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NL4RLuc .36 nM 19.49nM

JREFNRLuc 0.12nM 6.9nM

JRENFEFLuc .1 8nM >10,000nM

JRENSEAP 0.1 0nM 21.5nM
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TITLE OF TEE INVENTION

HIV-1 REFCRTER VIRUSES AND THEIR USE
IN ASSAYING ANTI-VIRAL COMPOUNDS

FIELD OF THE TINVENTION

The present inventicn relates to replicabion
competernt HIV-1 proviral constructs that encede a
reporter gsne, preferably either ths renilla luciferase
or the secreted placental alkaline phosphatase {SEAF)
reporter gene. Uhe Invention further relates to the use
of these proviral construct virions in high throughput

screening of compounds that inhibit RIV-1 replication.

BACKGROUND OF TYE INVEMTION

Replicatisn of the type 1 human
immunedericiency virus [III¥-1) in cell culture is
comnonly measured by quantitating the production of
virsl reverse transcriptase (RT) activity, quantitating
mature viral capsid proteins {i.e., p24) in the cell
supernatant, or by quantitating viral RRA copy number by
reverse transcriptase direscted polymerase chain reaction
methods (RT-PCR} . Alternatively, HIV-1 replica<ion can
be measured indirectly by guantitating virzl induced
cytopathic effect (cpe] on the infected cells using dye
reduction methads such as XTT and MTT {(Welslow =t al,
1582). I the case of HiVv-1 BT or p24 assays, the
cumbersome natvre of the methods exclude these type of
analyses Zcy high throughput anti-viral assays.

Analysis of HIV replication by dye reductien methods
sich as XTT, on the other hand, invslves a single step
process and thus allows <or higher throughput. Howewver,
a5 dye reduction methods arxe often performed after the

majority of cells in the culture have heen infectad and

JP 2004-503252 A 2004.2.5
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killed, they may result in & reduction in sensitivity in
the identification of less efficacious HIV-1 inhibiters.
In addition, as dye reduction methods rely on
significant cytopsthic effect, they can not be used to

accurately measure the replication of HIV strains that

4o not erhibit aggressive revlication kineti ‘n
cultured cell lines, such as non-syncitivm inducing RIV-
1 strains.

The generation of HIV-1 reporter viruses
afforded an alternative to the traditicnal methods of
measuring BIV~i repiication. Single-cyecle infectious
HIV-1 reporter viruses encoding luciferzse as “he
reporter gene have been described (Chen et al., 199%4).
Those viruses allew simple and raoid analysis of
approxinately the first helf af the HIV-1 replication
cycie, including viral entry, reverse transeription,
integration, and gene sxpression. However, steps pos:
EIV gene expressicn in the infected c2ll, such as HIV
protzase mediated processing of viral precursor
Polypap

eagily measured using those viruses. In crder to

‘es required Zor virien maturafion, are not

analyze the full replication cycle of BIV and to follow
HIV-1 dissemination through a population of cells,
replication competent reporter viruses are required.
Several replication competent HIV-1 reporter viruses
that can ke uwsed fox the analysis of HIV-1 replication
have been generated [(Terwilliger, et al., 198%; Malim et
&l. 19927 He & Lendau, 1995; Piznelles, et al., 1995;
Chen et al., 1996; Page et al., 1237; Jamieson and Zack,
1993} . However, those reperter viruses are not useful
for high velume gnti-viral assays because the reporter

gens prodocts they encode canpot be measared by simple
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and rapid assays. For exaople, the sxpression of the
ch%oramphenicol acetyl transferase (CAT) reporter gene
can only ba measured by cumbersome enzymziic assaye with
a limited range of sensitivity. Sinilarly, reporter
rirypaes that encode a marker gere reguire fluorescence—

activated cell sorting to identify HIV infected cells.

SUMMARY OF THE INVENTION

The present inwention relates Lo HIV-1
previruses, which produce replication competent HIV-1
reporter viruses. These proviruses encode an HIV-1
gename in which a region of the genome that is net
essentlzal to viral replicatlon has been sulbstituted by a
reporier gene, preferably, the renilla luciferase, a
derivative of the renilla luriferasze gene or the
secreted placental alkaline phosphatsse (SEAP) reporter
gene. Derivatives of the rerilla luciferase gene
incinde zminc acid or nucleotide substitutions in the
wild type Renllla luciferase seguence (i.e. cys-ala
substitutions) that result in a furctional rerilla
luciferase enzyme. (Liu, =t 2l., (1383)). The
espression of the reporter gene is dependesnt on bonifide
virzl replicatior and can be detected using 2 simple end
rapid assay.

The replication scompetent HIV-1 proviruses of
the invention may be constructed using any replicaticn
competent YIV-1 proviral clones derived from any HIV-1
viral strain. 1Io cae embodiment, a replication
competent EIV-1 provirus is constructed by replacing the
ref gene of the HIV-1 proviral clare pNL4-3 with the
renilla luciferase reporter gene. The resulting

provirus produces T-tropic viruses that wiilize CXCR4 as

JP 2004-503252 A 2004.2.5
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the co-receptor for wiral infectieon. Other cravples of
reporter geres that can be used include, but are not
limited to, the SEAP gene, the TAT gene or the green
fluorescence protein gene (GFP).

In another embodiment, a replication competent
HIV-} proviruas is constructed by replacing the nef gene
of the RIV-1 proviral clone pNL4-3 with the renilla
fuciferase reporter gene, and replacing the envelope
gena of pHLé-3 with the eaveloce gene of the EIV-1
provirus JRFL. The resulting provires produces
macrophage-tropic viruses that utilize CCRS as the co-
receptor for viral irfectien. !

In yet ancther embodiment, a replication
competent HIV-1 provires is produced by replacing the
nef gene of the HIV-1 proviral clone pRL4-3 with the
SEBP reporter gene, and the envelcpe gene of pRL4-3 with
the envelope gene of the HIV-1 proviral clene JREL.  The
resulting provirus, designated JRFNSEAP, produces
nacrophage-tropic viruses thst wtilize CCR5 as the co-
receptor for viral infection.

Other exarples of envelcepe genesz that can be
used for generzting the EIV-1 provirus of the invention
include, bui arve not limited tc, RIV-1 envelopes tnat
display tropism for any of tha CC or CEC chemoxine
receptors or any HIV-1 isalate anvelope thal is capable
of initiazing infection of a eukarvotic cell or cells.

The invention zlso relates to the use of the
5Iv~1 replication competent reperter viruses of the
invention in high threughput in vitre screening of

compounds tihat inhioit HIV-1 replicatien.

JP 2004-503252 A 2004.2.5



L B e B |
L T e T e T e T s T e T s T e T e O e T e T e, B s Y s T e B e T e B e R e T e O e O e O e B e B e |

(22)

WO 0146610 PUTIUSOTIBAIR

—5—

BRIEF DESCRIPTIGN OF THE FIGURES

Figure 1 is & schematic representation of the

NL4RLuc proviral construct.

Figure 2 is a schematic representation of the

JRTHRLuc proviral censtruct.

Figura 3 is a schematic representation of the

JRENFLuc proviral eonstruct.

Figure 4 is a schematic representation of the

JRFNSEAP proviral construct.

Figure 5 shows the kinetics of replication of
HIV-1 viruses produced by the HTV-1 provirus pNLARL Uz,
Renilla luciferase activity and the leval of mature
viral capsid protein p2?4 measured on days 0, 2 and 5 are

shown.

Figure & shows the kinetics of replication of
HIV-i viruses produced by the RIV-1 provirus JEFNRLuc.
Renilla luciferase activity and the lesvel of mature
viral capsid protein p24 measured on days 0, 3 and 6 are

shown.

Figure 7 shows that HIV-1 virus prodoced
following pHL4Rluc infection of MT-2 41F cells were
capzble of initiating new rounds of infackion in MT-2
£18 cells,

Figure 8 shows that HIV-1 virus produced
following JRFNRluc infaction of ¥T-2 ¥18 cells were
capable of initiating new rounds of infection iz MTP-Z

#1B c=lls.

Figure 9 shows the kinetics of replication of

EIV-1 viruses produced by the BIV-1 provirus JRFNFLuc.
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Figure 10 shows the kinetics of replicatior of
HIV-1 viruses produced by the H1v-1 provirus JRENSEAP.
SEAP activity and the level of mature viral capsid
protein p24 mezsured an days 0, 3 ard 6 are shown.

Figure 11 shows that HIV-1 virus produced
following JRTNSEAP infecticn of MT-2 #18 cells were
capabls of initiating new rounds of infesticn in MT-2
#18 cells,

Figure 12 shows the p24 activity of the

various HIV-1 reporter viruses and the PHLI-3 virus,

DETAIZED DESCRISTICH OF THE INVENTION

The present invention relates to replication
compatent HIV-I proviruses. These replication compstent
31¥-1 proviruses are produced by replacing a region of
arn HIV-1 viral genome that is not essentiz) to viral
replication with & repcrter gene, preferably the rerilla
luciferase gene, a derivative of the renilla lu¢iferase
gene cr the secreted piacentzl alkaline phosphatase
ISEAP) reporter gene. Derivatives of the renilla
luziferase gene include amino acid cr necleotide
substitutions in the wild type Zenilla luciferase
sequence (i.e. cys-zla substitutions) that result in a
functional renilla luciferase enzyme, (Liu, st al.,
(14885} . The expression of the reoorter gena is
dependent on borifide viral replication and therefore
serves as a methoed for gquantifyirg vira: replicaticn.
The expression of the reporter gene can be detected
using a simple and rapid assay,

Te construct ths replication competent HIV-1
proviruses of the inventien, a nen—debilifating reporter

gene, for example the renilla luciferaso régorter yene,
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can be inserted anywhere in the HIV-1 wviral genoma so
long as it does not disrupt the replicatien of the
virus. Freferably, the reporter gene is inserted inte
the HIV-1 genome by replscing a recion of the viral
genome that is not essential to viral replication.
Examples of such regions Include, but are not limited
te, the nef gene, the vpr gene, and fragments ¢f the nef
gene and vpr gene. Fragments of the nef and vpr gene
are generally 1 to 300 nucleotides in length,

The repilication compestent HIV-1 proviruses of
the invention may be constructed using any replication
competent HIV-1 proviral clones derived from any HIV-1
viral strain. Examples of such clones include, but are
not limited to, pNLé-3 (Bdachi, et al., 1986), pyU-2
{Lai et al., 1%21), pB89.6 (Collman et al., 1952} and
HIV-1 Lai (Wain-Hobscn et al., 1985}

Ir. one erbodiment, a replication competent
HBIV-1 provirus is prodiaced by veplacing the nef gene of
the HIV-1 proviral clone pNl4-3 with the renilla
luciferase reporter gene., Thae resullting pravirus,
designated NL4Riuc, produces T-tropic viruses that
utilize CXCR4 as the co-receptor for viral infection.

In ancther embodiment, a replication competent
HIV-1 provirus is produced by replacing the nef gene of
the EIV-1 proviral clone pN¥L4-3 with the renilla
luciferase reporter gene, and the envelope gens of pHL4-
3 with the envelope gene of the HIV-1 provirai clone
JR¥L. The resulting provires, desighated JREFNRluc,
produces macrophage-tropic viruses that utilize CCRS as
the co-receptoer for wiral infection.

In yet another embodimernl, 2 replication

competent HIV-1 provirus is preduced by replacing the

JP 2004-503252 A 2004.2.5



—/
L T T e T e T e T e T e O e T e T e B e T e T e T e T e T e T e O e T e R e T e R T e T e R e T e B |

(25)

WO 0146610 PUTIUSOTIBAIR

-
nef gene of the HIV-1 provirsl clcone PNL4-3 with tne
SEAF reporier gene, and the envelope gene of pNL4-3 with
the envelope gene of the AIV-1 proviral clone JRTL. The
resulting provirus, designated JRFNSERP, produces
macrophage-tropic virvses that utilize CCRS as the co-
receptor fur viral infaction.

The expression of the renilla luciferase
reporter gene, derivatives of the renilla luciferase
gene or the SBAP reporter gene in cells infecred with
the HIV-1 viruses of the invention is dependent on
bonifide viral replication in cell culture and can be
detacted using methods known in the ari, In one
embodiment, venilla luciferase activity is measured by
adding the renilla luciferase substrate coslenteramine
{Promega Corp., Madison, I} tc ceils infected with the
provirus. As renilla luciferase converts soelenteramine
to coelenteramide with the concemitant production of €O,
and light, the renilla luciferass activity may be
dotected by light emissicn wnich can be guentified vsing
& scintillation counter or a luminometer.

Ia another embodimen!, the SEAP activity is

measuyed by zdding the SEAFP substrate CS5PD

opix PE
Appiied Systems, Bedford, MR), a luminescence enhancer,
and a vuffer system that inhibits esndogencus non-
pzacental alkaline prosphatase activity to the
superinatants from infected celi culturess. Upon
dephospharylation of the substrate by SEAP, a metastabls
ph=nclate anion intermediate is formed which decomposes
and emits light., The light emission can be mezsured

utilizing a scintillation counter or a ilumincmeter.

JP 2004-503252 A 2004.2.5
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It is understood that other substrates of
renilia luciferase or SEAP knoawn ip the art may be used
to measure renilla luciferase activity ar SEAP activity.

As the replication of the HIV-1 wiruses of the
irvention in cell culture can be readily measured using
simple and rapid assays, the Lnvention also relstes to
the uvse¢ of these HIV-I viruses in high throughput
screening of compounds that inhibit AIV-1 replication.

In one embodiment, the methHod of screening
comprises adding a test compound to cells infected with
the viral stock of a replicatiecn competent provirus of
tie davention and measuring the level of renilla
luciferase or SEAP activity 2 to 7 days, preferably €
days, f2llowing iacubation. Irn arother embodiment,
viral stocks may be added to a test compound together
with the cells teo be infected,

Suitable cells or cell linss Ffor use in tae
screening of anti-viral compounds include, but are nct
limited to, MT-2 ceil, MT-2 #18 cells, PM-1, CEM S5 and
Jurkat cellie.

The level cof renilla iuciferase or SERP

activity in cells treated with the test conpound is
compared to that of the infected conkrol cells. &
reduction in the lavel of renilla luciferase or SEAP

activity in cells treated with the test compounds

relative to the level In the control ce indicates

that the test compound may have the ability to inhibit
HIV-1 wviral replication. FPreferably, ths reduction is
betwzen 50 to 90%, and more preferably, it is mare than
EEN

Viral stocks of the HIV-1 viruses of the

irvention can be gengrated by methods well known to

JP 2004-503252 A 2004.2.5



L B e B |
L T e T e T e T s T e T s T e T e O e T e T e, B s Y s T e B e T e B e R e T e O e O e O e B e B e |

27)

WO 0146610 PUTIUSOTIBAIR

,10_
those skilled in the art. In cne embodiment, viral
stocks ars prepared by transfecting a provirel clene of
the invention into cell cultures and harvesting the
supernatants of the transfected cells. Transfection may
be done using methods known in the art such as calcium
phosphate, electroporation or lipusome mediated
Trarsfection. Examples of cells thac may be uszed for
transfection include, but are not limited ta, HEK 282
cells, Jurkat celis and CEM celle,

By measvring the change in the level of
rerilla luciferase or SEAP activity in cells treated
with the test compound, it is possible to determine the
effectiveness of the test compound in inhibiting wviral
replication as weil as the degree of the effectiveness.

The present invention will now be dessribed by

way of examples, whicn sre meant to illustiate, but nat

tit, the scope of the invention.

Ezamples
M.a*.erial 5 and Methods

Cell Lines and Cell Zulture Conditions

The MT-2 cell line, a CC44 human maligrant 7-
cell lire, obtained from the NIJ RIDS Research and
Reference Reagert Frogramr (Bethesda, MD), were
propagated in Roswell Park Memorial Institute {REMI}
1640 medium (Life Technolegies, Gaithersburg, MD)
containing 10 ¢ fetal Bovine serum (FRS, Life
Techreologies). This cell line naturslly expresses D¢
anc CHCR4 and was transformed to express human CTCRS, the
macrophage tropic HIV-1 co-receptsor. The transformed
cell line was designated by their cienal population
rumber as MT-2 #18 and was coltured as its parental cell

line MT-2 with the addition of 0.3mg/mi of geneticin

JP 2004-503252 A 2004.2.5
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{Life Technologies, Gaithersburg, MD). MT-2 #ls.cells
are permissive to HIV-1 infection via use of either
CXCR4 co-receptox for T-tropic viruses op HIV-1
infection via CCRS co-receptor for macrophage-tropic
viruses.

BEZX 283-T is a numzn embyronic kidney cell
line transformed with the SV-40 large T-antiger. HEK
£33-T cells were propagated in Dulbecco’s Modified Eagle
Madium (DMEM) {Life Tecknolegies, Gaithersbuzg, MD)

cantaining 10 % fetal Bovine sarum.

Construction of Repoxter Virpses

The HIV-1 proviral clone pdL4-3 (Adachi, ek
al., 13¥B&} was used to consiruct the proviruses. To
construct the KL4Rluc proviral elene (Fig. 1), a unigus
Xba I endonuclease restriction site was introdoced
immediately 3’ of the envelope coding segusnces in piL4-
3. R 151 base pair segment between the introduced Xba I
site and the Bgl IT endonuclease restriction site in Nef
were deleted and replaced by a unigue Xho I endonuclease
restriction site., The %47 base pair renilla luciferase
reporter gsne (RLuc) (Matthews et al,, and Lerenz et al.
was then inserted intc the modified pHL4-3 using the
introduced Xpa I and Xho T sites. The resulting
construct, NL4Rluec, is 75€ base pairs longer than the
pHNL4-3 construct.

To construct the proviral clone JRFNILuc {Fig.
2}, the envelupe-coding regicn of WLIRIluc (approximately
3,100 base paixs) was remcved via the Ece RI site,
located immadiately 5 to the envelope coding seguence,

and the sforementiened urique ¥ba I site. This fragment

‘was replaced by the envelope coding region of HIV-1 JRFL

(approximately 3,700 base pairs) (0'Brien, et al.,
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1920).  The enveleope coding region of the JRFL clone was
prepared utilizing 2CR amplification and recombinant
cioning of this reglon at the Eco KT and ¥ba I sites,
The JRFNFLuc cDNA clone {Fig. 3} was constructed by
replacing the renilla luciferase gene in JRFNRLuc {247
base pairs) with the firefly luciferass gene {1,706 base
pairs), The proviral clone JRFNSEAF was constructed by
replacing the renllla luciferase gene in JRPNRLuc with
the BEAP sneoding gene (1,557 base pairs}) utilizing the
Xba I and Xho I sites {Fig.4).
Freparation of Virus Stecks

HEK 293 colls were transfected with the
KL4Rluc, JRENRLuc, JREWFLuc or JRENSEAP proviral clene
using LipofectaMINE plus {Life Technologies,
Gazithersbury, ™MD) zccording Lo The manufacturer’ s
instructions. Approximately 2 z 107 cells were used in
each transfection. Transfectsd cell svpernatanis were
harvested 72 hours after transfection, clarified by low
speed centrifigation, and stezsd at -70°%. Infecticus

virus wae thawed and titered using MT-2 #18 cells.

Infection 0f Cells and p24 assay

®T-2 $18 cells were pelleted and ianfected with
virus stocks at a multiplicity of infection (MDI) of
0.01 at 37% for 2hrs. Viruses were removed =nd cells
were washed twice with 1xPBS bhafore re-suspending in a
firal concentraticn of 10,000 cells/100ul. Infectivity
and drug ssnsifivity assays ware carried out in 96 well
tissue coliure plates, and kinetic stodies were carried
cut in T-25 flasks. €Cell supernztants were harvested on
day D, 2, 3, 5 or B, and passaged virus was harvested cn

day £ or 3. The activity for the capsid proteis p?4 was
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znalyzed acoording to manufacturert s protecol uwtilizing
the Zeptometrix Retrotek Product (Zeptometrix

Incorporated, Buffalo, NY).

High Throughput Sereening Assay

Large volume cultures of MT-2 #18 cells were
prepared and kept at s concentrabion of less than
0.5%10° cells per miliiliter ir RPMI media with 10% fetal
calf serum.  Test compourds were plated into a 96 well
tissue culture treated clsar hotiom black plates
{Corning Incorporated, Corning, ¥y} at a concentraticn
of 3 mM in 20 microliters of dicnized wvater and 5%
dimethy] sulfoxide. MT-2 #18 ce’ls were pelletad via
Jaw speed centrifugation and re-susperided in fresh
media. Reporter virvses were added <o the fresh media
and cells tn obizin the appropriste MOT of 4.01 ang z
cell concantrats

n of 1210° in 160 microliters. Twenty
microliters pey well of 2y complete modifised eagle’s
media was then added to compensate for the dionized
water volume, 180 microliters of this misture is then
added to sach tesi compound well and cantrol walls.
Fellewing a & to & day incubaticn at 37°c, medisz was
aspirated from the wells utilizing a 1Z-channel.
marifold.

Fenilla luciferzse activity was measured using
the Promegs Dual Luciferase Reporter kit (Promegs Corp,,
Madison, WI). Substrate was added to the plates
directly onte the bare cells in each well utilizing =
Multidrop instrument {Labsystems, Franklin, MA&) in
hatches of ten, Tollowirg the substrats addition,
plates were immediately sealed and read for S seconds

per well in a Wallac Microbeta 1450 (Perkin-Elmer Wallac
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Incorpeorated, Gaithershorg, MD) in tfhe luminescence
mode .

Secreted placental alksline phosphatase (SEAPR)
activity was measured vsing the a 1,2 dioxetane alkaline
phosphatase supstrate celled CSPD (Tropix PE Applied
Biosystems, Bedford, MA). The assay includes two
incubation steps incleding incubation at 65% for 5-30
minutes but, preferably 30 minutes, and then adding I-
homoarginine for a period of 5-20 minutes, preferably 20
minutes. Light emission can he measured utilizing a

scintillation counter or a luminometer,

Replication of Renilla Luciferase Reporter Viruses

The pNL4-3 construct, & well-characterized
CXCR4-treple BIV-1 proviral clone, was used as the
proviral cDHA backbone for the construction of HIV-1
provizuses, Three proviral clones encoding the renillas
luciferase gene, NLARluc, JRFHRLuc, and JRFNFLuc, were
constructed. The NL4ARluc clone was censtructed by
replacing the nef gene in the HIV-1 genome with the
renilla luciferase repcrter gene. The WL4Rluc progeny
virions utilize CHCR-4 a& the cu-receptor for viral
infection. The JRFNRIuc clons was constructed by
replacing the envelcpe region cf the NL4Rluc cloune with
the envelope region of the HIV-1 strain JRFL. The
JEFRFLuc clene was construeted by replacing the ranilia
luciferase reporter gene of the JRAFRRluc clone with the
firefly luciferase gene. The progeny viriensz of
JRENRluc &nd JRENFLuc ustilize CCRS a5 the co-receptor

for viral infection.
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The ablility of viruses derived from these
clones to replicate in vitro was tested. Five days
fellowing infection, reniila luciferase zctivity in MT-2
#18 cells infected with NL4Rluc was more than 1000-fold
over what was obssrved in uninfected cells [Fig. 5},
Similazly, the producticn of renilla luciferase activity
in MT-2 #18 cells infected with JRENRLuc was mere than
B00-fold over vwhat was observed in uninfected cells
{Fig. 6). The kinetics of remilila luciferase activity
in cells infected with either wirus correlated with p24
{a capsid protein present in mature viriens) production
(Figs. 5 and §). This suggssts that the renille
luciferase activity detected resulted from HIV-1 viral
replication. The finding that the level of p24
production by the HL4ARlac and JRENRIoc viruses was
virtaually identical to that of the wild type pilla-3
progeny virus cemenstrates that replacement of the nef
gene by the renills lociferases gen2 had no detrimental
effect on HIV-1 wviral replication (Fig. 12).

To determine wrether the HIV-1 viruses
produced following KL4Rluc and JRFNRLuc infection of
cell cultures were capable of initiating new rounds of
infection in cell culture, MT-2 #1% cells were infected
by ¥L4Rluc or SRFNRLuc superpataris and p24 activity and
renilla luciferase activity were measured. As shown in
Fig. 7, NL4Rluc viruses produced after infection of T-
cell lines for 6 days were capeble cf transducing the
reportel ¢ene to fresh MT-Z 418 cells. Likewise,
JRFNRLUG virions produced after infection of T-cell
lines for & days were capzble cof transdocing the
reporter gene to fresh MT-2 #16 cells (Fig. 8). These
results demonstrate thas the HL4Rluc and JRFNRLuc

JP 2004-503252 A 2004.2.5
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viruses are capable of being passed from infected cell
cultures to initiate multiple rounds of replication in
fresh cell caltures and hence, are replication
competent.

The replication property of the WL{Rluc and
JRFNRLRe viruses was studied using the HIV-1 proteass
inhibitor Amprenavir (Glano Wellcome, Research Triangle
Park, NCland the non-nucleoside reverse transcriptase
inhibitor Efavirenz (Dupont Pharmacevticals, Wilmingten,
DE}. aAmprenavir and Efavirenz are clinically used for
the intervention of BIv-1 infection. The reverse
transcriptase innibitor Efavirenz acts early in the HIV-
1 replication cycle, whereas the protease inhibltor
Amprenavir acts late in the HIV-1 replicaticn cycls. As
shown in Takle 1, infection of MT-2 #18 cells by NL4Rluc
and JRFNRLUc was inhibited by Sfavirenz zs well 2s by
Amprenavic. Amprenavir inhibited RUL4Rluc and JRENRLuc
replication with an effective concentratioer 5C (EC 50)

value of 19.4 nM and &.9nM, respactively, and Elavirenz
inhibired WLdRluz and JRINRLuc replication at an ECS0 of
0.36 nil and 0.12n¥, respectively. The HIV-1 protease
innibitor Amprenavir a¢ts late in the replication cycle
guring virion maturation and weuld not inhibit a sipgle
cycle infsctien. Therefors, the reszults furthex
demcnstrate that the observed renilla luciferass
reporter gene activity results frem bonz fide NL4Rluc or

JRENELuc replication.
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Table 1

Inhibition of Viral Replication
py Amprensvir and Efavirenz

Pravims Efavirenz Ampreniviy
EC50 EC50
NIARLuc 0.36nM 19.4nM
JRFNRLuc 0.12nM 6.9nM
JRFNFLuc 0.18nM >10.000nM
JRFMNSEAP 0.10nM 21.5aM J

The replication ability of the WL4Rluc and
JRFNRLUC viruses were then compared to that of the
JRFWELUC virus. JRENFLuc differs from JRFNRLuc in that
it encodes the firefly luciferage gene instead of the
renilla luciferase gene. JRFNFLuc was constructed in &
fashion similar te that previously reported (Chen et
al., 1994}). Infecticn of T-cell lines by JRENFLuc was
carried out exactly as that was done for WL4Rluc and
JREMRLuc viruses, As shown in Fig. 9, infection of
cells with CRFNFLuc resulted in the preodonction of
firefly luciferase activity that was over ZD0-fold what
was observed in uninfected cells 3 days after Infection.
However, the level of activity did not increase beyond
this point in time and p24 activity never increased
abows hackaround levels during the course of 6 days.
The resultz indicate that mature virus core particles
were not being made. Upcn passing the day 6 post
infection JRFEFLuc supernatant onte uninfected MT-2 k18
cells, no firefly luciferase activity or p24 production
could be detected up to seven days post incculaticn
(data not shown}. The results suggest that the

supernatanis did not centain virus capable of Initiating

JP 2004-503252 A 2004.2.5
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new rounds of replication. Finally, the non-nucleosice
reverse transcriptase inhibitor Efaviranz inhibited
JRIMWFLuc with an effective concentration 50 (EC 50}
value of 0.18 nM but the HIV-1 protease innibitor
Amprenavir was unable to irnhibit this virus at I10uM; a2
concentration that is over 1000 fold that of the
replication competent JRFNRLuc {(Table 1). The finding
that this virus was not capable of inhibition by a late
stage HIV-1i replicestion cycle inhipitor is further
svidence of it not being able to replicate. Taken
together, these data strong:y suggests that the JRFNFLuc
virus is only capable of a singie round of infectieon and
iz not replication competent, wheress NL4Rluc and
JRENRLuc are capable of multiple rovnds of infection and

are bona fide replication competent proviruses.

Example 2

Replication ¢f the SEAP Reporter Virus

The JRFHNSEAP proviral construct was made by
repiacing the renilla luciferase gene in the JRFNRLuc
with the gene encoding SERF. The ability of viruses
produced ny the proviral clone to :éplicate in witroe was
tested. Six days following infection, SEAP activity in
MT-2 #18 cells infected witk JRFNSER® was more than 150-
fold greater than the activity observed in the
uninfected ceils. The kinetics of SEAE activity in
cells infected with the virus correlated with p24
sctivity (Fig.10). This suggests that the SEAP activity
detected resulted from HIV-1 viral replication. The
finding that the level of p2¢ production by the JRENSEAP
wirus was virtuslly identical to that of the wild type

piL4-3 progeny virus demonstrates that replacement of

JP 2004-503252 A 2004.2.5
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the nef gene by the SEEP gene had mo detrimental effect
on HIV-1 viral replicatiecn (Fig. 12).

Experiments were then carried out to determipe
whether the JRFWSEAF virus produced following infection
of cell cultures was capable of initiating new rounds of
infection in cell culture. As shown in Fig.1l, JRFHIEAP
virus produced after infectisn of T-cell lines for B
days was capable of transducing Lhe reporter geme to
fresh MT-2 #18 cells. The results demonstrate that the
SEB> reporter virus is capable of being passed from
infected cell sultnres to initiate multiple rounds of
replication in fresh cell cultures and, hence, is
replication competent.

The replication property of the JRFNSZAP virus
was studied using the HIV-1 protease inkibitor
amprenavir and the non-nuclecside reverse transcriptase
inhipitor Sfavirenz as described above. As shown in
Table 1, infection of MT-2 #18 cells by JRENSERF was
irhibited by Efavirenz as well as by Amprenavir,
Amprenavir inhibited JRENSEARP replication with an
effective concentration 50 (EC 50} valve of 21.5nM, and
Efavirenz inhibited replication at an EC530 ol 0,10aM.
The HIV-1 protease inhibitor Amprenavir acts late in the
replication ecycle during virion maturation and would not
inhipit a single cycle infection. Thexefore, the
finding further demonstrates that the observed SBAP
reparter gene activity resuits from kenifide viral

replication.
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The contents of all pstents, patent

applications, published articles, reference manuals,

"texts and abstracts cited herein are hereby inceorporated

by reference in their entirety te more fully describe
the state of the art t¢ which the present inventicn
pertains.

Az various changes can be wade in the above
compositicns and metheods withoul departing from the
scope ard spirit of the invention, it is intended that
all subject matter contained in the above description,
shown in the accompanying drawings, or defined in the

appended claims be interpreted as jllustrative, and not

JP 2004-503252 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 0146610

in a limiting sense.

21—

(38)

POT/USOLABAGY

JP 2004-503252 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(39)

WO 01H66T0 POTIUSOTAABA3R
_22_
CLATMS
1. A veckor thal encedes a replicaticn

competent HIV-1 virus, said vector comprising an HIV-1
genome in which a region non-essential for wviral

replication has been replaced by a reporter gene.

2. The vector according to claim 1 whersin
said reporter gene is selected from the group consisting
of the renilla luciferase reporter gene, the SEAP
reporter gene, the CAT gene, and the green fluorescence

protein gene.

3. The wvector according to claim 2 wherelin
said reporter gena is selected from the group consisting
of the renilla luciferase reporzer gene and the SEAP

repcrter gene.

4. The wector according to claims 1, 2 or 3
wherein the region non-essertial for viral replication

encodes the naf gene or a fragment of the nef gens.

5. The vectoxr according to claims i, 2 ox 3
wharein the reglon non-essential for viral replication

encodes Lhe vpr gens or & fragment of the vpr gene.

6. The vector accerding to claims 1, 2 or 3
wherein the HIV-1 genome is the genome of the pNL4-3

proviral clome.

7. The vector according to claims i, 2 or 3
wherein the HIV-1 genome s the genome of the pYUu-2

proviral clone.
8. The vector according *o claims i, 2 or 3

whereln the HIV~1 gencme iz the denome of the p8%. 6

proviral clone.

JP 2004-503252 A 2004.2.5
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9. The vector according to claims 1, 2 or 3
wherein the HIV-1 gencme is the genome of the HIV-1 Lai
proviral clone.

10. A cell comprising the vector of claim 1,

2 or 3.

11. & methed of screening for compounds that
exhibit anti-viral activity against HIV-1 comprising:
2] adding a test compound ta
mamnalian cells infected or cells to
be infected
with the vector according to elaim
i, 2 or 3; ang
o) comparing reporter gene
activity in cells exposed to the
test compound to the level of
expression in control cells,
wherein a reduction in the level of reporter gene
expression indicates the test compound inhipits HIV-1
replication.
1z, The metheod according to ¢laim 8, wherein

the nammaliian cells are MT-2 #18 cells.

13. R vector that encoedes a replication
competent HIV-1 virus, said vector comprising an HIV-1
genome in which a region non-essential for viral
replication has been replaced by z nucleic acid sequence

encoding a functional rénilla luciferase enzyme,

14, The vector aceording te ¢laim 13 whereirn
the renilla luciferase gene contains a cystelne to
alanine substitution that results in 2 functional

renilla luciferase enzyme.

JP 2004-503252 A 2004.2.5
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15, The vector according te claim 13 wherein

the regicn nen-essentlal for viral replication encodes

the nef gene or a fragment of the nef gene.

16. The vector according to claim 13 wherein

the regicn nen-essential for viral replication encades

the vpr gene or a fragment of the vpr gene.

the HIV-1

clone.

the HIV-1

clone.

the HIV-1

clone.

the HIV-1

clone.

13.

17. The vector according to claim 13 wherein

genome is the genome of the oNlL4-3 proviral

ig. The vector according to ¢laim 13 wherein

genome 1s the genome of the pYU-I proviral

18, The vector according to claim 13 wherain

genome is the genome cf the pB%.6 proviral

20. The wvector according to claim 13 wherein

genome is the genome of the HIV-1 Lai proviral

21. A cell comprising the vector of claim

22. A method of screening for cormpounds that

exhibit anti-viral activity against HIV-1 comprising:

a) adding a test compound to mammalian
cells infected or tells that will he
infected with the vectcr
according to claim 137 and

iz} comparing reperter gene
activity in cells exposed to the
test compound to the level of

expression in control cells,

JP 2004-503252 A 2004.2.5
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wherein a reduction in the level of reporter gene

expression indicates the test compound inhibits HIV-1

replication.

23, The methed according to claim 13, whersin

the mammalian cells are MT-2 $#1i3 cells.
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Figure 4
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