 72. As®thog £ GEACTYWOGHRAACRACOSTUTanER - 131

(39-mer) (SEQ |

D NO 4
5' - CTCTGCTTCTCCCCGCA PG cag?&A}l'sCGC%AAA %ﬁt%ﬁdr Y %39 ér%EgQID
AA

PCT/ US97/ 01609

NO: 46) 47) t PTRECACCATGAR

(35-mer) SEQ |

15

20

25

30

35

D NKI47) susceptlblllty for an anti-viral drug;

(b} determining anti-viral drug susceptibility in the
patient according to the method of claim 1; and

(c) comparing the anti-viral drug susceptibility in
step (b) with the standard curve determined in
step (a), wherein a decrease in anti-viral
susceptibility indicates development of
anti-viral drug resistance in the patient.

73. A wethod for determining anti-viral drug resistance in

a patient comprising:

(a) developing a standard curve of drug
susceptibility for an anti-viral drug;

(b) determining anti-viral drug susceptibility in the
patient according to the method of claim 45; and

(c} comparing the anti-viral drug susceptibility in
step (b) with the standard curve determined in
step (a), wherein a decrease in anti-viral
susceptibility  indicates development of
anti-viral drug resistance in the patient.

74. A method for determining anti-viral drug resistance in
a patient comprising:

{a) determining anti-viral drug susceptibility in the

patient at a first time according to the method

of claim 1, wherein the patient-derived segment
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SEQUENCE LI STI NG (1) GENERAL—t TT ON; (i)
APPLI CANTS: Capon, Daniel J. “
Pet r opoul ous (ri) TIT Eﬂ m ‘ Oorrp03| tions And Met hods
For Det er m ni ng A al r kg Suscepti bil i An
Resi st ance W@ 9727319 (iii) NUVBER OF SEQUENCES: 47 "C’y"s""’g“"’
CORRESPONDENCE ADDRESS: (A)S%DDRESSEE Cooper & DunhanlLLP
15 (B) STREET: 1185 Avenue of the Ameri cas (O
gELE%R$eWUYQ;kd < is obtaih&d éggﬂTihéﬁ?ﬂtXQhE at about said tldéa

: Unite
COVPUTER READABLE E@M determining anti- ii ﬂ%ﬁ“ﬁ?ﬁ@tlﬁ%bw < str?‘e

(B) COWUTER: | BM PC compaei bakient at a 1ater tif€y @RERATI NG SYSTEM

PC- DOS/ Ms- DOS 25 QT h
#1. 30 (v(f")’ c@ﬁgﬁ“‘% BERTVARE. - Rebantd:Adebeaedp b i M On

(A
APPLI CATION NUMBER ermined —inpsten | N@)paed 3fp), whereirn @
CLASSI FI CATI ON: decrensei I ERORNEYFADEATY (MEGREATEBM ity at the

(A) NAME: White, John Pjater time compared to the first time indicates
development or progression of anti-viral drug
resistance in the patient.

10 ' '
75. A method for determining anti-viral drug resistance in
a patient comprising:
(a) determining anti-viral drug susceptibility in the
patient at a first time according to the method
15 ' of claim 45, 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
(c) comparing the anti-viral drug susceptibilities
20 determined in steps (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-wviral drug
resistance in the patient.
25
76. The method of claim 1 wherein the resistance test
vector comprises DNA of a hepadnavirus.

77. The method of claim 1 wherein the resistance test
30 vector comprises DNA of HBV.

78. The method of claim 1 wherein the resistance test
vector comprises DNA encoding C, P, and X.

35 79. The method of claim 1 wherein the patient-derived




(B) REGQ STRATI ON NUMBER: 28, 678 6&—REFERENCE/ DOCKET NUMBER:

50130- A- PCT/ JPW AKC TELECOMVUNI CATI ON | NFORMATI ON:
(A) TELEPHONE: 212-278- 0400 ” ||||”“I““I“| | EFAX: 212-391-0526 40
(2) | NFORMATI ON FOR SEQ I D NO: 1: EQUENCE CHARACTERI STI CS:
45 wog'ﬂ'ls JeENGTH. 42 base” pa| rs ( B) pC¥iBB97/00609] €i C
aci d (C) STRANDEDNESS: single . (D) TOPOLOGY:

| i near 50 (ii) MOLECULE TYPE: DNAiggenomi c) WO

97/ 27319 PCT/ US97/ 01609

- 158- ( X 9eBROUERCFPDESSR # T8 @¢NeSEQ | D NO: 1: AGTGAATTAG
CCCTTCCACC CGGGTCGAGC TTGGCGTAAT CA 42 5 (2)

| NFCRVATI ON ng%cg rxgeghod of claim 1( w%e%gg{EN%Ee CHAflent lﬂesr-l;-lV

(A) LENGTH 4
segment comprises an HBV gene.

5
81. The method of claim 1 wherein the patient-derived
segment comprises an HBV RT gene.

82. The method of claim 1 wherein the patient-derived
10 segment comprises an HBV DNA polymerase gene. '

83. The resistance test vector of claim 28 comprising an
indicator gene viral vector and a packaging vector said
indicator gene viral vector comprising an indicator

15 gene and said packaging vector comprising a
patient-derived segment.

84. The resistance test vector of claim 28 wherxrein the
patient-derived segment comprises a hepadnaviral gene.
20
85. The resistance test vector of claim 28 wherein the
patient-derived segment comprises an HBV gene.

86. The resistance test vector of claim 28 wherein the
25 patient-derived segment comprises an HBV P gene.

87. The resistancg test vector of claim 28 wherein the
patient-derived segment comprises an RT/DNA polymerase
gene.

30

88. A method for evaluating the biological effectiveness of
a candidate anti-viral drug compound comprising:

(a) introducing a resistance test vector comprising a
patient-derived segment and an indicator gene into
35 a host cell;




10 (B) TYPE: nucleic acid (C) STRANDEDNESS:

singl e (D) TOPOLOGY: i near (i) MOLECULE
TYPE: DNA (genomic) 15 mmﬁm‘ SCRI PTI ON: SEQ | D NO 2:
CTGTTGGGAA GGGCGATCTC TAGATGCTAG H . g 42 20

(2) | NFORWVA SEQ ID NO 3: * _ S(i SEQUENCE,, | STI CS:
(A) LENGTH: x%ﬁb%ggR pairs 25 (B) TYPE: nUC|eI§H§§ﬁ§LEB

(C) STRANDEDNESS: single {4 _-TOPOLOGY: | i near

(ii) MOLECULE TYPE: DNA (genomic) 30 (xi) SEQUENCE DESCRI PTI ON
SEQ I D NO 3: (OTCeLTERETNHAEHETHAEC (EBACETOM T £t &SCAGTGAT GCAC

44 35 (2) 1 NF@WLEQQuE%SE%{er%ﬁf RS indicatdy Zﬁfﬁq{w%

CHARACTERI STI CS: ase pairs
(B) TYPE: nucleic acid target host cell; @md STRANDEDNESS single

(D) TOPOLOGY: |ineatd) comparing(ithe MuprebbEod YBE tHN¥A {rgBReiicy) déne
(x1) SEQLENCE DESCRIPT! Qe SEQ.I0 N0, 451, che gy SlSSTGR I AR, .
gene measured when steps (a)-(c) are carried out
in the absence of the candidate anti-viral drug
compound,

wherein a test concentration of the candidate
10 anti-viral drug compound is present at steps (a)-(c);

at steps (b)-(c); or at step (c).

89. The method of claim 88 wherein the resistance test
vector comprises DNA of a retrovirus.

15
90. The method of claim 88 wherein the resistance test
vector comprises DNA of HIV. '
91. The method of claim 88 wherein the resistance test
20 vector cowmprises DNA of a hepadnavirus.
92. The method of claim 88 wherein the resistance test
vector comprises DNA of HBV.
25 93. The method of claim 88 wherein the resistance test
vector comprises DNA encoding HIV gag-pol.
94. The method of claim 88 wherein the resistance test
vector comprises DNA encoding HBV P protein.
.30

95. The method of claim 88 wherein the patient-derived
segment encodes one protein.

96. The method of claim 88 wherein the patient-derivea
35 segment encodes two or more proteins.




(2) INFORMATION FOR SEQ ID NO'5: WD 97427319
PCT/ US97/ 01609 - 159- (i)

(B TYPE nucl eic acid 1L \\II\UII\B!IMWE“ES? Single 5

(D) TOPOLOGY: “1&%%2{ I%ﬂON SEQI(.f*) VOLECULE TYPE: DNA ( genpairggoro1609

(xi) SEQUENCE D NO 5: 10 GGTCTAACCA GAGAGACCCG
GTTCACTAAA CGAGCT 36 -183(2) | NFORVATION FOR SEQ I D
NO. 6: 15 (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH: 32 base pairs (B) TYPE: nucleic acid -

EC) ) SﬁgglEJEEE'SI’\S{?E Si %ee n?@thod of claim S(BD)wﬁ'QDegfm\iEeN| Q%Eﬁésrérh -lcliae_l_xl'ic\]r\?d SEQ
11 ‘ggnonlcg ! é X

ID NO'6: 25 N o 32
(2) | NFORMATION FOR SEQ I D NO 7:

5 98. The method of claim 88 wherein the patient-derived
segment comprises an HIV gene.

99. The method of claim 88 wherein the patient-derived
segment comprises a hepadnaviral gene.

10
100. The method of claim 88 wherein the patient-derived
segment comprises an HBV gene.
101. A wethod for determining susceptibility for an
15 anti-viral drug comprising:

(a) introducing a resistance test vector comprising a
patient-derived segment and an indicator into a
host cell;

(b) culturing the host cell from (a);

20 (c) measuring the indicator in a target host cell;
and

(d) comparing the measurement of the indicator from
(c) with the measurement of the indicator when
steps (a)-(c) are carried out in the absence of

25 the anti-viral drug,

wherein a test concentration of the anti-viral drug is

present at steps (a)-(c); at steps (b)-(c); or at step

(c).

30 102. The method of claim 101 wherein the indicator comprises

a DNA structure.

103. The method of claim 101 wherein the indicator comprises
- a RNA structure.
35




30 (i) SEQUENCE CHARAW (A) LENGTH. 32
base pairs (B T eic acid — (O
STRANDEDNESS: si ngle 35 Ym,” ?/ﬁg i | inear (i)
MOLECULE TYPE: DNA (genomi c) NCE DESCRI PTION: SEQ I D
NO 7: 40 TAACGOGG COGCGATATA GTTCCTCCPT TC US97/01609 32

(2) | NFORVAMAS SEQ I D NO 8: 45 (i) SEQUENEE"

CHARACTERI STI CS: (A L H 32 base pairs

(B) TYPE: nucleic acid E(V\ég)f STRANDEDNESS: si ngl e 50

(D) TOPOLOGY: 1bisneArmethod for eva(lda)thg—EﬁylkﬁoIgBEcaDN?fﬂé}ﬁﬁQ}@rﬁ)ss of

WO 97/ 27319 / U897/ 01609
- 160- xF TSN eI RPATRERP %‘T‘ﬁ’ INg: GAATTCTOGC
GACCATGGAA GA fiptroducing a resistgwe Sest vect(qzx) COMPERFATECA FOR -
SEQ I'D NG 9: patient-derived segment and an indicator into a

5 host cell;

(b) culturing the host cell from step (a);
{(c) measuring the indicator in a target host cell; and
(d) comparing the measurement of the indicator from
step (c) with the measurement of the indicator
10 measured when steps (a)-(c) are carried out in the
absence of the candidate anti-viral drug compound,
wherein a test concentration of the candidate
anti-viral drug compound is present at steps (a)-(c);
at steps (b)-(c); or at step (c).
15

105. The method of claim 104 wherein the indicator comprises
a DNA structure.

106. The method of claim 105 wherein the indicator comprises
20 _ a RNA structure.




(i) SEQUENCE CHARACTER! STI CS: (A) LENGTH: 36 base pairs 10

(B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D TOPOLOGY: I|inear - (ii) MOLECULE TYPE:' DNA (genomc) 15
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 9: GTTAACAGAT CTCTCGAGIT
ACAATTTGGA CTWdb727319 36 20 (2) | NFORVATI adi/isHnsR® | D
NO. 10: (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH. 56 base pairs 25 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D TOPOLOGY: |inear :
(i1) MOLECULE TYPE: DNA (genomic) 30 (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO: 10: AGACGGGCAC ACACTIM22A ATACGACTCA CTATAGGGTG AAGCACTCAA
GCCAAG 56 35 (2) I NFORVATI ON FOR SEQ I D NO 11:
(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 42 base pairs 40
(B) TYPE: nucleic n C‘Q—Sﬂ NDEDNESS; s ngJ_e__
(D TOPOLOGY: Iingﬁa -—_f:rbgl\/u_ FCOHEE ok YPE: DA Lgengni-ed
(xi) SEQUENCE DESCRIPTI ON: SEQIT r 11: AAGAGTGACC TOA GT
TAACGGATAC AGITCOQTTGT BT : 5‘ = s _
g
s
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42 50 (2) I NFORVATI ON FOR SEQ I D NO 12: - WD 97/ 27319

PCT/ US97/ 01609 . -161- (i)
SEQUENCE CHARACTERI STI CsS: (A) LENGTH:. 42 base pai rs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: wd 43810 (ii1) MOLECULE TYPE: DNA (QW
(xi) SEQUENCE DESCRI PTI ON: SEQ ID NG 12: 10 TCCAGCACT i I iGT
CGACTTGTITC ATTTCCTCCA AT 42 (2) | NFORMATI ON FOR
SEQ ID NG 13: 15 (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 42 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single 20 2/22 TOPOLOGY: |inear
(i) MOLECULE TYPE: DNA (genonic) (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 13: 25 wn TAACGCCTAT TCTGCTATGC CGACACCCAA TTCTGAAAAT GG
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42 (2) 1 NFORMATI ON FOR SEQ I D NO 14: 30 (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH. 42 base pairs
(B) TYPE: nucleic acid ' (C) STRANDEDNESS: single 35
(D TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUEN TION: SEQ I D NO 14: 40 AAGGATACAGCTASSEH0IGIBCG
ATCGGCTCCT GG 42 (2) | NFORMVATI ON FOR SEQ
I D NG 15: 45 (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH:. 42 base pairs (B) TYPE: nucleic acid :
(C) STRANDEDNESS: single 50 (D TOPOLOGY: |inear
(ii) MOLECULE TYPE: DNA (genomic) 3/22 WD 97/ 27319
PCT/ US97/ 01609 -162- (xi)
SEQUENCE DESCRI PTI ON: %EQ I D NO 15: " "
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CTAAAAATAG TACTTTCCGG ATCCCAGCAC TGACTAATTT AT 42

(2) | NFORMVATI ON FOR SEQ I D NG 16: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH:. 42 base pairs 10
(B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: %@@9 | _ (ii) MOLECULE TYPE: DNA ( gempemiusy7/isos
(xi) SEQJENCI?'. PTION: SEQ I D NO 16: TTAGCTCCTT CGGTCCTCCA
ATCGTTGTCA GAAGTAAGTIT GG 42 20 (2) | NFORMATI ON FOR
SEQ I D NGO 17: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 42 base pairs 25 2 (B) TYPE: nucleic acid
(C) STRANDEDNESS: singl e 4/22 )" ToPOLOGY: | near
(i) MOLECULE TYPE: DNA (genomc) 30 (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 17: CCCAGATA AGTGCCAAGG ATTCGITCAC TAATCGAATG A
42 35 (2) IF TI ON FOR—SEQ | D NC 18: (i) SEQUENCE
CHARACTERI STI CS: -4 A ﬁENGTH: 33 s5e pairs 40
(B) TYPE: nucleil aci 9.., G STRANDE single
(D) TOPOLOGY: Llilear |5 (11) E=EULE TYPE (genomi c)
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45 (xi') SEQUENCE DESCRI PTI ON: SEQ I D NO 18:
ACTTCCCTCA GATCACTCTT TGG

SEQ I D NO 19:
PCT/ US97/ 01609

WO 97/ 27319

SEQUENCE CHARA%Q k373l CS:
(B) TYPE: nucleic acid

(D) TOPOLOGY: |i near
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 19: 10

33 50

(2)

-163-
(A) LENGTH 30 base-rw,(ﬁm,

(C) STRANDEDNESS:

GAATTCGITA

| NFORMATI ON FOR

(i)

singl e

(ii) MOLECULE TYPE: DNA (genom c)
GTTAACGTCG ACTTGITCAT
I NFORVATI ON FOR SEQ | D NG 20:

i near

TTCCTCCAAT
15 (1) SEQUENCE CHARACTERI
55 base pairs (B) TYPE: nucleic acid
STRANDEDNESS: si ngl e 2Q, (D TOPOLOGY:
MOLECULE TYPE: DNATUEYDNI C)
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(xi) SEQUENCE DESCRI PTION: SEQ I D NG 20: 25 GAATTCCGAT CGACAAGGAA

CTGTATCCTT TAACTTCCCT CAGATCACTC TTTGG 55 (2)
| NFORVATI ON FOR SEQ I D NO 21: 30 (| ) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 52 base pairs (B) TYPE: nucleic acid
(O STRANDEDNES&:,-,%;\QI e 35 (D) TOPOLOGY: i neglerusotioise
(i) MOLECULE TYPE: DNA (genomc) (xi) SEQUENCE DESCI%?[SQI!I (%\I
SEQ I D NO 21: 40 GTTAACGGAT CCCAGCACTG ACTAATTTAT CTACTTGITC
ATTTCCTCCA AT (2) | NFORMATI ON FOR SEQ I D NO 22:
45 (i) SEQUENCE CHARACT ERIé?Hé:S (A) LENGTH 33
base pairs - (B) TYPE leic acid (O
STRANDEDNESS: si ngl e 50 (D) TOPOLOGY: |i near (1)
MOLECULE TYPE: DNA (geg.pm c) WO 97/ 27319
PCT/ US97/ 01609
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- 164- (xi) SEQUENCE DESCRI PTION: SEQ I D NO 22:

GAATTCGTTA ACTTCCCTCA RATCMCTCTT TGG 33 5 (2)
| NFORMATI ON FOR SEQ | D NO 23: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 30 base pairs 10 (B) TYPE: nucleic acid
(C) STRANDEDNESS oS00l € (D) TOPOLOGY: line 1
(i) VoL EooLE ORIl (genonic) 15 | (xi) SEQUENCECBFSUA'R o
SEQ | D NO 23: GTTAACGTCG ACTTKYTCAT TTCCTCCWAT 30
20 (2) | NFORMATION FOR SEQ I D ; (i) SEQUENCE
CHARACTERI STI CS: (A H. 55 base pairs 25
(B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: |i near (ii) MOLECULE TYPE: DNA (genom c) 30
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 24: GAATTCCGAT CGACAAGGAA
CTGTATCCTT TAACTTCCCT CARATCMCTC TTTGG : 55 35 (2)
| NFORMATI ON FOR SEQ | D NO 25: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 52 SE pai TS 40 ( . ' cid
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(C) STRANDEDNESS: single (D TOPOLOGY: |inear

(ii) MOLECULE TYPE: DNA (genomc) 45 (xi) SEQUENCE DESCRI PTI ON:
SEQ | D NO 25: GTTAACGGAT CCCAGCACTG ACTAATTTAT CTACTTKYTC ATTTCCTCCW
AT 52 50 (2) 1 NFORVATI ON FOR SEQ I D NO 26:
VO 91/27319  wo 9727310 y PCT/ US97/ Ofét8seri01600
- 165- , (i) SEQUENCE CHARACTERI STI CsS: - (A) LENGTH:
36 base pairs ' (B) TYPE:,nucleic acid , (O
STRANDEDNESS: single 5 & OPOLOGY: | i near (i)
MOLECULE TYPE: DNA (genomi c) (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 26: 10 ATCTCTTACC TGTCCTATCT AACAGGCCAG GATTAA 36
(2) | NFORVATI ON FOR SEQ I D NO 27: 15 (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 35 base pairs
(B) TYPE: nucleic_acid
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(C) STRANDEDNESS: single 20 (D TOPOLOGY: |inear

(ii) MOLECULE TYPE: DNA (genomic) (xi) SEQUENCE DESCRI PTI ON: SEQ
I D NO 27: 25 GAATTCTCGC GACCACCATG GCGCGITCAA CCCTC
35 (2) | NFORVATI ON FOR SEQ I D NG 28: 30 (i) SEQUENCE

- CHARACTERI STI G 97127319 - (A) LENGTH. 30 base pairs pcrmusse1609
(B) TYPE: nucleic acid (C) STRANDEDNESS: single 35
(D) TOPOLOGY: | i near (i) %} JULE TYPE: DNA (genonic)
(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO GTTAACAGAT CTTCATGCCT
CGTACTCTAT 30 (2) | NFORVATION FOR SEQ I D NG 29: 45
(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 72 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: single 50
(D) TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA (genomic)
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WD 97/ 27319 _ PCT/ US97/ 01609

- 166- (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 29: GAATTCGCGC
GCAAGCGECC GCAACCCGEG AAAAGCT TAA GCATGCAACC CCGGAAGAAT 60 5
TCAATCGCGA AA 72 (2) 1 NFORVATI ON FOR SEQ | D NG 30:
10 _ wg,ug;,,z,gggtJENCE CHARACTERI STI CS: _ PCTA)SYLmbESTH. 72
base pairs _- (B) TYPE: nucleic acid _ (O
STRANDEDNESS: si ngle 15 % OLOGY: | i near (i)
MOLECULE TYPE: DNA (genomi c) f ) SEQUENCE DESCRI PTI ON: SEQ I D
NO 30: 20 GITAACCCCC GCCTTCTCGAG TTGCGEECCGC TTGCTAGCTT  AGATCTTTGG
GCCCTTTCGC 60 GATTGAATTC TT 25 ' 72 (2)

| NFORVATI ON FOR SEQ I D NG 31: (1) SEQUENCE CHARACTERI STICS: 30
(A) LENGTH. 30 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D TOPOLOGY: linear 35

(ii) MOLECULE TYPE: DNA (genomic) (xi) SEQUENCE DESCRI PTI ON:

SEQ I D NO 31: o

g
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GAATTCAAGC TTGGECCATTG CATACGITGT 40
FOR SEQ I D NO 32:

30 (2) | NFORVATI ON

(1) SEQUENCE CHARACTERI STICS: 45

(A) LENGTH 24 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D TOPOLOGY: linear 50

(i1) MOLECULEwb/#H73®NA (genoni c) (xi) SEQUENCE hEfosshiicesN:
SEQ I D NO 32: WD 97/ 27319

PCT/ US97/ 01609 -167- GITAACGCAT
GCATAAGAAG CCAA 24  11/22(2) | NFORVATION FOR SEQ I D
NO 33: 5 (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH. 30 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single 10
(i1i) MOLECULE TYPE: DNA (genonic)

(D) TOPOLOGY:

| i near
(xi) SEQUENCE DESCRI PTI ON: SEQ
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15 GAATTCGCAT GCTCCCCTGC TCCGACCCGEG 30 . (2)

| NFORMVATI ON FOR SEQ I D NO 34: 20 (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 30 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single 25 (D TOPOLOGY: |inear

(i) MOLECULE woPHi73I9NA (genoni c¢) (xi) SEQUENCE Dipgeidk#ldiéd: SEQ
| D .NO 34: 30 GTTAACGAAT TCTCCTGCGG GGAGAAGCAG 30

(2) I NFORVATION FOR SEQ I D NO 35: 35 (1) SEQUENCE

CHARACTERI STI CS: (A)1é‘)i\ng: 30 base pairs

(B) TYPE: nucleic acid ) STRANDEDNESS: single 40

(D) TOPOLOGY: |i near (1i1) MOLECULE TYPE: DNA (genonic)

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 35: 45 GAATTCAGAT CTGCCATACC
ACATTTGTAG 30 (2) I NFORVATI ON FOR SEQ I D NO 36: 50
(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 30 base pairs

(B) TYPE: nuc| & acid
w
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WO 97/ 27319 - PCT/ US97/ 01609

- 168- (C) STRANDEDNESS: single (D)
TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA (genomic) -5
(xi) SEQUENCE DESCRI PTION: SEQ I D NG 36: GTTAACGCTA GCTCCAG&;A

- TGATAAGATA 30 10 (2) 1 NFORVATI ON POXESEW NGO 37:
(i) SEQUENCEY &ZKERErER sTI Cs: "(A) LENGTH 30 base pairs 15
(B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA (genomic) 20
(xi) SEQUENCE DESCRI PTION. SEQ ID NO1§37/2 GAATTCGCTA GCATCCCGCC
CCTAACTCCG 30 25 %2) | NFORMATI ON FOR SEQ | D NO 38:
(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH. 30 base pairs 30
(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D TOPOLOGY: |inear
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(ii) MOLECULE TYPE: DNA (genonic) 35 (xi) SEQUENCE DESCRI PTI ON:

SEQ I D NGO 38: "GTTAACGTCG ACGCAAAAGC CTAGGCCTCC 30
40 (2) 1 NFORVATI ON FOR SEQ I D NO 39: (1) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 24 base pairs 45
(B) TYPE: nuckeiegres d (C) STRANDEDNESS: sipoyines97/01609
(D) TOPOLOGY: |i near (i) MOLECULE TYPE: DNA (genomc) 50
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 39: WO 97/ 27319
PCT/ US97/ 01609 14/22 - 169- GAATTCTCGC
GAACAGITGG CCCT 24 (2) | NFORMATI ON FOR SEQ I D
NG 40: 5 (1) SEQUENCE CHARACTERI STI Cs: (A
LENGTH. 30 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single 10 (D) TOPOLOGY: |i near
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(ii) MOLECULE TYPE: DNA (genonic) (xi) SEQUENCE DESCRI PTI ON: SEQ

| D NO 40: 15 GITAACAGAT CTTTACGCGA ACGCGAAGTC - 30
(2) INFORVATION FOR SEQ I D NO 41: 20 (1) SEQUENCE

CHARACTERI STI CS: (A) LENGTH 66 base pairs

(B) TYPE: nuclved e7egisd (C) STRANDEDNESS: si Ngtgmuser/01609
(D) TOPOLOGY: i near _- (i1) MOLECULE TYPE: DNA (genom c)

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 41: 30 GITAACGAAT TCTTGCAAAA
AGCTTTGCAA GATGGATAAA GITTTTAGAA gECAGT AG 60 GACTCC 35
66 (2) I NFORVATI ON FOR SEQ | D NOu42% (1) SEQUENCE
CHARACTERI STI CS: 40 (A) LENGTH:. 63 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D) TOPOLOGY: linear 45 (ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRI PTION: SEQ | D NO 42: GAATTCTCGC GATCTAGACG

TTCTACCTTT CTCTTCTTTT TTGGAGGAGT 50 CCTACTGGAG TTT

- <
63 $1?c <
P w

a + @
m «
e Ei
& m—— =
o o
- (C mmm
T o
@
| @
m
| »
&
%w
* 4
T
__>D
_l‘ o
%. a
§A
Sz |
o || 9%
&
Lot
o K:
- @«
o)
|-
o
+ O
w | -]
E;ét{ g T
- (=) AO - d
. - . E
. (]
[ i
i



WO 97/ 27319 PCT/ US97/ 01609

-170- (2) | NFORVATI ON FOR SEQ I D NO 43: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH 35 base pairs 5

(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D TOPOLOGY: Wo teas19 (ii1) MOLECULE TYPE: DNA ( genPar/u$970@609
(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 43: GITAACGAAT TCCCACCATG
ATTGAACAAG ATGGA 35 15 (2) I NFORMVATION FOR SEQ I D
NO 44 (i) SEQUENCE CHARFGJZR STI CS: (A
LENGTH: 30 base pairs 20 (B) TYPE: nucleic acid

(C) STRANDEDNESS} ﬁ]gl e (D) TOPOLOGY: li near

(ii) MOLECULE TYPE DNA (genomic) 25 (xi) SEQUENCE DESCRI PTI ON:
SEQ ID NO 44: = GAATTCAGAT CTTCAGAAGA ACTCGTCAAG 30
30 (2) 1 | ON FOR SEQ I D NO 45: '
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(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 39 base pairs 35

(B) TYPE: nucleic acid ' (C) STRANDEDNESS: single
(D) TOPOLOGY: |i near (ii) MOLECULE TYPE: DNA (genomc) 40
(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 45: CCCCGTGCCA AGAGTGACTA
CGTAAGTACC GCCooN\T#Z#19 . 39 45 (2) | NFORVPET/Ohb7oese SEQ
| D NG 46: (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH: 39 base pairs 50 (B) TYPE: nucleic acid '
(C) STRANDEDNESS: single (D TOPOLOGY: |inear
- WD 97/ 27319 PCT/ US97/ 01609 |
-171- (ii) MOLECULE TYPE: DWX/@fnoni c) (xi) SEQUENCE
DESCRI PTI ON: SEQ | D NO: 46: 5 CTCTGCTTCT CCCCGCAGCT GGAGAATTCA
ATCGCGAAA 39 (2) | NFORMATI ON FOR SEQ I D NO 47:
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10 (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 35

base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: linear 15
(ii) MOLECULE TYPE: DNA (genomic) (xi) SEQUENCE DESCRI PTI ON: SEQ
I D NC 47: 20wo 978B10ACGAAT TCCCACCATG AACACGATTA ACATC PCT/US97/01609 35
- WO 97/ 27319 , PCT/ US97/ 01609
-172- What is claimed is: 1. A nethod for determning
susceptibility for an anti-viral drug conprising: 5
(a) introducing a resistance t est vect or
conprising a patient-derived segnment 3822 i ndi cat or
gene into a host cell; (b) culturing the host cell from
(a); -~ (c) measuri ng expression of the indicator gene 10
in a target host+c % and (d) conparing the expression of
t he i ndicator gene from(c) with the expression of the
i ndi cator gene npeasjured @hen steps (a)-(c) are
carried out imgE aksence of the 15 anti-viral
dr ug, = Tn-@ test concentration of the anti-viral drug is’
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present at steps (a)- c); at steps (b)-(c); or at step (c). 20

2. The nethod of claim1 wherein the resistance test vect or
conprises DNA of a genomic viral vector. 3. The nethod of claim1
wherein the resistance test vect or conprises DNA of a subgenom c
viral vector. w69727319 4. The nmet hod of claim1l wherein thedrashidiedcCe
t est : vector conprises DNA of a retrovirus. 5. The
nmet hod of claim 1l wherein the resistance test 30 vect or conpri ses
DNA of HI V. 6. The nethod of claim 1l wherein the resistance test
vector conprises DNA encoding vif, vpr1S9/22 rev, vpu, and nef .
35 WO 97/ 27319 . PCT/ US97/ 01609
-173- . 7. The nmethod of claim 1l wherein the patient-derived
segnent conprises a functional virgl sequence. 8. The net hod of
claim1l whenegk the pati ent-der_'_i 5 segnent encodes one protein
that is thg%get of an w anti-viral drug.
E - .
Qo s
[
(3] [4Y]
(C S
o &
I
[
o]
)]
-
Lito gh
[«]
[« A
L
i &
H —
I o
§ i T %
211 8
%
N (78‘_
&
o
-
&
N -
x
o
&)

Fig. 12A
i T

Fig. 12B
Fig. 12C



9. The nethod of claim1l wherein the patient-derived segnent

encodes two or nore proteins that are the 10 target of an anti-viral
dr ug. 10. The method of claim 1l wherein the patient-derived

segnent conprises a retroviral gene. 15 11. The nethod of claim1l
wher ei n t he paoisemtsigeri ved : segment conpri ses an BETUSIEILE09

12. The method of claim 1l wherein the patient-derived segnent
conprises an H 'V gag-pol gene. 20 13. The method of claim 1l wherein
the indicator gene is a fun@20/@2al indicator gene and the host
cell is a resi stance test vector host cell including the

addi tional step gf§infecting the target host cell with 25 resi st ance
test vector vigall particles using filtered supernatants from said
resi st ance test™~yector host cells. 14. The met hod of
claim1l whereim dlhe indicator gene is a 30 non-functional indicator
gene. he nethod of claim 14 wherein the host cell is a

/resistance test vector host cell. 35 16. The

packagi ng hostf g
5 wherein the culture is by

nmet hod of cl ai@n
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WO 97/ 27319 PCT/ US97/ 01609

-174- co-cul tivation. 17. The nethod of claim15
wherein the target host cell is infected with resistance test
vector viral particles 5 using filtered supernatants from said
packagi ng hoswo 97127319 cell/resistance test vector host aefsse701609
18. The nethod of clain11 mherein the indicator gene is a
| uci ferase gene. 10 The neéq?Q of claim 1 wherein the indicator
gene is an E. coI |acZ gen 20. The nethod of claim15
wherei n the packagi ng host 15 cell/resistance test vector host cel
is a human cel | . 21. The method of claim 15 wherein the packagi ng
host cell/resistance test vector host cell is a human
enbryodni c kldney cell. 20 22. The nethod of claim 15 wherein the
packagi ng hosi cell/resistance test vector host cell is a 293
cel |. « 3 The nmethod of claim1l wherein the target host cell is 25
a human T cgl 24. The nethod of claim1l wherein the target host
cell is o h human T cell |eukem a cell [ine.
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30 25. The nmethod of claim1l wherein the target host cell is

a Jurkat cell line. 26. The nethod of claim 1l wherein the target
host cell is a H9 cell line. 35 WD 97/ 27319
PCT/ US97/ 01609 -175- 27. The net hod
of claim1l wwoemnmishe target host cell is a CEMPEETUSST/Q1609.
28. A resistance test vector conprising a patient-derived 5 ,
segnent and an indi cator gene. 29. The resistance test vector of
claim 28 wherein the patient - de@Ry@® segnment is one gene. 10
30. The resistance test_vector of claim28 wherein the _
pati ent-derived segnept@ids two or nore genes. 31. The resistance
test vector of claim wherein the pati ent-derived segment
conprises a retroviral jgene. 15 32. The resistance test vector of
cl aim 28 wherein thqg pati ent-derived segnment conprises an HV
gene.
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33. The resistance test vector of claim 28 wherein the 20 Hvag 5\,;9?‘7

patlent derived segment corrpf“l ses an HV gag-n = | e
resi stance test vector of claim 28 wherein thf(i,:tEF?jCEMENT SH&EI tor gene is
a functional indicator gene. 25 35. The rledi stance test yegtor of

clai m:28 wherein the . ¢ i ndi cator gend ils 29ngij1. 1988t { opal

i i cat or’ “gene. . 86. ' The resistance tedt |vector of cla 28 wherein
the i ndicator gene is a lucifeg -ﬁse gene. 30 71 A

packagi ng host cell transfected with -a reS| st ance t ept vector.

38. The packagigg Bost.cel bigfrehmafid7? thgprdserd@ioml i 88 35the Rnzhost
cell. WO 97/ 27319

PCT/ US97/ 01609 pregenomic structure, of nghs Dregenom%ggRN?hés
packagi ng host cell of c¢kown 36 thatolsd-alineman Direct repeatosiequsiices 5

40.  The packaging host Fﬁﬁﬂ Qe l%h%h%7 Egatclés@dhuP@@tangles. The
5 p081tions of the ‘encapsidation signal sequence is
shown ((). The C, P, S, and X genes are shown as
open rectangles. The terminal protein (TP),
spacer, DNA polymerase/reverse transcriptase
(pol/RT), and RNase H regions of the P gene are
10 indicated. Sites 'of C, P, S, and X translation
' initiation are indicated by shaded triangles.

B. A generalized.diagrammatic representation of

the subgenomic¢ indicator gene viral vector,

15 pCS-HBV (NF-IG)II- (PSAS-), a component of the
' resistance test vector system, comprising an
indicator gene bassette and an inverted intron

containing the following elements in a 5’ to 3’

orientation: (1) the CMV IE enhancer-promoter
20 region, (2) the 5’ region of the HBV genome and
the DR1 and 5’'g (the pre-C ORF translation
initiation codon is eliminated), (3) a

" non-functional indicator gene cassette in which

the indicator Qene ORF contains an inverted

25 intron, (4) the region of the. HBV genome

' containing DR2, DR1*, the 3’€£, and the 3’ HBV
polyadenylation (pA) signal region.

C. Diagrammatic representation of the covalently
30 closed circular DNA (cccDNA) form of the
subgenomic indicator gene viral vector,
pCS-HBV(F-IG)II(PSAS-), containing a functional
indicator gene cassette assembled as a result of
HBV viral replication.
35
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enbryoni c ki dney cell. 41. The packag REPEAGEMENJISHQEFM ai m 37 that
Is 293 cells. 10 42. The packagi ng host|c LId]HIu7 that is a
human hepat oma cel | |ine. 13 gQﬁ Q rjg jhost cel |l of
claim 37 that is HepQ&. 15 44. The packpg] n 0 ofi cl aim 37
that is Huh7. o 45. A nethod for detern _ng_suscepLLbLlity for an
anti-viral drug conprising: % rodUC|ng a resistlance test
vector conprising a 20 patle dertved—segment nd a

nonf unct i onal leg&QQ?8§39rrgﬁPgséHEQfﬁygogﬁ Sﬁ% éxa@%%%§%|on

(b) culturing the host cel | neasur
of the indicator gene i n?a Packaging vector,; gPeCP¥ost e@mpen%mu Q% the

(d) conparing the expresesdstaticd hacddtdi GaldioeNeystem comprising fé&\Th
t sur e en
(c) with the expressi One%g (%r?t Ié"erllc%raeé) segment ﬁopﬁglgbggntg}é O‘IfTE]t ing

steps (a)-(c) are carri

anti-viral drug, elemewtss ¢im a G'edto czfnmiezmttammf tihe ta-ni iy al
drug is 30 pr esefig gﬁh§ﬁ ) t eps; ( t
step (c). @Qieéﬁae“t'%t# {‘-eﬁ'%ﬁm Eg) \/vrl%))euraelr(r?3 ° Vot
resi stance test theveﬁggr O8REMEs e SPAAIANT o §feoini Ehei r & \QRRor
35 translation initiation codon to the 3’ pA signal

and including the C, P, S, and X genes. The C
10 gene of the packaging vector, pPK-CPX, is
modified such that it does not contain the pre-C
ORF sequences and does not express the S proteins
(as shown by the X at the translation initiation
sites).
15
E. Diagrammatic representation of an additional
packaging vector, pPK-S, providing the S gene
proteins, that is cotransfected with the
o resistance test vector system comprising the
20 indicator gene viral vector,
pCS-HBV (NF-IG) II-(PSAS-), and the packaging
plasmid, pPK-CPX.

F. A generalized diagrammatic representation of

25 the resistance test vector,
pCS-HBV(NF-IG)II- (PSAS+), comprising a

non-functional indicator gene with an inverted

intron containing the following elements in a 5’

to 3 orientation: (1) the cMV IE

30 . enhancer-promoter region, (2) the 5’ region of
the HBV genome and the DR1 and 5'¢ (the pre-C

ORF translation initiation codon is eliminated),

(3) indicator gene cassette (containing an

inverted intron) within the region of the HBV

35 genome which contains a patient-derived P gehe
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WO 97/ 27319

-177- 47. The nethod of clai m 45 wher ei rﬂ&ﬂucﬁmmt SHEET] est
vect or conprises DNA of a subgenom c viral vedtd* 7T

of claim45 wherein the resistance test 5
49. The net hod of cl ai m 45
vector conprises DNA of HI V. 10 50.,. The

retrovirus.
the resistance test
rev, vpu,

two or nore proteins.
pati ent-derived

vect or cdﬁ%rls , Vpr,

angk nefe cchNA Storm INEETTE s h! 5c Wg?

the patient-derived 15
nmet hod of clai m 45 \/\hergﬁr}?%dp

nment encodes _one proteln

paXticlesl protiteedeihogackagliagm4se Weeresn the
segnent conprises a retroviral gene.

The nmethod of claim45 wherein the patient-derived segnent
conpri ses arFHgVv fend. 25Diagram@stidhe nepriesdndfatcica m 46 whehei n RNze

pati ent-derived

10
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35

B.

pregetRAIRN steARRL-EeS safpkl. V gag-pol gene.

A generalized diagrammatic representation of
the subgenomic indicator gene viral vector,
pCS-HBV(NF-IG) PP- (PSAS-), a component of the
resistance test vector system comprising a
non-functional indicator gene with a permuted
promoter containing the following elements in a
5’ to 3’ orientation: (1) the CMV IE enhancer
promoter region, (2) the 5’ region of the HBV
genome and the DR1 and 5‘t (the pre-C ORF
translation initiation codon'zg eliminated}, (3)
a non-functional indicator gene cassette
assembled such that the promoter region is
positioned 3’, i.e. downstream, of the indicator
gene ORF, (4) the 3' region of the HBV genome
containing DR2, DR1*, the 3'¢g, and:the 3’ HBV pA
signal 1region (the pre-C ORF translation
initiation codon is eliminated). The packaging
vector, pPK-CPX, a component of the resistance
test vector system comprising a patient-derived
P gene segment is shown in Pig. 8D and the S
packaging vector, pPK-S, is shown in Fig. 8E.

Diagrammatic representation of the covalently
closed circular DNA (cccDNA) form of the
subgenomic indicator gene viral vector,
pCS-HBV (F-IG)PP(PSAS-), containing a functional
indicator gene cassette assembled as a result of
HBV viral replication.
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56. The nethod of claim45 wherein the indicator gene is a 30

| uci f erase gene. 57. The nethod of clai m4h wherein.the. hqgst cel
is a packagi ng host cell. 35 58. RE&{AGENE%H%SHEEﬁ|n145
wherei n the packagi ng host cell WO o/ p7R18
PCT/ US97/ 01609 - is a
human cel | . 59. The nethod of claim45 whe e?rﬁ t%&%ggk gijng host
cel | is a human enbryoni c ki dAdy cel | 60 hg met hod
of claim 45 wherein the packagi ng host cell [s a 293 cql |
61. The packagi ng host cell of claim45 that is- &htrrer—i6 hepat oma
cell Iline. 62D. They pReregi NG DSdi £ptdmd v £ atdpAdsdritait ich Hep 2.
63. The packagi ng host gq{l of claln145 that Ls Hup? 15
l1lstan vector,
PCS-HBV(NF-IG) PP (PSAS+), comprising a
5 non-functional indicator gene with a permuted

promoter containing the following elements in a
5 to 3’ orientation: (1) the CMV IE
enhancer-promoter region, (2) the 5’ region of
the HBV genome and the DR1 and 5’¢ copy of {the
10 pre-C ORF translation initiaEEon codon is
eliminated) (3) an enhancer-promoter region
(permuted prbmoter), {(4) the P gene containing
the patient-derived segment (5) the indicator
gene ORF (6) an internal ribosome entry site
15 {IRES), and (7) the 3’ region of the HBV genome
containing DR2, DR1*, the 3’'f£, and the 3’ HBV pA
signal «region (the pré—c: ORF translation
initiation codon is eliminated). The packaging
vector, pPK-CSX, providing the C, S and X genes
20 is cotransfected with the resistance test vector,
pCS-HBV(NF-1IG)PP(PSAS+), and is shown in Fig. 8H.

E. Diagrammatic representation of the covalently
closed circular DNA (cccDNA) form of the
25 resistance test vector, pCS-HBV(F-IG)PP(PSAS+),
containing a functional indicator gene cassette
and a patient-derived P gene segment assembled as
a result of HBV viral replication.

30 . Fig. 11 A. Diagrammatic representation of the RNA
pregenomic structure of HBV.
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64. The nethod of claim45 wherein the nonfuncti onal +ndi cat or
gene conprises a permnuted pronoter. 65. @L’EEKIE“T (ﬁHEETa m 45
wherei n the nonfunctional 20 i ndi cator ¢e rmut ed
codi ng regi.on. 66. The nethod of claim45 uncti onal
I ndi cat or gene conprises an inverted intron. 5 od of
claim 45 wherein the host cell and target |sane

cel | . 68. The rret hod of cl al m 45 4fkterei | the tar get cell i s a .
human cell. 30 h . ai m 45 S
a human T cel | . ANgHAELLD ’768 Taéaﬁﬁf"%'a of ﬁeﬁ’Fﬁ?S?tﬁlﬁépél ﬁ’ft he

target host cell is 35 the subgpnewied wndhcaesrstgeme twixtalvesie@tow,r al
VRS LkB(3Ne- 1G) PPTIS- (PSAS- 179§ component of tﬁ&

filtered supernatants fr6mSkPECBack&§tngVRESPTY

particles
PCT/ US97/ 01609

test vecdor host cell.
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35

non-functional indicator gene with a permuted
promoter  and translation initiation site
containing the following elements in a 5' to 3’
orientation: (1) the CMV IE enhancer-promoter
region, (2) the 5’ region of the HBV genome
including the DR1 and 5'g (the pre-C ORF
translation initiation codon is eliminated), (3)
an indicator gene ORF lacking a translation
initiation site, (4) an enhancer-promoter region
(permuted promoter) (5} the 3’ region of the HBV
genome containing DR2, pre-C ORF translation
initiation codon, DR1*, the 3’g, and the 3’ HBV
PA signal region. The packaging vector, PPK-CPX,
& component of the resistance test vector system
comprising a patient-derived segment is shown in
Fig. 8D and the S packaging vector, pPPK-S, is
shown in Fig. 8E. ’

Diagrammatic representation of the covalently
closed circular DNA (cccDNA) form of the
subgenomic indicator géne viral vector,
PCS-HBV(F-IG)PPTIS(PSAS-), containing a
functional indicator gene cassette assembled as
a result of HBV viral replication.

A generalized diagrammatic representation of
the resistance test vector,
PCS-HBV (NF-IG) PPTIS (PSAS+), comprising a
non-functional indicator gene with a permuted
promoter containing the following elements in a
5’ to 3¢ orientation: (1) the CMV IE

| AMENDED SHEE7]
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71. The nethod of claim57 wherein said culturefig HEET

cQ-cul tivation. 72. A nethod for determ nﬁ MCEMENT S dy ug

resi stance in a patient conprising: . (a).. devgl oping
a standard curve aof drug 10 siis &prilli I“iﬂ"y of -an
anti-viral drug; (b) determning anti4viiral drug_su ptibility
in the pati ent according _t@ _the rfethod of claim1;}and

(c) conparing the anti-viral drug susceptibility{n step
(b) with the standard cuky@adeterpi8RcéP +8gion, (2) the H-€Pr éﬁ;n of
wherein a decrease i nthangb-w ral , i suscept | b|T ty

i ndi cat es devel opnent tP¢ §PV genome including,the,ifRY apd, P ‘Eesi sEhRce
in the patient. - P3e-8 MORFod tframsdeitdion ni il @intdion r adodbnlg is
resi stance in 20 : ] co I .S NQs 34 devel opi ng
a standard curve ofe Qlﬂg%hﬁgé), .f'?.f fﬂq_lgidlcas?:uosrcgﬁfl Iebléﬁl%t %/a?"]é?'n%na
anti-vira drug; trangpatienerinitiinfion i siteal #ugtdhesceptgsneity
in the pebhesin@fgotBenaltd chite Jatiked Fegrlealtm 485) agd 25

(c) conparing the anti-vyjital drug susceptibility, in step
(b) with the standard cure\r/léaBS?EFﬁ?ﬂ'B‘at? region “(permuted preWopey) (fikrein
a decrease in anti-viral the 3’ region of ShecBPVi gehothy comtumimeihtgSDR2,

devel opnent of re-C ORF (AN ; | St i he
patient. 30 74. A ﬁg?hod forﬁ%etser r%l%%lngﬁgﬁ%%égérr?a ?ld.gBlrﬁeLsi’stf%%ce
in 10 a patient Cofpridithgthe 3’ HBV' pa) signelnirfgiPrant i -The al

drug susceptibility in tpackaging vector, ppPRatisgnt pabvadind ¥hd c)es and

according to the method 35 . of claiim 1 erein.the
pati ent - derived segnent genes is cotrans]:‘.ec{:ed with the resistance test

-

vector, pCS-HBV(NF-IG)PPTIS(PSAS+), and is shown
in Fig. 8H.

[
n

E. Diagrammatic representation of the covalently
closed circular DNA (cccDNA) form of the
resistance test vector,

' pCS-HBV(F-IG) PPTIS (PSAS+), - containing a
20 functional indicator gene cassette and a
patient-derived P gene segment assembled as a

result of HBV viral replication.

Fig. 12 A. Diagrammatic representation of the RNA
25 pregenomic structure of HBV.

B. A generalized diagrammatic representation of
the subgenomic indicator gene viral vector,
pCS-HBV (NF-IG) PCR- (PSAS-), a component of the

30 resistance test vector system comprising a
non-functional indicator gene with a permuted
coding region containing the following elements
in a 5’ to 3’ orientation: (1) the CMV IE
enhancer-promoter region, (2) the 5’ region of

35 the HBV genome including the DR1 and 52 ' (the

“ AMENDED SHEET




- 180- i s obtained fromthe patient REPLABDMENTSSHEEY ijne;

(b) determning anti-viral drug susceptibility of hf sane
patient at a later tinme; and (c) conpar|np Iiltw yl rial}{ drug
susceptibilities 5 determined in sfe ( )’ B (b))
wherein a decrease in anti-viral #rtg- s'usccpxi bttty at

t he later tinme corrpared't‘}(?'thefir“st tinme indicates

devel oprment  or progre55|on vira [stance in
the patient. 10" % SRt TR FHFShalanthn, iRITEISR o) R0

resi stance in elamineiced) ,cdapra shomy: functional m(da)ca@gregmeri ng

anti-viral drug suscept 'é%iééett!ée' BskBfbled such that thd Prcdr e radilonst
time according to the nethod aim45, wherein the

15
pati ent-derived segnent and a 5’ portiqn G‘Sta ﬁ‘&d FPINRY he S n T8
about sasd tine; positlilonedeBer ninengdewmhstream) off uthes wemapiniilig i ty
of the t ater EI e &G)
conparing the anti -viral dra(g%%(glgeﬁtl b&lé tC%d re&%jn (4) tl'tlerr% ned
in steps (a) and (b)xegigmerd irheg HBV genome contaj@dnga HR2j, n DR1*,

anti-viral drug susceptidid igne At &€ the 37 FBV ph sibber rgTencammas od
to the first tinme indicates Bg?nt or_progr.essi qn of

anti-viral drug pre-C OR%SIEFWF*‘P?I’]G Fahtonp5C0don T 4 1he
met hod od cl ai m 1 wher eigl inimatesi)st antlee t patkaging vectovecp®K-C8Rpr iases

DNA of a hepadnavirus. .qop onenz:7 -of 10 n‘f&%ﬁg\tg%cgl @lagtlv\ﬁ@ﬁﬁ@ %ygi‘.%m

resi stance test 30 ector conprises
net hod of claim 1 wherei PN gy R aprleiqniztderived P gevﬁcF‘GBmSBﬁprllsses
DNA encoding C, ‘P, and Xshown in Fig. 8D and the S packaging vector,

pPK-S, is shown in Fig. 8E.
15 '

C. = Diagrammatic representatibn of the covalently
closed circular DNA (cccDNA) form of the
subgenomic indicator gene viral vector,
pCS-HBV(F-IG)PCR(PSAS—) , containing a functional

20 indicator gene cassette assembled as a result of

HBV viral replication.

D. A generalized diagrammatic representation of

the resistance test vector,

25 pCS-HBV (NF-IG)PCR(PSAS+), comprising a
non-functional indicator gene with a permuted

coding region containing the following elements

in a 5’ to 3’ orientation: (1) the CMV IE
enhancer-promoter region, (2) the 5’ region of

30 the HBV genome including the DR1 and 5’€ (the
o pre-C ORF translation initiation codon is
eliminated), (3) the 3’ portion of the indicator

gene ORF beginning with a splice acceptor

sequence ‘in the reverse orientation, (4) the P

35 gene containing the patient-derived segment, (5)
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35 79. The nethod of claim1 wherein the patient WO
97/ 27319 ., PpCT) usagﬁ@ BEMENT SHEET |
-181- segnent conprises a P gene. BO. The net hod iof
claim 1 wherein the patient-derived segneft | cepyysenggn HBV
gene. 5 : 81. The nethod of claim1 wherein thg patient- derlved
segnent conprises an HBV RT gene. _%27._ The ngt hoot~of—ctarm-1 :
wherein the patient-derived 10 segnent conprlses an HBV DNA.

pol ymerase gene. %% enhBBckeSLELABEE t?éIgl&ﬁCt 98) Ofng! "#;

conpri sing an |r1 i cator genhe vi ra t or and a packagrng vector
sai d i ndi cat or & %i +BR1GREPHr 9EBRPIORY ngnaing nécha@t ofplice

gene and said packagi n@onmects(yqueel@lépmxﬁlﬂ}ga Beverse orientation, (7)

pati ent-derived segnent. ., , T resi nce test ve tor 0
28 wherein the tnet ?enféé%??v(gﬁ R }?é\? LoIPT <887 aﬁﬁbﬁﬁné%?r al
gene. 20 > 85. The r ®§ldt atbe 34$u wact dheof3 ¢l BB %8 shan®l nrégion

patient-derived segment cqmpei p2%-an MY @iHblation initiation codon is
eliminated). The packaging vector, pPK-CSX,
providing the C, S and X genes is cotransfected
with the resistance test vector,
10 pCS-HBV(NF-IG)PCR{PSAS+), and is shown in Fig.
8H.

E. Diagrammatic representation of the covalently
closed circular DNA (cccDNA) form of the
15 resistance test vector, pCS-EBV(F-IG)PCR(PSAS+),
containing a functional indicator gene cassette
and a patient-derived P gene segment assembled as
a result of HBV viral replication.

20 Fig. 13 A. Diagrammatic representation of the = RNA
pregenomic structure of HBV.

B. A generalized diagrammatic representation of

the subgenomic indicator gene viral vector

25 component, pCS-HBV(F-IG) (PSAS-)}, a component of
the resistance test vector system comprising a

functional indicator gene cassette containing the

following elements in a 5’ to 3’ orientation: (1)

the CMV IE enhancer-promoter region, (2) the 5’

30 - region of the HBV genome including the DR1 and 5%
- (the pre-C ORF translation initiation codon is
eliminated), (3) a functional indicator gene

cassette, (4) the 3’ region of the HBV genome

containing DR2, DR1*, the 3’¢g, and the 3’ HBV pA

35 signal region (the pre-C ORF translation

| AMENDED  SHEET }



86. The resistance test vector of claim28 whereil
patient-derived segnent conprises an HBV P gene.
resi stance test vector of claim28 wherein the
segnent conprises an RT/DNA pol ynerase C
met hod for evaluating the biological effectiveness
candi date anti-viral drug conpound conpri,gi_ng:

resi stance test vector conprising a

hhc 25 |
H
]

EPLACBMENT -SHEET
patlent¥gefived
dete-2§QuL 199 Sp- 1A

a—i-nt+oduci ng a

pati ent-derived segnent

and an indicator gene i @h9t88tion codon is dlbeingedd). The packagii®

97/ 27319 PCT/ US97
-182- (b) cHFFE?thpFﬁécﬁ§$tacéF?“ é%ﬁ#

é)l gpgflréj; resistance

St ép

measuring expression of teke vadtoat eysgemecompyising a patient-dargeedhost
cell; and (dp Gupearddgndfte SXPLBIONOf rige bPdieRl G¥haese S

fron1st§? (c) wth the expression of the indicator
measur e® when steps (a)PREXRILBICYEFIRY: oRFK-S, 1S

. i ene
shown inBigyBEysance

of the candidate anti-viral drug conpound, wherein

a test concentrati on of

) t r‘t?iacg‘f’:}:r}acrjtimgaattigct %:‘%tpgpesse(rbt)a%%%r{ \Qg; @gltedrg%igsiggygynd s

present at steps (a)-(c);

89. The method of clainpgsswﬁeraﬁmcmﬂerreéﬂﬁ%ané@c¢@Eﬁ) form of yeEher
conprises DNA of a retraubhdfiomie indicator gene viral vector,

10

15

20

25

30

35

pCS-HBV(F-IG) (PSAS-), containing a £functional

indicator gene.

A generalized diagrammatic representation of
the resistance test vector, pCS-HBV(F-IG) (PSAS+)},
comprising a functional indicator gene containing
the following elements in a 5' to 3’ orientation:
(1) the CMV IE enhancer promoter region, (2) the
5’ region of the HBV genome including the DR1 and
5'¢ ' (the pre-C ORF translation initiation codon
is eliminated), (3) a functional indicator gene
cassette, (4) the P gene containing the
patient-derived segment, (5) the 3’ region of the
HBV genome containing DR2, DR1*, the 3’¢g, and
the 3’ HBV pA signal region (the pre-C ORF
translation initiation codon is eliminated). The
packaging vector, pPK-CSX, providing the C, S and
X genes, that is cotransfected with the
resistancé test vector, pCS-HBV(F-IG) (PSAS+) , and
is shown in Fig. 8H.

Diagrammatic representation of the covalently
closed circular DNA (cccDNA) form of the
resistance test vector, pCS-HBV(F-IG) (PSAS+),
containing a functional indicator gene.

| AMENDED _SHEET




~90. The method of claim88 wherein the resistance EMENT S_HEE"I/e'tor

conpri ses DNA of H V. 91. The nethod of clla h
resi stance test 20 vect or conprises DNA of arhepadnaviw.
92. The nmethod of claim 88 wherein the resistance §est29 JUL V7 edt or

conprises DNA of HBV.- 25 93. The nethod of c
resi stance test . vector conprises DNA enc
94. The nmethod of claim 88 wherein the res$stance "
conpri ses DNA encoding HBV P protein. 30 95. The nethod of claim 88
wher ei n the pREPERENdeEh@Edis the targetsefmmtandricoticslodsugr otBie term

96. The net hodfghceliana 88, whar aldyddirPatdLnisé@r hiedidSrefers tSeHBNL
encodes two or r’rgrecprot I ns. WD 97/ 27319 . ‘o

PCT/ US97/ 01608ucleic acid sequence (DNA or RNA w1§§8%gnctlonal agEivity

met hod of cl asnc83 ashenhancelre, pprovaterder i pellyadenylatiorsegiteyd, edmad ses
a retrovgral

88"N%ction of trans-acting factors, such as tar and RRE,
packaging sequences, integration sequences, or splicing
seguences. If a drug were to target more than one
functional wviral sequence or viral gene product then
patient-derived segments corresponding to each said viral
10 gene would be inserted in the resistance test vector. 1In
the case of combination therapy where two or more
anti-virals targeting two different functional viral
sequences or viral gene products are being evaluated,
patient-derived segments corresponding to each functional
15 viral sequence or viral gene product would be inserted in
the resistance test vector. The patient-derived segments
are inserted into unique restriction sites or specified
locations, called patient sequence acceptor sites, in the
indicator gene viral vector or for example, a packaging
20 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.

25 Such species include, but are not limited to chimpanzees,
horses, cattles, cats and dogs.

. Patient-derived segments can also be incorporated into
resistance test vectors using any of several alternative
30 - .cloning techniques. For example, <cloning via the
introduction of class II restriction sites into both the -
plasmia backbone and the patient-derived segments or by
uracil DNA glycosylase primer cloning {refsy.

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

[ AMENDED _SHEET-




5 98. The nethod of claim 88 wherein thé pati entf

segnent conprises an HV gene. .. 99. «The neth rein
t he patient-derived segnent conprlses a hepadnaviral 0
100. The nethod of claim 88 wherein the patient-deriyefd 29 JUL nt
conprises an HBV gene. 101. A nmethod for et erm ni ng
susceptibility for an 15 anti-viral drug cofpfTsTng:

(a) introducing a resistance test vector §onpr|5hng a

pati ent-derived segnent and an i.ndi cator |nto a e host cel |l

(b) culturi nsoi.iﬂeclaeat afi@l ésééﬁé‘&(ﬁlr 20refly luc:(féraééi‘%'i'}trllv'ﬂ: .he s
indicator in a tar

conparing the® ﬁ%ﬁgg ﬁﬁﬁtcﬁéf%rﬁPlﬁhﬁ E&%&PrFrgﬂ1n°t efflCIEntly'%ééFQﬁsth
the neasur enevheofindigatodi gener, whemsfected cells instbescpdfufe) ase

carried out igeiies @Qéfﬂ?@eéﬁe%%eh 1s in the cw.flhﬂnaé‘t lcatl E8tvdTdW target

wherein a test concentration e anti-vira pr sent at
steps (a¥-(c)host sedps foy- f%§10%¥°%19%ﬁ%xﬁXPress1°n (?be redygtiomGm  The

met hod of cl almzieérwger abammeﬁl aﬂséaﬁ@a €6FPelds transfected DPNAthe
structure. The et hod of wher ei n the i ndi cat or

conpri ses presencg ﬂﬁAas?fﬁ%?u?xétl‘?Sr agenlt Or agents as compared
to a control run in the absence of the antiviral agent(s),

generally relates to the log of the concentration of the
10 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
target product encoded by the patient-derived segments
present in the resistance test vector.
15
Antiviral Drugs/Drug Candidates
The antiviral drugs being added to the test system are added
at selected times depending upon the target of the antiviral
drug. For example, in the case of HIV protease inhibitors,
20 including saquinavir, ritonavir, indinavir, and nelfinavir,
“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. HIV
protease inhibitors are also added to the target host cells
25 at the time of infection 'to achieve the same final
concentration added during transfections. HIV reverse
transcriptase inhibitors, including AZT, ddI, ddC, d4T, 3TC
and nevaripine, are added to individual plates of target
host cells at the time of infection by the resistance test
30 ' 'vector wviral @particles, at a test concentration.
Alternatively, the antiviral drugs may be present throughout
the assay. The test concentration is selected from a range
of concentrations which is typically between about 0.1nM and
about 100 pM and more specifically for each of the

35 following drugs: AZT, from about 1nM to about SuM; ddr,
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WD 97/ 27319 P L HEET
-184- 104. A nethod for evaluating the biol g€§535; e ebs
a candidate anti-viral drug conpound eonpri sing: (a in r odu
a resistance test vector conprising a [or:CTI: 1o i e
.segnment and an indicator intoa 5 hoslt lcel I ; .J b(
culturing the host cell fromstep (a); -76- ( ) surlng t he }

indicator in a target host cell; and Jéﬁﬁéﬁnr—»
measur ement off#dwe abdutatinM f tomabout 25pM; 3TC$ ﬁﬁavc g to
measur enment of the indicator

are carried o
drug conpound,
candi dat e

at steps (b)
wher ei n he|

(ADQYE t (FOLM, d4%? from aQBEEnégﬁgf%{ a@h g 3% antl-V|

1deSto feets@gmon of the
nevarlplﬁ?f-vnwﬂ %ﬁ%ﬁ conpéﬁnd 'S pré@iﬂt at steps (a)-(

( tq'}ezs t ggbgalme&é ~of tlflio%N&%n@%gOd Qf gélﬁéf&%g%

n cator tructur

of
ci.ng

b)

(c)

ral

c);

The met hod of a@ltm%r_aﬂs qmpénd iAectesierd dirptheo fnics sysgeptibility samRia

structure.
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resistance test of this invention. The candidate antiviral
compound is added to the test system at an appropriate
concentration and at selected times depending upon the
protein-target of the candidate anti-viral. Alternatively,
more than one candidate antiviral compound may be tested or
a candidate antiviral compound may be tested in combination
with an approved antiviral drug such as AZT, ddI, ddC, 44T,
3TC, saguinavir or a compound which is undergoing clinical
trials such as ritonavir, or indinovir. The 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.
Following the identification of resistant 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 identify effective

anti-virals and design effective therapeutic regimens.

General Materials and Methods

Mot of the techniques used to construct vectors, and
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 converi.ience, the following

paragraphs may serve as a guideline.

.....
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nucleotide sequence complementary to positions 4712 to 4729

of HXB2 within the pol gene, and 2) an 18 nucleotide
sequence complementary to positions 925 to 942 of HXB2
within the gag gene. Plasmid pCMV-HIV3’ (Fig. 3C) is
prepared from two DNA fragments: 1) a vector fragment of 6.8

kB prepared by digesting plasmid pLTR-HIV3’ with Smal and

ClaI, and 2) a DNA fragment of 1.3 kB prepared by digesting
plasmid pCG with Smal and Clal.

Plasmid pVL-env4070A (Fig. 3D) is constructed from two DNA
fragments: 1) a vector fragment of 4.3 kB prepared by
digestion of the pVL-2 mammalian expression vector with Nrul
and BglII, and 2) a DNA fragment of 2.0 kB containing the
complete coding region of the MLV4070A env gene product
(nucleotides ‘37 to 2001, coordinates given in GenBank,
accession number M33469, Ott et al. (1990) J. Virol. 64,
757-766) prepared by PCR using plasmid pCRIPamgag-2 (Danos
and Mulligan (1988) Proc. Natl. Acad. Sci. 85, 6460) as a
template with oligonucleotides 27 and 28 as primers,
followed by digestion with Nrul and BglII. Oligonucleotide
27 incorporates a unique Nrul site followed by a consensus
sequence for mammalian translation initiation (e.g., Kozak
(1991) J. Biol. Chem, 266, 19867-19870) , while
oligonucleotide 28 incorporates a unique BglII site.

The mammalian expression vector pVL-2 contains the following
elements din a 5’ to 3¢ direction: the CMVv IE
promoter/enhancer, the CMV IE first exon splice donor, the

humane 1 globin second exon splice acceptor, a cloning site

polylinker, the polyadeﬁylation site of the SV40 T antigen
gene, and the SV40 origin of replication. Plasmid pVL-2 is
constructed in four steps as follows. In the first step,
plasmid pVL is prepared by replacing the cloning site
polylinker and phage T7 and T3 promoters of plasmid
pBluescript II KS (+) with a cloning site polylinker

AMENDED. SHEET
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(54) Tide: COMPOSITIONS AND METHODS FOR DETERMINING ANTI-VIRAL DRUG SUSCEPTIBILITY AND RESISTANCE

AND ANTI-VIRAL DRUG SCREENING
(§7) Abstract

This invention provides a method for determining susceptibility for an anti-viral drug comprising: (a) introducing a resistance test

vector comprising a patient-derived segment and an indicator gene

into a host cell; (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 measured when steps (a)-(c) 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 steps (b)-(c); or at step (¢). This invention also provides a method determining anti-viral
drug resistance in a patient. This invention also provides a method for evaluating the biological effectiveness of a candidate anti-viral
drug compound. Compositions including resistance test vectors comprising a patient-derived segment and an indicator gene and host cells

transformed with the resistance test vectors are provided.




