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incorporated by reference ir their entirety. The disclosures
of these publicaticns ir their entireties are hereby
incorporated by reference into this application in order to
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skilled therein as of the date of the invention described and

claimed herein.

Background of the Invention

Virus entry is an attractive new target for anti-viral
treatment, and about 10 drugs that are designed to block
virus attachment or membrane fusion are currently being
evaluated in preclinical or clinical studies (Richman, 1998;
PhRMA, 1999; Stephenson, 1999). Enveloped animal viruses
attach to and enter the host cell via the interaction of
viral proteins in the virion membrane (envelope proteins) and
cell surface proteins (virus receptors). Receptor
recognition and binding are media-.ed by the surface envelope

protein.



A further object of the invention is to provide a retroviral vector system
t hat produces virus particles containing viral envel ope proteins derived
froma vawDaRpIsB3s sources and the identification of cell PCIrnse2/1402s

express viral receptors and are permssive for viral replication. Another
object of the invention is to provide an expression vector for viral

envel ope that is capable of acceptifng- patient-derived segnents encodi ng
envel ope genes. Another object. of the invention is to provide a bio-safe

vector dhalaFERsesend Sramsicidn the HV-1 viral genone, but carries a
| uci ferase reporter gene in place of the envelope region. A further object
of the invention is to the phenotypic assay which reduces the |likelihood

of form ng recomin ..nfecti H L\~ | Y2 ol i ' 3BXRr essi on
vect or rEt%%?r Jcré?ri)¥’e§ln% %I Eé‘f{i 1(-t)ﬁr?gilé%ta Ot% gr?segr%rg{%n%@?%gu?g%géggr %gi on

(the 3'ré§9ﬂi/, of dB)swfidde Hhénbiganame. aAretyher tebj eckeasfurtehe itieention is
to provide an assay capable of identifying and determ ning

recept orlseepletept Ory af opishjusie hiiguikigramf accid at¥ty Y dentifi es
patients that are infected with strains of a tropic virus. W 02/ 099383
PCT/ US02/ 18078 -3 These and ot her objects may be achi eved by the present

i nvent i pn: byi - mIRE for drdentivhyicRgnwhet Ber peaovedpoandetiraiviiaisls entry
of a virus into a cell which conprises: (a) obtaining nucleic acid
encodi nge@t it raysteny elteiie pprodtueies viirom aaphicéas cenéatad gy i@ i rus;

(b) co-transfecting nto_a first_cell (i) _the nucleic_acid_of. step (a),
and (i i9nVealoPE aPr ekptes sieht Ve tBFo%?cﬂgréﬁ*ﬁ ] nﬁ(?flgf:gsa&% Z:r?cegdi ng an

envel ope t el : I-eh 1CONRELS 884 ANe kel LAt O AMUGHRI Gt el i ch
pr oduce%d%{tglefie%talgc{}go\ggcngl, sucﬁ thgt %h%%i rst cell produces viral
parti cl£se coepilsénge t her enined bpeepl dt et on .

Another object of the invention 1is to provide an expression
vector for viral envelope that is capable of accepting

patient-derived segments encoding envelope genes.

Another object of the invention is to provide a bio-safe
vector that represents most of the HIV-1 viral genome, Dbut
carries a luciferase reporter gene in place of the envelope

region.

A further object of the invention is to the phenotypic assay
which reduces the 1likelihood of forming recombinant
infectious HIV-1, by providing a viral expression vector that
carries a deletion in a transcriptional regulatory region

(the 3’ copy of U3) of the HIV-1 genome.

Another object of the invention is to provide an =assay
capable of identifying and determining receptor/co-receptor
tropism, which quickly and accurately identifies patients

that are infected with strains of a tropic virus.



encoded by the nucleic acid obtained fromthe patient; (c) contacting the
viral particles produced in step (b) with a second cell in the presence of
t he conpowod2/o93es ei n the second cell expresses a cell swcfrase2/rseceptor to
which the wvirus :.rinds; (d) measuring the anmount of signal produced by
the second cell in order to determne the infectivity of the viral
particles; and (e) conparing the anount of signal neasured in step (d)

wi th the amount of signal produced i18-the absence of the conpound, wherein
a reduced anmount of signal neasured in the presence of the conpound

i ndi cat @aestchatntthheotbapowid catlsi bhag dret r pcbfievhd Viby ushient prehensecond
cell. WO 02/099383 _ PCT/ US02/ 1807 -4 Brief Description of the Draw ngs The
file of %%V%nEéPEnFHEOﬁiaWﬁEh%g g%ﬁsﬂdSHElé?&%ﬁhdﬂﬁﬁ¥ﬁﬁﬁt%chWpeBp r

Copies o a¥ a i cqQls raw ng( i ol 5 j by (Lhe Pat ent
and. Tra%%%g?ztchﬁggéMﬁggﬁ'Sggﬁﬁéﬁjgﬁ%Q%é%%%¥n&%%@$h£5ﬁ%%g§§3fy(%Ze.

Fi gure 1dnhtSintiagurreadle snveatofe cexpadag o andali realvelexs epsboaivect ors.
The HIV envel ope expression vector (pH UVenv) is nodified to_ accept

envel opefs@quend@at ket hafectréntanphef ivdgUsioniPhatPehtaprisraiBanyl es.

The desi [ . af | d, f T C . S
posi (1 onbila S Rbe 6" SR 5 i SRS AT BRBeBe BoryBra: 6% (gpL60).

The HI'V ; exPresséfira@stian vdidoWl Wal enr)dBis encadesial lachibVepeetiengs
except the envel ope polyprotein. A portion of the envel ope gene has been
del et ed am ewcohvmel@eoteimdieadt shighneomprbses tan ingidetercayeleirirefly

M the prebdnta o PARRAREE BMATC I e, SHE 3oba P 8gF SR has been

parti al | yo fel 9t 88l dds RFEMANG L 2RSEET BbhoR: 1@ the Sivdi®Be protein
encoded by the nucleic acid obtained from the patient; (c)
contacting the viral particles produced in step (b) with a
second cell in the presence of the compound, wherein the
second cell expresses a cell surface receptor to which the
virus »inds: (d) measuring the amount of signal produced by
the second cell in order to determine the infectivity of the
viral particles; and (e) comparing the amount of signal
measured in step (d) with the amount of signal produced in
the absence of the compound, wherein a reduced amount of
signal measured in the presence of the compound indicates
that the compound inhibits entry of the virus into the second

cell.



ininfected cells. Virus produced in this systemis limted to a single
round of replication. Figure 1B. Cell Based Entry Assay Drug

suscept i bWwbioRg9938D-recept or tropi smand virus neutralizaPCoruSHEsfrhg are
performed by co-transfecting a host cell with pH Venv and pH Vliuc(err)U3 .
The host cell produces HV particles that are pseudo-typed with HV WO
02/ 099383 PCT/ US02/ 18078 -5 envel ope _sequences derived fromthe test virus
or patient sanple. Virus particles are collected (-48 h) after

transfection and are used to_infect target cells that express HV
recept or sBE&e5 LD LBRYR e WildE. CXCR4, CCR5). After infection

(-72 h) the target cells are lysed and luciferase activity is nmeasured.
H'V must conplete one round of replication to successfully infect the
target ho%he clelle amf prbdeceptbent erewetaigts viaty. LpRstheoner idrdwsingabl e

to enter the target cell, _luciferase, activity.i.s dinm nished, . This system
can be uséd*®d Idﬁtepog'ﬁ’&epti(g‘??]rﬁ/ toé eﬁpﬁﬁ P%h?ﬁ‘?‘t ovfjs?hreclcozlpq r and

co-recept of JJ0R &M @Rd1VigdIsprBeYhEal IAAL £RA. FRGHEe ZngHM-Limelape
expression vectors. H V envel ope sequences are anplified from patient

sanpl es amxffideserdad Fartuce €X pired aymarectal Shsimereessary cieon

endonucl ease sites (5 a/b and 3'c/d). Envelope transcription is driven by
the i mMmedi ate early gene pronoter of human cytonegal ovirus (CW). Envel ope

RNA is pglyadenyl ated i.n n sipia i 40 40) . _pol enyl.at4 on
si gnal segﬁéﬁgg (gg). i?‘il%?‘flg% I%?at%%\yé{)%?%e% %Q%ﬂ\w?pr%%t g%%r#d t he
H V envel opg,seientasdiorsesi gned to increase envel ope nRNA [evels in
transfected cells. FL- express full-length envel ope proteins (gpl20,

gp4l ) ACT- express envel ope proteins (gpl20, gp2l) | acking

The HIV envelope expression vector (pHIUVenv) is modified to
accept envelope sequences that have been amplified from
patient plasma samples. The designations a/b and c¢/d, refer
to restriction endonuclease sites positioned at the 5’ and
3’ end of the HIV-1 envelope polyprotein (gplé60). The HIV
expression vector (pHIV1ucAU3) encodes all HIV proteins
except the envelope polyprotein. A portion of the envelope
gene has been deleted to accommodate a indicator gene
cassette, in this case, “Firefly Luciferase” that is used to
monitor the ability of the virus to replicate in the presence
or absence of anti-viral drugs. The 3’ U2 region has been
partially deleted to prevent transcription from the 5’ LTR
in infected cells. Virus produced in this system is limited

to a single round of replication.
Figure 1B. Cell Based Entry Assay

Druy susceptibility, co-receptor  tropism  and virus
neutralization testing are performed by co-transfecting a
host cell with pHIVenv and pHIVl1ucAU3 . The host cell

produces HIV particles that are pseudo-typed with HIV



the C-termnal cytoplasmc tail domain of gp4l +CT- express envel ope
proteins (gpl20, gp4l) containing a constant pre-defined gp4l cytoplasmc
tail domewo 0g/4938 express gpl20 proteins derived from t RETABDY/E8T7S
together with a constant pre-defined gp4l. gp4l- express a constant
pre-defined gpl20 WO 02/099383 PCT/ USQ2/ 18078 -6 together with gp4l
proteins derived fromthe patient. Figure 3A. Co-receptor Tropism
Screeni ng_Assay. | n thi ig e ay r usi.n |
Cines. GRS aate | PRe eipreedet vl SRS G T hanero bt e ot her
cel | 1inggressesi Ly OXER4s ( hott opviilscpadel §)-48 The asskher s
performed by infecting cells with a | arge nunber of_ reconbi nant virus

st ocks demaved dotdwncehtisare anst@died nifiath tprPEnvehhd P VI @6 EEYect or s.
Tt he exanple shown_ represents_the anal ysis qf 95.virus or ina 96
wel | pl &% | hFEEPFORE aec'.g'pe?#ﬁfrredaln t“r?éqraeﬁjs?g)r?ggrsof %gf%g E@%)él&g'r ug), or
in the PlcRsance of r - Ar agri bl oRr e epeny i akly tairghibicks 16 ther Resdd opic
(CCR inhibitor) or X4 tropic (CXCR4 inhibitor) viruses. Co-receptor

tropi sm issidasisesisietrane actiyartiyng st e savomant. off IVuaivfsdr axamd@ts/iqne
produced in each cell type, both in the presence an ab%ence tof. drtug (see
Fi gure 3BIBK it ergisCRton &° REEFS Jtys)l.ntlgicgur(?‘33 23t er'iihi ng
co-recept on 5t Lopy %@bdhﬁetfﬁiifé%%%éhaégy%ﬂﬂ%$U|&% PhetBErassay @ple
|nterpretec}]by conparing the ability of each sanple virus to infect
(produce +d uhidr ase achigect yp1in tekbhserape essting GDA CCREn{REskerd i s)  or
cells expressing CD4/ CXCR4 (X4 cells). The ability of a . CCR5 or CXCR4

i nhi bi t orThie sHECITH @A PIUFEE 'Hh BRI BHE (4T tE 04 e R Y v ty)
is also evaluated. X4 tropi viruses ( n = Jnf egt g X s but
not R5 céqa}ré&l?%]ffsett irgr?%g)#c%ﬂ %{éﬁl Sé? sg{ni%ckcge%l E;%g%vrllg&néxchﬁdi fﬁfﬁ% or . R5
VO 02/ 099383 RCTH 4502418078

Figure 2. HIV enveloupe expression vectors.

HIV envelope sequences are amplified from patient samples and
inserted into expression vectors using restriction
endonuclease sites (5’ a/b and 3'c/d). Envelope

transcription is driven by the immediate early gene promoter

of human cytomegalovirus {(CMV) . Envelope RNA is
polyadenylated using an simian virus 40 (SV40)
polyadenylation signal sequence (A+) . An intron located

between the CMV promoter and the HIV envelope sequences is
designed to increase envelope mRNA levgls in transfected
cells. FL- express full-length envelope proteins (gpl20,
gp41l) ACT- express envelope proteins (gpl20, gp21) lacking
the C-terminal cytoplasmic tail domain of gp4l+CTi- eXpress
envelope proteins (gpl20, gp4l) containing a constant
pre-defined gp4l cytoplasmic tail domain gpl20- express gpl20
proteins derived from the patient together with a constant

pre-defined gp4l. gp4l- express a constant pre-defined gpl20



-7 tropic viruses (blue panels) - infect R5 cells but not X4 cells.
Infection of R5 cells is blocked by the CCR5 inhibitor. Dual tropic or
X4/ RS m xwores3sel | ow panel s)- infect X4 and R5 cells. | mCeaisonmosd R5
cells is blocked by the CCR5 inhibitor and infection of X4 cells is

bl ocked by the CXCR4 inhibitor. Nonsevi able viruses (red panels)- do not
replicate in either X4 or R5 cells. Figure 4A. Measuring Entry Inhibitor
Suscept iidddyer Rrst RNgpd Dhhbddins Idetiisa f @i echsysaepiidi ity to the
fusion inhibitor T-20 1is denonstrated. Cells expressing Cb4, CCR5 and
CXCR4 were infected in the absence of T-20 and over a w de range of T-20
concentrations (x-axis |10gl0 scale). The percent inhibition of viral
replication (y-axis) was determ ned by conparing the anount of |uciferase

produced. in.Lnkected c i . pL.e T o the anount of
Iucifergégﬂﬁ%oggéed%Pn%%hépkggsgggglgﬁ %sggeng%gt%%%?%, X4 tropic and dual
tropic viruses were tested. Drug susceptibility is quantified by

determ ning the concentration of T-20 required to inhibit 500  of viral
repl i catnohh{$CEbTusRowRhasasErY i idalPadshiated iYvei)d tWa [Afdels Witge 1 over

val tes. Hoh- L (T2 CHATAT SRE BT Fo0 o Kt o h Fegre) " e 0

oplI € straln

vel | - charagterdzad 1iR% LiPRES=SE r@n HUSBRR41L: LBEtbRopiL H&edBt . obt ai ned
from the NIH AIDS Research and Reference Reagent Program (ARRRP)
92HT593.The RBusdat rigpirerEx4REY bxsoiraﬁeectcibtgaiqfiiégsf wWaiht el q¥ge number

A SATSS 24 L gBLc ) pLale A and ean e LR falogpoed

Susceptifpidit Yureus [esi shafce- M alkeRdrs. Tthe example shown
represents the analysis of 95 viruses formatted in a 26 well
plate Infections arec performed in the absence of drug (no
drug), or in the presence of a drug that preferentiallj
inhibits either R5 tropic (CCR inhibitor) or X4 tropic (CXCR4
inhibitor) viruses. Co-receptor tropism is assessed by
comparing the amount ¢f luciferase activity produced in each

cell type, both in the presence and absence of drug (see

Figure 3B for interpretation of assay results) .

Figure 3B. Determining co-receptor tropism.

In this figure, the results of the assay are interpreted by
comparing the ability of each sample virus to infect (produce
luciferase activity) in cells expressing CD4/CCR5 (R5 cells)
or cells expressing CD4/CXCR4 (X4 cells). The ability of a
CCR5  or CXCR4 inhibitor to specifically block ‘infection
(inhibit luciferase activity) is also evaluated. X4 tropic
viruses (green panels)- infect X4 cells but not RS cells.

Infection of X4 cells is blocked by the CXCR4 inhibitor . RS



In this figure, reduced susceptibility to the fusion inhibitor T-20
conferred by specific drug resistance nutations in the gp4l envel ope
protein iwodenmssirated. Cells expressing CD4, CCR5 and ECRCRAES0E8
infected in the absence of T-20 and over a wi de range of T-20
concentrations (x-axis loglO scale) . The percent inhibition of viral

replicatiaon (y-raxi det er m-ned hy conparing, t ng . | uci f erase
produ é@gﬁ$iﬁﬁﬁﬁﬁ%% @gﬁPg ﬁﬁnFﬁésprégg%%%Po%g $¥ﬂgﬁ%gg$%e£8ﬁoﬁ%i of

| uci f er.agg prodpced.d fok heyrabgencee pis T=20blbskeani ByVitwsescrant ai ni ng
one or two specific nutations in the gp4l transnenbrane envel ope protein
were imdgiogdofhi ghtalghtedpin ped X4 RShenixgiwes | éyeadpw. rbngds) -

tibility i tified by deterniningth entrati f T-20
equi RESES FRNFBAL B0BE0f Sl rIFETTTLATE O (S0 - RUNTAEE 431 11 cal

dashed .| - i I ajpe r &15d%eeptdbl e to T-20
t han S’lhreurstgz?vaji Hﬁg’ﬁ%ﬂ é%%%?%lce%g ?\I% jrirgt i??gﬁ ?1\%1 %&type%géd&ﬁence): av
Si ngl e HeuttatRans nh&b Vi obl. MioSHVialbbel b erusg st (1on$ pDidds)SI Mo DBE  Fi gure
SA: Measuring Entry Inhibitor Susceptibility: CCRS Inhibitor In this

fi gur @erddseést il i9ithhero X¢ CERRS MsildiSt-or (merck WO 02/ 099383

PCT/ US02/ 18078 -9 conpound) is denonstrated. Cells expressing CD4 and CCR5
(R5 cells) were infected in the absence of the CCR5 inhibitor and over a
wi de range of CCR5 inhibitor concentrations (x-axis |ogl0 scale) . The
percent inhibition of viral replication (y-axis) was determ ned by
conparing the anount of |uciferase produced in infected cells in the
presence of CCRS inhibitor to the anount of |uciferase produced in the
absence of CCRS inhibitor. R5 tropic, X4 tropic and dual

Figure 4A. Measuring Entry Inhibitor Susceptibility: Fusion
Inhibitor.

In this figure, susceptibility to the fusion inhibitor T-20
is demonstrated. Cells expressing CD4, CCR5 and CXCR4 were
infected in the absence of T-20 and over a wide range of T-20
concentrations (x-axis logl0 scale). The percent inhibition
of viral replication (y-axis) was determined by comparing the
amount of luciferase produced in infected cells in the
presence of T-20 to the amount of luciferase produced in the
absence of T-20. R5 tropic, X4 tropic and dual tropic
viruses were tested. Drug susceptibility is quantified by
determining the concentration of T-20 required to inhibit 50%
of viral replication (IC50, shown as vertical dashed lines) .
Viruses with lower IC50 values are more susceptible to T-20
than viruses with higher IC50 values. NL4-3:
well-characterized X4 tropic strain JRCSF: well-characterized
R5 tropic strain 91US005.11: R5 tropic isolate obtained from
the NTH AIDS Research and Reference Reagent Program (ARRRP)
92HT593.1: Dual tropic (X4R5) isolate obtained from the NIH

ARRRP.92HT599.24: X4 tropic isolate obtained from the NIH



tropic viruses were tested. Drug susceptibility is quantified by

determ ning the concentration of CCR5 inhibitor required to inhibit 500 of
viral repwooan9sss (I C50, shown as vertical. dashed |inesPCI/US0r/ues, Wwith
| ower 1C50 values are nore susceptible to the CCF inhibitor than viruses
with higher 1C50 values. The X4 tropic virus did not infect the R5 cells.
NL4-3: well-characterized X4 tropic sgrain JRCSF. well-characterized RS
tropic strain 92HT593.1: Dual tropic (X4R5) isolate obtained fromthe N H
ARRRP. Fﬁ%{ 5B. Measuring Entry Inhibitor Susceptibility: CXCR4

I nhi bi t or~. n this figure, susceptibility to a CXCR4 inhibitor (AVD3100)
is denonstrated. Cells expressing CD4 and CXCR4 (X4 cells) were infected
in the absence of the CXCR4 inhibitor and over a w de range of CXCR4

i nhi bi t AiawrrehBr aMesmiqincaxEst Fgllohi®dsps) SusgrPHErtehtY i nREBSti on of
vi ral regl [ ca%i on (?51' gxits) was determ ned by conparing the anount of

| uci f er a§€SPr6RUEED" U i8¢t ed cells in the presence of CXCR4 inhi bitor
Luu the armount of |uciferase produced in the absence of CXCR4 inhibitor.
R5 tropic, X4 tropic and dual tropic viruses were tested. Drug

susceptitnil itlyiss Timntéfi edediycedt esndoepgilbhbityontent Ehei oA UsH oGXCR4A
inhibitor required to inhibit_ 50% of WO 02/ 099%83 PCT/ US02/ 18078 -10 viral
repli cat AORIOLESE, Jhovh £ORVGEICh WashFEFFThES) WPPusESSEHSER™ Swer 1 C50

val ues a I usceptihhl e t i ghbpLigr dthapgewbhusestwat h hi gher
| C50 val Englgg‘a‘f‘%gg%ﬁ?t ?tc})%i cg%?%urs@la?e not ?ﬁéfjgct the§1x4 cells. NL4-3:

wel | - charaqter iedoék itnopims st caRh adRCSRCRéeWermhatateeréd ednRS her opi ¢
strain 92HT593.1: Dual tropic (X4R5) isolate ohtained fromthe NIH ARRRP.
Fi gure 62PEREES PRNTbRP orNEUR¥ept# bY14S yansfsi%n I M sigiGentrations

(x-axis logl0 scale). The percent inhibition of viral
replication (y-axis)-was determined by comparing the amount
of luciferase produced in infected cells in the presence of
T-20 to the amount of luciferase produced in the absence of
T-20. Isogenic viruses containing one or two spacific
mutations in the gp4l transmembrane envelope protein were
tested (highlighted in red in the figure legend) . Drug
susceptibility is quantified by determining the concentration
of T-20 required to inhibit 50% of viral replicarion (IC50,
shown as vertical dashed lines). Viruses with lower IC50
values are more.susceptible to T-20 than wviruses with higher
IC50 values.
No mutation (wildtype sequence): GIV

Single mutations: GIV, DIM, SIV

Double mutations: DIM, SIM, DIV

Figure 5A. ~
Measuring Entry Inhibitor Susceptibility: CCRS5 Inhibitor

In this figure, susceptibility to a CCR5 dinhibitor (mexrck



This figure. denonstrates that the anplicons corresponding to the full

| engt h envel ope sequence or cytoplasmc-tail deleted envelope sequence are
gener at edwOTh®9438he nunbers correspond to the co-recept oPCruspY/sso7s$hown
next to each nunber on the right of the gels. Figure 7. Reduced
Susceptibility: Fusion Inhibitor Scatter plots are shown which indicate the
results from FACS (fluorescence activated-—cell sorting) assays using

anti bodi es against either CCRS or CXCR4 (shown on Y axis). The cell lines
express the cosmpoepddrsiki seednbelratethe gledils angrsssinODATY workseehTe

is shown along the X-axis. The anti-CXCR4 anti bod i nds strangl

with the cel | Rwfich ExrEess lPﬁECt%%H%s%cﬁr}f?geW}/P c@%ﬁo%?ﬁéxﬁﬁ@ﬁbgﬁgﬁur e
8:-Entry Inhiljtor ceptj bil ity JCCRO: | iy t Hahpbi td Q- d S showg,

fol | owi ng Do SRS CEPy R | %éé‘gpt or ?am%gog?gtﬂé’gg% 02/ 099383 s
PCT/ US02/ 18078« - axdils Filgifien 9scEbely i nithki tpersastceptitiidiitiyon CX€R4viral

I nhibitor Map and am no acid sequence is shown for a peptide which is an
i nhi bi tor of YemiorhbeeMesn 348 Aasrehiraiel el Y clmPargibridife. 2B Yt e
10. Inhibition Coz Recept or onj st i gur : '

Mut at i ons Fi g%fr ?‘i’“ﬂzl.f?laaé%)i lgﬁl?(ﬁ%é%tlrr; ]Irg%el{#i%lbrg e%“? s%gcc}?%]ts%%}gﬁes ot
Figure 1:.". duuss opnhhBi bbkoko" papt kdesnthefi nueriticamdan grialyard i ul ahe
features can beconme nore apparentfromthe follow ng detailed descrigti on
consi dered wibdenetepdn€ERG0 ihd baceanmpark® ngrPPgar eS4akd B&ENFIES . AThe
fall ow ng descr(iazg i on_di scusses the npeans .and

present invent¥ £f)eri”%lir}’rﬁﬁa t 855 ph&RSETHI ggﬁsrgl%d?estl‘g ?eﬁg{j{%illc%g%: |h1$§/| ng
and eval uat i ng,inhi idons, eeteVint akngNERY, comeditdiatg Jrobrexarpl enhapdt oot
e lln]tatlréguired to inhibit 50% of viral replication (IC50, shown as
vertical dashed lines). Viruses wirth lower IC50 values are
more susceptible to the CCRY inhibitor than viruses with
higher IC50 values. The X4 tropic virus did not infect the
RS cells. NLZ-3: well-characterized X4 tropic strain
JRCSF: well-characterized R5 tropic strain 92HT593.1: Dual

tropic (X4R5) isolate obtained from the NIH ARRRP.

Figure S5B.
Measuring Entry Inhibitor Susceptibility: CXCR4 Inhibitor.

In this figure, susceptibility to a CXCR4 inhibitor (AMD3100)
is demonstrated. Cells expressing CD4 and CXCR4 (X4 cells)
were infected in the absence of the CXCR4 inhibitor and over
a wide range of CXCR4 inhibitor concentrations (x~axis loglo0
scale). The percent inhibition of viral replication (y-axis)

was determined by comparing the amount of luciferase produced

in infected cells in the presence of CXCR4 inhibitor Lo the
amount of 1luciferase produced in the absence of CXCR4
inhibitor. RS tropic, X4 tropic and dual tropic viruses were
tested. Drug susceptibility is quantified by determining the

concentration of CXCR4 inhibitor required to inhibit 50% of



to the present invention, H V-1 and inhibitors to HHV-1 viral entry. WO
02/ 099383 PCT/ US02/ 18078 -12 Detailed Description of the Invention This
i nventi orwproowpases a nmet hod for identifying whether a comrpoarsd2/ison bits
entry of a virus into a cell which conprises: (a) obtaining nucleic acid
encoding a viral envelope protein froma patient infected by the virus;
(b) co-transfecting into a first celd- (i) the nucleic acid of step (a),
and (ii) a viral expression vector which lacks a nucleic acid encoding an

envel ope, {0t ef &p1 8B88: WBhCh TCEONPIdIeRs alk | wdieatal dMaciheldc laigieds Whi ch
produces a detectable signal, such that the first cell produces viral
parti cl ésl oy iwiny. lowereA¢EPopalpest erf BRESdEdSSERtH®lendd dile aci d

obtained_fromthe .patient; (c¢) contacting.the iLal rticl raduced in
step (bW H”ta*ﬂi) d%@@inl ("il%‘fusfeﬁewa?férslfgh%%e’éffﬁ@ ‘6% %%’nd?ﬂlvﬁgefgeji n the
second Geld,: EXPrASSEs: @ &6 | | Sthdatamd 8eeRiOrd 0 which the virus binds;
(d) neasuring the, anount of signal produced by the second cell in order to

determimp4the walkethairtytetithé ¥iratopparstrées; and (e) conparing the

anount of signal_neasured in stegﬁ(dé w th the,amount of signal produced
in the dRSeNce"ebt -chareshpstred WReFEPR*Q FEUGLRA amount of signa

neasureggH%$9£hf-ppﬁﬁﬁnE§I§E£¢Q%A @WDQEBQa;@dEF%E@%&&#Qﬁx%thﬁpqﬂﬂﬂnd

i nhibits™entry of e virus into the second cell. In one enbodi nent of this
i nventi garreene i ndicator nucleic acid conprises an indicator gene. In

anot her enbodi nent of this invention, the indicator gene is a |luciferase
gene. I n one enbodinent of this invention, the cell surface receptor is

chermoki RAIRERept oP- LT GRBL GRB60r RBRFCDFt RLSY fnBRirn  TAGTEErI surf ace
receptor Is
This figure. demonstrates that the amplicons corresponding - to
the full length envelope sequence or cytoplasmic-tail deleted
envelope sequence are generated. The lane numbers corresgpond
to the co-receptor tropism shown next to each number on the

right of the gels.

Figure 7. Reduced Susceptibility: Fusion Inhibitor

Scatter plots are shown which indicate the results from FACS
(fluorescence activated cell sorting) assays using antibodies
against either CCR3> or CXCR4 (shown on ¥ axis). The cell
lines express the co-receptors listed below the plots and the
cD4 fluorescence is shown along the X-axis. The anti-CXCR4
antibody binds most strongly with the cells which express the

corresponding co-receptor, CXCR-4.

Figure 8. Entry Inhibitor Susccptibility: CCR5 Inhibitor
Inhibition is shown following administration of co-receptor

antagonists.



WO 02/ 099383 PCT/ US02/ 18078 -13- CXCR4 or CCR5. In one enbodi nent of this
i nvention, the patient is infected with the HV-1 virus, a hepatitis virus
(such as wbhe2b®3sdr HBV virus), or any other virus. |n omeTdrsbuionent of
this invention, the nucleic acid of step (a) conprises DNA encodi ng gpl20
and gp4l. In one enbodi ment of this invention, the viral expression vector
conprises H V nucleic acid. In one enbodi-agnt of this invention, the viral
"expression vector conprises an H'V gag-pol gene. In one enbodi nent of

this inventignqLhe i raluexpriossit oy eailonomIniines Ritwencoming ot

vpr, tat, rev, vpu and nef. In one enbodi ment of this invention,

first cell | $1ad aﬁﬂnmﬁdﬁwlamdd séduanee et oshoremt £ af ihpsPtmdQHWhmﬂh tilke
mammal i an cell is a human cell. In one enbodinent of this invention, the
human cel | isaa iR toFooforkivus Hardmarwast .2 |'ilighe iR NRnef at hed

i nvention, the h nman Lnbryonic kidney cell is a 293 cell. In one
enbodlnent of “tHrE |nvent|on the second cell is a human T cell. In one
enbodi ment of this invention, the second cell is a WD 02/099383

PCT/ US02/ 18078 -14 human T cel| leukenia cell line. In one enbodi nent of
this inventi &izurte Becondigdlition dy gariRswandion fesaaanidifiicl ear cell. In
one enbodi nent of this invention, the second cell is an astroglioma cell.

Figure 11. T20 Resistance Mutations
Fijure 12. Identifying Entry Inhibitor Resistance Mutations
Figure 1. Fusicn Inhibitor Peptides

Tha invention in its particular features can bkecome mcore
arparent from the following detailed description considered
with reference to the accompanying figures and examples. The
fellowing description discusses the means and methods to
carry out the present invention pertaining to a phenotypic
assay relating to identifying and evaluating inhibitors of
viral entry, including for example, and not as a limitation

to the present invention, HIV-1 and inhibitors to HIV-1 viral

entry.



In one e
In one e
ost eosar
ost eosar
conpound
i nventio
enmbodi ne

nbodi nent of this invention, the astroglioma cell is a U37 cell.
nmbodi ment of this invention, the second cell is a human

cwor2024383 1 n one enbodi nent of this invention, tRETHISNHIBOTS

coma cell is an HT4 cell. In one enbodiment of this invention, the
binds to the cell surface receptor. In one enbodi nent of this

n, the conpound is a ligand _pf_the cell surface receptor. In one

nt of this invention, the conpound conprises an antibody. In one

i.on, gﬂhibits menbr ane fusi on.

enbodi t_of.this_inven he. conpound.
one engngtal%egrBFﬁcrlpklon o% gh%lfgvgngl dis a peptide, a

peptidom netic, an organic nolecule, or a synthetic conpound. In one

enbodi ment of this invention, the conpound binds the viral envel ope

pr ot ei n. ke s LPHEBELCEN BHOVEEs & dretarert Fol FERPRAkYAGIa YESHIGS 13 on

whi ch co
PCT/ US02

M85 8IM K00 Lhe caupougg 1dentihiped by ot he WO Op/ QRA3AS

/ screeni ng ne (et ho

In

entifying a conpound)

descri beddwgiigesn t a3 cabkb&hingn el &bodidient eatotilng iaventian, the

carrier

is saline, polyethylene glycol, a buffer solution, a starch,

or an

organi ¢ seivedmpe THOGsiventiem pr drtdent dnfeahachy fiore ivdems £ yilg a cel |

surface receptor i.ch is.bound a.virus upon infection.of _ _a cell by the
virus mhf%ﬁi 0 ?ﬁ%%%%n%a}ng%tgiﬁﬁﬁ_tvffh* ggrt?% eguc X ggﬁﬁ?fgé (1) a
viral nugieig ae) d and (Li) aapitAdi eabeesBueheiecaokd wiiceh RIOdces a
det ect abl e si gnal

nucleic acid encoding an envelope protein, =nd which

comprises an indicator nucleic acid which produces a
detectable signél, such that the first cell produces viral
particles comprising the envelope protein encoded by the
nucleic acid obtained from the patient; {(c¢) contezting the
viral particles produced in step (b) with a second cell in
the presence of the compound, wherein the second call
expresses a cell surface receptor to which the virus binds;
(d) measuring the amount of signal produced by the second
cell in order to determine the infectivity of the viral
particles; and (e) comparing the amount of signal measuvred
in step (d) with the amount of signal produced in the absence
of the compound, wherein a reduced amount of signal measured
in the presence of the compound indicates that the compound

inhibits entry of the virus into the second cell.

In one embodiment of thig invention, the indicator nucleic
acid comprises an indicator gene. In another embodiment of

this invention, the indicator gene is a luciferase gene.

In one embodiment of this invention, the cell surface
receptor is CD4. In one embodiment of this invention, the
cell surface receptor is a chemokine receptor. In one

embodiment of this invention, the cell surface receptor is



(b) contacting a cell which expresses a cell surface receptor wth the
viral particles fromstep (a); and (c) neasuring the anount-of detectable
signal prwoweseb3ssthin the cell, wherein production of tRreTaisgnadors

indicates the cell surface receptor expressed by the cell is bound by the
virus, thereby identifying the cell sugface receptor as being bound by the
virus upon infection of the cell. The invention also provides for a nethod

for identi&&@ﬁgyogw§ﬁﬁgy' an antibody inhibits entry of a virus into a cell
whi ch conprises: (a) obtaining nucleic acid encoding a viral envel ope

protein froma patient infected by the virus; (b) co-transfecting into a

first cell (i) the nucleic acid of , step (a), ?£g§%4L) a vjrahﬁgx ression
vect or whi®hohacREPAiTRRY e Wi’ BWEaFT ak 5 hrict et whi ch
comprises an i NG MUELELE achilyhil Gh Praduces dafelLchabligmpignal
such t hat e first ceﬁl produces vira particles conprising the envel ope
protei n engpded Ayt her nitg) eithaciwiaht ai ned fromthe patient; (c)
contacting the viral particles produced in step (b) with a second cell in
the presence of the antibody, wherein the second cell expresses a cel

f t t ' t I ' X i f
Si'gnal pr bhaeen By TP St ol CHE R RO R Th° Gl ey b Re ThG Tni ot vi Ly

of the virgl)y fsfidtidas,pti@domasing die gwmunt of signal neasured
in step (d) with the anmount of signal produced in the absence WD 02/099383
PCT/ US02/ 18078 -16 of the conmpound, wherein a reduced anount of signal

d_inth f th ti body .i.ndi cat that .th f
ToRib ts TRt A SR UTe e PR i oL TERS, ViRl MRaA Loy

e |1 nvention provi des

for a met hPé’ct{&f ASLeFNadY Ngry SMsCEPLd hididy of a virus to a conmpound which
inhibits viral cell” entry which conprises: (a) obtaining nucleic acid

‘In one embodiment of this invention, the viral expression -

vector comprises an HIV gag-pol gene.

In one embodiment of this invention, the viral expression

vector comprises DNA encoding vif, vpr, tat, rev, vpu, and

nef.

In one embodiment of this invention, the first cell is a

mammalian cell.

In one embodiment of this invention, the mammalian cell is a

human cell.

In one embodiment of this invention, the human cell is a

human embryonic kidney cell.

In one embodiment of this invention, the human embryonic

kidney cell is a 293 cell.

In one embodiment of this invention, the second cell is a

human T cell.

In one embodiment of this invention, the second cell is a



encoding a viral envelope protein froma patient infected by the virus;

(b) co-transfecting into a first cell (i) the nucleic acid of step (a),
and (ii) woweegd3sexpressi on vector which |acks a nucl ei cPaiusormoekii ng an
envel ope protein, and which conprises an indicator nucleic acid which
produces a detectable signal, such tR&r the first cell produces viral
particles conprising the envel ope_protein encoded by the nucleic acid
obt ai ned fhvroamt Becpati éstkepney C@égtééﬂﬁng the- viral particles produced in
step (b) with a second cell in the presence of the conpound, wherein -the
second cell expresses a cell suyrface receptor to which the virus_ binds;

(d) measdf iJie hemaRGaRERbF O S[ﬂ?ﬁﬁﬂﬁi%?w the §8C6RA <&hY 1% Brder to
det er m nepthephafradt bbby abnbheciearl ceparticles; and (e) conparing the
anount of signal nmeasured in step (d) with the anbunt of signal produced
in the absence of the conpound, wherein a reduced anmount of signal

measur ed In rorteheephedeneet obft hbigonpuend iondi dacesadnnd t¢rel Vi F8sans
suscepti bl e 1.9 &ggmgoggq?nd. The invention provides a nmethod for

determ ni ng resistance o a virus to a conmpound which inhibits viral entry
into a cell which conprises:(a) determ ning susceptibility of a virus to

a conpoung- ageolGidi@ it dthermehhedialregt abm, 38hewhet ebglaomauekeiicisaci d
encodi ng a viral ﬁqvelope protein is obtained froma patient at a first
time; (b)2dEEérffriing susceptibility of the virus to the conpound
according to the nethod of claim 33, wherein the nucleic acid encoding the
viral envel ope p 0. LS. ohtal f at i.gpt I sgcand
time; an r?é?m%o%%ggﬁgagﬁﬁe%guggggii%ﬁ*%%?ggﬁ'dgggrﬁﬁﬁg%diﬁﬂgﬁgpsg(g) and
(b) , whehemnpnaocgéepreaseoma Cshdeceptibility at the later second tine

i ndi cates resistance WO 02/099383 PCT/ US02/18078 -17 of the virus to the
conpound. , - . .
Tn one embodiment of this invention, the human osteosarcoma

cell is ar. HT4 cell.

In one embodiment of this invention, the compound binds to

the cell surface receptor.

In one embodiment of this invention, the compound is a ligand

of the cell surface receptor.

In one embodiment of this invention, the compound comprises

an antibody.

In one embodiment of this inventicn, the compound inhibits

membrane fusion.

Tn one embodiment of this invention, the compound is a
peptide, a peptidomimetic, an organic molecule, or a

synthetic compound.

In one embodiment of this invention, the compound binds the

viral envelope protein.

This invention provides for a method for making a composition

which comprises admixing the compound. identified by the



The invention provides for a nmethod for identifying a nutation in a virus
that confers resistance to a conpound that inhibits viral entry into a
cel | whi cWomemmsBses: (a) determ ning the nucleic acid sequarsor18r8t he

am no acid sequence of the virus prior to any treatnment of the virus wth
t he conpound; (b) obtaining a virus resistant to the conpound; (c)
determning the nucleic acid sequenéé-or the amino acid sequence of the
resistant virus fromstep (b) ; and (d) conparing the nucleic acid
sequencecoeenhiganieshed d (Megdeshcdrof istsps {pa)anda (cFompPeypadti vel v,

SO as tgQegkfeptyf MelBenmyt ahi gnchprtle.virus that confers resistance to
the conmpound. In one enbodi nent of this invention, the virus obtained in

step (b) is the virus of step (a) grown in the presence of the conpound
until resicsicaredd ertel @pechid niorenteidodi tentcafribdisisngehthen, the
virus obtained in__st is i ed patj e 1.ch s_heen
undergoPﬁgyngga %%méﬂ%é#?%h% é%ﬁ%%%ﬁd?giﬁgég%fe ergéa¥ghbod¥ﬁeﬁﬁ, this
i nvent i ongpnowi desvanheans and net hod for accurately and reproducibly
measuring the susceptibility of HHV-1 to virus entry inhibitors. In

anot her _preferred enbodi nent, this invention alsoe%{oyides a neags and
met hod Ther 1GE(QIaB} YWEREL 4Pr B8ticRbIG ERBEs P ng dFH A Y T3 r 2 cERtor
t ropi Snkut-fade Pretepted wibadi enourddits envertisonpphovndestaocneatis and
met hod for o ratg# and_repr.oduci bl y nmeasuri ant,i body. nedi at ed
neutral?zé?ﬁ N B BV TR0 dﬁfﬁ§§3%%xﬁfﬁ?E%ozﬂ%éo?ﬁOt?ﬁ%é?% Xlgﬁgferred
enbodi npartithes whieint icompinisteheld )prow idesl auskahs antd nenéodif-or
di scover} NEna OBl D é{d}qe%dacqga@% rbZbAGAOVvel g fle e 1dr ugsnkhat tar get
vari ous“define and as yet undefined steps in the virus attachnent and
entry (b) contacting a cell which expresses a cell surface receptor
with the viral particles from step (a); and (c) measuring the
amount -of detectable signal prdduced within the cell, wherein
production of the signal indicates the celi surface receptor
expressed by the cell is bound by the wvirus, thereby
identifying the cell surface receptor as keing bound by the

virus upon infection of the cell.

The invention also provides for a method for identifying
whether an antibody inhibits entry of a virus into a cell
which comprises: (a) obtaining nucleic acid encoding a viral
envelope protein from a patient infected by the virus; (b)
co-transfecting into a first cell (i) the nucleic acid of
step (a), and (ii) a viral expression vector which lacks a
nucleic acid encoding an envelope protein, and which
comprises an indicator nucleic acid which produces a
detectable signal, such that the first cell produces viral
particles comprising the envelope protein encoded by the
nucleic acid obtained from the patient; (c¢) contacting the
viral particles produced in step (b) with a second cell in
the presence of the antibody, wherein the second cell
expresses a cell surface receptor to which the virus binds;
(d) measuring the amount of signal produced by the second
cell in order to determine the infectivity of the viral
particles; and (e) comparing the amount of signal measured

in step (d) with the amount of signal produced in the absence



process.

vacci nes weiolensprevent ati ve or
and as yet undefined

(gp41T™M

In a preferred enbodi nent, this invention further provides a
means and net hod for discovering, optim zing and characterizing H V-1
t herapeutic) that targetrcrarsooumrgiefi ned
steps in the virus attachnent and entry process.
preferred enbodi nent, this invention provides a nmeans and nethod for
identifying am no acid substitutionsthfitations
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detectable signal, such that the first cell produces viral

rarticles comprising the envelope protein =ncoded by the

nucleic acid -obtained.from the patient; (c¢) contacting the-
viral particles produced in step (b) with a secoud cell in

the presence of the compound, wherein +the second cell

expresses a cell surface receptor to which the virug binds;

(d) measuring the amount of signal produced by the second
cell in order to determine the infectivity of the viral

particles; and (e) comparing the amount of éignal measured
in step (d) with the amount of signal produced in the absence

of the compound, wherein a reduced amount of signal measured
in the presence of the compound indicates that the virus is

susceptible to the compound.

The invention provides a method for determining resistance of
a virus to a compound which inhibits viral entry into a cell
which comprises: (a) determining susceptibility of a virus to
a compound according to the method of claim 33, wherein a
nucleic acid encoding a viral envelope protein is obtained
from a patient at a first time; (b) determining
susceptibility of the virus to the compound according to the
method of claim 33, wherein the nucleic acid encoding the
viral envelope protein is obtained from the patient at a
later second time; and (c) comparing the susceptibilities
determined in steps (a) and (b), wherein a decrease in

susceptibility at the later second time indicates resistance



In a preferred enbodi nent, this invention provides a nmeans and nethod for
identifying am no acid substitutions/nutations in H V-1 envel ope proteins
(gp41TM awo 0gpd8EU) that alter antibody nedi ated neutralPCTASIDIRO78 N a
preferred enbodi nent, this invention provides a nmeans and nethod for
gquantifying the affect that specific nutations in H V-1 envel ope have on
anti body nedi ated neutralization. 1In a ﬁﬂgrerred enbodi nent, this

i nvention further provides a neans and mnethod for |dent|fy|ng H V-1

envel ope ani nefaehg vigHst teutibensPREPEEFons that are frequently observed,
ei ther al one or in conbination, in viruses that exhibit antlbody

nedi cat ed V|r neutrallzatlon preferred %HP ent, th|§ e Xentlon
further provi RN ﬁ@?@ t%ofde%tf¥a éﬁflbo IFREE S
frequenth obaeavednlnxpaa|emrusahbhescwhﬁesesiﬁhawt@memtapabaecempound
neutralizing o] n § S n her
provi des a E%%FO@SESQQE%T%%géEI%gggg 9hg§ %e%%giaﬁHQME Ebﬁﬁrigéé

i dentificati ofeberviipisss that nuedaire ad SﬁﬁﬂﬁﬁsefdﬁflﬁhécﬁWHﬁm’Iﬂcéd

preferred enbodineRte WH Stméw@ﬂ%ugnpiy&i heb ah9VItCi%$atanerf@af\§ el veth@d
for the |dent|f|cat|on of viruses that do, not require blndlng

0
i nfection. |nWatBr &6 redRAbdi meht , OPh#ERiA¥eft ivod W S Prvvittes™ @ l’:Prﬁans
and met hod foeomgenhldfyl r¢g tdne;emme@ce;m mpatlieeint asafpbeguemhat exhthet

CD4 i ndependent .infecti ferr t [ nt(i,9n
furt her prOV|a@§ 3 aﬁ%anse%%%n jﬁ %‘f%gsgug%?¢P?£%E?cﬁyéﬁ éEé useg
require CDB ( ruh@mp&blngnmaﬂlnnrlau¢z??#@fé?@e@néﬁb@ﬁlﬁhﬁ an g aCld

i nvention al Sgeghg‘ﬁ'c@‘%s 8 @@é}:% an&') metfod (£pr  ideddniivd  hesbnciglease
of patient viruses that exhib dependent i nfection
identify the mutatlon in the wvirus that confers resistance

to the compound.

In one embodiment of this invention, the virus obtained in
step (b) is the virus of step (a) grown in the presence of

the compound 'until resistance is developad.

In one embodiment of this invention, the virus obtained in
step (b) is isolated from a patient which has been undergoing

treatment with the compound.

In a preferred embodiment, this invention provides a means
and method for accurately and reproducibly measuring the

susceptibility of HIV-1 to virus entry inhibitors.

In another preferred embodiment, this invention also provides
a means and method for accurately and reproducibly measuring

HIV-1 co-receptor tropism.

In a preferred embodiment, this invention provides a means
and method for accurately and reproducibly measuring antibody

mediated neutralization of HIV-1.



In a preferred enbodi nent, this invention further provides the means and
nmet hod for the identification of viruses that require the CXCR4 chenoki ne
recept or wWondiogs3 t he CCR5 chenoki ne receptor bindi ng, oPCEUSKEISOBKCRA or
CCR5 binding (dual tropic) for infection. In a preferred enbodinment, this
invention further provides a neans gnd nethod for identifying the

i nci dence of viruses that require t]he CXCR4 chenoki ne-recept or bi ndi ng,

the CORS  chenoki tar binding, i th i ndi
(dual PG P TRt GEERB TSR o st arv el afBodu teRET EHOTIRTom | on
further prowi des g W0,024099388-PCT/ 4LSA24180% Sy, - 2byreansanf meifwod for

identifying H V-1 envel ope am no acid substitutions/mutations that are
f r equentdhnrehservedng erdnel omalmone dougenthahbt aegeorivaripus rdsfasadat

O L e L L PR SO R 0 ol S o

neutral i zrgbtd'feog’g In a preferred enbodi nent, this invention provides a neans
and met kod For usi ng virus entry inhibitor susceptibility to guide the

treatment of HIV-1. In a preferred enbodi nent, this invention further

provi des- a. neans and nethod. for --using- virus entry inhibjtor
suscept i 4 i pyeferad @RIE Rt e dnVEatiom &IFENShTAHaS%et ovi r al

drug treatnent. In a preferred odi his inventian furthey provides
the nead®aitl méffods Foroas: nggg?r u‘ﬁs{%ﬁ‘%ﬁéﬁmﬁﬁ bi e ey o

gui de t hg dreatdmntif patventsvaewdyesi nfectrdrw plredevichtive a qreferred
enbodi nent, this invention provides a neans and nethod for using H V-1

co- r eceptterapeopiisin thagutaege hevaniqus deftnefl #RY-as oyet it derahe

r n f i _
treatme stteops piar;[ It r]et SVlrU.S attachment and entry process.

In a preferred emhodiment, this invention provides & means
and method for identifying amino acid substitutions/mutations
in HIV-1 envelope proteins (gp4lTM and gpl20SU) that alter

susceptibility to inhibitors of virus entry.

In a preferred embodiment, this invention provides a means
and method for quantifying the affect that specific mutations

in HIV-1 envelope have on virus entry inhibitor

susceptibility.

In a preferred embodiment, this invention further provides a
means and method for determining HIV-1 envelope amino acid
substitutions/mutations that are frequently observed, either
alone or in combination, in viruses that exhibit altered

susceptibility to virus entry inhibitors.

In a preferred embodiment, this invention provides a means
and method for identifying amino acid gubstitutions/mutations
in HIV-1 envelope proteins (gp4lTM and gpl20SU) that alter

receptor or co-receptor tropism.



failing antiretroviral drug treatnent. In a preferred enbodi nent, this
invention further provides the neans and nethod for using H V-1
co-receptap dyoopsgsm t o gui de the treatnment of patients nedryydophiseted with
HV-1. In a preferred enbodi ment, this invention further provides a neans
and nethod for neasuring anti body nerkd-ated WO 02/ 099383 PCT/ US02/ 18078 -22
neutralization of HV-1 to nonitor the initial protective antibody
response followi ng vaccination. In a preferred enbodi nent, this invention
further provides a neans and nethod for neasuring antibody nediated

neut r al izati mrofertfiad lenkpdigrinttor eS| AMVEAF 1PAPAPYFICRE e dotly

response follow ng vaccinatipn. In.a preferr Loent,, - ipvention
rosponse L OIS MACSLIBL AN o T BTl e eTRROLIRIL, L bLBobDY

neut ral i zatjiap_ pf o k& dpOViedvd I FBd i dP N Ao hecdbuabitidyisnf a
protective anti body response follow ng vaccination. In a preferred

enbodi nent, this invention further provides a neans and nethod for

measuri ng anti body medi ated, neutralization of H V-1 .to devel op and
opt i mi zENVACBFRAEFERY PRPIREL ISt e it qﬁﬁ%hﬁ%é¢9§%¥$ﬁ%t?on

pot ency andy . dupablbLbys FOL ¢anplieyhl Wig-Gastnlidde dhiddieadtipr ot ein
(gpl20- is trghtly associate mn?h he transnmenbrane envel ope protein
(gp4l - TMuphat - anchos smdd icoplkexstt arthéreonest hgnbp aseved Theiehezl ope

proteins gpl20 and gp4l are derived by, cleavage of gpl60, the unc|eaved
precur scxlprodest igf L EIRFEBpe 1Heher LR gPﬁHi ﬁﬁ%&#lﬁl \5’3)&&?40 Pts

cel | ul ar eptor (CD4 q%%c -receptor (either CCR5 or CXCR4) pronotes
confornﬁ?#%%a °tha Sgggfn€¥ 3 protein resulting in the fusion of the
vi--al and cellular nenbrane and entry of the virus core into the
cytoplasm (Retroviruses, 1997). Although . ,

In a preferred embodiment, this invention provides 2 means

and method for identifying amino acid substitutions/mutations

in HIV-1 envelope proteins (gp4lTM and gpl20SU) that alter

antibody mediated neutralization.

In a preferred embodiment, this invention provides a means
and method for quantifying the affect that specific mutations

in HIV-1 envelope have on antibody mediated neutralization.

In a preferred embodiment, this invenrtion further provides a
means and method for identifying HIV-1 envelope amino acid
substitutions/mutations that are frequently observed, either
alone or in combination, in viruses that exhibit antibody

medicated virus neutralization.

In a preferred embodiment, this invention further provides a
means and method to identify antibodies that are frequently
observed in patient samples viruses that are capable of

neutralizing HIV-1.

In a preferred embodiment, this invention further provides a



the new HV entry inhibitors target either viral envel ope proteins
(gpl20/ gp4l) or host proteins (CD4, CCR5, CXCR4), the nmpjority of

resi st ancwoagsusat ed mutations in HV-1 are WO 02/ 099383 PRT/SUS0/8.8078
-23 expected to be located in the viral envel ope gene; e.g. one Ilikely way
viruses mght evolve is to shift co-receptor utilization. Entry bl ockers
constitute a novel class of anti- réProviral drugs, and the potential for
broad activity against current nulti-drug resistant H V-1 variants is

hi gh. weeng &hé oeabedofopotéanFafiopapnedf r y1prEEReFEahr ESAUSFEN

i nhi bitars, reéegto%/coﬁr%cegtor ant agoni sts and vacci nes. Nonet hel ess,

i nhi bi t 5P BEOGLrEl At FPTEFEPPkel y to generate drug resistant viruses
(through nutation of the envel ope gene), thus conplicating patient
treatment simlar to that observed for protease inhibitor (PRI) and
rever san ta gnefeirpeds embodiimentor thRF| inverbiaenfurbheH Yrovadeace, FDA

approval of any new dru hat bl ocks viral entry wll_ require _the

eval uat "6ATSf alnéisi“hec%h%g %%ﬁ e Nt E?'Ff}—:'?ejdtr:‘f%artJaon a‘?%ﬁg\ﬁﬁﬁlﬁg agé% Eﬁat
measur es _su LR LY B8Rt ¥orbhaekersohas been docunented in the case
of the ﬁﬁgigggeﬁkgigP%oPﬁ%;zob fouses exh?biting reduced susceptibility

to T-20 have been reported after passage in vitro in the presence of the
drug. At this tine, convenient phenotypi¢ assays that are capabl e of

measur Ty susEepErBRG (SRS HIUYs Rt BPEER-VPPal? €T r§T Y e fidt 2
avai | abl e Conseguent| y, ? %SH Eﬁgifvgkg $9Qn e faceds Wwokh Lheghal | enge

of taiIEF?H& aﬁhef%py in absence the tools necessary to address drug

suscept khibity. +Ther ekereita opal iiabkpeagsay thitcadeurately neasures
susceptibility to drugs that inhibit viral entry frominfected patients
woul d be extrenely val uable. For exanple, recent Wrld Health O ganization

estimtes indicate dhat marldw de,erent0ap; 33 FLkkhAY pedRiRedr e
' means and. method for identification of viruses that require

CD8 binding for infection.

In a preferred embodiment, this invention also provides a
means and method for identifying the incidence of patient

viruses that exhibit CD8 dependent infection.

In a preferred embodiment, this invention further provides
the means and method for the identification of viruses that
require the CXCR4 chemokine receptor binding, the CCR5
chemokine receptor binding, or either CXCR4 or CCR5 binding

(dual tropic) for infection.

In a preferred embodiment, this invention further provides a
means and method for identifying the incidence of viruses
that require the CXCR4 chemokine. receptor binding, the CCR5

chemokine receptor binding, or either CXCR4 or CCR5 binding

(dual tropic) for infection.

In a preferred embodiment, this invention further provides a



infected with H V-1, the causative agent for the AIDS pandem c. Nearly one
mllion people are infected in the WO 02/099383 PCT/ US02/ 18078 -24 United

St ates angg3R@e8489 are currently receiving anti-viral the@Epysoeisdzs 1999;
VWHO 1999). Conbating Al DS has becone the comon goal of an unprecedented

effort of governnental agencies, academ c |aboratories, and the
phar maceuti cal / bi ot echnol ogy i ndustry> Fourteen anti-viral drugs have been
'"(carpenter et al.,

approved by the EDA for .treatnent of HI V- i nfectian,
2000) " areF Ziibr 7AnBRCF0 S LEGHAR far ds P o GV ENCIRF HEVHI ovat at ed | h

clinicalg di alg {REMA 492 +FAe apRr evedudhtits sWBEPILaH ¥idner

replication by interfering wwth the enzymati'c activities of either

prot easea (R @ irevensenbrdrscr iipt aseutBs) thaPRexhithibi (o) salPRrsdl. bl ock
the proper formation of viral proteins that are necessary for virus .

i nf ecti cHSFRPE HepliLatio 15 |9 RY | HH g 1S ( IR"?EI)s)C}E)(F%‘ka’E heC%Prus from

copying 145, gedstis MRLEHigh, st O(SHb-Apt IR, PHSIEYa g Ul ERE PRI s and

RTI s are nos en used 1n conbination to suppress viral replication
(Carpentyeyuteta Bl zat 26000) . What is desired, therefore, is to provide a
rapi d, accurate- safe viral assay capable of evaluating: 33. the activity
of inhibitors of viral attachnent and entry .(including fusion, receptor

and co-éeceptor i nhi 8 ﬁggtor/co-rece tor .viral g%ggh mto

itars), 34.
facilit ?ea\ﬁﬁ%ﬁeﬁﬁﬁrja%m#%W?Qﬁ’ de8V Rt ARY PrEdesss: 2 changes in

drug susgeptiditdd Ve RAbleRt rvisr esesyt Onhi Bt tOiScept abi achyeps and
entry; and 36. viral neutralizing activity generated in response to WO
02/ 0993831 RET/ #)89 21 180Tt 2B HIV-1.

In a preferred embodiment, this invention further provides: a-
means and. method. for ...using - virus entryy - inhibitor-
susceptibility to guide the treatment of patients failing

antiretroviral drug treatment.

In a preferred embodiment, this invention further provides
the means and methods for using virus entry inhibitor
susceptibility to guide the treatment of patients newly

infected with HIV-1.

In a preferred embodiment, this invention provides a means
and method for using HIV-1 co-receptor tropism to guide the
treatment of HIV-1 or to guide the treatment of patients

failing antiretroviral drug treatment.

In a preferred embodiment, this invention further provides
the means and method for using HIV-1 co-receptor tropism to

guide the treatment of patients newly infected with HIV-1.

In a preferred embodiment, this invention further provides a

means and method for measuring antibody mediated



vacci nation using viral envel ope protein antigens. The nethods of this

i nvention can be used for any viral disease that may be responsive to a
viral entwoo/pisgst or and where anti-viral drug suscepti IPCITIUSY2/s8008
resistance to a viral entry inhibitor is a concern including, for exanple,
including, but not limted to other lentiviruses (e.g. HV- 2), other
retroviruses (e.g. HTLV-1 and 2), hegpadnaviruses- (e.g. human hepatitis B
virus), flaviviruses (e.g. human hepatitis C virus) and herpesviruses
(e.g. hyppp,  eytaregal @ rus).1 Eabryonbkeekens constidlut progtesoyek class of
anti retroviral drugs, and the potential for broad activity agai nst

cur r ent antibbdiydragpresestadfloMivglveaciantsons hi gh. Anong the class of
potential viral entry blockers are fusion inhibitors, receptor/co-receptor
ant agoni sts and vacci nes. Fusion |nhibitors Conpounds designed to
conpetitive inhi bt - or pat L, Ok e M- desi;gnated fusion
inhibigg}gy §#EQ%%%%ﬁ%ﬂ?hlﬁgggérgﬁ%% Eﬁt?ﬁh?gglFggfgon.gAlthough their
activityehas beespddenpashoat edfdot hrismstelingcul tuteé begst ensedanded] V- 1
infected patients (WIld et al., 1992; Judice et, al,, 1937; Ki | et al
1998), neutusilémarakibicfolhas V@ "PEEPApprevEd: Fortt hBSFPREM AL of
H V-1 infectiaon in the U.S. Lthi 1i.s cl ass, such as t-20 and
t-1249 aﬁ%}#ﬁ@?igeﬁﬁgPFeu R}}%%ggatﬁéggﬁ Fggk%df advanced cli ni cal

i nvestigations. Receptor/Co-receptor Antagonists In addition to fusion
i nhibitors, which act after H V-1 has WO 02/099383 PCT/ US02/ 18078 -26
i nt er actrech windfanred ecdpddmentef £bies iaventaopr 64rEESTt BXOYFEFOF dr ugs
that prevent HI V-1 fromijnteracting wth or__ei.t of i
princip@?aéé-re@Bﬁtor@g£%ﬁ§ abf??ty‘%ﬁasur By Oty O rebiabed

neutralization of HIV-1 over time to monitor the durability

of a protective antibody response following vaccination.

In a preferred embodiment, this invention further provides a
means and metliod for measuring antibody mediated
neutralization of HIV-1 to develop and optimize vaccination
prime-boost schedules that maximize vaccination potency and

durability.

For example, in the case of HIV-1, the SU protein (gpl20-SU)
is tightly associated with the transmembrane envelope protein
(gp41-TM) that anchors the complex to the virus membrane.
The envelope proteins gﬁlzo and gp4l are derived by cleavage
of gpl60, the uncleaved precursor product of the envelope
gene. The binding of HIV-1 to its cellular receptor (CD4)
and co-receptor {(either CCR5 or CXCR4) promotes
conformational changes in the TM protein resulting in the
fusion of the vival and cellular membrane and entry of the
virus core into the cytoplasm (Retroviruses, 1997) . Although
the new HIV entry inhibitors target either viral envelope
proteins (gpl20/gp4l) or host proteins (CD4, CCR5, CXCR4),

the majority of resistance-associated mutations in HIV-1 are



such reagents to inhibit H V-1 infection has been denonstrated in cell
culture systens and ani mal nodels. Lead conpounds targeting either gpl20,
CD4, the WRR/@mssecept or used by macrophage tropic virugeg(dsahso79r the
CXCR4-co- receptor used by T-cell tropic viruses (X4) have been identified
(Al'laway et al., 1993; Reimann et al., 1995; Baba et al., 1999; Bridger et
al., 1999). Currently, no co-recepf%?'ant agoni sts are approved for the

treatnent of HIV-1 infect-ion-in the US. Drugs within these- classes, such
as PRO S@e¢iRddeniks h%%engA},tfs%gﬂ(fﬁa%cﬁaveslﬁ% ISFRKL 7799 (T3R®da I nc.,

Japan),. and. AMD-3100. ( Ano nc ada) .. arent e subj £t so05

precli n]rj(a:]é?l%r VEdr Iv‘f/l sltl%eggéen%gﬁhrl%i ceé O%eg?i gtati ons. Theref oril,3 aﬁ assay
capabl e,0f1 1 jgend f vinReyapdodrt s Ntoh g tiazept apied- réaept of &noOpHsm

whi ch quickly and accurately identifies patients that are infected with
strai nsretravirapi cimigus eadg. thev-B9tendoidld fPici Preafe IFrarik¥iry

i nhi bitor drug desi and treatnent. . Vacci _ .k a L proven to
be an e?¥2ttf ec"’s’ﬁeg{{eéri}gitﬁ."aﬁ]@ gt agéalﬁﬁgt ygggkgggglgcygi I’H!]a-?ﬁl' nfecti ons
in huma sevaldlo v 3fidift icandiidat esnt oyppeyeRe bl Xrd Enkechion are
in cl i%lﬁ%%gn%é%e oprrer?t. The er:ILveI ope proteins gpl20 and gp4l are the
nmost obvhbisitand| detesptort be-ratepser s@atadotbetanang va¢CcyaeEi-ne, and
many of the 11 vaccine candidates in clinical evaluation are

envel ope- based (PhRVA, 1999). It is generally thought that an effective

envel ope vaccine ma i chtothe gener abdiay, af-eneukeali Ebngeaatkbedi es t hat
ook DErEETEasSan e hebalq pab gL ¥l alengdiial (Waccola ot al ..
2000) . Jdhggefygstantsensitéae hicgirothoughmiticassay ttiw £eVEABPS measures

the efficacy of such neutralizing antibodies and does. pot requir
pr ol ongednell t thasi 6ATOR IFRLEST PAFIGEHT 1N STeaTet Séd%“nf%ﬂ £59Ehat

observed for ©protease inhibitor (PRI) and reverse
transcriptase .inhibitor (RTI) treatment for HIV. In fact,
FDA approval of any new drug that blocks viral entry will
require the evaluation of resistance data. The need for a
diagnostic assay that measures susceptibility to entry
blockers has been documented in the case of the fusion
inhibitor T-20. Viruses exhibiting reduced susceptibility
to T-20 have been reported after passage in vitro in the
presence of the drug. At this time, convenient phenotypic
assays that are capable of measuring susceptibility to drugs
that block vifal entry are not available. Consequently
physicians will soon be faced with the challenge of tailoring
therapy in the absence of the tools necessary to address drug
susceptibility. Therefore, a reliable assay that accurately
measures susceptibility to drugs that inhibit wviral entry

from infected patients would be extremely valuable.

For example, recent World Health Organization estimates
indicate that worldwide more than 33 million people are
infected with HIV-1, the causative agent for the AIDS

pandemic. Nearly one million people are infected in the



assay could significantly aid the search for an effective AIDS vaccine.
This is particularly true, considering that |ate-stage clinical trials
enconpasswbargeo3gat i ent popul ati ons nunbering in the thokrsanse2/188rce
neutralizing antibodies should, prevent successful infection of target
cells, a envel ope receptor assay would be beneficial to serve as a virus
neutralization assay. Unfortunatel y2aest .of these drug conbinations are
effective for only alimted tine in large part due to the energence of
drug reghstaat svhtysesnd Theo | ek 0fe preekneadi rgcefiunati ansi-uhesgnt to RT
and RNA pol ynerase |1, coupled with high level, error-prone replication
al | ons Whevaes 60RM, ak99H VHO £89At at@m@@nn@al@@f s, bfs;g@)% hehi s high
mut at i on frequenci contri butes to % '%@6 f HIV 1 19, 8v @al
successfAM™PBngZP2r m u&ntM§§ﬁfFe Eﬁ i i 5% Wi PAl P9R Bound

Resi Sta&?%r@éﬁ?@%‘ ated gutafdpps to qéb@%att@flléls appr Oé/ﬁ(él dr ugshas well as
to many rnvestigational conpounds have been descri bed (Schinazi et al.

1999) . oaseguentiyal/hubtecdnojogesisdantr V-Fovareant @np@smaﬁl
increasing problemin the care of infected patients. To ac ﬁﬁ§ |l ong- term

clini cacﬁr’BéﬁeP?f"e Reens WEGPER O% & el T Hoser o7 WERT t R4t Findxitnal | y
suppr ess ¥é%€£?BHagEggggg?eﬁndeévoég the,dpygs 2£9 Wabeb atHéh'eQb S virus

is resistan Long- termsolutions can. rely on drug
resi st ang@it eshalt Matuceamreguivde epinisi dieainsy igvaskblavtd ngnt héinbselef f ecti ve
drugs against the patient's virus. The need for re5|stance testing has

been afffiagd i PH tléﬁﬁbelinﬁgefﬁﬁﬁﬁﬂﬁ$ ugPHHA B Y021 69383
PCT/USOZ/l 078 8 0 h b t |
used  wheR %?ea%o% é %gﬁerf %nghé @ﬁgﬁ@§t§&@%8?l§e§aés g¢routinely

ing ients cepti Ity tests can also
assi st Lpchhe gevel aprentraf I’tQ\NﬁléugSséhairatrm’cgeIptar%|$RHmt vi PBses. A

recent FDA advisory commttee (Novenber
inhibitors ~ (PRIs). block the proper formation of viral
proteins that .are necessary - for virus infection- and .
replication, while RT inhibitors (RTIs) block the virus from
copying its genetic material. Due to sub-optimal potency,

current PRIs and RTIs are most often used in combination to

suppress viral replication (Carpenter et al., 2000) .

What is desired, therefore, is to provide a rapid, accurate’

safe viral assay capable of evaluating:

33. the activity of inhibitors of viral attachment and
entry (including fusion, receptor and co-receptor

inhibitors) ;

34. receptor/co-receptor viral tropism to facilitate

viral entry inhibitor drug design and treatment;

35. changes in drug susceptibility of patient viruses to

inhibitors of attachment and entry; and

36. viral neutralizing activity generated in response to



1999) recommended that resistance testing be used in the devel opnent of
new anti-viral drugs for H V-1. Several strategies--.have been applied to.
t he assesempioondss antiviral drug susceptibility. Genotypiggtesbasapal yze
mutations in the underlying nucl eoti de sequence, or genotype, and attenpt
to correlate these nutations with drug resi stance (Rodriguez-Rosado et
al ., 1999; Schinazi et al, 1999). ~#owever, the relationship between
genotype- and -phenotype---is.. qonEIex and not easily interpreted, and
the results of vBgedaatipasusiage viselqaaneilPRE PECLTRE @oé iglergenot ypi ¢
drug susceptibility data requires interpretation either by experts

(Baxter et al., 1999) or conputer algorithns and are not always predictive
of treqfgenfetHELOMBr (RG] t yn@én@lon ch¥9%Ue BRRBOIYHICa@RUGiral
susceptibility assays directly measure and quantify the ability of viruses

to repldicatsee mheliempyebencespaisidraig.o Baviyaphenotrypiohikster ragdir ed

prol onged virus . cultivyatjon and consequently were slow, |abor intensive,
and ndﬁ“ﬁ&%i??téaY6ﬁﬁﬁediWﬁ% ARgRERh 3L hﬁﬁta€§ghﬁﬁ?l%¥a%F?,tcigés). As a
resul ., 1Nese £aLy Y PHERRLYRI ¢! ESL3nRRLE iceNSidieled daPraethoal for
pati ent nanageneﬁ¥. The -devefopnent of -reconbl nant virus--assays (Shi
and Melis:dindg 9Bt Hest dgisnietedlto ck988) lsdnmivfrese phenog y@TVE esti ng
and increased throughput. However, a mmjor disadvantage_of fhese assays
is a | engt Bhe¥ napbaAYLIERABS 0f €498 ﬁEéVg? RBLe 2 red3R2 ¥ ECORDF nant

Vi rus says e v.e| oped . WO 1dSQ2/ 1304 -29
othersaéﬁ' 'aﬁg%ggpggﬁgﬁgﬁnﬁ%dguﬁfﬁgg&fu&géﬁgggggggggrﬁg'ggur|ndgé singl e
round ofegfplitati an (Zenney et aal., H8PBesvPetisepoul 06.6t alhumz000),
resulting in a dramatic reduction in turnaround tine to 8-10 days.

Pat i enteyHcaiddatpP eiritys) retroviral therapy can benefit from phenotypic
assays. Such

th

Entry. blockers constitute .a novel elase eof- anti-retroviral
drugs, and the potential for broad activity against current
multi-drug resistant HIV;1 variants is high. Among the class
of potential viral entry blockers are fusion inhibitors,

receptor/co-receptor antagonists and vaccines.

Fucsion Inhibitors

Compounds designed to competitively inhibit the
conformational change of TM, designated fusion inhibitors,
are potent inhibitors of HIV-1 replication. Although their
activity has been demonstrated both in cell culture systems
and HIV-1 infected patients (Wild et al., 1992; Judice et
al., 1997; Kilby et al., 1998), no fusion inhibitor has yet

been approved for the treatment of HIV-1 infection in the

U.s. Drugs within this class, such as t-20 and t-1249
(Trimeris Inc., USA), arv= the subject of advanced clinical
investigations.

Receptor/Co-receptor Antagonists

In addition to fusion inhibitors, which act after HIV-1 has



assays are attractive tools for patient managenent because they provide a
direct and rapid neasure of drug .susceptibility.. The assay of this

i nventi orwoan/omssuised with other viral infections arisingCrrusnvigefecti ons
due to other viruses wthin these famlies as ,.jell as viral infections
arising fromviruses..in other.viral famlies. In addition-, the- drug..
susceptibility and resistance test-m§-this invention' is wuseful for
screening for conpounds to treat viral diseases for which there is no

cur rentsy avait &bl @1t herapy retRetoiisyctafmrdd fereythe pandirganetic el ements
of the viruses which could be tested in the drug susceptibility and

resi st arrceetast dokgs hibat nnearenh WUHd Beorndwicrsdiadofvitg difPary skil |
inthe art., It is useful to the practice of _this inyenti,on .for_ gexanple,
to und&sttd'$he i”f_%é““’ &Yel Brbflcgga _e??b’v??f%%‘?oﬁss' et e a%bqf%letxi?gl genes
requi re:%ég?r EELEAYEr US J eseipiBpd | RftgChi VityreRet6QVi hald y hadgct ed
cells shed a nenbrane virus containing a diploid RNA genone. The virus,

st udde dianidrts tamteny éhopel | yebprot edystarsi end seimats modekser M@@dt he host
range of infectivity), attaches to a cellular receptor in the plasm

menbr afeTEOUTHE d@TIqte N & ditrede il 2 0 tH* r FE ISR DI TR TSR virus i s
internalized, and _ i1 r t cytheplasm, of ot he host
cell. Ilz’]lﬁeﬁgrbgn W%%s}%@%%%oaéﬁdélncﬂg?gggség 3ﬁgpﬁet&nucl eus, the r%verse

t ranscriqiaseonohemd epyr esidenl itrdgiec WOIG2/@893834PCTh&IE02/118078 - - 30
viral core drive the synthesis of the doubl e-stranded DNA proyvirus, a
synt hesidentiatied @rlileeavbett Aé -bi AdPRg BEIBAPRNES #bt ect? 2°{ oP#AR genoni ¢

{he geroma br ¢ hee Rbst AR Sy TEPon Serve as a i ranseriptional
tenplate for both nmRNAs encoding viral proteins and virion genom c RNA,
Currently, no co-receptor antagonists are approved for the
treatment of HIV-1 infectien in the U.S. Drugs within these:
classes, such as PRO 542 (Progenics Inc., Usa), 5a8 (Tanox,
Usa), TAK-779 (Takeda Inc., Japan), and AMD-3100 {(Anormed
Inc., Canada), are the subjects of preclinical or early stage
clinical investigations. Therefore, an assay capable of
identifying and determining receptor/co-receptor tropism,
which quickly and accurately identifies patients that are

infected with strains of a tropic virus (e.g. HIV-1), would

facilitate viral entry inhibitor drug design and treatment.

Vaccines

Vaccines have also proven to be an effective strategy in the
fight against pathogenic viral infections in humans, and
several vaccine candidates to prevent HIV-1 infection are in

clinical development. The envelope proteins gpl20 and gp4l

HIV-1 vaccine, and many of the 11 vaccine candidates in
clinical evaluation are envelope-based (PhRMA, 1999). It is
generally thought that an effective envelope vaccine may

elicit the generation of neutralizing antibodies that block



which will be packaged into viral core particles. On their way out of the
infected cell, core particles nove through the cytoplasm- attach to the

i nsi de of wigwe/mdxesna nmenbrane of the newly infected cell ,pcamgsobugh7st aki ng
with themtracts of nmenbrane containing the virally encoded envel ope

gl ycoprotein gene product. This cyg%g of infection--reverse transcription,
transcriptior, translation,- virion assenbly, and budding repeats itself

over and,over again as infectiaon spreads. The viral and, as a result,
Che proviTal DRRERCOm | CRRSTR cPESReti ng HWencs CHEFEAPE<y tal Lo ( he
successfihg; €908l ﬁHFQUtQthg%p‘dhr akshif @646l 8-c 118, M) rhOfs BN capLi es the
viral pronoter at ifs 3' end. Replicaftive acrobatics place the vira
pronot eefhtcade & srmh oeuthelprong rabt Geotbiess as1d teesgepbneegeirever se.

transcribed. Just 3! to the -5 retroviral LTR lies the viral_ packaging
site. TRECTRISYVi FaFCIVRELCYCPE YHGHF ris %?ﬁ@?ﬁ%&eﬁ%@éﬁg'vi?%?hyaﬁncoded

transaciing, ! 8ELORS o itHA Al denencedl P ROLY NBI 25Lro LPOVL

--reverse transcriptase 1s also“contained wthin the viral core and is
vital tmibpevectahelif@hdyclies ipadthatulidrly Sresponshdl @ foigthraconver si on
of the genomic.RNA to the integrative intermediate_proviral -.DNA The.
viral -Eavetspedegl yebprbialn, EHRlsS s EBEOTPEESt or LRFPEl afi¢BERRENt to the

i nfect- I i ral. T i Dt ] I
trans. ST iR T T aeearetiad A EEtngliag, U Fbte MEPRELLELTTE

nmodul at gnt fiecke¥el HNiouid 021609383 sHEHeldsd2/118018ect Bdnt ansesatgeton of the
integrated parental provirus. Typically, replication-conpetent

(non- detekls v anvialsmes FeeepePt-asery siaed ibe teaefilkéglefeoderdf| of

t hese trans-actingrl Their defective counterparts are not

factors.
sel f - coft af n&d: “Tn ?ng%g§5a5%°% TRYi rus, such as a hepadnavirus,

understanding the life cycle and viral' genes required for
Unfortunately,. most .of these drug combinations are effective-
for only a limited time in large part due to the emergence
of drug resistant - viruses. The lack of proofreading
functions inherent to RT and RNA polymerase II, coupled with
high level, error-prone replication allows viruses such as -
HIV-1 to mutate readily (Coffin, 1995). This high mutation
frequency contributes to the ability of HIV-1 to evade
successful long-term drug therapy, resulting in viral load
rebound. Resistance-associated mutations to all of the 14
approved drugs as well as to many investigational compounds
have been described (Schinazi et al., 1999). Consequently,
multi-drug resistant HIV-1 variants pose an increasing
problem in the care of infected patients. To achieve long-
term clinical benefit, it is desirable to select those drugs
that maximally suppress viral replication and avoid the drugs
to which a patient’s virus is.resistant (DHHs, 2000). Long-
term solutions can rely on drug resistance tests that can
guide physicians in selecting the most effective drugs
against the patient’s virus. The need for resistance testing

has been affirmed in recent guidelines from the DHHs (DHHs,



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

i ntermediwo®easpt ate. In the infected cell the first st@®pTiusoz/ers cation
is the conversion of the asymmetric relaxed circle DNA (rc-DNA) to
covalently closed -.circle--DATA-28-cccDNA)-,- This process, which occurs
-within-=the nucleus of infected |[iver cells, involves conpletion of the
DNA pog8bDiVe- serandesgnhbeshatamdslibgahtenteftshbeDNbuendely hietthe second
step, the cccDNA,is transcribed by the host RNA polynerase to generate a

3.5 kBYRRA tEfpFate Hife! ptRigRAdR)RAC IS pr SGer6RE 10 Lasiplresdd with
frote'eahnaags gééﬁgtEﬁﬁ?tPeTagv%EbégeﬁEegf'ﬁ¥Q|&§ﬁggh§h§¥n eglg of the
Irst negativesense stran y topying the pregenom ¢ R sing the

viral |l yeeticedad Pipisiei mreyvesse trmnssiigetgseommie R (modkibaral so
serves _as the mnus strand DNA prinmer. Finally, the synthesis of the
secondlB88i t inRCEEIRIEIEONACBR E af@ sdstanse Besdopyd nget wsefd rse DNA strand,

usi ng the i n.DNA polyneras ctivi apnd.an oligomer of viral RNA
as prifere ngn“%‘gr‘éée%“&e ﬁl:sovtl?fggsg?fflgés%éﬁl\ﬁg}]o?'the maj or structural

core proteins. Design and Methods 37) Construction of an Expression Vector
for a Viral Envelope Protein That |s Capable of Accepting Patient WO
02/ 099383 1RCAT/ YSORY 4BOFS --hal2 dwmdn eapiSkigrents Efcodisge s drel®Enyelfope

Protein. | n,one enbodi ment, ap.enyel ope expression vector capabl e of
R RAEI R (R L Sl 18 2 SR 37 A

Si m | 8, eXPESS| AN MRCLRIR Y 8gPaER1 d68dd hedruerddic] udi RERLplasm d
(pAnphoEnv) constructed to expréss anphotropic nurine | éukenia virus
(A- MLVanénaet epet prooteeinrelasedébesebedta i dihsS. wiRdt ehtudNares5s83anc404 and
(Petro?oul os et al., 20002 The pAmhoEnv_vector uses the imediate early
Rodriguez-Rosado e al., 1999; Schinazi et al, 1999).
However, the relationship between genotype. and -phenotype-is
complex and not easily interpreted, and the results of these
‘tests are not quantitative. The use of genotypic drug
susceptibility data requires interpretation either by experts
(Baxter et al., 1999) or computer algorithms and are not

always predictive of treatment outcome (Piketty et al.,

1999) .

Phenotypic drug susceptibility assays directly measure and
quantify the ability of viruses to replicate in the presence
of drug. Early phenotypic tests required prolonged virus
cultivation and consequently were slow, labor intensive, and
not easily automated for high throughput (Japour et al.,
1993) . As a result, these early phenotypic tests were
considered impractical for patient management. The
development of .recombinant wvirus-assays (Shi and Mellors, .
1997; Hertogs et al., 1998) simplified phenotypic testing and
increased throughput. However, a major disadvantage of these
assays is a lengthy turnaround time of 4-8 weeks. More

recently, recombinant virus assays have. been developed and



gene pronoter of human cytonegal ovirus (CW) and the SV40 pol yadenl yation
signal sequence to produce A-M.V envelope nRNA in transfected cells. The
pAnmphoEnwploash3es i s nodi fied by deleting the A-MV envelpopasgrms7s ., and
introducing restriction enzyne cl eavage sites that can enable the
insertion of viral envel ope fragnentgoderaved froma variety of isolates,
such as HHV-1. In the case of, H V-1, the envelope open reading frane

spans apptbaisatttlat 22660 capatileotd tlemeandrengodesud heueoyet 0pelity
pol yprotein, gpl60. The gpl60 polyprotein is cleaved by a cellular
furin-1i%keripFofedddtS fradcelt veRlisiatitan (Farnehdeypabo, HPYS1

envel op i clprs be caonstr.ucted i_n _stages as_ .follows: (a)
Replaciﬁag?ﬁé§%§k€%<é§V% bbéﬁﬁﬁyVeﬁgs ?F&n§bdﬁbﬁcg§amg§6ﬁ1Fﬁguﬁh%8Pope
Expressipn Yeeheropanphiinviowsthoa ads ti plea t@e@misngr 3itienPobyt i oker: The
A- MLV envel ope nucleic acid sequences .:.an be deleted from the pAnphoEnv
vect or byetrestitzl i ey mandihpestiicon frime pheingéyped wesape . cafubk
re-circul arized b% Iigati n_to,a .dupl ex oligonucleotidelpolglinker

cont ai ni HYSFOTr 20hi & FNEPn &P Es A ctR U St BRI SPEL L Dayarse
insertiomof W0.02/0R0383 PGEALUS2/ 18078 »-:33 envelope sequanceg, Jhe

| igation reaction can be used to transformEscherichia Coli and | ecul ar
cl ones comtedmihgilihg.correct polylinker sequence can be identified and
confirmed by restriction mappi ng and DNA sequenci ng, respectively. The
introduction of nultiple unique cloning sites into the vector can

fact I tahe e dnsert i) Ofs i o®NuehonR SeOLENGESn, JReRl | ¢Lion S1tes
wi thin the polyllinker <can be chosen based on their infrequent occurrence
in H V- linEswel ope sequeineesfQGANEn fddtibmkat dbas e;o watvhkean! vigowgedhi s
vector can be referred to_as pCX. The functionality of the .
within these families as well as viral infections arising
from.viruses.in other viral..families. In addition, -the drug
susceptibility and resistance test of this invention is
useful for screening for compounds to treat viral diseases

for which there is no currently available therapy.

The structure, life cycle and genetic elements of the viruses
which could be tested in the drug susceptibility and
resistance test of this invention would be known to one of
ordinary gkill in the art. It is useful to the practice cof
this invention, for example, to understand the life cycle of
a retrovirus, as well as the wviral genes reguired for
retrovirus rescue and infectivity. Retrovirally infected
cells shed a membrane virus containing a diploid RNA genome.
The wvirus, studded with an envelope glycoprotein (which

serves to determine the host range of infectivity), attaches

be infected. After receptor binding, the wvirus 1is
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



pCX vector can be denonstrated by inserting a reporter gene or indicator

nucl eic acid, such as firefly luciferase, -into the pCX nultiple cloning
site..-amdomeasBi ng a. signal from -the-' indicator nueCeusozaciods or
reporter gene activity in transfected cells.- As used herein, "indicator

nucleic acid" refers to a nucleie3@eid encoding a protein, DNA or RNA
structure that either directly or through a reaction gives rise to a

neasurabt#l oconet Heeabl et ghalthdsis 6P| Bhe OBoul1Ghts el HIRAS Unab! e
wavel ength, or generation of a specific' DNA or RNA structure used as an

i ndi caViiisehac 6unghpeis abpht f 1 duisiedgbanyhenkivfiag nofrbertRNA

quantitativ lification.assays I nsertjng . Viral Envel ope Sequences
into t_oglep%;LeEﬁR/%gl %%eé IERPIESs’o a%e%ﬁ%’r: ? i 19 ke GEReR 5 Hﬁ\ms_ for PCR
anpl i fieatinQR, 1%l EabseAVEheDe idiagnRAks 1ar %hgeﬁéﬁéltn@do§ h@%e GIE@i n two
unique_ restriction sites (a, b and c, d, respectively) adjacent to the
initia&dldn arteter bt nathoretvdons ef trhosceianpbeaalt herdl4tke fiwel ope open
r eadi fra | ntrodyction,of two unique restriction sites at each end of
t he eﬁgjeq}bﬂgg\gb%ne‘?‘é%%}% W82/ E@@@%ﬁn?’ﬁP@S@Fig@mﬁn—O@wq e can

| T OV Changes Obe choBkagell Yalocpyelopeollagnrals, ar baridg nternal
restriction sites for any " one of the enzynes found in the multiple cloning
site ofayt betpCX veet bnfected tdwel lcaseref phkVid]les waovel thehasacier i zed

nmol ecul ar pgl ones of HIV--1 with known djfferences in the envel ope gene,

NL4- 3 SYt8Ps ¢yt RhRFFRdtRi e nsdeln ofr BB cPlasmpoprarerdnstafitiie and

JR-CS o} Vi K ndugj C e-t.ropi.c, - prinar i sol ate) can

be usglg(wg tenp %?‘é&fgrghkm%glﬁ%??l%(l{r'ga fglggﬁgTH’é‘t ,%E)%fﬁ)nﬁgﬁgé i 30

anpl i fieedtraan pontathdngarhderidigast edcviitl ehWol 688t §ieddbtenzymes (each

enzyne cleaving at one end of the fragnent; e.g. a and ¢ or e and d) and

Subse@ﬁ@ﬁtpy@duct. This cycle of infection--reverse transcription, .
transcription,. translation, viriern assembly, and- budding-

repeats itself over and over again as infection spreads.

The viral RNA and, as a result, the proviral DNA encode
several cis-acting elements that are vital to the successful
completion of the viral lifecycle. The virion RNA carries the
viral promoter at its 3' end. Replicative acrobatics place
the viral promoter at the 5' end of the proviral genome as
the genome 1is reverse. transcribed. Just 3' to the .5
retroviral LTR lies the viral packaging site. The retroviral
lifecycle requires the presence of virally encoded
transacting factors. The viral-RNA-dependent DNA polymerase
(pol) --reverse transcriptase is also contained within the
viral core and is vital to the viral life cycle in that it
is resgponsible for the conversion of the genomic.RNA to the
integrative intermcdiate proviral .DNA. The viral .envelope
glycoprotein, env, is required for viral attachment to the
uninfected cell and for viral spread. There are also
transcriptional trans-activating factors, so called

transactivators, that can serve to modulate the level of



inserted,..- into -the pCX vector. by ligation and transforation of
Escherichia Coli. Ml ecular clones containing the appropriate envel ope
sequenceswoan/oss3 dentified by restriction mapping and cecfriusertony DNA
sequenci ng. The resulting plasmds, pH Venv (NL4-3) and pH Venv (JR-CSF),
can be used to express H V-1 envel ope proteins in transfected cells
(Figure 1A). The functionality of thg envelope expression vectors, such as
the pH Venv vectors, can be denonstrated by nmeasuring viral envel ope

h Bl d. h hi
YT TSt e pRIShent A Sl LR LI BLEL O B L B LY L2

pseudot ype envelope deficien FOVi T &

usi ng t kephudren iembrosaiet ekitdNey, 0223 Gld: 1hihe vQ%ﬁsQ%enaQQWD%%HEated
(Petropoul os et al., 2000), however the present invention is not

restri cFEAtEETIERosEn cahiat] | teey e@Cl@@e salll ablfe tdedde | kreasused iag a first
cell forfactcgggsf@ﬁtto % ucl ei Culn% --obtained fromthe patient

encodi ngoa v Fal TBRVEI e Froteit iR EFREE S by T SuliP tarF ehdafsid 2 ded -not  as
limtation to the present invention, 5.25; HOX; U387, MI2; PML; CEM etc.
The cell line optimally will be engi neered to express one or nore

co-r ecépt ortdie \WOaG2/ 099383 FOVA USORiB078uct35 asc) aMdepyingvihaspCX Vect or
to | nprov Efficiency of  Cdoning Viral Envel ope Sequences: To inprove
the cl oHPS{Sré F@llélﬁcfyh@f iy Cfé‘ﬁ:{f%l 8pe Vflfrééné%ﬁf?s tﬁ%qweéxépésm on

vector eancbesudild el Isertd ng-2bactert alnkd 1 gt gene canpette (o0

control of cell death b gene (ccd or.a nenber 0 ¥ gene
fam | y) pundesst hé BBUt entrpf hhhen&schbeehchial. @@fine&iaCReplQPIQ'tﬁbnl nto the
mul tiple cIonl ng site (the et al., 1.990; Bernard and Couturier, .1992;
Ber nar doBt BV, USRI W sInksamerdateedesoling er efly ricek t onfecpeiccdB.

T ?nggr&@noehgffﬁgg sedp ki'Lebi 9g0e: by fgPEResed, L. bagtertal strains
asymmetric relaxed circle DNA (rc-DNA) to covalently closed
»circleuDNAm(cchNALw This process,; which occurs -within-the"
nucleus of infected liver cells, involves completion of the
DNA positive-strand synthesis and ligation of the DNA =nds.
In the second step, the cccDNA is transcribed by the host RNA
polymerase to generate a 3.5 kB RNA template {(the pregenome) .
This pregenome is complexed with protein in the viral core.
The third step involves the synthesis of the first
negativesense DNA strand by copying the pregenomic RNA using
the virally encoded P protein reverse transcriptase. The P
protein also serves as the minus strand DNA primer. Finally,
the synthesis of the second positive-sense DNA strand occurs
by copying the first DNA strand, using the P protein DNA
polymerase activity and an oligomer of viral RNA as primer.
The pregenome also transcribes mRNA for the major structural

core proteins.
Design and Methods

37) Construction of an Expression Vector for a Viral

Envelope Protein That Is Capable of Accepting Patient-




express the laciq repressor, such as JML09.. This or an equivalent strain
can be used to propagate plasmds carrying -he ccdB killer gene that are
under thewoanwssB3 of the |lac pronoter. Conversely, in thiPE€TARO2/E8078
bacterial strains that do not overexpress the laci4 repressor, such as
DH5a and Topl O, cannot maintain plasgpds that express the ccdB gene.
Transformants can be killed due to the ccdB activity. DH59 and Topl O cells
can be purchagediteancsewenak ¥enpdatsq(Lhiernteshnal egigs;Qr I nvitrogen).
Using this selective cloning approach, the parental” expression vector is
propagated in a laciq bacterial strain. The vector is digested with two
restriction enzynes t.hat both renn&e the ccdB gene cassette, and, in the

case of HIN\VCIS SFECEMSALI P8 RPVRLPRE EHEEFSSEAR eIk rammkelopet
sequencesxiredding Hhv- FALQ | i .Qf vect.or. and .envel ope
fragnent s,X% st rélicgn of bacteri S&I gcr%%tr?lgl%l%acl?lg § s%isr%ncs Ot s 1S R

transf or medstrusgetier i 8imtdat axpngdilasredsolr-e walrehpthe yidakigayel ope

i nserts hav epl aced Ehe ccdB killer gene can grow. Bacteria containing
pl asmi ds *t¥atiG8t%hi 7 oPPEFeAst (PHTRROBRY tcdBRé f Fertgdnet@arxmutssur vi ve.

In this ot i f or med 99383 .PCT/ US02/ 18078 - 36
bact er i a\g?%éhgnt?i%cﬁ%gqu#%%i%?a%%%%@%a‘?‘%@%t X\?ﬁgéi{f?alenéfﬁ\}éf&p?rqtr%@r ts, but
i s |acki ng idestcheilpat et all. secPotegoNtal NENG3thes21CedB 98R8roRi10s

construction_ of the pCXccdB vector i's not essential for the Success of
phase | 6F ehis pPofect , ThutPARPhAERVexpeEpEduses stiyni {imahtdte iemrigve t he

efficien f J Vi1 envel ope sequences derived from patient
sanpl es; gtxﬁgs,pﬁnggyé}gb%i ?IWHOFY f“ﬁ?ﬁ&ﬁi’f ﬁﬁthe(eC%Ve?t eFogehBft PV60 viral .
sequencepoi¢aieha viaRiey ash gidle sSEGMELAN € Qirctcil_f‘cepcﬁggg@l \éﬁ%%r?%a” be

confirmed by restriction mapping and DNA sequencing. ( nserting Viral
Envel ope™88Guencesannafecthé peedBhe pAmphoEnv plasmid is modified

by deiet#pg_ﬂ?he A-MLV  envelope gene .and introducing-

restriction enzyme cleavage sites that can enable the
insertion of viral envelope fragments der:ved from a variety
of isolates, such as HIV-1. In the case of, HIV-1, the
envelope open reading frame spans approximately 2,600
nucleotides and encodes the envelope polyprotein, gpl60. The
gple0 polyprotein is cleaved by a cellular furin-like
protease to produce two subunits, gp4l and gpl20. HIV-1
envelope expression vectors can be constructed in stages as

follows:

(a) Replacing the A-MLV Envelope Nucleic Acid Sequences

from the Envelope Expresgion Vector (pAmphoEnv) with a

Multiple Cloning Site Polvlinker:

The aA-MLV epvglope nuclgic acid sequences -an be deleted from
the pAmphoEnv vector by restriction enzyme digestion. The
digested vector can be re-circularized by ligation to a
duplex oligonucleotide polylinker containing four unique

internal restriction sites (a, b, ¢, d) for insertion of



Expressi on Vector The functionality-of the pCXccdB vector can be eval uated
by setting up ligation reactions containing viral envel ope sequences and
i nconpl etwioy2apepest ed pCXccdB- vector DNA.  Fol | owi ng bactremite2/18078
transformation, plasm d DNA can be prepared fromindividual bacteri al

cl ones and anal yzed by restriction3di-gestion for the presence of viral
envel ope fragnents and the absence of ccdB sequences. The feasibility of

this appnuadbpies deesteectday. anphéf yiggribe eavetope '®ai one fisem adtotal of
13 available H V-1 clones (pCRII-91US005.11, pCRI1-91006. 10,

PCRI | - 92UBBSECrM FERhergziSAl KAl 3rCRInel @S 2c UonpEREbnO2ST he:. 1,
pCRI | - 91%%6526311@a pCRI 17 92BR020. 4, pCRI |- 91HT651. 1A pCRI | - 92HT593. 1,
PCRI | - 92HT594°107pCcRIT =Y 6.4 9 - PAT586. 24lengptdiefabREdt hr ough

the Al DSonkes@afchpy- I eagent iafgre siRILIrAM (ARGRP) L e,

Maryl and. Each fragg;nt can égﬁfﬁgeﬁﬁgﬁn?%foéﬁ%&bch anﬁegﬁgﬁégbgucture of
the resuéspagtpMeVeny Skpr dssimmmiumdicor Scamlie pleonfhtged byonestri ction
mappi ng_and/ or gmwhgeqyencing. Th functionality of each pH Venv vector
can be tendhstPa? et byY - 02/ 690383C PETF S0 2t B 07BS e T BFoRRAE URE HG 1HI V- 1
envel o Engsynthesis i . f.ect ells. ( rn Bl ot and by
their gﬁ??%?éﬁ%osﬁﬁgidotYpeRggﬁﬁgFﬁﬁgghE?Fg%ehéﬁﬁé¥$§§?r S yg%%%?%. 2)
Const r ucai ope of has @i desad@ M risthe B pleSad@reMe b @fur £oapei $hngrlndi cat or
Nucleic Acid in Place of the Region Encoding the Envel ope Protein. A

bi 0- saf Vet Ae REsRces dBAYEr BEVel d@rahafRuat®vi-AFiBi-oovs - ofhieral entry

according.t Q- simi I, ar and %g§6as escribed in U. S Pa%ent No. 5,
837, 464 aﬁgrPetroppJ%%%ggéf..é??ég oo'%é%d€:%§£%%%fb%fé ?ﬁhF_?tors of
PR-- anstRTvectde odr dbe dxpsesstdied a6 oindridiey i esgpb L o¥egthen can be
co- transfected into cells together with the envel ope expression

or indicator nucleic acid, such as firefly luciferase, -into

the »CX multiple cloning site.and measuring a signal ffoﬁ‘fhe4

indicator nucleic acid or reporter gene activity in

transfected cells. As used herein, “indicator nucleic acid”

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 signal, e.g. color or

-light of measurable wavelength, or generation of a specific’

DNA or RNA structure used as an indicator which could be

amplified using any one of a number of guantitative

amplification assays.

(b) Inserting Viral Envelope Sequences into the pCX Envelope
Expression Vector:

Using mutagenic primers for PCR amplification, viral envelope
fragments are generated thet contain two unigue rastriction
sites (a, b and ¢, d, respectively) adjacent to the
initiation and termination codons of, for example, the HIV-1
envelope open reading frame. Introduction of two unique

restriction sites at each end of the envelope open reading



vectors (described above) to produce high titer virus stocks. Such virus
stocks can be evaluated for susceptibility to inhibitors of virus entry,
i ncl udi ngweriovessal drugs and neutralizing antibodies. | rcrhsozases of

H V-1, the viral expression vector can be generated fromNL4-3, a well -
characterized infectious nol ecul ar-g4done of HV-1. The 5 |long term nal
repeat (LTR) which controls viral gene expression can be nodified so that

t ranscfi-fhé 0P ®f itheove rHan@eNes hohhiagsheot degebl Spd s didwen:- by the CW
imedi ate early pronoter (Naviaux et al., 1996). Mst of the envel ope
gene chamrberdabet vatiepburli mestrant icontsbter| deent sngucmeasoft hehe ev

responsi ve el epent _( and .accessaor. rotein codin regions, -(rev,
Lat’) SRR o 11 Eng A gpiene 1onibRepihe ShvEle i etitings an
i ndi cator nucleic acid, such as a firefly luciferase reporter gene
cassette that is under the control of CW pronoter-enhancer sequences
(Fi gures A armksd)of iBIV1isettwedweVilrubarateeripadcanl deuani ¢ beess by

measuri ng._ WO 02/ 099383 PCT/ USQ2/ 18078 -38 luciferase activity in infected
cel | s.OF tEL ¥ LMy FHren d&ﬁ?ﬁSG&ﬁeﬁnPPkéPﬁ QH%ﬁquﬁeﬂaﬁﬂ@i 3

r econbyj 100, bet ween 5 refrQwiq: or exanp!.e, the pH Venv
sequengggéyﬁﬂytrans?gd%egﬁ%bﬁ¢égﬁqu%gﬁgg%o:% e ég%%ﬁatlon 3? f%’%ctious
H V- 1.0 ACEF f 0 t ndbw- geneytad en-ai hiwasiaie  vwesiarphdgd rtadhicitd orpr tfiasgver al
genetic alterations in the HV genone can be done.  For exanple, deletion

of nosisetatnk eRVEPBPESHERS WRMRIAtS g MGy AR i insstien - cofe ol
Seq“enff%oﬁ%cfg&f&fﬁém@eﬂ%%o‘%{ %%&{t@s%% Rid Odl%eseé‘é%?%ﬂhseq“ences

in the regron o e _ _ e vector gure can be
acconptishedst Puetagnt BazyrRpki Gabicdn eakyinke cletravigr ale genrorend dhe U3
region located at the 3' end of. the virus genome serves as --the tenplate
for - - tiee - G¥=omegyionced -t e B LFROr o se Prorpdusubregiatibd cel | s.

Such p{ggéégggijk%gkthgep%%r%g%tor.by“ligatioﬁ and transformation

of Escherichia Colli. - Molecular clones containing the
appropriate envelope sequences can Dbe identified by
restriction mapping and confirmed by DNA sequencing. The
resulting plasmids, pHIVenv (NL4-3) and pHIVenv (JR-CSF), can
be used to express HIV-1 envelope proteins in transfected
cells (Figure 13). The functionality of the envelope-
expression vectors, such as the pHIVenv vectors, can be
demonstrated by measuring viral envelope synthesis in
transfected cells (Western Blot), and by their ability to
pseudotype envelope deficient retrovirus vectors. High titer
virus stocks using the human embryonic kidney 293 cell line
has been demonstrated (Petropoulos et al., 2000), however the
present invention is not restricted to those cell lines.
Other suitable cell 1lines used as a first cell for
transfection of nucleic acid..obtained from the patient
encoding a viral envelope protein include, by way an example
and not as limitation to the present invention, 5.25; HOX;
Us87; MT2; PM1l; CEM; etc. The cell line optimally will be

engineered to express one Or more co-receptors.



pronoter elenment in the U3 region of the 5 LTR and thus are unable to
produce retroviral RNA in infected cells. This self inactivating (SIN).
strat egy wa92keB83 used successfully for several retrovir@CTWUS0/078yst ens,
including HV-1 (Hvang et al., 1997; Myoshi et al, 1998). In the assay of
the present invention, viral gene expression is not required in infected
cel | s because virus infection is neasdbed by a detectable signal produced
by the indicator_ nucleic acid, such as the production of |uciferase

activi ty,(f—‘dri MePving e pEEp¥NesterptondimprovE gine ABRIicDeheti of of
envel ope sequences. and the transcriptional enhancer region (U3) can be
acconpl i shed g93%%gﬁdggéﬁﬂnﬁégﬁﬂé¥ﬁ%#%%¥ﬁﬁgﬁﬁﬁcedures, and each del etion
can be verified by DNA sequence analysis. Functionality of this vector, for
exanple in the case of H V- 1, designated pH Vliuc(err)U3, can be
denponst r &ced ibpmoe t riamsf eclbonngf 2¥Ficekhsyw tdf t heipdd Vesrvyeeper
descri be above. Effjcient transconplenentation of viral proteins WO

02/ 099383 *PETFUSE2/ 18098 PCX39eEPEREE LA LY I vEBRorRe | modid igdankYect ed
cells canylgagd tQ At he JyQdugt i)of A .l es, Virus particles can
be har vegtsed flr g’mat he culture Str}plgrna#%% s&géné t;ﬂn%l §192é%f b%og@mi of

West er n- bledflt idegt hViy ugertd tlercdmarobe quaidt aso iy KoL kDEleAPPEAEAt i ONS
of either p24 ELISA, quantitative PCR or TagMan assays. It is not
necessar §21d 1y odueden sehe- | pertivht iafy wheal Esehprdsdiion ¢edtiorlao carry
out the present _inventiqgn, b it. is.desirable to _inprove assa
reproducgﬁppP v an %ﬁ(ﬁhﬁeﬁéﬁtlgﬁeIﬁ%ﬂﬁ?*?cﬁfFSn?B%eSﬁq E'Ci??oLines
Whi ch ExpeessrBecert 0fSu@nei £P; r €66pt Ome 3RdgSUAP0LT Vi naly 3 Nfecty pn- -

Di fferent manmalian cell lines that have been described previously and are
known t omedppoed vedeori bn viferpadticHapCikdeds. cdlriesevaptatedof As

di scussed. her ei or .one .
theAcch Ll&ler gene 1is repressed in bacterial strains that

express‘the laci® repressor, such as .JM109. Thig --ox--an-
equivalent strain can be used to propagate plasmids carrying
"he ccdB killer gene that are under the control of the lac
promoter. Conversely, in this system bacterial strains that
do not overexpress the laci? repressor, such as DH5& and
Topl0, cannot maintain plasmids that express the ccdB gene.
Transformants can be killed due to the ccdB activity. DHSA
and ToplO cells can be purchased from several vendors (Life
Technologies or Invitrogen). Using this selective cloning
approach, the parental expression vector is propagated in a
laci? bacterial strain. The vector 1is digested with two
restriction enzymes that both remove the ccdB gene casgette,
and, in the case of HIV-1l, are couwpatible with the insertion
of HIV-1 envelope seguences (a, b, ¢, d). Following ligation
of the vector and envelope fragments, a strain of bacteria
iacking laci? is transformed. _Once transformed,. bacteria -
containiné plasmids in which the viral envelope inserts have
replaced the ccdB killer gene can grow. Bacteria containing
plasmids that retain or reconstitute the ccdB killer gene can

not survive. In this way, the population of transformed



enbodi nment relating to H V-1, the assay can be performed by (a)
co-transfecting a first cell with pH Venv and pH Viuc(err)U3, (b)

har vest i ngyoviiogessaf t er transfection, (c) using this virus pdioudonhset a

second cell, both in the presence and absence of virus entry inhibitors,
and (d) neasuring lur-iif erase production in infected cells. Table 1
lists representative exanpl es of suchi3®el| lines evaluated for H V-1
infection, including the cell line and its associated

r ecept or FeSLtegdepticr engdgbedl foF pheselidelthdy mesntadan vieadbeaivredplr om
public cell, repositqori.es,_Miral part.icles harvested fromtransfected 293
cel | cu|35F§§%Sca%%bel§s%80 0 ?n?%c%h%tRﬁﬁ§€;3f'5Fc °Off EPBHELEEPP FPfes. In
the case celaeH dehe . t hahpHIMHsANE MRGE 06 £ CORL aliK cE8he S Nist N8t

envel ope gene and the U3 pronoter-enhancer as described WO 02/099383

PCT/ US02£E86T& 1alaFaab e, sthersBopré phéeet Tonfothas perajsstvebuel Ltline

with virus particl roduced,. this vector is restricted to a single
round of ltsepgf’%’%cl(\t(?%s EI?’ﬁi SSJr%I&JrE%(é%n’%];} VIBRICVGt CRChnERE 15AhE e r §F

medi at ed Qytihgy Vigal- £nvalepedy ot&l o dap tE b : H Venv
vector as desggﬁbed, (b) the é%%vergﬁ%ﬁm%f si ngl e strande v??%?gﬂ%A into
doubl e strawded ;- DNAhoyg , RT, thad (mobaktegrtat i ovfof wmbadakabhAngnt othbe host

cel | ge%pne (provirus f%rnation).-- The active transcription of viral
genes by PRUBTFESHFEGGeCF YHARL nGSMISIFSScctrs ik ilmmavas cel | She
follow ngcpilial Ide eqnal i aalbe Ldasbs| ctad by deleling.gsseghial
viral pronoter-enhancer sequences, in the_pH VIl uc vector. wever, this
restrict irestricedpmatappiner beke DAl kedguenicehase gene=-expression in
infected- cells since this gene is driven independently of viral gene
expression using an internal CW pronoter ;Figure 1B). The anount of

| uci f erasg,acti Vi prodyced. fal |l owi ng i pfection_can . be _used a.geasure
of viral §|?ir2|fe .gise%l-ng dyllegl (Envevfoé Beguences Yhe C cHRE98R-E91®

Ixpression Veltor:-

The functionality - of the pCXccdB vector can be evaluzted by
setting up ligation reactions containing wviral envelope
sequences and incompletely digested pCXcedB:- vector DNA.
Fcllowing Dbacterial transformation, plasmid DNA can be
prepared from individual bacterial clones and analyzed by
restriction digestion for the presence of wviral envelope
fragments and the absence of cch sequences. The feasibility
of this approach is tested by amplifying the envelope region
from a total of 13 available HIV-1 clones (pCRII-91US005.11,
PCRII-91006.10, pCRII-92US657.1, pCRII-92US711.14, pCRII-
91U08712.4, pCRII-92US714.1, pCRII-91HTE52.11, pCRII-92BR0O20.4,
PCRII-91HT651.1A, pCRII-92HT593.1, pCRII-92HT594.10, pCRII-
92HT596 .4, pCRII-92HT599.24), obtainable through the AIDS
research . reagent reference .program (ARRRP), Rockville,
Maryland. Each fragment can be inserted into pCXccdB and the
structure of the resulting pHIVenv expression vectors can be
confirmed by restriction mapping and/or DNA sequencing. The

functionality of each pHIVenv vector can be demonstrated by



H V-1 attachnment and entry into host cells requires interaction wtha
primary receptor (CD4) and one of several co-receptors, nost often --CCR5
or CXCR4. wrldoodispes can be screened that are known to exres®2MeU78 OUS

conbi nations of CD4, CCR5 and CXCR4. Specifically, cell lines listed in
Table 1 that express (a) CD4 plus CCRS (b) CD4 plus CXCR4, and (c) CHM
pl us CCR5 plus CXCR4 are eval uated” @EII lines that express the CD4

receptor alone, or either the CCR5 or CXCR4 co-receptor alone, may serve
as usePERSEBREROINIirE ERiveBePey Pt rey AVDahesEHEY-1n | sohatésctkat do not

requir t use.c eptors. ot her than CCR5 and CXCR4.
The pr?n%?%al €a?%erlon %Q? db|n§ cgﬁﬁgﬁin@bégFnglq?t9S€5ﬁ°tH@e
i nf ect énvéYos- a&asuﬂ@dtbyetwgviﬁﬁéseeQEQQECtiOn (104-106 relative |ight

units) . In addition, cell lines can be WO 02/ 099383 PCT/ US02/ 18078 -41
eval uated based on growmh rates, viability, stability and other paraneters
as deened necessary. Cell lines can be selected that are easy to maintain

and for exanple, produce |arge amounts of Iuciferase activity follow ng
i nfectipn, covhiehucancohecknf the- &f@dvpyaﬁl L Qél V@Je p§,-I ecept or
tropi sns, e.qg. CD4/CXCR4 an |ona terized cel

Ilnes.iimﬁ_éﬁgmmwlgdi ide |Bh$¢@noﬂndhexpress rRéchienH V- 1

receptor--and co- rececto s (e.q. CEN1NKr-CCR5 rel ease category a) are
avail.* BT b BBSF2HRi es such as the ARRRP. Further,..-cel
| i nes can be enhanced using standard procedure-s. such as pronDtlng

i nfection- by-the addition- of -polybrene to.- ceIIs (Porter et al., 1998).

For exarple,sdfe thercaseaforH i, coathetcpetienbi al-atehtel i HESLCABRE
identified for use with the present invention by infection with H V-1
| abor dtlor Y1§RLai HRETAN@CEERFARENGQ heimedanbimeaits vinds tetfhests vasy titers

to those.oblal nedywict hobptget fiuss Hb L o1 By Aiansfeqting, cell's
2000 used to. evaluate .inhibitors..of PR.-and RT. The viral
expression vector of the present invention can be co-
transfected into cells together with the envelope expression
vectors (described abcve) to produce high titer virus stocks.
Such virus stocks can be evaluated for susceptibility to
inhibitors of wvirus entry, including antiviral drugs and
neutralizing antibodies. In the case of HIV-1, the viral
expression vector can be generated from NL4-3, a well-
characterized infectious molecular clone of HIV-1. The 5'
long terminal repeat (LTR) which controls viral gene
expression can be modified so that transcription of the viral
genes in transfected cells is driven by the CMV immediate
early promoter (Naviaux et al., 1996). Most of the envelope
gene can be deleted, but important control elements such as
the rev responsive element (RRE) and accessory protein coding
regions, (rev, tat) a:e retained . In place of the..deleted
envelope sequences, an indicator nucleic acid, such as a
firefly luciferase reporter gene cassette that is under the
control of CMV promoter-enhancer sequences (Figures 1B and 3)

is inserted. Virus infection can be monitored by measuring



directly with the viral expression plasm ds described herein, and scoring
for virus production. Accunulation of viral transcripts-.can be checked by

usi ng a gquagdgosdssve RT-PCR assay. Cell lines suitable fgicmatdeensegruses
can be identified in a simlar manner. The present invention can optimze
assay conditions and allow for high-throughput testing of patient sanples
using autonmtion. Sanple preparatiomn3®et hods can be optim zed to
efficiently capture viral genom c and envel ope RNAs. . RT-PCR conditions
can be opuihitzedsto atdbiidyvanphi infatiked cfellpgati eht - der iovedtadivedllesnvel ope
sequences uch_as H V- envel ope sequences, (2,600 pbase pairs) at | ow

vi ral Ioﬁ&gioflg%]od”gd}\)éeéé"pe’?h?ﬁ).ln 021 BE8383 - PETT Sﬁ?FiQ@?%et-W@frﬂ)
Deronst 1 8hEonekobgatl idit oy Olnd her dsSalertlic. Utid WiuidferthoARaALAl the
pr esent invention is  denpnstrated by t ém%%%dlts a%%%e&%d %10 g

testing fiar trdonséedepéndenl simdy bi¢adntofthe rgdneanttripn ft e farcasience of

wel | -characterized inhibitors; and the (2) testing for dose- dependent

i nhi bi ti BAVotl i nflEcBiESRTEN tOnEeprESEfce S aRelte- VERarAcet dfitZeguqbion
neutrali zin Lhog] . Th i | catd f t i’ entry
assay of5?hge@%%égeﬁ%ﬁ?%b%ﬁ%}%%$%§$%&%vgfﬁgG%gﬁkfgﬁﬁﬁﬁgéfgﬁb%FnE?HF%1on of

H V-1 repbiccaistampby, &dsabébibar orofmydt usrathachymmrlsgel gahey WHicldidi ng
fusion, receptor and co-receptor inhibitors); .ii) measuring changes in
suscept i BEFRERingG HrRe 1 inRaEeientcoadadnt E¢IPAREDI t ORBE, arnd i i§tso -

detecting _neutralization,activity.of antibodies enerated .in.res se to
vaccinengéFéé %dOégébﬁsFrgﬂﬁe¥}¥gﬁegﬁ§pgn%%g Sangqﬁﬁngeﬁrébe¥§ﬂqﬁp

enbodi mepLgibhe gssanLan berprrf QEMchdy edkor (Figure 2) can be
accomplished. During the replication of the retroviral genome,
the U3 region located at the 3’ end of the virus genome serves
as ~the template for”thé:ﬂﬁ-regian of the 5’ LTR- of the
provirus in infected cells. Such proviruses lack the strong
promoter element in the U3 region of the 5’ LTR and thus are
unable to produce retroviral RNA in infected cells. This
self-inactivating (SIN) - strategy has been used succeésfully
for several retroviral vector systems, including HIV-1 (Hwang
et al., 1997; Miyoshi et al, 1998). In the assay of the
present invention, viral gene expression is not required in
infected cells because virus infection is measured by a
detectable signal produced by the indicator nucleic acid, such
as the production of luciferase activity, driven by its own
separate promoter (Figure 1B). Deletion of envelope seguences
and the transcriptional enhancer region (U3) can be
accomplished by standard molecular cloning procedures, and

each deletion can be verified by DNA sequence analysis.

Functionality of this vector, for example in the case of HIV-
1, designated pHIVlucAU3, can be demonstrated by co-
transfection of 293 cells with the pHIVenv vector described

above. Efficient transcomplementation of wviral proteins



co-transfecting a first cell with pH Venv and pH M uc(err)U3 vectors, (b)
harvesting virus after approxinmately 48 h after transfection, (:--) using-
thi s virugo20993spf ect a second cell-, both in the presengg/end1ghsence of
virus entry inhibitors and (d) neasuring |uciferase production
approximately 48-72 hrs. after infection. Dose-dependent inhibition of

H V-1 replication can be eval uated a‘g3aq"nst a wi de range of virus WO

02/ 099383 P%U%O%/ 18078 -43 entry inhibitor concentrations using a
96-vel | PEPRECSOTRY Lobbr I5FEREE tBnkhet Fransfieeaccalie mameteadi ed
enpirica i NRibi,tor ta_can be plotted.as the percent

i nhibiti (%%gofﬁﬁ%ﬁg?%%eggc!tvﬁ\%%tlyg\%gtq‘%r%gs'con\(l}:)%a% fa ?Eglcifaggfﬁl)n. ta
anal ysi sheawebeeger feoaedthsi ngilaamuit elipesobtwante. hARI bitd DPze4rvues are
used to determ ne_ 500 inhibitory concentrations (1C50) for specific drugs
or antiBearesnchilgicdng)y. Fmaves opetproteimsdeleyiand fatmd ow ardwt inef

wel | - charact.eri z H \-1 ..sol at val uat ed usi,ng pH Venv _vectors
construc?éaitellga é%glrsl tc)j\e£d ealt%i\?er. &% %‘g&is @H\?éll%d'&@ lé%- rédetorlaFE i sm in

the caseagkaklkV-1;, infection using cells expressing CD4 plus CXCR4 and CD4
plus CCR5 is evaluated as descri bed above. A wi de variety of conpounds
that are known to inhibit H V-1 entry (Table 2), including non-specific

agents suych as sul fonated pol yani ons (dextran | fate and heparin) can be
used W tﬁgthjésaél?&y %?C?ﬁﬁgr%rggerﬁ’r‘? Vet i%n?ef:ﬁéh’ﬁ%?ﬁé‘éa%h’éﬁ a& FRaht es

and SDF-  pat l- J4 gan r e X ToKi . ptors,
respecti %}éﬂ%g(ggégaAl%ﬁgﬁﬂbgg}t d%lr%,? fggGF%Fgﬁggpga%?e%ggg}%' gjﬁlé:r glctgo

sui t abl ei§odesdeahileh tohd mpresent sisayeaepanducEwitlier, avid ws ceifaty .

i nhibitors such as T-20 and T1249 (Trineris, Inc.), PRO 542 (Progenics),
5a8 (Tanox) were used to evaluate utility of the assay of the present

|nvent|og) Identification of Suitable Cell lLines Which Express

Receptors and Co-receptors and Support Viral Iafectiom: -

Different mammalian cell lines that have been described
previously and are known to support infection of a particular
virus can be evaluated. As discussed herein for one
embodiment relating to HIV-1, the assay can be performed by
(a) co-transfecting a first cell with pHIVenv and pHIV1uciAU3,
(b) harvesting virus after transfection, (c) using this virus
to infect a second cell, both in the presence and absence of
virus entry inhibitors, and (d) wmeasuring luciferase

production in infected cells.

Table 1 1lists representative examples of such cell lines
evaluated for HIV-1 infection, including the cell line and its
associated receptor/co-receptor. Several of these cell lines

can be obtained from public cell repositories.

Viral particles harvested from transfected 293 cell cultures
can be used to infect a variety of different cell lines. In
the case of HIV-1, the pHIV1ucAU3 vector contains deletions in

the envelope gene and the U3 promoter-enhancer as described



Drug toxicity in target cells are evaluated using standard viability
or-cytotoxicity assays (e.g-. dye exclusion, MIS-, ATP). H V-1 nutants
exhi bi ti nygedyerd susceptibility to the fusion inhibitorpchiZisoefBo7sky et
al ., 1998) and the genetic WO 02/099383 PCT/ US02/ 18078 -44 determ nants
(mutations) that enable these viruses to replicate in the presence of drug
map within the envel ope protein (gg4--TM have been described. To
denonstrate that the assay of the present invention is capable of
measur fRgVechdntrizefioralr bgfsgsiept idfi |a t petiniesivesicstEnceine( @jitpH Venv
vectors.are gener.a ed that.car theﬁe mut ant envel ope genes, (b) first

a

cel |'s AF8EoPAransHER tF UTH ¥ﬂ%55 VEcVEFECAnd S theShH SF8€ABS ect or,

(c) visusgsebearing tbhese oyt 8okt 1 SRVel ORG Y otigj g, ALe h@rweg}ﬁ  and (d)
the viruses are tested for infectivity in the presence of 'T20.”"Réduced
drug suszeptebt|ang et rF20 veslievakduby ethdyy comp asringl dhe Q@ iefs, Vi ruses
beariqg tan envelqgevgroteins to those that |ack the defined drug

r esi stBRhCBUGEE at  onE3:S \BY U RHIVRINT Vegtoendél 658 prdes nsbwi tthedr ug

resist i QAS LG xhibi i gk I es _t han viruses bearing
enveloggﬁg$%%%?%sg?h§§ﬁaﬁgcEhgéégegeggg %ngggn%?ggigﬁgg%F.EFﬁaﬁﬁfgition can

r equi reNA aothiggherardt ug:)cdnceataat bancf egii-yal mm 1o slatie pegertad in
Figure 8)- Drug resistance nutations can be introduced into envel ope
expr es$FRANG e BV 1P VERY A LEPRY- st afkRar dcsive Wiaretetbrivagedesi s

t echni a r dj t t andar d r ot acol Pet r opoyl.os et al ., ,2000;
Zi er naﬂ%f{% %’I%?l,e 28%6) %‘N?} ?ng%lé%) Fa epfré tﬁ‘gf‘ﬁ% dctTYe ¥ accPnes t hat
prot ecinragaedst cllYsl ifdEcdhniy Shaubei£hi Ci tind Sti-anghhumpsAal  bamine

response characterized by broadly cross-reactive neutralizing antibodies.
ConsedtRptFictedhe er Wnlsft irae ciasstead 1ailndiviirddal prosoteutengkyceval uat ed

for t_hseecgtll’eensceens(,:%AnOft,h%!_ggIVlucAUB vector. However, this restriction.
<can not interfere with luciferase gene-expression in infected-
cells since this gene is driven independently of viral géne
expression using an internal CMV promoter {Figure 1B). The
amount of luciferase activity produced following infection can

be used as a measure of viral infectisrity.

HIV-1 attachment and entry into host cells requires
interaction with a primary receptor (CD4) and one of several
co-receptors, most often -CCR5 or CXCR4. Cell lines can be
screened that are known to express various combinations of
CD4, CCR5 and CXCR4. Specifically, cell lines listed in Table
1 that express (a) CD4 plus CCR5, (b) CD4 plus CXCR4, and (<)
CD4 plus CCR5 plus CXCR4 are evaluated. Cell 1lines that
express the CD4 receptor alone, or either the CCR5 or CXCR4
co-receptor alone, may serve as useful controls and can be
used to evaluate HIV-1 isolates that do not require CD4
binding or that use co-receptors other than CCR5 and CXCR4.
The principal criterion for judging cell line suitability can
be infectivity as measured by luciferase production (10%-10°

relative 1light wunits). In addition, cell 1lines can be



titer neutralizing- antibodies targeted agai nst the i nmunogen. Most
recently, using the H V-1/siman i munodeficiency virus (SIV) chineric

vi rus nmace@ue/momgel (SHI V), Mascola and col |l eagues have sigawsobhgispassi ve
transfer of such neutralizing antibodies led to reduced viral |oad after
WO 02/ 099383 PCT/ US02/ 18078 -45 nucosal chall enge (Mascola et al., 2000).
The assay of the present invention can Be Used to rapidly and reliably

determ nine the vira geutralizing activity of antipodies %enerated in
response t oV %ﬁﬁgt rgeti T Rt eVbRe FadmS gesabSHdhy H 9T abérvéropand

anti gens. FokpAnPleantleysasza¥aolinle QR NVeRL N £a{algensLate

pH Venv vectors that express a variety racteri zed envel ope
proteins, (keplectadnsigsctarefeasy cel haiusitagnt base fveciedi=tipland pheduce
pHI VI ucAU3 vector, (c) harvest_viruses and incubate W th serial dilutions
of anti body lpE&iFar alPBRESoroN atbrhéeragrumqtdvittast foheewingr usekegloion,

infectivity_in secon C: . ta-anal ysis.a | C50 determ nations can be
per f or med W%%C:esg?ﬁbgg ﬁﬁgii%%glfcgﬁ %ﬁftﬁégg?¥%?%tﬁpgélpﬁﬁﬂﬁf%ﬁg%Prof

HI V-1, virusesaafmdle sehectash taxdamepr asant coi féegent H¥3idigraet ivell-
backgrounds (e.g. Gade A, B, C, D, E F), different cell and co-receptor
tropi sns ( MECROPITEGETICERS, cEllcel NSXCRA)at amgpdickter eforensxdmpee, HIV
properties (syncytium and .non-syncytiuminducing, |aboratory adapted
Bronth or - prERanras i "TRAT s o b ErS bEOenar erd b e
stocks of acdgfi ped-KikkebcREOM-ERERSY I EMBeLOrPPL) THZE ASSAMALISENSLbYITL Y
and reproduci bility by using a virus input of ~ approximately 20-100

TCI D50/ wel | pabd iwakiepy sddjcrsese s hass ndeeSKRRP.. Ant i body preparati ons can

be sel ected based on previously docunented neutralization properties, -
either functional, such as their ability to neutralize primary isolates,

or phySicalFu?ﬁﬁgrgﬁcéﬂﬁiiiﬁ%&}ééﬁtﬂé)QHHQ%C%EEEEEEQ standard procedures, .
such as promoting infection. by-the addition of-polybrene to-
cells (Porter et al., 1998). For example, in the case of HIV,
other potential cell lines car. be identified for use with the
present invention by infection with HIV-1 laboratory strains
and comparing the reccmbinant virus infectivity titers to
those obtained with infectious HIV-1, or by transfecting cells
directly with the viral expression plasmids described herein,
and scoring for virus production. Accumulation of wviral
transcripts. can be checked by using a guantitative RT-PCR
assay. Cell lines suitable for other viruses can be identified

in a similar manner.

The present invention can optimize assay conditions and allow
for high-throughput testing of patient samples using
automation. Sample preparation methods can be optimized to
efficiently capture viral genomic and envelope RNAg. . RT-PCR
conditions can be optimized to enable amplification of
patient-derived viral envelope sequences, such as HIV-1
envelope sequences (~2,600 base pairs) at low viral loads

(~500 copiles per ml).



gpl120 or gp4l epitopes (Table 2) . The performance of the assay of- the
present invention can be judged against the activity of these

wel | - charwoteeny®sesl anti body reagents in conventional vir®esTnsot/asals zati on
assays as described in the scientific literature. Serumfroma broadly
representative group of HIV-1 infet2ed individuals can be used to

establi sh WO 02/ 099383 PCT/ US02/ 18078 -46 an appropriate range of serum
dilutions that can maximze assay sensitivity, yet mnimze cytotoxicity.
Cyt oxi c)i ty can be eval uated using standard viability or cytotoxicity
assay$/(e. PR3 €] AL s U Ly Pie hg |ARgaly exanpl es are presented
to further illustrate and explain the present invention and should not he
taken as limting in any regard. EXAMPLE 1 Measuring Phenotypic Drug
Suscefmtiebi hittiyl #t9y | ”If bittey s agkayH ¥£l EREr ypFBisnexaipbenproyi des a neans
and nethod for accurately and reproducibly nmeasuring susceptibility to

i nhi bidegiosisgrraed 10y athgc maswl tandh @nitaved héremof die dalstactd vieby referred
to as . entry). sed on this. exanple, the ans .and net hod for measuring
suscepdtolsnel"I(?%%/el%genﬁtnh%%ﬁiut%}%l%? irgflrjv‘-’ir@ﬂt Fg‘gEéfn 1Pe ERSIARHERG other

Vi 1 usgg.1 1i-Re4ei M r U3 NGind i t0, Pt entd M § g HIV-2),
other retroviruses (e.g. I—FI'LlV-lrlgax%g;d a%d) %a&dgaﬁé%%le%&ﬁouém% %patiti s B
vi r us Bepefidavityi yngdsi { homanf heépdeictiionC id rtisd prdshearpesd ruses- (human
cytonegal ovirus). Thi 5, 6xa | e further provides a neans and net hod for
measurFTAg e rEaSbAs (it AR FEELRHESS i n susceptibility to entry
i nhi bitors. Measurenents of entry inhibitor susceptibility are carried out
usi ng adaptations of the neans and nmethods for phenotypic drug
suscefThiebiflalthovandy rasp bt @anconestsr deker vhedsi BnYSy assay of the

present invention were evaluated:

i) detecting inhibition of HIV-1 replication by
inhibitors of virus attachment and entry: (including

fusion, receptor and co-receptor inhibitors);

ii) measuring changes in susceptibility to HIV-1

attachment and entry inhibitors; and

iii) detecting neutralization activity of antibodies.
generated in response to vaccines targeted against

HIV-1 envelope proteins.

In a preferred embodiment, the assay can be performed by (a)
co-transfecting a first cell with pHIVenv and pHIV1ucAU3
vectors, (b) harvesting virus after approximately 48 h after
transfection, () using this virus. to infect a second cell,
both in the presence and absence of virus entry inhibitors
and (d) measuring luciferase production approximately 48-72
hrs. after infection. Dose-dependent inhibition of HIV-1

replication can be evaluated against a wide range of virus



Pat ent Nunber 5,837,464 (International Publication Number WO 97/27319)

whi ch is hereby incorporated by reference. WO 02/099383 PCT/ US02/ 18078 -47
One vect owp candssanpl e of the envel ope expressi on vector, PCCaldhYesnvy is
designed to express the envel ope polyprotein (gpl60) encoded by patient
derived HV envel ope sequences (Figure l)_. Gol60 is subsequently cleaved
by a cellular protease to generate the surface (gpl20SU) and transnenbrane

(gpal TM subupits b BalingelRr 3ecLhe aR48haPa ALt & beofieie s aface Al
H V-1 virus particles. A second vec-,or, an exanplée of the vira

expressi on vaspesprieté hesnqedidac ar rapdeVeda bB)dé tSerheisi g et Or EXPr B S
genom ¢ and subgenom ¢ _viral RNAs and all HIV proteins except the envel ope
pol yprot ei n ¥&F geqeld Ipbimytorn t Hike 7N an &e retitest adertihedercent
segnment (s) co-f nd tat ing regi.on (-2.5 kB).of the H V-1 envel ope
pol yprotein %%%ﬁ%g?lgrﬁd o%epggggggrg%heargcr(%‘flt anFOpedP%qlfeoﬁ%cee?t&?%li% ed

by the revergeog[anscrimidz0napahyBBEas€an Chal Npeeastned nBLhed (RERERr
using viral RNA Isolated from virus derived fromH V-infected individuals,

or (b) envelspetwarguencéahddriitiet fconvesl eond ansedones ofletiiming haios

t ai ific.mutati ' duced by_si ' ted nut, [ f
par ent ol ol Bt A EFone L EGBICATT YONEA- 37 o) SoF BF1 ORSGF el NAfMa®™

per f or ned uséﬁlgilg(g@gggr@l}?i%pgeglp(es (e.g. RNAgents Total RNA Isolation
System  Pronega, Madison or RNAzol, Tel-Test, Friendswood, TX). The

RT- PCR protocol was divided into two steps. Aretroviral reverse
transcriptase [e.g. Superscript Il (Invitrogen, Life Technol ogies) Ml oney
MILV rever seERTYakRRe | pPaSE SLRGcnedeRbyedul #Xo8y st@ns VaFA€LtyY Br ahchbialg, -

) oot Sy e ol oohonin 1 ac A (0 305 1LE0ET PUERS) nigymy
vectors constructed as described above. To define envelope
- co-receptor tropiém, in the case of HIV-1, infection using —
cells expressing CD4 plus CXCR4 and CD4 plus CCR5 is
evaluated as described above. A wide variety of compounds
that are known to inhibit HIV-1 entry (Table 2), including
non-specific agents such as sulfonated polyanions (dextran
sulfate and heparin) can be used with the assay of the
present invention. Chemokines such as Rantes and SDF-1, the
natural ligands for the CCR5 and CXCR4 chemokine receptors,
respectively (see Alkhatib et al., 1996; Bleul et al., 1996)
are also suitable for use with the present invention.
Further, virus entry inhibitors such as T-20 and T1249

(Trimeris, Inc.), PRO 542 (Progenics), 5a8 (Tanox) were used

to evaluate utility of the assay of the present invention.

Drug toxicity in target cells are evaluated using standard
viability or cytotoxicity assays (e.g. dye exclugion, MTS.

ATP) .

HIV-1 mutants exhibiting reduced susceptibility to the fusion

inhibitor T20 (Rimsky et al., 1998) and the genetic



first strand cDNA. The cDNA was then anplified to high copy WO 02/099383
PCT/ US02/ 18078 -48 nunber using a thernostable DNA pol ynerase [e.g. Taq
(Roche Mebecwod®s3 Systens, Inc., Branchburg, NJ), Tth (Roek@/usMyisecsl ar
Systens, Inc., Branchburg, NJ), PrimeZyne (isolated from Thernus

brocki anus, Bionetra, Cottingen, Germany)] or -a conbination of

t her nost abl e pol ynerases as descri bed for¢4the performance of "long PCR'
(Barnes, WM, (1994) Proc. Natl. Acad. Sci, USA 91, 2216-2220) [e.qQ.
Expand Hi gh dFfefeningnper Systemiomay +thas), efBbdkr i ngeseMamiheisms  to
Indianapolis:f I%gccg GEneA€§EXL PCR ki t gT%p + V@nt),,&Roche Mol ecul ar
Systens, |nctSPBrafRchbdry, “\) PTRETANT age- ST uq e fithyn Shegee iere
used for reversestifa i frbvl) Oy keal i4 fi q%PQi
Envel ope P %r?n%%s?gggﬁmg?g g??%e%béﬁhgggﬁﬁﬁgﬁg're§gf§§§%%%§33' ulygé
(Table ;;) wehe asedyt @f an idseddre patvent toer i vedapeplents. mBwsSe-ing

prinmers are designed to anplify the -2.5 kB envel ope gene encoding the
gp160 enveldﬁE@Qﬁé%qﬁ?ﬂé%qﬁ SHAdeR Rl dduci hgexnbesLakdnPrh &) EEBGERT I on

e oL gieant e e BN CalgnBhhon 0 Mty WP

segnents (2. B kBfengel apd 1segiencs - argid ffd cadd ofs Pi9duBt e WL tioRSerdrad
into HI'V-1 envel ope expression vectors using restriction endonucl ease
di gestion, A HHBAIYWHREhd VE&EREri al ) r isTUsafat Pearieshodwess midsurt bed

in US Patent 5, 837, tional. Publication Number WO
071 37319) . VP TE T RSr EATSsA ot - RE =83ed B (B | e of b ehtc s

di gested wi tdegiddefoXnhfdcoiviiyn iA tdle thesenendrandoei t RauuMda laa1g Xba
| at the 3' end. The resulting digestion products were |igated, using DNA
| i gase, intcuseeBtihoityPia AROand FvaMuptgdoey | ceinpesing the IC;, of

viruses bearing mutant envelope proteins to those that lack
the defined drug resistance mutations.- Viruses- bearing
envelope proteins with drug resistance mutations can exhibit
higher IC;, values than viruses beariny envelope proteins that
lack drug resistance mutations, i.e. inhibition can require
a higher drug concentration (equivalent to data presented in
Figure 8). Drug resistance mutations can be introduced into
envelope expression vectors (pHIVenv) using standard site
directed mutagenesis techniques according to standard

protocols {Petropoulos et al., 2000; Ziermann et al., 2000)

It is widely accepted that effective vaccines that protect
against HIV-1 infection should elicit a strong humoral immune
response characterized by broadly cross-reactive neutralizing
antibodies. Consequently, the serum of wvaccinated
individuals is routinely evaluated for the presence of high
titer neutralizing antibodies targeted against the immunogen.
Most recently, using the HIV-1/simian immunodeficiency virus
(SIV) chimeric virus macaque model (SHIV), Mascola and
colleagues have shown that passive transfer of such

neutralizing antibodies led to reduced viral load after



WO 02/ 099383 PCT/ US02/ 18078 -49 of nodified pCXAS or pCXAT expression
vectors. The construction of the pCXAS and pCXAT vectors has been

descri bedw(Qion/094383 CPT of base patent, | believe it was eramaise2/&8BousS Pat ent
Nunber 5,837,464 (International Publication Nunmber WD 97/27319)). Modified
pCXAS and pCXAT vectors contain a Pin Al  restriction site in addition to
the Xho |, Mu(err): and Xba | restrictionh sites that exist in pCXAS and

PCXAT. The Pin Al _sit s intr uce between the Xho | and Mu | sites by
site directed ﬁﬁfﬁg g@ﬁengﬁct&? h&t ﬁgur €084 -ar FNB @Y f tieha

in the follo]pefegeeﬁdeimvéﬂeloh Eif Ale Mty apd XBas byl naA Wtﬁég%ﬁ%

enbodi nent B anplification products were dige t ed

and Mu. | datetmfnipd itieo thealSneuRiralAkisigt eacndsithecl Muidodses e
of the nodified pCXAS expression vector. Ligation reaction products were
used to tranSfBERFESdcolR FRIRMMTRy %024Y36Chn?ﬁcuﬁéﬁ-’i96|’°‘rl|§@rl cfép‘aﬁth&@eN

C the expregsiphen¥eciolcyPlapylf DG p%'tﬁggﬁ gfromtpe B Xa&p the

cul tures. 0 ensure’'that expreSS| on vector pre arati ons ade

represents theshlVfuashespeed €snpr eserhtiibnt heaser@m O{Jeﬁergtée%mé&m
many (>100) independent E. coli transformants were pooled and used for the
prepar at i onsvett g IErL (F2asTi b aDNArl\?élz't @fsW@hhtcla@Jea@%%énm@dem\rﬁlms

manner for the of express ati.en s._deriyv envelo

prot ei ns arépE%Yg 5 25& ref ??85 ag BV n&e g Jores 1 %91

genonic H'V exgressi paIveatAus R}@b‘e’bbﬂ? qag BH&VE@%@QI@@%S %ﬁﬁi gl%ﬁacte
transcri be H V genom c RNA and subgenonlc MRNAs- and to express all HV

protei ns exceptht H@reﬁQeICblp]ea oty pebt eint tpPidyurpre®)rat iohhese weotairss a

ortion of the vel ope gene. has been del eted to_accommdate a functional
Podi caror geuRoLE  deat ERACS, Jd s [ ErY y e ertaraes tnoa Eetond

cell. Data-analysis and IC;, determinations can be performed
as described previously and in the literature. In the case
of HIV-1, viruses can be selected to represent different HIV-
1 genetic backgrounds (e.g. clade A, B, C, D, E, F),
different cell and co-receptor tropisms (macrophage/CCR5, T-
cell/CXCR4), and different envelope properties (syncytium and
non-syncytium inducing, laboratory adapted growth or primary
isolate) (Table 2). It can be beneficial to prepare stocks
of a defined titer from each virus to optimize assay
censitivity and reproducibility by using a virus input of
approximately 20-100 TCIDg/well and making adjustments as
necessary. Antibody preparations can be selected based on
previously documented neutralization properties, either
functional, such as their ability to neutralize primary
isolates, or physical, such as their ability to bind specific
gpl20 or gp4l epitopes (Table 2). The performance of the
assay of. the present. .nvention can be judged against the
activity of these well-characterized antibody reagents in
conventional virus neutralization assays as described in the
scientific literature. Serum from a broadly representative

group of HIV-1 infected individuals can be used to establish



WO 02/ 099383 PCT/ US02/ 18078 -50 that is used to nonitor the ability of the
virus to replicate in the presence or absence of anti-viral drugs. In

pH VI uc QR0 @/@esssi on of the 3' U3 regi on has been del et edpcttgsopnsyrent
transcription of viral RNAs fromthe 5 LTR in infected cells.
Susceptibility assays for HV-1 entry inhibitors were perfornmed using
packagi ng host cells consisting of the hurBn enbryonic kidney cell I|ine
293 (Cell Culture Facility, UC San§§$rancisc ..SF, CA) and target host
cel I s consi s RP* P hunant85F&o c%%%PTkéﬁﬁuEéPPslFﬁéte%%%%s§ﬁﬁ@m€E&
(HT4) plus CERY LXCRA, o1 rocytoma.( L. Lines L
either CD4 and ias%Q})r -C%fg;ufg%)égégaggﬁgggﬁéﬁgggfﬁfk?ty t§§?§%§83§g

performed usicegm pbi Venwlandedphiadinee stapithMiueibBilPsgudnt ypetdotb¥Yicity
particles containing envel ope proteins encoded by the patient derived
segment wer e 2SFAYEuCET Dy Wea RSt IRY a Yok &fiFdg host cel | (HEK 293) with
resi stance test vector DNA. Virus particles were collected (-48 h) after
transfection and are used to infect target cells (HT4/ CCR5/ CXCR4, or

U- 87/ CD4/ CXCRhe oo tSA/H{PALCMB)es t hat cegsetl Vo emepiids (118stER4k
and co-receptors (i.e. CXCR4, CCR5) . Arter infection (-72 h) the target

cells are | poddexpdaincthernsesasti ¥hvent sompandrspuHi \natisbecoapeet es

one round of .repli.cati.on_to successfully infect the target host cell and
produce | uci Férasd ™S tiVAry. TF¥8 &ount of |uciferase activity detected in

the infected cells is used as a direct neasure of- "infectivity" (Figure 1
, and- 2) . If for any reason (e.g. E&%ﬁ?ﬂ% Hhe appropriate receptor or
co- receptor, inhibitory drug activity, neutralizing antibody binding),
the virus i sMeaatlrdrig0 Ewndrescyiioe t Brget Steldeptibliditer ase BShibit¥rks of

di m ni shed. Drug_susceptibility is WO 02/099383 PCT/ US02/ 18078
HIV-1 Entrg

This example provides a means and method for accurately and
reproducibly measuring susceptibility to inhibitors of HIV-1
attachment and entry (heretofore collectively referred to as
entry) . Based on this example, the means and method for
measuring susceptibility to inhibitors of HIV-1 entry can be
adapted to other viruses, including, but not limited to other
lentiviruses (e.g. HIV-2), other retrovirusés (e.g. HTLV-1
and 2), hepadnaviruses (human hepatitis B wvirus),
flaviviruses (human hepatitis C wvirus) and herpesviruses
(human cytomegalovirus) . This example further provides a
means and method for measuring alterations (increases and

decreases) in susceptibility to entry inhibitors.

Measurements of entry inhibitor susceptibility are carried
out usinc adaptations of the means and methods for phenotypic
drug sﬁsceptibility and resistance tests described in US
Patent Number 5,837,464 (International Publication Number WO

97/27319) which is hereby incorporated by reference.



-51 assessed by conparing the infectivity in the absence of drug to
infectivity in the presence of drug. Relative drug susceptibility can be
guanti f i esolwg/oeBspari ng the susceptibility of the "test" Peirnse2/187% he
susceptibility of a well-characterized reference virus (wldtype) derived
from a nolecular clone of H V-1, for _gggrrpl e NL4-3 or HXB2. Packagi ng host
cells were-seeded in 10-cmdi aneter dishes and were transfected one day

after platd i H Venv HI or_pHLVI ucAU3. Transfections were
per f or med %Ig?ng%Egogél EAI%UI% SHOSTS a?%/l gg?preélg[lebp?ﬁt BRI HCEdur escHhE: cel |

cul ture megbrrcent pi RsN@digA 0f egkpitaketwas e 1agRd LY

medium fromone to 24 hours, after trgnsfecti on. - Cel | cﬁ%iuégr%gig

cont ai ni ng{a@¥@al) parcrérds byapatyigmal dgrived vEsVedrXedays aé@liences
passed through a 0.45-mmfilter. Before infection,

transfecti gn, and

target cel {)%l%’r'%mﬁ?at edPP1E0 cefl SURSa et £193ed Prhichi eokletays
,were typl r I t th i of .infectio one day
prior to%%e%%?%ﬂ%&eggﬁo%%% %?/%Jif%&% Q,gp gzg%gg %?(tie’?r?ﬂ?‘aﬂ%% €t ar get
cel I's were(gsmaped fubuditd fretas et idd W Sidig dite Sradyr,d o, regagent

(Pronmega) and_a lum noneter. In one enbodinment, the susceptibility to a
fusion i nfiwiidre @fugiif=-20viguso pefeicedsto ad BRLZ81d Tvemepks, &esearch

Triangle R C) e rated (Fi.qure 6). Target cells _

(HT4/ ccnaa%flé%&j)\é e?%?‘?%‘gi ﬁggﬁm?—x SIRE CRERETner'® HRE B VI (e
absence ofpHFZMiANU3PVeE AHideaange &tpde2d SERBHEA! LAl M derdis | 09,
scale) . The percent inhibition of viral replication (y-axis) was

det er m ned A korPErs nariche aldno itV ofpratsd ifrer asscqeEpodudde i rervd Boped
cells in tt& 2[%rese,nce of T-20 to the anount of |uciferase produced in the
absence ofCPYEFCHE R r St nefRAd, 1B1US005. 11), X4 tropic WO 02/ 099383
PCT/ US02/ 18078 -52

In this application, patient-derived segment{s) cozrespond
to the coding region (~2.5 kB) of the HIV-1 envelope
polyprotein (gpl60) and represent either (a) envelope’
sequences amplified by the reverse transcription-polymerase
chain reaction method (RT-PCR) using viral RNA isolated from
virus derived from HIV-infected individuals, or (b) envelope
sequences derived from molecular cloﬁeé of HIV-1 that contain
specific mutations introduced by site directed mutagenesis

of a parental molecular clone (typically NL4-3).

Isolation of wviral RNA was performed wusing standard
procedures (e.g. RNAgents Total RNA Isolation System,
Promega, Madison WI or RNAzol, Tel-Test, Friendswood, TX).
The RT-PCR protocol was divided into two steps. A retroviral
reverse transcriptase [e.g. Superscript II (Invitrogen, Life
Techrologies) Moloney MulV reverse transcriptase (Rocue
Molecular Systems, Inc., Branchburg, NJ), or avian
myeloblastosis virus (AMV) reverse transcriptase, (Boehringer
Mannheim, Indianapolis, IN)] was used to copy viral RNA into

first strand cDNA. The cDNA was then amplified to high copy



(NL4- 3, 92HT599. 24) and dual tropic (92HT593.1) viruses were tested. Drug
susceptibility is quantified by determ ning the concentration of T-20
requi red woonpu3git viral replication by 500-. (I1C50, shoam/tse2/vsersical
dashed lines in Figure 6) . Viruses with |ower |IC50 values are nore
susceptible to T-20 than viruses with higher I1CSO , values. In still
further enbodi nents, susceptibility to a wde variety of entry inhibitors

can be measurgdq, . i.nhi bj i u but.are not Llimted to,_the
drugs and corrpouén%q?l&értl%dgiﬁh%'g%igse’k%gj(%n |]§ﬁf?}136‘?%rga?%bt%)9'l 9 LRQglgnd
enbodi nent, susbeptibilibystems, CCRACI. Nhi Birbekhphelonginig to Hdie ERoc

4- (pi peridin-1-yl) butane class of conmpounds (Dorn, C P. et al., 20011 ,
Fi nke, P.E. @fofgculanp@yptenavedek,  Bsandhurng, PR) ,i Prdewdysier af edlaTadget

cells (U 87/ expressing CD4 and 5 (R5 . cells) were infected in
t he absence o%ﬁgpg%ggulsn irﬁf:l[k&%ngﬁd %\JIQF“e = "dgort;rﬁé?e)rbf EEBENN P¥ or
concentrations dxmexhstt6810£SeMePhobREn1BeLEaYneaialid ta!sorliégcff’j]iﬂead for

replication (y-axis) was determ ned by conparing the anount o ucl ferase
produced in the eeerlormihsei vt HEquesKIRe (BaGRS, | Whivbi, t i1 otoa )t heroc.

amount of |ucjferas roduced in_the absence of CCR5 inhibitor. R5 tropic
(JRUCSF), X4u'§\kaot§i'c ?}{éﬁosgj %éfﬁdl dH%ﬂ* Fropifd Wird<ds (éléwlksglzaE@a%réﬁgf?l‘

tested. Drug msugcept bidddy qu i fied det i e .
concentration o@élcjgé% idrﬁﬂ gllf\tg%%mr egﬁﬁ ecT tg%l) ral ?l?cg%ﬁqlf%g?%%n Nfoaynrgbeolm'
(1C50, shown Imesiarsmdlcia - 1d8s ] Genr@sipi RLFPQRrei8) (Thhr usesntii t h(havwes
| C50 val ues are nore susceptible to the CCR5 inhibitor than viruses with
hi gher | C50 %i?&%l%e SUERSODI ¢ WG us REPHELRUEH et )t he AIVETILEIH GORS

target cells. Q024 383 PCT/ US02/18078 -53 In a third enbodi nent,
susceptibility to a CXCR4 inhibitor (AVD3100; Anor MED) was denonstr at ed.
Target cells (U

Oligo-dT was used for .reverse transcription .of viral RNA- intoc:-
first strand cDNA. Envelope PCR primers, forward primer
Xho/Pin and reverse .primer Mlu/Xba (Table 3) wexe‘used té
amplify the patient-derived segments. These primers are
designed to amplify the ~2.5 kB envelope gene encoding the
gpl60 envelope polyprotein, while introducing Xho I and Pin
AI recognition sites at the 5' end of the PCR amplification
product, and Mlu I and Xba I sites at the 3' end of the PCR

amplification product.

Patient derived segments (2.5 kB envelope sequence
amplification product) were inserted into HIV-1 envelope
expression vectors using restriction endonuclease digestion,
DNA 1ligation and bacterial transformation methods as
described in US Patent Number 5,837,464 (International
Publication Number WO 97/27319),-with minor adaptations. The
~2.5 kB amplification product was digested with either Xho
I or Pin AI at the 5' end and either Mlu I or Xba I at the
3' end. The resulting digestion products were ligated, using

DNA ligase, into the 5' Xho I/Pin AI and 3' Mlu I/Xba I sites



87/ CD4/ CXCR4) expressing CD4 and CXCR4 were infected in the absence of the
CXCR4 inhibitor and over a wide range of CXCR4 inhibitor concentrations
(x-axis IwoMR/0ewsl e). The percent inhibition of viral repCiraspt/se7gy- axis)
was determ ned by conparing the amount of |uciferase produced in infected
cells in the presence of CXCR4 inhibitor to the amount of - |uciferase
produced in the absence of CXCR4 inhi bit &P~ tropic (JRCSF), X4 zropic
(NL4-3) and dual tropl c (92HT593.1) viruses Were tested. Drug

suscepti bi i Py i SGHIE | KRS deFer HCHATY ROTEHTAON r (¢ OFODS . CXTRE
inhibitor re nhi bi t ir epI gatl y. 50,1 (I hown as
verti cal dagﬁhgﬁgluﬁg%olhn ?gu?%gQ)S&%Aérus%s C%ﬂngmchFeg% Cgf_"ﬁesgeﬁfle
mor e suscept dbkertpetine(iCCRonentimr t 0F thade Vhauses, Wit hbe i gher 1:C5Q 45
values. The R5 tropic virus did not infect the U 87/CD4/CXCR4 taruet
cell's. Suscepkpbplety 6t o @& CDRatahtbi twmyea. g.5 fART e hrondEhbaahatantiabody

5A8; Tanox ton can be rg cell

HT4/ CCRS5/ cxcg‘?lgftf%'ﬂ Yfi’%‘?zﬁ gegﬁrﬁgg}%bﬁ/ cc?%é%‘? Je%% é@é?ﬁgawp%a%ne
or both co-rgesepbptscédnie 4 NSucted rddt tihe jahsenee of Lhg:CPAL ?B' bhEor
drug and over a wide range of CD4 inhibitor drug concentrations (Xx-axiIs
log) _0 scal¥)o TheMpef cand Xphibi teshrdftvonabirepl tivat i @rnigy- ani prXAsan
be determ ned arl he ampunt of | uci f erase oduced in jnfected
cells in the®p e?éﬁ %%54 Biihifoi torte (ies Héq%ﬁﬁ]%ﬁep‘{')f betueetri ble Xho

produced in fhﬁnQQQﬁPGe§QQegDﬁ b@@bbBEQéctéﬁrhf éﬁeEQSg S%Bgsghatxéhe

tropic (e.g. NL4-3) and dual fropic : . Vi ruses can
t est ed. Drugfosnssbm$ tmfétyocatmdbesqu*aothlﬁd ttiyed‘é@blcmrmggofaer, Xho
concentration of inhibitor required to inhibit viral W 02/ 099383

PCT/ US02/ 18078 Pl%zﬂedﬂ%a ti B 05°B0%0 (1 €30} . PRA TR vFTROR BRRR T | CBbe
val ues are gog e, SUSEEPLE DLL 10, tHE &8 L NRLPL tof 5 d hals VT U8es: M AR ang

Mlu. I and. ligated into the-5!.Pin AI site and the 3! -Mlu--I -
site of the modified pCXAS expression vector. Ligation
reaction products were uééd to transform E. coli. Following
a 24-36 h incubation period at 30-37° C, the expression
vector plasmid DNA was purified from the E. coli cultures.
To ensure that expression vector preparations adequately
repregents the HIV quasi-species present in the serum of a
given patient, many (>100) independent E. coll transformants
were pooled and used for the preparations of pHIVenv plasmid
DNA. Vectors that are assembled in this manner for the
purposes of expressing patient virus derived envelope

proteins are collectively referred to as pHIVenv (Figures 1

and 3).

The genomic HIV expression vectors pHIVluc and pHIVluc@U3 are
designed to transcribe HIV genomic RNA ard subgenomic mRNAs -
and to express all HIV proteins except the envelope
polyprotein (Figure 1B). In these vectors, a portion of the
envelope gene has been deleted to accommodate a functional

indicator gene cassette, in this case, “Firefly Luciferase”



hi gher 1 C50 val ues. EXAMPLE 2 Discovery, optim zation and characterization
of new and novel inhibitors of virus entry. In one enbodinent, the virus
entry asswoocas3be used to identify new conpounds/chem caiCTarsb/id0es t hat
inhibit virus entry. Target cells (e.g. HT4/ CCR5/ CXCR4, U 87/ CD4/ CXCR4,

or U 87/ CD4/ CCR5) expressing CD4 and one or both co-receptors can be
infected in the presence of individual meRbers. of. |arge chenical
libraries (high throughput screening, HTS). The ability of a conpound to

i nhi bit virafhalepls case ﬁx(@DHlﬁpﬁ"Fhéaﬁbbbl@&t@ﬁﬁﬂﬁedleSCGWpasphgcahe
anount of Iu0|f€%ase roduced in infected target cells &n t.he presence of

a specific cohpound t¥" TRE" Aot SIS ePdse 2BFddudeal i AXPHE -absehBe of

the conpound%Htm@cf@U@,t her pebadhmert Hhe Vigls-&dy @&?s%%&@ndgfeeéed
to optimze the antiviral activity of |ead conpounds identified by HT

Chemi cal nodidi ,_ededentvamammfpth@@d oft onpoahdBNBan fbemt edteed 't oLTRiemm fy
specific der|v tive have enhanced virus entry inhibitory activity.
Target cel | st? ?c © H?ﬁ 5/ CXCR4, U- 87/ CD4/ CXCR4, or U- 87/ CD4/ CCR5)
expressing CD4 and one or both co-receptors can be infected in the abs=nce
of the inhibitor candidate and over a -wide range of inhibitor candidate
concentratiGQSSéaanb$lﬂbgloassaﬁ$e)fofherEFEenéntﬁ%itdmhbblﬁéryiraére

replication (y=axis)_  can be determ ned by nparing the amount of
luci ferase RROHRIERE | SR8 KIGEFIEEd @qSﬁ Fﬁélﬁr €§€ﬁé§tb¥19t Ré bhadhygase WO

02/ 099383 P ﬁg%p hRh o] o] 0 ifera
produced in i %é%z%g%l%nﬁbﬁgg%gi %%% %% E)é%ﬁ a&% ﬁ%res%gggg IE%I I??y ¢in be
quantifi ed . byrslet£s6bni BF,t en)cone@nt eayeen fstd "tk bid otoneardidat &f a
required to inhibit viral replication by 500
human osteosarcoma (HOS) cell line expressing CD4 (HT4) plus
CCR5, and CXCR4, or astrocytoma (U-87) cell lines expressing

either CD4 and CCRS5 or -CD4 and CXCR4. - - -

Drug suscepfibility testing was performed using pHIVenv and
pHIVliuc or pHIVluc U3. Pseudotyped HIV particles containing
envelope proteins encoded by the patient derived segment were
produced by transfecting a packaging host cell (HEK 293) with
resistance test vector DNA. Virus particles were collected
(~48 h) after transfection and are used to infect target
cells (HT4/CCR5/CXCR4, or U-87/CD4/CXCR4, orxr U-87/CD4/CCR5) -
that express HIV receptors (i.e. CD4) and co-receptors (i.e.
CXCR4, CCR5). After infection (~72 h) the target cells are
lysed and luciferase activity is measured. HIV must complete
one round of replication to successfully infect the target
host cell and produce luciferase activity. The amount of
luciferase activity detected in the infected cells is used
as a direct measure ofm“ihfectivity" (Figure 1 -and-2). If
for any reason (e.g. lack of the appropriate receptor or co-
receptor, inhibitory drug activity, neutralizing antibody
binding), the virus is unable to enter the target cell,

luciferase activity is diminished. Drug susceptibility is



(1C50) . Derivatized conpounds with lower 1Cs,) values are nore potent
inhibitors of virus entry (have greater antiviral activity) than

derivati vas) ovdodsshi gher 1C50 values. In yet. a further enhqdiptise7she
virus entry assay can be wused to characterize the mechani smof action of

new virus entry inhibitor drug candidates, and the antiviral activity

agai nst a spectrumof viruses tha.: may differ in susceptibility.

---Target cells (e.g. - HT4/CCR5/CXCR4, U-..-: 87/ CD4/ CXCR4, or

U- 87/ CD4/ ccnw%&wgsl@m@omrw o ifedfgiH taolrefdpt ebsesas bé thbect ed

i the absence qf, dha nek. enty v A ahipl ror drug capdidate and quer 3, wide

range of entfy 7in ruag concentrations (x-axi

percent inhibhtbepr@bivikgl reahi cald ongliynexEsdcape LRERMTREd BYe
conparing the anount of luciferase produced in infected cells in the
presence of #esrepitiyiinhybpEorheo"thet" anbuws ©P thei fesasptpbddiitydoin

t he absence of t ewentry. inhibitor. R5.tropic.(e.q. F), X4_tropic
(o g NA 3 S dUTETror L2t h sy i (il Tes fertistefizon ug
suscepti bilifynSod-heaguanbhbi ed hyvdel erslknkRgmbie nE@LEEBLT gkpon of C4
inhibitor required to inhibit viral replication by 50% (1C50) To determ ne

whet her the new entry inhibitor acts by blocking the CCR5 or CXCR4
co-receptors, the R5 tropi i.ruses are ?%gsied agai nst the new i nhibitor

in U 87/ CD4/ CXEEEHT & COM T PEFPCSTTNTS e arE T sHiSPesGa AdELeReREW
i nhi bitor usj LA CXCRA el LpitJ : Of N i ti is
WO 02/09938§*€%%7t%%%4180%§ -S%Eiﬁ%ﬁ%a%?@%Po%h%%ﬁ5gkg?%g%e tgbﬁgﬁfa%gﬁisn1
and conver sepyIvVliaahobi pHAN1alcAXA .vi risrigfeedtticon iveradbeaf dmeedf uEXCR4
co- receptor antagonism Inhibition of RS and X4 virus infection may_be
i ndicative of EPLREMTCBACSREAGENI SIS TIR HatHi B tPHACCERL RenbrEe Faston

culture media containing the DNA precipitate was replaced
with fresh.medium, from one tc 24 hours, after transfection.:
Cell culture media containing viral particles was typically
harvested 2 days after transfection and was passed through
a 0.45-mm filter. Before infection, target cells were plated
in cell culture media. Entry inhibitor drugs were typically
added to target cells at the time of infection (one day prior
to infection on occasion). Typically, 3 days after infection
target cells were assayed for luciferase activity using the

Steady-Glo reagent (Promega) and a luminometer.

In one embodiment, the susceptibility to a fusion inhibitor
drug (T-20, also referred to as DP178; Trimeris, Research
Triangle Park, NC) was demonstrated (Figure 6). Target cells
(HT4 /CCR5/CXCR4) expressing CD4, CCR5 and CXCR4 were infected
in the absence of T-20 and over a wide range of T-20
concentrations (x-axis log,, scale). The percent inaibition
of viral replication (y-axis) was determined by comparing the
amount of luciferase produced in infected cells in the
presence of T-20 to the amount of luciferase produced in the

absence of T-20. RS5 tropic (JRCSF, 91US005.11), X4 tropic



To characterize the activity of a new inhibitor against viruses that

exhi bit resistance, or have reduced susceptibility, to other virus entry
i nhi bi t orwO®k/099383 sane cl ass, or different class, selectedTasozi®7of drug
resistant viruses can be tested in the virus entry assay using the new
entry inhibitor drug. The panel may include viruses with varying |levels..
of susceptibility to CCR5 inhibitors, CXER4- inhibitors, CD4 inhibitors,
and nmenbrane fusion inhibitors. The panel nmay include viruses with one or
nmore speci fi ANL4ni at ? SHBS Thadt4 Jaredaskedi dtrepiw t(B2HEHNBet) viruses were
susceptibility/resistance to one aor, .nore entry inhiQitors. EXAMPLE 3
Identifying*ﬁ%%%ﬁ%p T O SASRY L deS 8H§%ﬁﬁ?é? oR¥ gﬁEFrmﬁPEEB the
Suscepti bi li 1 i Th, s; exahmd &4 [ and
mothod Tor [GUR Ty ag Tt ar ore T Ve Chvel Saart nat enf &t Fedtoa]
suscepti bi | ivy/ sesi Stapge dowt ras ekt ychabhidbsheds1ihbks irex@igphes abso
provi des a neans and nethod for quantifying the degree of reduced
suscepti bi | iYirggeenviyhi havert 6Fs vedniesr red prspasisfder ekt ope T-20
mut at i ons. gzvelqgf ggng9q9§]gfriggd%éronggatient sanpl es, or individua
clones deri Vetfromt PRTT eft 5 ahpiess breoenvalsfe sequences engineered by
site directed nutagenesis to contain WO 02/099383 PCT/ US02/ 18078 -57
specific mutations, are tested in the entry assay to quantify drug
suscepti bi | ity usied oduathel -ehapdtmnentged sufeamnide 1 gtandar da( ewgde

NL4-3, HXB2). In one epbodi nment,, ceptibility to | ongitudinal patjent
Samies (o MO0 | Shr AP TRom TN D el B | arrared  Pabelt )

_s_eval uat ed,,|Fog; £X207) §c 1848 CeRBLEDIdd YndtO 18R EYg 1 PBI bichQr s3.h§yLregsyr ed
prior to initiating therapy, before or-after changes in drug treatnent, or

before or afd@mipound listed in Table 4 (anti-HIV drug table).

In-a second embodiment, susceptibility to a CCR5 inhibitor -
belonging to the 4- (piperidin-1-yl) butane class of compounds
(Dorn, C.P. et al., (2001), Finke, P.E. et al., (2001);
Merck, West Point, PA) is demonstrated. Target cells (U-
87/CD4/CCR5) expressing CD4 and CCR5 (R5 cells) were infected
in the absence of the CCR5 inhibitor and over a wide range
of CCRS5 inhibitor concentrations (x-axis log,, scale). The
percent inhibition of viral replication (y-axis) was
determined by comparing the amount of luciferase produced in
infected cells in the presence of CCR5 inhibitor to the
amount of luciferase produced in the absence of CCR5
inhibitor. R5 tropic (JRCSF), X4 tropic (NL4-3) and dual
tropic viruses (92HTS593.1) were tested. Drug susceptibility
was quantified by determining the concentration of CCR5
inhibitor required to viral replication by 50% (IC;,, shown
as vertical dashed lines ianigure 8) .- Viruses with lower
IC,, values are more susceptible to the CCR5 inhibitor than
viruses with higher ICs;, values. The X4 tropic virus did not

infect the U-87/CD4/CCR5 target cells.



changes in virologic (RNA copy nunber), inmmnologic (CD4 T- cells), or
clinical (opportunistic infection) markers of di sease progression.

Genot ypi cwanalysss of patient H V sanpl es Envel ope sequen®e3s/usepisezent i ng
pati ent sanple pools, or clones derived frompatient pools, can be

anal yzed by any broadly avail abl e DNA sequenci ng net hods. In one

enbodi nent of the invention, patient HI"Y sanpl e sequences are determ ned
using viral RNA purification, RT/PCR and di deoxynucl eotide chain

tern nator seBuenditHEE HRIMEITERnd SeFFerErL bty &P cat F3FR6r e8hébinppl i ed
Bl osystens,  fanbeh of;! Y antllmp) EVEL ORR2EQNGNGES: Of PALIEN! Vihys, Pogls of
pati et ar?ﬁl :

S
cl ones are conpared to rererence sequences, other T to

a sanpl e obt a7pedsfcRORENe exprespaheabapahar ckorai fetbat heacebat har apy, i f
avai |l abl e. The genot%ge is exam ned for sequences that are different from
t he referencebseprcprer tiatFEiR4 sadibateranddcoveel atwidlea oadigkf efe(EER4i n

entry inhibitor.susceptibility. Entry inhihitaor susceptibility of site
directed mutah %Elggﬁotcfﬁjicce_n(%ﬁ%é?%h(é‘:t"aec&rsr “ate W%)Le)ghana}é PRTFPPRess
are eval uat edhbyieeBst G4} iNG 1PN 0RR HYH 5100 YLChs Sa¥Q AR{ 099383
PCT/ US02/ 18078 -58 (pH Venv) containing the specific nutation on a

defi ned, drugomsasteptiit eangeretdifc lbackgrasadeotedycedlidr 3nfeterencells

strain). Miutati-ons nmay be incorporated alone and/.or in conbination wth
ot her mitatibis TASt é?%s?ﬂﬁ’ﬁghggt 05%| dtrg“&tlr‘f@%ntt& “Afi bRPgHRRE  of-

suscepti biliiye;EBYeLePe B AMIONS 3 ddldRAuUced EHntos PHLYBW: yECt 0RS

using any of the broadly available nmethods for site-directed nutagenesis.
In one enbodropit OIRTIN)S, iXWventopdrn t(NB4ABDaayd idedl RGRpiet HodHTew3 . 1)
site-directed, nutagenesis is used (Sarkar, G and Sumer, S.S., 1990). A
pH Venv vect b+redRFalRrRg tesdeéki f iRFushvisgrptibility is quantified by

determining the concentration of CXCR4 inhibitor required to
inhibit wviral replication-by 50% (ICy, shown as vertical-
dashed lines in Figure 9). Viruses with lower IC;, values
are more susceptible to the CCR5 inhibitor than viruses with
higher IC;, values. The R5 tropic virus did not infect the

U-87/CD4/CXCR4 tarvet cells.

Susceptibility to a CD4 inhibitor (e.g. murine monoclonal
antibody 5A8; Tanox, Houston, TX) can be measured. Target
cells (e.g. HT4/CCR5/CXCR4, U-87/CD4/CXCR4, or 1J-87/CD4/CCR5)
expressing CD4 and one or both co-receptors can be infected
in the absence of the CD4 inhibitor drug and over a wide
range of CD4 inhibitor drug concentrations (x-axis log,,
scale). The percent inhibition of viral replication (y-axis)
can be determined by comparing the amount of luciferase
produced in infected cells in the presence of CD4 inhibitor
to the amount of luciferase produced in the absence of CD4
inhibitor. R5 tropic (e.g. JRCSF), X4 tropic (e.g. NL4-3)
and dual tropic (e.g. 92HTS593.1) viruses can be tested. Drug
susceptibility can be quantified by determining the

concentration of CD4 inhibitor required to inhibit wviral



mutation or group of nutations are tested using the virus entry assay
described in Exanple 1. Drug susceptibility of the virus containing

envel ope Wotaw9Bss i s conpared to-the- drug susceptibilitycofusa/gemnetically
defined drug susceptible virus that |acks the specific nutations under
eval uation. (Qbserved changes in entry inhibitor susceptibility are
attributed to the specific mutations inttobuced into the pH Venv vector.

I n one enbodi nent, of the invention, reduced susceptibility to the fusion
i nhi bi tor T- 2GR ﬁﬁélllo@dbb’y%ﬁeﬁ?soé dr YliEuTes wish skawree Tt atd lores iaret he

41 envel o tr d 7 Cel |l s ex [essin
%pCRS and C?(%Ro%rwer QC%?%%:Q%%D:E% tﬁ%gabcgdgng:énh%bzlt% &hdTov ?‘r‘ésﬁfgé’ltlhange

of T-20 conceéndighatd aag, (welaxes. | ogl O scale). The percent inhibition of
viral replication (y-axis) was determ ned by conparing the anount of

| uci ferase produced in infected cells in the presence of T-20 to the
anmount of luciferase produced in the_absence of T-20. Isogenic viruses
cont ai ning one or two specific mutati GREMPRE Ze gp4l transnenbrane

envel ope probeiseowees, t st e £4d 0 i G e cE88-hp1Lhe
Rimeky ot al . Ty Vol o She VD R R T TR %gg?3§§%

Drug suscept Pﬁhlﬁft‘-yoi@ qéaﬁtllrMSeGan}‘Ydeterm ning the concentration of T-20
required to inhibit viral replication by 500 (IC50, shown as verti cal
dashed lines) . Viruses with |lower |IC50 values are nore susceptible to

T-20 than vi fusesie wehbodighat, | €x: vales. eharoneEipdeABNtbe di483 to
resistaride nutations were introduced into well characterized X4 tropic
(NL4- 3) and R@eﬂFéﬁvcnevaRegpyuvdsd§é§ml¢€ﬂsagéep@ﬁ§|thay vwabibegsvieds

oL e B, TR R U 0D e T i U VLT 20
or U-87/CD4/CCR5) expressing CD4 and one or both co-receptors
can be infected in the presence of individual memnbers of.
large chemical libraries (high throughput screening, HTS).
The ability of a compound to inhibit wviral replication (a
"hit") can be determined by comparing the amount of
luciferase produced in infected target cells in the presence
of a specific compound to the amount of luciferase produced

in the absence of the compound.

In a further embodiment, the virus entry assay can be used
to optimize the antiviral activity of lead compounds
identified by HTS. Chemical modified derivatives of lead
compounds can be tested to identify specific derivatives that
have enhanced virus entry inhibitory activity. Target cells
(e.g. HT4/CCR5/CXCR4, U-87/CD4/CXCR4, or U-87/CD4/CCR5)
expressing CD4 and one or both co-receptors can be infected
in the absznce of the inhibitor candidate and over a wide
range of inhibitor candidate concentrations (x-axis log,
scale). The percent inhibition of viral replication (y-axis)
can be determined by comparing the amount of luciferase

produced in infected cells in the presence of the candidate



| C50 of the test virus by the 1C50 of the HXB2 strain of HHIV-.. 1. T-20
sensitivity' :of--"simlar -nutant viruses has ' been reported, in the
scientifiwddd@smsure (Rinsky et al _,). In this enbodi mrerigr/ivdobdses W t h
one mutation within the GV notif of gp4l (DV, GM SIV) were |less
susceptible to T20 than the w |l dtype V|rus (AV) (Figure 11). Viruses with
two nutations within the GV nntlf (DINl SR DTV) were |less susceptible

to T20 than viruses with one, no nutations in the AV notif (Figure
11). In anot hepllehbodi henthe rﬁjrtoéltnltoﬁ§ tHat frEySe orretugastidde dheopbsence

i ncreased) susce bl ta. t y in or i ed_b

sequenci ng tﬁg e%%'gl oﬁjeatt)géengsno %Eaxr sensmlmvi Sl% tl’sllq% { Vi (rzﬁl)s{esbeThe
deduced ami n@uaﬁtdfs_eduameae@term&h@ngenﬁietl M@n@@dtf@ﬁhéhafﬁf ViAhH$BS take
conpared to identify candidate drug resistance nutations. The ability of a
speci fi c mut@@neéhdesecontaringd erted Gﬂ@gbsﬁsc‘épﬁibl IITEtRZLJICs-ﬂtlc,anf e 8 0&r

di sproved by odugin tation i sitive virus and
neasuri ng théigﬂiCepﬁeB?V?Elz%l THEC l%ﬂ S‘L?é"%l ﬁ’ev \r/LP&§ enfr °aSsay.
I n the examphetehePrased Bbher 5 arlmrte@tt_fytqhaqfa YPNQ ACi dneequenges
WO 02/ 099383 PCT/ US02/ 18078 -60 within the first heptad repeat (HR-1) of
the H V-1 gpddtiviam$nehbnaderéeveeivpe pibhehnghsralgnedlies.viruses
exhibiting different T-20 susceptibilities (Figure il). Hi ghlighted am no
acids represent nutations known to confer reduced susceptl bi | ty to T-20.
. Simlar phepgtypic and, genot y&hﬁomﬂ@e%ﬁénv@%gs%t % n_ be
envel ope am no acid sequences that -(a) alter/influence susceptl ity to
CCR5 or CXCR4sédhithi tadtesspactdy)izspedid ymeédhamRbsand fdual: ibhopis mewandifak

elicit neutralizing antibodies. Tn one --enbodinent;- -reduced
susceptlblll?%t¥ﬁ %ﬁh}gégﬁ{oﬂrug candidates, and the’ ant1v1ra1 activity

against a spectrum of <viruses that may differ in

susceptibility. ~-Target cells (e.g.. HT4/CCR5/CXCR4, U--~
87/CD4/CXCR4, or U-87/CD4/CCR5) expressing CD4 and one or
both co-receptors can be infected in the absenve of the new
entry inhibitor drug candidate and over a wide range of entry
inhibitor drug concentrations (x-axis log,;, scale). The
percent inhibition of wviral replication (y-axis) can be
determined by comparing the amount of luciferase produced in
infected cells in the presence of new entry inhibitor to the
amount of luciferase produced in the absence of the new entry
inhibitor. R5 tropic (e.g. JRCSF), X4 tropic (e.g. NL4-3)
and dual tropic (e.g. 92HT593.1) viruses can be tested. Drug
susceptibility can be quantified by determining the
concentration of CD4 inhibitor required to inhibit wviral

replication by 50% (ICs) .

Tc determine whether the new entry inhibitor acts by blocking
the CCR5 or CXCR4 co-receptors, the R5 tropic viruses are
tested against the new inhibitor in U-87/CD4/CCR5 cells and
X4 tropic viruses are tested against the new inhibitor using

U-87/CD4/CXCR4 cells. Inhibition of R5 virus infection is



(CCR5, CXCR4) inhibitors conferred by specific envel ope amno acid
sequences/ mutations is denonstrated. In a further enbodi nent, reduced
suscept i biwg d2y9d:83r eceptor (CD4) inhibitors conferred by mpagdobiso7envel ope
am no acid sequences/nutations is denonstrated. EXAMPLE 4 Determ ning

H V-1 Co-receptor and Receptor Tropism This exanple provides a nmeans and
met hod for determining H V- 1 co-receptor°&ropism This exanple al so
provides a neans and nethod for determning H V-1 receptor tropism In one
embodi ment, AASES IMeat 0fis ECRRe TCCRBCsRbcaT eptitrgerEsn | dadt idonewrsied ya

rel ated enbodi . .viruses that use the .CXCR4A co-receptor are_identified.
In a furt herqr gﬁgggégher?%o i4rréfr%¥r}lsvil|n|§§é:§lfjﬁatlSu&éldefﬁ +¥frd O%XéﬁERér &°-
identified. reReptburbhesgselahed aoditRAt orVREUSES kDAL HSE GNP son

02/ 099383 PCT/ US02/ 18078 -61 receptors other than CCR5 or CXCR4 are
identified. mavaket hadieaboueneht eivhenseds tdrdtagme drheorChhe dagyifodrt iare
identified. In a related _enhodi nent, viruses that use CD8 are identified.
In a further Ogepﬁfngaagﬁbgalisﬁé)ﬁt', viruses that do not require CD4 or CD8 to
infect cells are identified. In this enbodinment, the assay is perforned
using two cell lines. One cell line expresses C4 plus CCR5 (U

87/ CD4/ CCR5) Toal dmnafierritk t thas &5tcelty bfi tdi sewappihiiait®n. afhenether
cell line expresses CD4 and CXCR4 (U 87/ CD4/ CXCR4) also referred to as X4-
celI's in thi ¥1TH5FFi cathBh. TRERYPIESs SFRTISERS | s Perf davisd byepnresti ng

i el CSbcEULLus s o BEOED D80k Sk B8 e Lol
vectors contallaspatbentii gfevent deliyed Sepanee aand £4F esthigH¥siseaye! ope
proteins viruses can be tested in the virus entry assay using the new
entry inhibitor drug. The panel may include viruses with
varying levels. of susceptibility to CCR5 inhibitors, CXCR4-
inhibitors, CD4 inhibitors, and membrane fusion inhibitors.
The panel may include viruses with one or more specific

mutations that are associated with reduced

susceptibility/resistance to one or more entry inhibitors.

EXAMPLE 3
Identifying Envelope Amino Acid Substitutions/Mutations that
Alter Susceptibility to Virus Entry Inhibitors.

This example provides a means and method for identifying
mutations in HIV-1 envelope that confer reduced
susceptibility/resistance to virus entry inhibitors. This
example also provides a means and method for quantifying the
degree of reduced susceptibility to entry inhibitors

conferred by specific envelope rutations.

Envelope sequences derived from patilent samplés, or
individual clones derived from patient samples, or envelope

sequences engineered by site directed mutagenesis to contain



(gpl20SU, gp4lTM. In this enbodi nent viruses are evaluated in using RS
and X4 target cells cultured in 96 well plates (Figure 3A). Typically, R5
and X4 ceWwb92a988pl at ed one day prior to infection. |nfeeCirarsomigon each
virus stock is perfornmed in the absence of drug (no drug), in the presence
of inhibitory concentrations of a drug that preferentially inhibits R5
tropic viruses (CCR inhibitor, e.g. a pi‘ﬁgr"i din |yl butane conpound), and
in the presence of (inhibitory concentrations of a drug that preferentially
i nhibits X4 SPREPEECVIMRECIUXE# HesitERt 6B, the EnaNDRTEY, tCo-queedptior
tropismis a S LDy anpunt luciferase. _agtivit
produced in é%@ﬁ %gFPXFggg,}?f%{(_j?hb%%gflhggp?eggfrl\%eggﬁﬁgcg sfic 51ef8¥§61.cel n
thi s enbodi mneatindbhke resyl.t §L.of 3t hgxpassay are interpreted by conparing the
ability of each virus WO 02/099383 PCT/ US02/ 18078 -62 to preferentially
infect (produce luciferase activity) R5 cells or X4 cells, or both X4 and
R5 cells if the virus is..dual tropic. The.ability of the 5, or CXCR4

i nhi bi t or to&ns;?&%f?%%?wl‘%? tksP%FEEFFEﬁl%?XhFﬁ?’ th%‘?‘é‘%g%R%laEﬁF&reW)

is al so eval yahgte & Fig& B0 A BYS FeBROFhIBM me X4 LR Gt \eb'rf‘f%?c% t
infect X4 cells but not RS cells and infection of X4 cells 1Is J1ocke by

t he the CXCR4imehbbnte) (AMVE3AEIO)atedn Fhbirs eswlipdienerdysdEpttlopl ttyi rtuses
infect R5 cells but nat ., X4 cells and infection of RS cells is blocked by
the CCR5 i nfAPbFYorMPipErESi n-9 yPEBBEERS PEABSUA®) T 3 0 chbEERRENL |
dual tropic, 1 XL LY i i S, R b nd
R5 cells andbigﬁ?g%t%%n%&j%cégngggl sBﬁi Esigggogﬁ%%é%éy&?’hgr}c% i&r?h%éstagﬁiegnd

i nfection of cdngeselihsvisobbgtkedrRly tbey GOftRbet nhi bhherioldgithi(sDa T-
enbodi ment, non-viable viruses_do not replicate in either X4 or R5 cells

(luciferase 8ELL§) vy 9% RASENPFBYUCEPPON G RStIfer LRRpek ARht Marerssaf is
performed usaggeggéegrgéression. "

Genotypic analysis of patient HIV samples

Envelope sequences representing patient sample pools, or
clones derived from patient pools, can be analyzed by any
broadly available DNA sequencing methods. In one embodiment
of the invention, patient HIV sample sequences are determined
using wviral RNA purification, RT/PCR and dideoxynucleotide
chain terminator sequencing chemistry and capillary gel
electrophoresis (Applied Biosystems, Foster City, CA).
Envelope sequences of patient virus pools or clones are
compared to reference sequences, other patient samples, or
to a sample obtained from the same patient prior to
initiation of therapy, if available. The genotype 1is
examined for sequences that are different from the reference
or pre-treatment sequence and correlated to differences in

entry inhibitor susceptibility.

Entry inhibitor susceptibility of site directed mutants

Genotypic changes that correlate with changes in fitness are

evaluated by constructing envelope expression vectors



nore cell lines. One cell line expresses CD4 plus CCRS5 (U 87/ CD4/ CCR5S),
also referred to as R5 cells in this application. The other cell Iine
expr esseswOD4/0g9383 CXCR4 (U 87/ CD4/ CXCR4) al so referred teCagispdisoed | s in
this application. Additional cell lines express CD4 plus other candidate
H V-1 co-receptors, including, but not limted to, BONZO BOB, etc. See
Table 1. These additional cell Iines eiﬁ@éss ot her candi date co-receptors,

but do not express 5 or, CXCR4. The virus entr%,assay i s.perfornmed by
infecting iMRYYERA CRPIAERARUMEE RPERLEEEOHBF REHR Vi1t (s iidees: d&FPved

fromocells tragstectadeni ¢ haldieny Bndoptdind uc org . pHvIUSDB.vegLars.

pH Venv vectors contain’patient virus derived sequences and express

envel ope progerasn) (gplRQSHtigpél Tty be ticomhadie®nblvheUsesiAfe in
eval uated WO 02/ 099383 PCT/ US02/ 18078 -63 in using cells cultured in 96
wel | pl at es.compieatbpn Wwith ety Wicasiongckhat e figrorahy AoRBoglpse X4

cells and th cell_lines.expressin us. the_candi date co:-receptors.
Co- receptor CPBpPaRTY s BB4BLERE By P eeRp P P Erne BRGNP S TuFREl PERasee
activity progyegdahbegacthic®! putypey LBctbirs anhedi 880t oft hend epybha19f
the assay are interpreted by conparing the ability of each virus to
preferentialdyaihébdie rfgrivaieefbucisfidease racttied tyWtRSEwesls. or K4 ovkl s
or the <cell ljine that expresses_the candjdate co-recepto In t

orbod; ment | SEPTTHBTL JPEREELS: APEERE S ol T BT -HEE RS PeRI FetRPR £rrs
enbodi ment d&‘Téf99£§c¥bﬁu%ﬁ?ta{g@(n%%tisRﬁLsce&ééd Rt RAt-, . %4 CeAd SsumhByt hi s
enbodi nent dual tropic,. or mXxtures of X4 and R5 tropic viruses, infect
both X4 and &5S. celd%0) | n A hE Vemvodieaeot, coheaimimrta gpaafifdel enviedepe
expressing alternative candi date_co-receptors %neither CCR5 or. CXCR4) is
attributed tBUERBHPEMAFOITINEP Pt eFRbEFveRE o2 PeSRGE Y52 SPenBodPRent ,

non-vi abl e Véﬁy§§sag§a90&escribed in Example 1. Drug susceptibility of
the virus containing envelope mutations is compared to-the.
drug susceptibility of a genetically defined drug susceptible -
virus that lacks the specific mutations under evaluation.
Observed changes in entry inhibitor susceptibility are
attributed to the specific mutations introduced into the

pHIVenv vector.

In one embodiment of the invention, reduced susceptibility
to the fusion inhibitor T-20 conferred by specific drug
resistance mutations in the gp4l envelope protein 1is
demonstrated (Figure 7). Cells expressing CD4, CCR5 and
CXCR4 were infected in the absence of T-20 and over a wide
range of T-20 concentrations (x-axis logl0 scale). The
percent inhibition of wviral replication (y-axis) was
determined by comparing the amount of luciferaée produced in
infected cells in the presence of T-20 to the amount of
luciferase produced in the absence of T-20. Isogenic viruses
containing one or two specific mutations in the gp4l
transmembrane envelope protein were tested (highlighted in

red in the figure legend; Rimsky et al., J. Virol. 72: 986-



replicate in either X4 or R5 cells. In another enbodi nent, the assay is
performed using four cell Ilines. one cell line expresses C4 plus CCRS (U
87/ CD4/ CORB)02/08438D> referred to as R5 cells in this appli ®eariusn2/18876econd
other cell line expresses CD4 and CXCR4 (U 87/CD4/ CXCR4) also referred to
as X4 cells in this application. Athird cell line expresses CD8 plus CCR5
(U 87/ CDB/CCR5), also referred to as CcDB?®S cells in this application. A
fourth cell line expresses CD8 and, CXCR4, (U 87/ CD8/ CXCR4) also referred to
as CDB/ X4 celiBin Y SBFHSRGR bht tyrnks \auand idrgdy %%ﬁ%@nw%r% by

infecting indivi I |t | [ VIS t : ived
fromcells t?%%%E%%?%ﬁgﬁf{ﬁﬁﬁﬁfgéﬁinﬁﬁ%ﬂﬁﬁf3l uéﬂggkibpﬁé%ﬂ% %&ﬁéﬁ#éﬁ

pH Venv vect gfis smant@icg, padhnem ad resrdiR O2/0893%8 1RGEI)S02/ B0 T8e s -hhch
derived sequences and express HI V-1 envel ope proteins (gpl20SU, gp4lTM.
In this enbodigwait IFmusesuareadfalMeaceusaePidPAg 6l ITs 20Ul thaedV I eSS .
wel | pl ates. Iq%g Liqplyy%gﬂ eafgevirus stock is perforned in R5 cells, X4
cells, CcD8/R8™ Fand 15 CEP T s, Co-receptor tropismis assessed by
conparing the amount of luciferase activity produced in each cell type. In
this enbodiment, the results of the assay are interpreted by conparing the
ability of edoh orer esibodimemsf, e demg aelsy st aheetmiprotioee Vace f Brioseduced
activity) R5 cells, 4 cells, CDB/R5 cells, ar X4 cel l s this , °
anbot mont P ¢ FBh SCORFACEE TR s "EOPRE airbr3 e b 1 B85 | FORIS
enbodi nent , pi ' es S8/ 5 | ( 1 2%k -In
this enbodin§§$§k¥gugﬁr¥$%%?c 8E§L?£§%d CﬁgﬁﬂgggtZﬁ%ggkﬁggfgg?#§§g§??%$%ct

X4 cel | s andhgrrdsb erlitys apidis, @ wee and/ orrHeDIIRT cdidmsye | (FGhisn T-20
enbodi nent, the infection of cell |ines expressing CD8-but not CD4 is

attributed tcCOBHtERdpesy fogpesal VATHE| vasndobehehecd feyi-dividing the -

IC50 of the test vitus by the IC50 of the HXB2 strain of HIV-
1. T-20 sénsiffviﬁyﬂdﬂméimiiaf-mutant viruses has'been“
reported in the scientific literature (Rimsky et al.,). In_
this émbodimenf, virusés with one mutation within_the GIV
motif of gp4l (DIV, GIM, SIV) were less susceptible to T20
than the wildt?pe vifué (GiV) kFiéure iI&f'Viruses witl two
mutations within the GIV motif (DIM, SIM, DTV) were less
susceptible to T20 than viruses with one, or no mutations in

the GIV motif (Figure 11).

In another embodiment, mutations that may confer reduced (or
increased). éusceptibility to the entry inhibitor are
identified by sequencing the envelope genes of the sensitive
and resistant viruses. The deduced amino acid sequences of
the sensitive and resistant viruses are compared to identify
candidate drug resistance mutations. The ability of a
specific mutation to confer altered drug éuscéptibiiity is
confirmed or disproved by introducing the mutation into a
drug sensitive virus and measuring the susceptibility of the
mutant virus in the virus entry assay. In the example

represented here, a short stretch of amino acid sequences



viabl e viruses do not replicate in either X4 or R5 cells. In a further

rel ated enbodi nent, the assay is perforned using two cell lines. One cell
i ne exprwoIemIBRsl pl us CCR5 and CXCR4 ( HT4/ CCR5/ CXCR4) PCAVISewonids cel |

| ine expresses CD8 plus CCR5 and CXCR4 (HOS/ CD8/ CCR5/ CXCR4). The virus
entry assay is performed by infecting individual cell cultures with
reconbi nant virus stocks derived fromcells transfected with pH Venv and
pH V | uc or pH VWl ucDU3 vectors.

H ( . .
derived sequéh&eéd arbeexpgress JFREA eg\éP\égg;g{%b@g%g %&%ﬂ%g El\é:c?%% -

In this enbodi t i e al i I Ng16ehks CHdwur ed pyxH
%rag‘%&ée&b:goa{]ﬂé\iﬁ tsehﬁ%reqo \év' :I%Iso(%%tléfgkli?s performed in

wel |l plates:

eac |

HT4/ CCR5/ CXER4 1 ¢ald imaand 1 HESHER8/ €O CXERd cegltlivil@aieseceéPigurer ddi)lsmi s
assessed by conparing: the anount of WO 02/099383 PCT/ US02/ 18078 -65
| uci f er ase” #dthiiightedoduced ianidschrepaklsenfpautph ipRSs kg diarsitniethe
results of the assay are in':erpreted lb}y_g conparing the ability of each

C

virus to pr&EEMEsS AYSFS

Ct 5 p Sy

Y-uci ferase acti vi ty)

HT4/ CCR5/ CXCR4 cells or HOS/ CD8/ CCR5/ CXCR4 cells. In this enbodi nent, CD4
tropic viruses infect HT4/ CCR5/ CXCR4 cells, but not HOS/ CD8/ CCR5/ CXCR4
cells. In thismiarhodphenttycD8 tndpigenatiyrisesanal Bees HE8NCHSE CEREACKTRA

cells but not ~HT$/ CCR5/CXCR4 cells.. In this,

nbodi nent , dual_.tr.opi _C(E()CD4
R

and CD8 recégesitidse) ATIREPS nf &bt h ﬁ@/eccﬁ?/qéf S celi¥nd
HOS/ CDBYUOCRS) £X74 rGahIchicd iy eamiadicieily ddie drnieeion afsorldrd) nes
U is a

expressing
t hi s enbodi

t "not tributed to CD8 receptor tropism --1n

nent , =gy vikahl ergi r aads doahottreplstat end efthere X R5

cell's. In another enbodi nent, the assay is perforned using two cell

lines. One eelltnalne gxprasysid®dEBe pl us CCR5 and CXCR4  (HT4/ CCR5/ CXCR4) .
second cell line expresses CCR5 and

Tn one ~embodiments -reduced susceptibility..to co-receptor-.-

(CCR5, CXCR4) inhibitors conferred by specific envelope amino

acid ssquences/mutations is demonstrated.

In a further embodiment, reduced susceptibility to receptor

(cD4) inhibitors conferred by specific envelope amino acid

sequences/mutations is demonstrated.

EXAMPLE 4

Determining HIV-1 Co-receptor and Receptor Tropism

This example provides a means and method for determining HIV-

1 co-receptor tropism. This example also provides a means

and method for determining HIV-1 receptor tropism.

In one embodiment, viruses that use the CCR5 co-receptor are

identified. In a related embodiment, viruses that use the

CXCR4 co-receptor are identified. In a further related

embodiment, viruses that use CCR5 and CXCR4 are identified.

In a further related embodiment, viruses that use co-

A



CXCR4 but not CD4 or CD8 (HOS/ CCR5/CXCR4). The virus entry assay is
performed by infecting individual cell cultures wth reconbinant virus

st ocks dewigvedodzgom cel |l s transfected with pH Venv and phice/iige6/18078

pH MVl ucDU3 vectors. pH Venv vectors contain patient virus derived
sequences and express H V-1 envel ope proteins (gpl20SU, gp4lTM. In this
enbodi ment viruses are evaluated in usinf§lcells cultured in 96 well

plates. Infection with each virus stock is perforned in HT4/ CCR5/ CXCR4
cell's and HOSrE€CRsYtCKERetbelk| §ha@DICRAdoCDBXCRAdependdantiffiedti on is
assessed by conparing the anbunt of luciferase activity produced in each
cell type. In this enbodinent, the results of the assay are interpreted by

conparing ther@bihdt el e @IGHM NdtUS 11Nl @eRt Lakl Yrintegt . &%gggcg
| uci ferase activity) HT4/ CCR5/ CXCR4 cells or WO 02/099383 PCT/ U 8078
- 66 HOS/ CCR5/TGXSRALi€ekHs. Im hirse lerreddiembatdinEd4 dependernd tivit uses CpBect
HT4/ CCR5/ CXCR4 cel l's, hut not HOS/ CCR5/ CXCR4 cells. In this enbodi ment,
CD4 i ndependette vifE8ES Fﬁgect Ihot hEHERPEERSLERERE @radigpRpt, viruses

HT4/ CCR5/ CXCRA g€l | §o  1hb it hisseemodidggnt .t hepgnf gt i ce Lnes_t hat
| ack CD4 expression is attriﬁﬁﬁgSQto OFndgggnde%t ?ﬁ?g%Fio%%l#% Tht's
enbodi ment, niodteriiabledviruses do not replicate in either X4 or R5-cells.
EXAMPLE 5 ldentifying H V-1 Envel ope Amino Acid Substitutions/Mtations

that Alter Co-receptor and Receptor Tropism This exanpl e provides a neans
and net hod f identi fybngsHLY: 1 vel i, n j guences .t hat
specify, or al%er, co- recéptgF’tF§%i§§ 4%g%_gﬁg§§g¢é§u§ l§ /ﬁ%?? ﬁ?&%
exanpl e al sdipreavi des @anaeanpslandlieéhodxpeeskdent ichei ngikaV- lccrenvetwpe
am no acid seg;pnces t hat specify co-rece usage other than CXCR4 or

tor
CCR5. The ex#& IQQ%ﬂgﬁﬁiﬁwmn%ﬁﬁpa.ﬁ@%ﬁ%ﬁeé) to as R5 cells in this

application. The other cell line expresses CD4 and CXCR4 (U-
87/CD4/CXCR4) also referred to as X4 cells _in"wthign'
application. The virus entry assay is performed by infecting
individual cell cultures with recombinant virus stocks
derived from cells transfected with pHIVenv and pHIV luc or
PHIV1ucDU3 vectors. pHIVenv vectors contain patient virus
derived sequences and express HIV-1 envelope proteins
(gp120SU, gp4l1TM). In this embodiment viruses are evaluated
in using R5 and X4 target cells cultured in 96 well plates
(Figure 337). Typically, R5 and X4 cells are plated one day
prior to infection. Infection with each virus stock is
performed in the absence of drug (no drug), in the presence
of inhibitory concentrations of a drug that preferentially
inhibits R5 tropic viruses (CCR inhibitor, e.g. a piperidin
1yl butane compound), and in the presence of inhibitory
concentrations of a drug that preferentially inhibits X4
tropic viruses (CXCR4 inhibitor, e.g. AMD3100). Co-receptor
tropism 1s assessed by comparing the amount of luciferase
activity produced in each cell type, botk in the presence and
absence of drug. In this embodiment, the results of the

assay are interpreted by comparing the ability of each virus



and nethod for identifying H V-1 envel ope sequences that specific, or
receptor tropism (CD4 vs. CD8). Envel ope sequences derived from patient
sanpl es, WO 02/i0p38¥i dual cl ones derived from patient sanpl @ST/usn2/e809&! ope
sequences engi neered by site directed nutagenesis to contain specific
mutations, are tested in the entry assay, 4o determ ne co-receptor tropism
as described in Exanple 4. In one enbodinent, co-receptor tropism of

| ongi tudi nal patient sapp|les (vi.ruses, col] ect fir t he j\e at
di fferent titfepdfh §7e?59£L%Yu;P§8?%Fognf ggﬂgéggéﬁgitégqgﬁgg ngé?s

eval uat ed pr-'lé(ﬁirgiiégi | thergpyn Refone pe Y0102/ 099383 virus is
PCT/ US02/ 18 -6/ atter changes I1n drug treatnment, or before or after

changes i n idloltegipe o RNAheopypiduryerdf, them@it®Sogrc CKCB4 Trgeibsyor e
clinical (opportunistic infectipn% narkers,og_dlsezse. Ero ression..In

anot her enbatiamsiticably dekqtlor IRFBpFaani § 1BRAPLEL dHCEEFT S8EmA TS BhtY ket ed
froma |large nunber of .different patigents. .| f odi ;
co-receptor 45 '%ﬂn%YglaégFﬁafgﬁgﬁ%ﬁ dnpﬁgégggﬁlg@%ggingﬁfak?ggggp%ﬁnber

of patients yepresentdng eisf fenest pukr Hstard gatiendapitatt ons. oSueh
pati ent popul ati ons may-include, but are not limted to, newy infected

patients, chyari<alsyblodlesd ddy. chat tbat §XCRAadneabiLow t(BMRRAHYed In

di sease, and patients _undergoing antiretroviral therapy or innqgQ-t apy.
Such virus ol atPeRE Ry i hel haePGut *aPE Rot I F Etgﬁiﬁfl%ﬁrus%sgﬁfth

di stinct gengligo phar 3aketLILbesohClAadadh o d i D pfockedGhy v usess

susceptibleto antiretrovira rugs, viruses with reduced .
suscept i bi | ity 1e8t St an¢piperadt hreyiovibualandr ugsmpaGardt ypi ¢ difal yshssof

pati ent HV sanpl es Envel ope sequences representing_pajient .s | e.pool s,
or clones durbPeEENERom BARL AP s, O altBELARA &fe?doyagﬁlyeﬁ? Ex88tc

viruses, infect both X4 and R5 cells and infection of R5.
cells is blocked by the CCR5 inhibitor and infection of X4.
cells is blocked by the CXCR4 inhibitor. 1In this embodiment,
non-viable viruses do not rzplicate in either X4 or RS cells

(luciferase activity is not produced).

Tn another embodiment, the assay is performed using three or
more cell lines. One cell line expresses CDQ plus CCR5 (U-
87/CD4/CCR5), also referred to as RS cells in this
application. The other cell line expresses CD4 and CXCR4 (U-
87/CD4/CXCR4) also referred to as X4 cells in this
application. Additional cell lines express CD4 plus other
candidate HIV-1 co-receptors, including, but not limited to,
BONZO, BOB, etc. See Table 1. These additional cell lines
express other candidate co-receptors, but do not express CCR5
or CXCR4. The virus entry assay is performed by infecting
individual cell cultures with recombinant virus stocks
derived from cells transfected with pHIVenv and pHIV luc or
pHIV1ucDU3 vectors. pHIVenv vectors contain patient virus
derived sequences and express HIV-1 envelope proteins

(gp120SU, gp4lTM). In this embodiment viruses are evaluated



broadl y avail abl e DNA sequenci ng net hods. In one enbodi nent of the

i nvention, patient HV sanple sequences are determ ned wusing viral RNA
puri fi catwornp/o$B8PCR and di deoxynucl eoti de chain tern nalPOT/GSeIsdnEi ng
chem stry and capillary gel electrophoresis (Applied Biosystens, Foster
Cty, CA. Envelope sequences of patient virus pools or clones are
compared to reference sequences, other p&fient sanples, or to a sanple
obt ai ned fromthe, sane Ratient prior to initiation of therapy, if
avai | abl e. THe YenbBPypelils WOlGRredo3ss dBCHUS0 1 rors. - bBfekbhPheditdr
sequences that are. different fromthe refere oy presjrea nt _sequence
and correl ated d$5$$?e%éﬁ%%sl? e%ﬁ ¥@e$nﬁ?g§$o?e%%§t2%%iB?ﬁ??y?na fhe
Co-recept or aat ReeapkokexireRiss MgoiopgenatisLalHy el agdes | 80re¥EpHSRS |
Envel ope am no acid sequences that correlate co-receptor tropismare

eval uat ed byCeconstentekngrepisinope egpesssidopy \asgtmwsi D H Mengogont aifni ng
a specific tatpon on a defi,ned eneti¢c background (e.g. NL4-3 for X4
tropism J *%ﬁrige BEFVHY 4 ﬁ%ye%E%iQﬁ%ﬁngg?ed at_nERARd/ or
in conbi natd 09, M 4, Ot hemdrul-ath ops Uraters e fhodoht 40 AR At cq by
co.-receptor usage. Envel ope nutations are Introduced- into pH Venv
vect or s usi ngorawyrioig t thiee beloaldl yy afaiceaih &imetshads preEdersnteadilyechédct
nmut agenesi s. I n one epbodinent of tais inventi t he nmega-primer PCR

met hod for siRECHRTBctEFIiRtEEGeRESLYILY) ukéd &% Gt SunfEr ths, s,
1990) . A p%é@fvlﬁ?&tﬂ{a@%&g@z%g&. 213PeGIH 6,88V ELORE APERL 0N QT  LGLOUP
of nutations are tested using the virus entry assay described in Exanple
1. Co-receptafibddipest ofkat herapirdusvicosd ai dinfigcenui opel it dtitonsott SR5

conpared to the co-receptor tropismof a genetically defined virus that
|l acks the spekiTic FutdtlicossloddBeney RudtyPnc THEUARS infest &S cells

but not X4 cells. .In this embodiment dual tropic,. or

mixtures-of X4 and R5 tropie viruses, infect both X4 and RS
cells. In this embodiment, the infection of cell 1lines
expressing alternative candidate co-receptors (neither CCRS5
or CXCR4) is attributed to tropism for the alternative co-
receptor. In this embodiment, non-viable viruses do not

replicate in either X4 or R5 cells.

In another embodiment, the assay is performed using four cell

lines. One cell 1line expresses CD4 plus CCR5 (U-
87/CD4/CCR5), also referred to as R5 cells in this
application. A second other cell line expresses CD4 and

CXCR4 (U-87/CD4/CXCR4) also referred to as X4 cells in this
application. A third cell line expresses CD8 plus CCR5 (U-
87/CD8/CCR5), also referred to as CD8/R5 cells in this
application. A fourth cell line expresses CD8 and CXCR4 (U-
87/CD8/CXCR4) also referred to as CD8/X4 cells in this
application. The virus entry assay is performed by infecting
individual cell cultures with recombinant virus stocks
derived from cells transfected with pHIVenv and pHIV luc or

pHIV1ucDU3 vectors. pHIVenv vectors contain patient virus



specific mutation to confer altered co-receptor tropismis confirnmed or

di sproved by introducing the nutation into well- characterized reference

Vi rus andwewalogmsss ng t he co-receptor tropismof the nutamCTXSOULBTH t he
virus entry assay as described in Exanple 4. CObserved changes in
co-receptor tropismare attributed to the specific nutations introduced
into the pH Venv vector. In one enbodi methi4of the invention, genetic
determ nants of WO 02/099383 PCT/ US02/ 18078 -69 R5 tropismare identified
by eval uati nGSFHRS adiPURRHHiRFhc &nd wieptsing sishe BEY {loopmfelidre g2t esurs ace

envel ope protejn. ' aci d_seguences under evaluation are identified
by conparing qgoggﬁngigg? )équgnggﬁso? %é%ﬁ??ﬁnﬁﬁﬁ%?%ﬁ 3 ?Y?ﬁﬁ%? d
RS tropic Virgsesidpnsd stentutidfed encess bptveeplathe X4 @rd 9 o W8S
are selected for evaluation. Isogenic viruses based on an

wel | - char act €gicked ixaspgteskaliscpendofmed 1NLR53 cefliiB2) Xormtedils nFISy&s fi ¢
"R5 candi dat e" tati.,o i the_ V3 | gop of the gpl20 .envel ope protein are
construct ed Eﬁﬂél taéldd!%?)gc/?(é‘ld cﬁﬁ‘tlzfgenggi?eﬁﬁQtPésE&?pfl&m oot s§A by
tropism as @%’ﬁ@%&%%% kReEXARDhe 4r £eblseoxpr essi NG (PRI LIRS, ﬁefa%yg-

U- 87/ CD4/ CCR5) or pl us CXCR4 (U 87/ CD4/ CXCR4) are'” ‘nfected |

t he' "abseri ceedfl appRS "Ifipehesi dinbhodiydnttbiclehedesultonpoiind)e axdad are
(AVMD3100) i nhibitor an%oi the presence of inhibhitory concentrations of R5
and X4 drug CONEERLFAOnSY CARFBIESI F¥ubsPitidtYon8tt haRCRhafige!s hé x4

tropic virus pi L u h - Lzed : {i
determ nantsp&%F eggn??%%iign%ﬁ?é/né% (rspeﬁ%;it é:% g%%%?%ﬁ? %?é%ﬂg{?nv%ntﬁe&r},s’
genetic det&rntaabts 0D82K5 AcdTlapi oM ape/kKdeokllibed by evhd uaibddynamt)o
acid sequences within the V3 |l oop of the gpl20 surface envel ope protein.
The amino acFB4sEyOBhEc¥ighaer vheeat¥brreldre sy fR%dJWSconﬁg*r ithg =t he

am no acid S%ﬂ%%ﬁﬁ%%nﬂt hﬂ%ﬂetropic viruses infect CDS8/R5 cells and/or
CD8/X4 .-cellg. In this embodiment, -dual tropic- (CD4 and CD8 -
receptor use) viruses infect X4 cells and/or R5 cells plus
Cp8/X4 and/or CD8/R5 cells. In this embodiment, the
infection of cell 1lines expressing CD8 but not CD4 is
attributed to CD8 receptor tropism. In this embodiment, non-

viable viruses do not replicate in either X4 or R5 cells.

In a further related embodiment, the assay is performed using

two cell lines. One cell line expresses CD4 plus CCR5 and
CXCR4 (HT4/CCR5/CXCR4). A second cell line expresses CDS8
plus CCR5 and CXCR4 (HOS/CD8/CCR5/CXCR4). The virus entry

assay is performed by infecting individual cell cultures with
recombinant virus stocks derived from cells transfected with
pHIVenv and pHIV luc or pHIV1ucDU3 vectors. pHIVenv vectors
contain patient virus derived sequences and express HIV-1
envelope proteins (gpl20SU, gp4l1TM). In this embodiment
viruses are evaluated in using cells cultured in 96 well
plates. Infection with each virus stock is performed in
HT4/CCR5/CXCR4 cells and ‘HOS/CD8/CCR5/CXCR4 cells. Co-

receptor tropism is assessed by comparing: the amount of



nunbers of X4 tropic and R5 tropic viruses. Consistent differences between
the X4 and R5 viruses are selected for evaluation. |Isogenic viruses based
on an welwoobasmsi eri zed R5 parental clone (e.g JRCSF) caentrdaisnt/my7specific
"n4- candi date" nutations in the V3 | oop of the gpl20 envel ope protein are
constructed by site directed nutagenesis and tested for co-receptor

tropi smas described in Exanple 4. CelFéSéxpressing CD4 plus CCR5 (e.g.

U- 87/ CD4/ CCR5) or. CD4 WD 02/ 099383 PCT/ US02/ 18078 -70 plus CXCR4

(U- 87/ CD4/ CxEXEY} farasenfadiied tvh RHedudReénds8 sRchreRsl (p¥peri di kel ¢his

but ane conmpougd) apd ¥4 Qﬁ%%?}%gﬁgE%nQ%PLEBEEEELA Lhe nreseuce of 5 by

i nhi bitory conceniratidns rug concentrati ons. "Ani no ac

substi t uti onsomphati nghangeabhei X4 dff GRich Wikt tt® dreRBrbhephbt1yi uF ke
characterized as genetic determ nants of R5 tropism In a related
enbodi nent s 6PreAECEnY diGiderasegemattiieyi tabt er 4vaFIRS /SIXCRE orc®516r opitsm

A S I G R T R e

surface envel g at ejd ---

invention-, virus@eneti ¢nrdeterm panyeceb/¥4cal RS teopESM ar gyident ifjed
by evaluating am no acid sequences within the gp4l transnmenbrane envel ope

protein. |n BOFECRBLACBANCACRENcedflst.he InvehtiBopmbypdistnt, d@&r hirpaits

t hat specify the use of, co-recepto ot he h CCR5 a CXCR4 are

i dentified by EY&FTati r%dlf%ﬁtn_o S C%%ﬁn‘é%%/e@%‘% SEEHEvA ¥Yp of “Phe

gp120 surfaceremvekopexcRs ot&ifs. Then aphie 8Gh8aSREHENCES, YNdes exal kayi on

are identified by conparing the amno acid sequences of viruses that are

abl e to replawdt €Ign retéstohausdd matrexgs essfEXERbotdr KCRHCCREY CHAR4

express other candidate co-re %Pto s. Consistent differences in amno acid

sequences befSetf FReskOS/Cb8/C R5/éXCR4 cells. In this embodiment, the
infection of. cell lines expressing CD8 but not CD4 1is
attributed tc CD8 receptor tropism. --In this embodiment, ron=

viable viruses do not replicate in either X4 or R5 cells.

In another embodiment, the assay is performed using two cell
lines. One cell line expresses CD4 plus CCR5 and CXCR4
(HT4/CCR5/CXCR4) . A second cell line expresses CCR5 and
CXCR4 but not CD4 or CD8 (HOS/CCR5/CXCR4). The virus entry
assay is performed by infecting individual cell cultures with
recombinant virus stocks derived from cells transfected with
pHIVenv and pHIV luc or pHIV1ucDU3 vectors. pHIVenv vectors
contain patient virus derived sequences and express HIV-1
envelope proteins (gpl20SU, gp4lTM). In this embodiment
viruses are evaluated in using cells cultured in 96 well
plates. Infection with each virus stock is performed in
HT4/CCR5/CXCR4 cells and HOS/CCR5/CXCR4 cells. (D4 and CD8
independent infection is assessed Ly comparing the amcunt of
luciferase activity produced in each cell type. In this
embodiment, the results of the assay are interpreted by
comparing the ability of each virus to preferentially infect

(produce luciferase activity) HT4/CCR5/CXCR4 cells or



non- X4, non R5 viruses and the X4 and R5 viruses are selected for

eval uation. |Isogenic viruses -based on an well-- characterized X4 (e.g.

NL4- 3) orwB32029383 JRCSF) parental clone containing speciPCTwSoznmess<s,
non-R5 candi date" nutations in the V3 |oop of the gpl20 envel ope protein
are constructed by site directed nutagenesis and tested for co WO

02/ 099383 PCT/ US02/ 18078 -71 receptor t'r6c55p“| sm as described in Exanple 4.
Cells expressing, CD4 plus CCR5_(e.g. U 87/CD4/ CCR5), CD4 plus CXCR4 (U
87/ CD4/ cxm4ﬁ,osdﬁ&%§j£p?ﬁ% BEheF - candt dhbhésc SRRty (ED4 87eeBR R tar e
infected in e f Ldi n- Lyl ane.c 4
(AVDB100) | niiiBrror andorh fhe’ Coragenes o et hry Py Yo neenr PP SRS R

and X4 drug ceQneent raiithss Anboimenie, sobst ihakpendehbat 160BEEN S nld@pi SM
for a non-X4, non-R5 co=receptor are characterized as genetic determ nants
of tropism f SPtEnEOSYEERE/EXEBL pekbptand HTE ACGRI AR emsddisentia dhishe

i nvention, geneti termnants.of tropi for .ot her co-receptors ar
identified 8?.%89§|m&a%i'ngg§% n%ng%?%l%%ql?g]cggrl i tlin]ilﬂe?het%‘—htfi H@%ﬁ)l 4

surface envelegt?@el%rsqyoej s ldter ifladed erdedi featpohadhe LAYeRtign. gepetic
determ nants of tropismfor other co-receptors are identified by

eval uati ng atmhne aendodeneencesiami-tiiallichevipdbest rdmsnehbriamel sratet opa
protein. In an E’lher mbodi_ment _of the invention, genetic determ nants that
specify the ﬁ%g 6f é%eoﬁ “affi'tion to, or instead of CD4) as a receptor
for HHV-1 are identified by evaluating am no acid sequences within the V3
| oop of the gpl20 surface envelope protein. The am no aci d sequences under
evaluation are identified by conpari rgamMpeEaBi no aci d sequences of
viruses that _are able to- reiolicate in cells that- do not . .
Identifying HIV-1l Envelope Amino Acid Substitutions/Mutations

that Alter Co-receptor and Receptor Tropism

This example provides a means and method for identifying HIV-
1 envelope amino acid sequences that specify, or alter, co-
receptor tropism (X4 vs. R5 vs. dual X4/R5). This example
also provides a means and method for identifying HIV-1
envelope amino acid sequences that specify co-receptor usage
other than CXCR4 or CCR5. The example also provides a means
and method for identifying HIV-1 envelope sequences that

specific, or receptor tropism (CD4 vs. CD8).

Envelope sequences derived from patient samples, or
individual clones derived from patient samples, or envelope
sequences engineered by site directed mutagenesis to contain
specific mutations, are tested in the entry assay to

determine co-receptor tropism as described in Example 4.

In one embodiment, co-receptor tropism of Ilongitudinal
patient samples (viruses collected from the same patient at
different timepoints) is evaluated. For example, co-receptor

tropism is evaluated prior to initiating therapy, before or



express CD4, but do express CD8. Consistent differences in amno acid
sequences between these CD4 tropic viruses and CD8 tropic viruses are

sel ect ed worn2zey®sBuati on. |1sogenic viruses based on an welpCTalsar/soreri zed
CD4 tropic (e.g. NL4-3, JRCSF) WD 02/099383 PCT/ US02/ 18078 -72 parental

cl ones containing specific "CD8 candidate" nutations in the V3 |oop of the
gpl20 envel ope protein are constructed b§7site directed nutagenesis and
tested for CD3_receptor tropismas described in Exanple 4. Cells

expressi ng COAL pFsChaRgss (1 g syreameains)or A gie o Cx@Rder changes

U- 87/ CD4/ CXCR4) .- . / CD8/ OCRS) . .CD8, pl us. . CXCR4 ( U-
g?/ co8/ cxcm%%‘élf %%%?Jégﬁgg %gggci%éms G‘%gt'i €4 rr}uglr?si)dlgﬁa?t “@#{’;ETécg{lS)('

replication isrcelllisiitthat expressutDSr bat iRgEEDAnAr Gnawheracher i 266k 84S
genetic determ nants of CD8 tropism In a related enbodi nents of the

i nvention, gePeR9EESHR®erm nants of CD8 tropismare identified by

eval uating am no acid-sequences wthin--the entire- gpl20 surface envel ope
protein. In a related enbodi nent of the invention, genetic determ nants of

CD8 tropi sm arge driaids i@odamal Ual 1 te HBNG 25l s eauences, W i hi A g he
gp4l transnmenbrane envel ope protein. EXAI\/elgl?iﬁrI%3 6 Ilefaﬂ:;ilsuri ng HI V- 1é{\%§i€%£dy
Neut r al i zati oyaihies exdnsics gur drictes 4 amgansuaber nef haif f eraev apaat ¢mgs .

ant i body medi a%ed](_{&%%i_‘ral i ]anti on of HV-I, also referred, to as virus
neutral i zati o ith TH-ESEpBIRPEIEPERE / THP sF X8R ETRPSEMpi Sy FHRSUAL P aFRF and

method for ewalyatddg tBei¥ibtds neWy al hzabion actlyigy, of -
anti bodi es-wi t hnil{bfr?L HV infected patients. Thi gggxar#pﬂg%ﬁ soogr ol ¢ elser%its

means and nettegrdsemt ievaldidtfiergrither iviva sande wiartdldrad reactd tbdns of Such

antibodies wthin individuals or animals vaccinated with therapeutic
patient populations may_include, but are not limited to,
newly infected patients, chronically infected. . patients,
patients.with advanced disease, and patients undergceing
antiretroviral therapy or immuno-therapy. Such virus
populations may include, but are not limited to, viruses with
distinct genetic characteristics (clade A, B, ¢, D, E, F, @),

viruses susceptible to antiretroviral drugs, viruses with

reduced susceptibility/resistance to antiretroviral drugs.

Genotypic analysis of patient HIV samples

Envelope sequences representing patient sample pools, or
clones derived from patient pools, can be analyzed by any
broadly available DNA sequencing methods. In one embodiment
of the invention, patient HIV sample sequences are determined
using viral RNA purification, RT/PCR and dideoxynucleotide
chain terminator sequencing chemistry and capillary gel
electrophoresis (Applied Biosystems, Foster City, Ca).
Envelope seguences of patient virus pools or clones are
compared to reference sequences, other patient samples, or
to a sample obtained from the same patient prior to

initiation of therapy, 1f available. The genotype is



vacci nes and vacci ne candi dates. This exanple al so provides WO 02/099383
PCT/ US02/ 18078 -73 a neans and nethod for evaluating the virus

neut ral i zwego2/08edsgvi ty of antibodies within individual s orpcansmhsors
vaccinated with protective (preventative or prophylactic) vaccine and
vacci ne candi dates. This exanple also provides a neans and nethod for
evaluating the virus neutralizing activPBy or preparations of specific
nonocl onal or polyclonal antibodies. Envel ope sequences derived from
pati ent sanpf¥aniped fadi vedwenced dies gas ved feremtpirPenthsanpfesenoe
envel ope seque S i.neered by site _directed t nesis.to contain
specific nmuta i%%gftgggtfgg§egeﬁnePﬁ8 5%%%9“3??%%&?%9e afﬁﬁf ST FRodd
nedi at ed neuéﬁ@iyzghhggitoknsgggeﬁgp@giﬂ@pt, anti body nedi at ed
neutralization is evaluated in |longitudinal patient sanples (viruses
collected fromthe sane patient at-different tine points) is eval uated.
For example, virus neutraljzation is evaluated prior tqQ_ vaccination,
during a colrSeF PTeRERL 3R iRFTePEAY BFOPTFR r¥mgRngticatd vpGharacaeriredhe
course of vaggihpgbion is conpleted. In a related enbodi ment, the sera of
animals including, but not limted to, mce, rats, rabbits, pigs, and
cattle, are Byapbaped PHimr 8eidnseaarices wkhat c avdirgdese vaecieesptduri ng

a course of re eat%dgfgxégggd

€ n nd at__increnental tine points after the
course of iﬁ%%d?%?lon is conﬁ%ﬁ?%gnflﬁ°8ﬁ%r8ﬁ§58ﬂm§ Ye%ﬂa{gex?reSSlon
neutral i zat ittisrs ey AR Lent I LVERt At by MACC IR t3BG BACEI BEFined
candi dates: I n another enbodi ment, virus neutralization is eval uated-for
t her apeut i ¢ gz hesbathgarordetre enbddidentfowi¥dst nepd sl | FREFONEDPS RS

cval uated for camples ol ected Trom g large nunber of ghffersnt, patignts.

combination with other mutations that are thought tc modulate
co-receptor usage. Envelope mutations are. introduced into
pHIVenv vectors using any of the broadly available methods
for site-directed mutagenesis. In one embodiment of tais
invention the mega-primer PCR method for site-directed
mutagenesis is used (Sarkar, G. and Summer, S.S., 1990). A
pHIVenv vector containing a specific envelope mutation or
group of mutations are tested using the virus entry assay
described in Example 1. Co-receptor tropism of the virus
containing envelope mutations is compared to the co-receptor
tropism of a genetically defined virus that lacks the
gspecific mutations under evaluation. The ability of a
specific mutation to confer altered co-receptor tropism is
confirmed or disproved by introducing the mutation into well-
characterized reference virus and evaluating the co-receptor
tropism of the mutant virus in the virus entry assay as
described in Example 4. Observed changes in co-receptor
tropism are attributed to the specific mutations introduced

into the pHIVenv vector.

In one embodiment of the invention, genetic determinants of



-74 In a further enbodi nent, virus neutralization is evaluated for sanples
collected froma | arge nunber of patients representing different patient
popul ati owe oangb3ei f f erent virus popul ations. "Patient poparatSImM7’s may
include, but are not limted to, newy infected patients, chronically
infected patients, patients with advanced H V/ AlDS di sease, patients with
rapi d di sease progression, patients wthé9-ow disease progression
(typically referred to as long term non-progressoos); patients undergoing
antiretrovirab thepapy aoe idenndEiderapevfel gt ing aniewkiaeid, sequehkers
cytoki nes), vaccinated and unvaccinated individuals.. ,"Virus popul ations”
may i ncl ude, WBER1BrEDROY3 | 19AR &f e FPLaleSuifRte i iRRe protein. Th

e
geneti c. ‘Chaéﬁ%g“éé%cﬁs <200 geqar aphs cal eQ;rang!l'a’E-io{ne! age %deﬁ]it‘?ueﬁ & F
G , viruses susceptible to antiretroviral rugs, viruses w reduce
suscepti bi |l i tympestisbante tonimht Aeedr s¥gtiahcdsugs, 1RMgEMyuhisotat 88; x4

i sol ates-adapted for growth in -cell culture (often referred to as

| ab- adapt ed tvppigezd Ryresanis ivHdueelg (SPYsifieresdiif@ranassybegween

i nduci ng (NS]) vjruses, crophage (M tropjc.viruses, -T-cell T) tropic
Uit uses and HHEKE SRR REN ARECS BFTLSBUt s he crTMIPE Ao PAPPEREC

Anti body (pafieniedmbdHodyory o wal1andapda¥t E4sz0aned )pdierdths &@%@di(@%t ,
the assay is perforned using a target cell line. that expresses the H V-1

recept or CDANpEu3, t HEB2 H &bt zor i rg efnarist ICCRR SavdnCACRA e('HTWL EERENEXCERA) .

Such a cell |ine_is capaple of eval uati t he neutralizing activit of
o1 badi ce. T BREDEE PSS Ral 528 19RAt ek e e orh By CEHEaIEN

the assay isgpe f&{ﬂ@étyaimt%\@nééwe&nd GRldedd ney e eRledr Reopism
expresses CD4 plus CCR5 (U 877CD4/CCR5) and is used to test R5 tropic

viruses. Angthaeseelibdd nien expamses4 CDdepllys eXeR4e s(ildgB 1 TRDA) CXERETRBO
02/ 099383 PCT/ US02/ 18078 . i N

(e.g. U-87/CD4/CCR5) or CD4 plus CXCR4 (U-87/CD4/CXCR4) are
“"infected in~ the&” absé&hce of an T&;“(peperidin—lyl“bﬁféﬁé”;

compound) and X4 (AMD3100) inhibitor and in the presence of

inhibitory concentrations of R5 and X4 druy concentrations.

‘Amino acid substitutions that change the X4 tropic virus to

an R5 tropic virus are characterized as genetic determinants

of R5 tropism.

In a related embodiment of the invention, genetic
determinants of X4 tropism are identified by evaluating amino
acid sequences within the V3 loop of the gpl20 surface
envelope protein. The amino acid sequences under evaluation
are identified by comparing the amino acid sequences of large
numbers of X4 tropic and RS tropic viruses. Consistent
differences between the X4 and R5 viruses are selected for
evaluation. Isogenic viruses based on an well-characterized
RS parental clone (e:g JRCSF) containing specific "X4-
candidate" mutations in the V3 loop of the gpl20 envelope
protein are constructed by site directed mutagenesis and
tested for co-receptor tropism as described in Example 4.

Cells expressing CD4 plus CCR5 (e.g. U-87/CD4/CCR5) or CD4



-75 and is used to evaluate X4 tropic viruses. The virus entry assay is
performed by infecting individual target cell cultures with reconbi nant
virus st owba2densyed from packagi ng host cells transfect @dTrisSvhigoH Venv
and pH M uc or pH VlucDU3 vectors. In this enbodi nent, pH Venv vectors

contain envel ope sequences of specific, | | -characterized viruses and
express the H V-1 envel ope proteins (gpl20SU, gp41TM Such viruses

represent a "stand i ruys y e. above, description_of virus

-pgpulation)éiﬁﬁm§%€%¥ h fsgfﬁsi/?%égﬁhaﬁFg é?gﬁﬁFﬁgpép HRUSESSIRR Py
constitute agfamgar Qﬁeﬁéﬂ@!ﬂiﬁt_ﬁyhi Beband TR ha)A éh?“dﬂd NM&%&&‘PE'
is used to conpare the neutralizing antibody activity of sera.. obtalned

from many di fifrdridnittompaand i ientBe. pardkare affi mahdbitesge-concabome ions

description of p%}ie tX@p%#Iation). In this enbodinment viruses are
eval uat ed usitg %t araﬁg‘i e[4S A G 53t 158 Swe | AM1F0a s d Bl iyt iqng get

cells are plat 0. I wel ). / 4 or_ .10, 000
cells per weﬁ (jﬁh%§§%77§§m%§cﬁ§5g%§egﬁg@%%ﬁ§¥é§§§§?0§§8§3§ Hﬁﬁﬁst%fe
infection. Rtisnfadtetiaregetasc ejdnduifecddt@rmieah &vidlUR S ttaedpd $n .

pre-incubated with the sera or anti body preparation (typically for 1 h)
that is being evaluated. The sera or antibody preparations are tested .

orial 0-TolE aif utfoheyon | RYBRRLORTGT 1 dfipet kel | LENFCR: CBach AR S

serial 10-fol'd diTutTon rget ach

stock is al saeperionandsi of the absence-@fi santirbodient 0o antibPadyd1 M Usy
neutralization is assessed by conparing the anmount of luciferase activity

produced i n ©aviget acefl sequgretes iwikthin Hdiepepséne egphal apsehmes ofmartagzody .
In this- enbodkpent, the results of the assay are interpreted by conparing
the ability S5FC5&-antibody to preferentially block infection of target
cells (reduce or elimnate luciferase activity) Virus neutralization
activity is )
In a..related — embodiment. -of -the .invention,. -genstic
determinants of X4 or R5 tropism are identified by evaluating
amino acid sequences within the gp4l transmembrane envelbpe

protein.

In a related embodiment of the invention, genetic
determinants that specify the use of co-receptors other than
CCR5 and CXCR4 are identified by evaluating amino acid
sequences within the V3 loop of the gpl20 surface envelope.
protein. The amino acid sequences under evaluation are
identified by comparing the amino acid sequences of viruses
that are able to replicate on cells that do not express CXCR4
or CCR5, but do express other candidate co-receptors.
Consistent differences in amino acid sequences between these
non-X4, non R5 viruses and the X4 and R5 viruses are selected
for evaluationu. Isogenic wviruses -based on an well-
characterized X4 (e.g. NL4-3) or R5 (e.g. JRCSF) parental
clone containing specific "non-X4, non-R5 candidate"
mutations in the V3 loop of the gpl20 envelope protein are

constructed by site directed mutagenesis and tested for co-



WO 02/ 099383 PCT/ US02/ 18078 -76 quantified by noting the highest antibody
dilution (nost dilute) that is able to block target cell infection (e.g.
the hi ghweto2d94383i on that is able to reduce the | ucifera®PET/l02/18078 y
produced in the absence of antibody by 500). Characterization of Patient

H V-1 (patient virus vs. standard antibody panel) In-this enbodinent,. the
assay .-is perfornmed using a target cel17d4ne that expresses the H V--1
receptor Cb4 plus the H V-1 co-receptors CCR5 and CXCR4 (HT4/ CCR5/ CXCR4) .
Such a cell receptior tapabilse ef éeatuabéahgim hexaeple of | Zdeigl actkiptidssimf
anti bodi es - for th R5 _and 4tro iru In a_ related enbodi nent, ,
the _assay (3% peP?BFrre(ac%%a Z Z@CRS) @4 PilHEs. CXFRA cdU-

l'ine expressgs./ -5 Rls ) CCR d G4 L EORS
tropic vi ruses/ g,%\)?llot her cel ? I i ne éé(pr ec')sées Cﬁ?&fdééec;%?%%%ptt%srts F%%
(U- 87/ CD4/ CXERATDAARY aSeu$EﬂeétEdﬂmﬂlthEaKéehbépbﬁ ahrH5e$peﬂ§Eid&ﬁJ£§1
entry assay is performed by infecting individual tar cell cultures

with reconbi REREDE r GSTBPBERS g vEd ff@‘ﬁﬁ’%h@:@(hgllﬁﬁll r caffls in the
(ranet eoted yih gt Vepy and BHVLYC ot DHMLIEDR. vortgts. bn il s, .

enbodi nent , env vec ors-contai pa(fl enIf1 TUs% dé)

sequences andogxpnesstHorsl envehope 44l elsﬂﬁoétg:pd@@ﬁsﬁb gp4LtM coh&etz@ S
enbodi ment, viruses from different patient popul ations (see above
description bfoppani &mr pi)p@@latX‘b,n)noraf&B o¢0ﬂré¢ep9ﬂr alrﬁushp@pultamlgesl
(see above descr tion f.or virus opu %ﬁla sed construct

pH Venv vect 8Fs. IPEButfot %&&rﬂhlﬁ}a& ot @ct%‘-?esc ke co-
eval uated inythep¥bkus entry assay_ to determ ne- |f t hey are susceptible
to neutralizati on by a panel of specific, well-characterized anti body

preparations. Such antibodies represent a ,standard anti body panel”. Sone,
but not all reasonab e exanpl es _of anti bod| es that K may i
In ated embodiments o the invéntion, genetic

determinants-of Eropism for other co-receptors are identified -
by evaluating amino acid sequences within the entire gpi20

surface envelope protein.

In a related embodiment of the invention, genetic
determinants of tropism for other co-receptors are identified
by evaluating amino acid sequences within the gp4l

transmembrane envelope protein.

In another embodiment of the invention, genetic determinants
that specify the use of CD8 (in addition to, or instead of
CDh4) as a receptor for HIV-1 are identified by evaluating
amino acid sequences within the V3 loop of the gpl20 surface
envelope protein. The amino acld sequences under evaluation
are ildentified by comparing the amino acid seguences of
viruses that are able to- replicate in cells that- do not
express CD4, but do express CD8. Consistent differences in
amino acid sequences between these CD4 tropic viruses and CD8
tropic viruses are selected for evaluation. Isogenic viruses

based on an well-characterized CD4 tropic (e.g. NL4-3, JRCSF)



WO 02/ 099383 PCT/ US02/ 18078 -77 constitute a standard panel are listed in
Table 4. In this enbodinment virus neutralization is eval uated using target
cell's culworea9od3ss 96 wel | plates. Typically, target cell sPcarusopisared at
5,000 cells per well for HT4/ CCRS/ CXCR4 or 10,000 cells per well for

U-87/ CD4/ CCR5 and U- 87/ CD4/ CXCR4 one day.prior to infection. Prior to
i nfection, each patient derived virus stock is incubated with the each of

the anti body,preparatd i .y ford h).in the standard —antibody
panel . The selrﬁalfor alntdllgﬂg%f(%%gllﬁérgg#gngp%?%%%cegt GREHCREEd BRE3REoDS

vari ous di | utionshd typileady wif aife @%ﬂz!ov%nvé%bé' ptBrEohd Ll U&hgg§21ct
I nfection of target cells with each virus stock Ts also perforned in ?ﬂe
absence of dritlg fh6e drixpcted/i mutagenesasi apd rtdsred sfoxr- aATHESEECep YT

conparing th amount_of luciferase activity produced in target cells,
both in thee%rr%’sjﬁ%é‘sar‘?ffséﬁsl&?é;l&r EXRrPB6dd: FALLAi S*ehpedinentD4 phes

results of themssay are;l DQ{eé by rin il of ' ' each
anti body to pr eﬁr(gtgfaﬁjl yébtb/l%(r)c ﬁ%@c’t icﬁ)%rr%gfust ;%r}zg(%& C@FTASJ]}(%(%%/U%C%%) ’
elimnate | udib&r aiesactCrREt y)e.g Vi pug7nepsyatREaL i ombgactrjl\{jst Ycok8ra %U__

quantified by noting the highest antibody dilution (most dilute) that is
abl e to bl ocl®74AYetEEd ) 378 etfonted: g. Anhrohipghds sudidtutiun driatt Hes:

oot body by ST TeSACEERE RELEEIY, RhOE SR et i SR e Ay axe
Sequences t hathafdactietri zAld efs Jamd¥iey et MemtdAldZ iy A ibady; Responses

This exanpl e provides a neans and nethod for identifying H V- 1 envel ope
am no acid sequences that elicit/pronote, or alter, or prevent antibody

nedi at ed neutral i zatjon_of -Hi V-gé i.nfection (also referred to as virus

neutral i zati toIrII1 int h.resf%f%z/ 686383 "BEFFUSES 18078 1nvention,  genetic
determinants of .CD8 tropism. are identified by evaluating
amino acid-sequences within-the entire gpl20 surface envelope ~

protein.

In a related embodiment of the invention, genetic
determinants of CD8 tropism are identified by evaluating
amino acid sequences within the gp41l transmembrane envelope

protein.

EXAMPLE 6
Measuring HIV-1 Antibody Neutralization

This example provides a means and method for evaluating
antibody mediated neutralization of HIV-1, also referred to
as virus neutralization in this application. This example
also provides a means and method for evaluating the virus
neutralization activity of antibodies within HIV-: infected
patients. This example also provides a means and method for
evaluating the virus neutralizing activity of antibodies
within individuals or animals vaccinated with therapeutic

vaccines and vaccine candidates. This example also provides



-78- application). Envel ope sequences derived from pati ent sanples, or

i ndi vidual clones derived frompatient sanples, or envel ope sequences

engi neer eghgnp/®vige directed nutagenesis to contain speci fpqimebasd7ons, are
tested in the entry assay to determ ne co-receptor tropismas described in
Exanple 6. In one enbodi nent, anti body nedi ated neutralization is

eval uated in | ongitudinal patient sanplé§3"viruses collected fromthe sane
patient at different tinme points) is evaluated. For exanple, virus

neutral i zat i 8n 5@ allgdt 8FHHCorfqe% evaduphangorRedurinie anebtirsa isfing

vacci nation, .-, oot -] ‘ al__ti oints.. after the cour.se.of
. 10N, 5zt4ivARG - - A YR ﬂ'erl p
vaccination Is” co Ietedfn1n one enb&&“%éh , %?é%@%é&ﬁl%aJ?Eatﬁgﬁmﬁés

eval uat ed fovapeevenisa iwelvapebbestitd apethentarhodi Nt prophiisictic)
neutralization is evaluated for therapeutic vaccines. |In another

embodi nent, VRfOinAeanfavpgainencasdedarest edThbe examplesadebl prosddesom a
| ar ge nunber _of different ients.  In furt her .enbadi nent, virus .
neupralizati%nq%?%ia?ﬂgyg%%thrﬁéﬁwﬁ%@fBﬁg?%%tggefﬁﬁﬁ%?!ﬁ?bErﬁEﬁﬁépgof
patients repeesentyNGr dbfdRi@m ovis! s 8RHcPAL L SfinRORIHAL IAN$o19¢a R na1
pati ent popul ati ons may include, but are not limted to, newly infected
patients, chavhibabfiigsi.nfected patients, patients with advanced di sease,

patients undergoing antiretroviral therapy or imuno-therapy, vaccinated
and unvacci nated individuals. Such virus popul ations may include, but are

not 1imted toveYbbusesaidh St I dict; vaeNCELOnChALRILAL! Stdifplel ade p, B,
C D E F @, viruses 'susceptible to antiretroviral drugs, 'viruses with
reduced sustegivbidhalytiesestdeceveéd Anbimrpdtdent abamibligs, ori aary1¥Pe

02/ 099383 PCT/ US02/ 18078 ,-79 isqlates or_jisolates adapted for growth in
cel | cul t ureSegquences engineered by site directed mutagenesis to contain

antibody-mediazed neutralization.

In one embodiment, antibody media‘ed neutralization is
evaluated in longitudinal patient samples (viruses collected
from the same patient at-differaent time points) is evaluated.
For example, virus neutralization is evaluated prior to
vaccination, during a course of vaccination, and at
incremental time points after the course of vaccination is
completed. In a related embodiment, the sera cf animals
including, but not limited to, mice, rats, rabbits, pigs, and
cattle, are evaluated prior to inoculation with candidate
vaccines, during a course of repeated inoculation, and at
incremental time points after the course of inoculation is
completed. In one embodiment, virus neutralization is
evaluated for preventative vaccines and vaccine candidates:
In another embodiment, virus neutralization is evaluated._ for .

therapeutic vaccines.

In another embodiment, virus neutralization is evaluated for

samples collected from a large number of different patients.



(often referred to as | ab-adapted viruses), syncytia inducing (SI) viruses
or non-syncytia inducing (NSI) viruses, nmacrophage (M tropic viruses,
T-cell (TWotoeopi3e3 viruses and dual tropic (Mand T) viruPET/USGHIRITS Pi C
anal ysis of patient H V sanples Envel ope sequences representing patient
sanpl e pools, or <clones derived from patient pools, can be analyzed by any
broadl y avail abl e DNA sequenci ng net hods”4rn one enbodi nent of the
invention, patient HV sanple sequences are determines using viral RNA
purificati onInR¥/ PERARE drdesddrnt estines reuiralizriiont bF eegleatedg

Gy, oy “Eiversner Tl ST L ERER B AR E T BecParaoREs”

Cty, CA. nvel ope” Sequences

conpared to reheeeafieisgqueNELSre@t N@LtRahkeNbo @Mt £8ns Oland 0a8f 88Pehe
obtained fromthe sane patient prior to initiation of therapy, if

avai | abl e. Thérgenppppdaitd onsxani 'that ifeort gepisiRdandtatnay eincivde enbut

fromthe reference_ or,pre-treatnent sequence and caorrelated to differences
in entry inhfBi fGF sgé‘géb?%b%ﬁ’t yr?e‘ﬂrsﬂfi 583§Cﬁ€ i T SR T afPEAREGRL &Y

genetical ly echacacigrpzedenvil uses: ERvel PPen f‘g&%’n@é&dH?@ﬂH§B§e§i£Q§£e

correlate with virus “neutralization are eval uated by constructing envél ope
expressi on veetoest$ phidMenvaptdntabaisg propecsdicn mupatientsoniahdeloned
genetic background (e.g. NL4-3 for X4 tropism _JRCSF for R5 tropisn).

Mut ati ons naylBeaffc A RILRTH A oréYPaRaL oY iTPicomfihatPon2fi tenst hegrm

mut at i ons that, ace.Lholght.) § LIDAMLAL G asuLEaLi zation, Envel o

nmut ati ons are niaﬁ%t? duce ?>nt gp{)%[ env \?egtrg’?)sl §S| nglany of “t Re %roagﬁj/ WO

02/ 099383 PGt USdrl80TBeraBl a¥agl abheeredlioths-1 prosi dehdir egt€dines) ,

mut agenesis. In one enbodiment of this invention the nmega-priner PCR

met hod for Vvaccinated and unvaccinated individuals. ."Virus populations"
inay include, but are not limited to, viruses with distinct
-genetic. characktexistics -and geographical -origins-+{clade -Aj—-
B, ¢, D, E, F, G), viruses susceptible to antiretroviral
drugs, viruses with reduced susceptibility/resistance to
antiretroviral drugs, primary isolates, isolates.adapted for
growth in -cell culture (often referred to as lab-adapted
viruses), syncytia dinducing (SI) wviruses, non-syncytia

inducing (NSI) viruses, macrophage (M) tropic viruses, T-cell

(T) tropic viruses and dual tropic (M and T) viruses.

Characterization of Patient Antibody (patient antibody vs.

standard virus panel)

In this embodiment, the assay is performed using a target
cell line that expresses the HIV-1 receptor CD4 plus the
HIV-1 co-receptors CCR5 and CXCR4 (HT4/CCR5/CXCR4). Such a
cell line is capable of evaluating the neutralizing activity
of antibodies for both R5 and X4 tropic viruses. In a.
related embodiment, the assay is performed using two target
cell 1lines. One cell 1line expresses CD4 plus CCR5
(U-87/CD4/CCR5) and is used to test R5 tropic viruses.
Another cell line expresses CD4 plus CXCR4 (U-87/CD4/CXCR4)



site-directed nutagenesis is used (Sarkar, G and Sumrer, S.S., 1990). A
pH Venv vector containing a specific envelope nutation or group of

mut at i onsway @/gbessged using the virus entry assay descri baggtwsoigipl € 6.
Specific antibody preparations- - (i:e. '"well-characterized nonocl onal of
pol ycl onal antibody preparations), serum Jom H V infected patients, or
serum from vacci nated individuals can be selected to conpare neutrali zing

activity. Antj Y ral i ' of .t he_virus containing envel ope

nut ations i stan(%?rhpsarlg%{{1 o@%n%?%% yt%eﬁ%rgF?QéFi Bhrofes- g@%_@t Ay EThed
virus that °laacks the . pespsehédc vyt @Lhifggg-ingnd%dgy%ﬁlg i ogargél'the caebl'll ity
of a specific nmutation to confer, alter, or prevent antibody

neutral i zat i 6¥litgresnwiFheteornhrmt oetisbptorhksr deivad £hen pd@#dPhd nt o

wel | - characteri zed ference_ virus and evaluating the antibody nedi ated
neutral i zati %ﬁséf Ce?‘ﬁg ﬁﬁ?%ﬁe?ﬁ%‘ﬁéﬂli% PHEVERY uane e EiVhes s9r s HelsoUed

in Example §e.Eserved a i L L b tralj ion_ar attribyted to
the specific mutations i %?rg%%séd%&rﬁ%%%%'pw eIﬁ%tnyecfvoerc%qﬁﬁs oﬁéDnléaln
enbodi ment ofnvied opey erJuEmCcegenet | spaet BI @) NAoL 3- GharXbEUSiaedt kahhzald on
are identified. by evaluating amno acid sequences within the V3 |oop of
the gpl20 suffHcEXBFESfde piofel renkoRs PP tei e ségneResY, ugden T™) .

eval uation aggani dentidd-ed arj ng..t.he. am no. aci d_sequences of |arge
numbers of viruses fhat Scar?@%r crHél'nna{ot %ntteanndeaurgr al 7'Z&d %?negari(%% above

wel | - char act éeszedpatbnbody priepay abopRgatpabk)ent S&Ra, Buserdd rapy
vacci nated individuals. Consistent differences in V3 loop anino acid '
sequences beffReMFPtEseamilest cfavirupeeahhat ey neutstdltted sarse asekedt ed

(o 0 02 055363, FETLUPALACOLP g, v Pl L s0agolE WL LiRes baced on

specific Lo compare the neutralizing antibody activity of sera

. obtained from many different .patients.and/or animals -(see--
above description of patient population). In this embodiment
viruses are evaluated using target cells cultured in 96 well
vlates. Typically, target cells are plated at 5,00C cells per

well for HT4/CCR5/CXCR4 or 10,000 cells per well for-
U-87/CD4/CCR5 and U-87/CD4/CXCR4 one day prior to infection.
Prior to target «cell infection, each virus stock 1is
pre-incubated with the sera or antibody preparation
(typically for 1 h) that is being evaluated. The sera or
antibody preparations are tested undiluted and at
incrementally greater dilutions (typically four to five
serial 10-fold dilutions). Infection of target cells with
each virus stock is also performed in the absence of antibody
(no antibody). Virus neutralization is assessed by comparing
the amount of luciferase activity produced in target cells,
both in the presence and absence of antibody. In this
embodiment, the results of the assay are interpreted by
comparing the ability of each antibody to preferentially
block infection of target cells (reduce or eliminate

luciferase activity). Virus neutralization activity is



"virus neutralization candidate” nmutations in the V3 | oop of the gpl20
envel ope protein are constructed by site directed nutagenesis and tested
for anti boadyoedisat ed neutralization as described in Examdeudi16es! s
expressing CD4 plus CCR5 (e.g. U 87/CD4/ CCR5), CD4 plus CXCR4

(U-87/CD4/ CXCR4), or CD4 plus CCR5=and _C;( 4 (HT41 CCR5/ CXCR4) are
infected. Amno acid substitutions, that'Thange that elicit, alter, or

prevent anti neutralization -are deemed inportant to virus
neutralizati gﬁ“ tnl@%éérgp'atréocfl&%o’ﬂ?% ghest @antibede didysapnon(most

genetic det erimutant enek Vir Ug1864 naldaation are hdentfied by _eval uating
am no acid sequences within the entire gplfggéesurF%gegé%%F%%% Eﬁ'_o?el *1n
a rel ated enbgdibesit ¢f lultdé onnvigmdt oris gebeéi cto debam@g,namé qfud/ﬂﬂ’é%s_e
neutralizatign. are identified by evaluating am no acid sequences within
the gpal trafSevtrandt DPE (6t GRFCIERAVHEL BE Mssbutiin g 0%) . _
Susceptibility to Virus Entry Inhibitors to Guide Treatment Decisions This
exanpl e provides a neans and nethod for using virus entry inhibitor

suscepti bi | i thatracguirdbatibs &f eadvRR @ifIthV'(plltiIHi:Svﬁi‘@QWse. fé%atr{?rrq.
provi des a neans_and nethod for wusing virus entry inhibitor suscep D ity
to gui de the@3tiB2EXem@nS)pati ents that have received previous

antiretrovirab-tdigal neaboM hBn@, ViRYS 18BLLY sinhihit This; O 02/099383

PCT/ US02/ 18078 -82 i nve%ti on further apr oVK/’i d’esrsﬂk%%e O(r)rl[eﬂéen@sh“ésn%in%e?h&&g:

using virusceatr ylinwi bheor espseepeibitlid yHIv- gukdecphert r@at enhs ¢he

patients th IE}ave not recei vedﬁg:r evious treatnent with a virus entry
R

i nhi bitor. ne EMHFHIRTOT S KERSUSEEPt FHiR4 t (HB4/ BERF LBXCRA Vi r Gueh a

cell line is capable of evaluating the neutralizing activity
of antibodies . for both R5 and X4 tropic viruses. In a
..related embodiment,  the assay is performed using . two target..
cell lines. One cell line expresses. CD4 plus CCRS
(U-87/CD4/CCR5) and is used to test RS5 tropic viruses.
Another cell line expresses CD4 plus CXCR4 (U-87/CD4/CXCR4)
and is used to evaluate X4 tropic viruses. The virus entry
assay is performed by infecting individual target cell
cultures with recombinant virus stocks derived from packaging
host cells transfected with pHIVenv and pHIVluc or pHIV1lucDU3
vectors. In this embodiment, pHIVenv vectors contain patient
virus derived envelope sequences and express HIV-1 envelope
proteins (gpl208U, gp41TM). In this embodiment, viruses from
different patient populations (see above description of
patient population), and/or different virus populations (see
above description for virus population) are used to construct
pHIVenv vectors. Pseudotyped HIV derived from pHIVenv
vectors are evaluated in the virus entry asséyAto—determing_m
if they are susceptible to neutralization by a panel of
specific, well-characterized antibody preparations. Such
antibodies represent a "standard antibody panel". Some, but

not all, «reasonable examples of antibodies that may



to virus entry inhibitors is used to guide the treatnent of patients
failing antiretroviral reginmens that include one or- nore virus entry,

i nhi bi torwo ozigewsirent failure .(also referred to as virologiusot/sdorgire) is
generally defined as partially suppressive antiviral treatnent resulting
in detectable levels of virus, which is typically neasured in the
.patient--- plasm) -...Quidance nmay i nclilde-,. .-but -- is-.- not- linmted
to, (a) clarification of available drug treatnment —options, (h) selection
of nore acti ¥e€"FFeathBnt PEBPABKY, PrEpl arariifEadi 4R SRbLkeet i dnoghisf

. . | r ' : i e h . d
Fesi Stance) . AR (8 7T Sauctt onrre thar sty e BVERERE petint rarey

resi stance), an r use of “irnactive an

t oxi ¢ drugs. cellnst kiug temeadiireds w&sl sﬁmlf@s.tesrﬁ@@épw,atsrg@&i wed1Erom
a patient virus sanples and tested for susceptibility to various virus

entry i nhi bi B8es Risiteg tae pheAdt ysild svipars wehlr yoas il4 / WWRUACRTRE yor

i nhibitors inel ud but _are not_. lim to ion_inhibitors (e.
T-20, T- 1243??5'@@5 FECaEt e é?ﬁ];go%%t‘gl%%ﬁ%ﬁ%‘?ﬁ@%eﬂﬁﬁ@%?g{ﬁ&gmz,
and peperi dbfel Fhy Quitadie 1GOMREERIIHLNANdpERY, Y 0ol Sl MR 15AB) - ent
Appropriate treatnent decisions are based on the results of the virus

entry assay (ergvedeeriFupr et4Bk and mucikdtosdhl wichevahe | edoch atedt ythest

results and clgn#c | _information. ]n another enbodinﬁnt, t he
suscepti bi |i 8§t0 O§>ét PERPASALHONSs YR SRS 9% ry PAnidsh tore pEapdaadio

gui de the VO-021099353RGT/ USRR/ LA0L0, B3 Lisal L atiens (DAl have

not been previously treated wth antiretrovi nmens I'nc € one
or nore virusndehttydi ahdbetorvsriGuisdahde timynd nayadesa it fsunotol Fnirked
to, (a) clarification of avajlable drug treatnment options, (b) selection

of nore acti¥8FtReatfehPlregifeision®)- ErERFEI¥ar POn tordate Frisks i Hieth
SusceptlblIlégcﬁqﬁMh&y%t%Q&rxs also performed in the absence of drug (no

drug) . Virus neutralization is-assessed. by comparing the-. -
amount of luciferase activity produced in target cells, both
in the presence and absence of antibody. In this embodiment,
the results of the assay are interpreted by comparing the
ability of each antibody to preferentially block infection
of target cells (reduce or eliminate luciferase activity).
Virus neutralization activity 1s quantified by noting the
highest antibody dilution (most dilute) that is able to block
target cell infection (e.g. the highest dilution that is able
to reduce the luciferase activity produced in the absence of

antibody by 50%).

EXAMPLE 7
Identifying HIV-1 Envelope Amino Acid Sequences that Elicit

Alter, or Prevent Neutralizing Antibody Responses

This example provides a means and method for identifying HIV-
1 envelope amino acid sequences that elicit/promote, or
alter, or prevent antibody mediated neutralization of HIV-1

infection (also referred to as virus neutralization in this



inhibitors, and (d) reduction in.--the use of inactive and potentially
toxic drugs. Determ ning baseline susceptibility of virus entry inhibitors
i n treat meoto2/gd38e patients is inportant for two reasonsPCEUSS2/180r$he
natural susceptibility of viruses to entry inhibitors can vary w dely
(e.g. see Figure 4A). Second, the incredsed use of virus entry
inhibitors-.-w_ll--undoubtedly--result in the generation c drug resistant
vari ants thaPrddraieaansnitted to newy infected individuals. In this
enbodi ment, resistance test vectors are derived froma patient virus
sanples and tested for susceptibility to various virus entry inhibitors

using the pheRrQloHe C yeduen@dd rydassayd Vifkbm erfdnidii bkbh@pseBRY or
include, but are not limted to, fusion inhibitors (e.g. T- 20, T-1249),
co- r ecept or $NgAVAGHAILs (Cd OPARDIEO0 VeAMBE 684 patTARE7 §ampReS4 2 oradive lope

peperidin-1yl butane conpounds nd ant agoni st.s (MAb 5A8). ropriate
t r eat ment déglqglegﬁgsa%lg nggﬁéoﬁytﬁg‘?e@ﬁ?%@%ﬁ] W%teag(ﬁq%ﬁlseggor f%o and
addi tional spel@vant kakakabasy test resgtis apd Glhdi caleiypf ordmiy ong
EXAMPLE 9 Measuring H V-1 Co-receptor Tropismto Guide Treatnent “Decisions
Thi s exanpl depraviides ca-mearptamd trephiet ber desicad bddVih @Exampdeem.or

(CCRS, CXCR4) tropismto guide the treatnent of H V- 1. This exanple
further provides a neans and method for WO 02/099383 PCT/ US02/ 18078 -84

using H V-1.co- ep ismt ' t reat f [ f.ai ling
antiretrovi f[ %I égﬁg %ﬁé%{i%@%‘é’ Th%ls&%%%én?l% oénl %ﬁgl%u%rrc?vﬁ%tgg%l%% r%%’ans
and net hodsefratubskeginHL ndi €O 1LLEPIO 1 ditOHEP LG guiiderddie dolgaloresd of
patients newy infected with H V-1. This exanple provides a neans and

met hod for G5PRgtREr 88TEIRAL endo te SaFE6enE obi e PRI del g fvaliededent of

H V- 1. ThlsFor‘ example, virus neutralization is evaluated prior to

vaccination,‘ durlng a course of ryaccipationr_wand DR
‘incremental time points after the course of vaccination is
completed. 'In one embodiment, virus neutralization is
evaluated for preventative vaccines. In another embodiment,

virus neutralization is evaluated for therapeutic vaccines.

In another embodiment, virus neutralization is evaluated for
samples collected from a large number of different patients.
In a further embodiment, virus neutralization is evaluated
for samples collected from a large number of patients
representing different virus and patient populations. Such
patient populations may include, but are not limited to,
newly infected patients, chronically infected patients,
patients with advanced disease, patients undergoing
antiretroviral therapy or immuno-therapy, vaccinated and
unvaccinated individuals. Such virus populations may
include, but are not limited to, viruses with distinct
genetic characteristics (clade A, B, C, D, E, F, G), viruses
susceptible to antiretroviral drugs, viruses with reduced

susceptibility/resistance to antiretroviral drugs, primary



exanpl e further provides a neans and nethod for using H V-1 co-receptor
tropismto guide the treatnent of patients that have received previous
antiretr owig@loodygeat ment with a virus entry inhibitor. higtgeensden
further provides the neans and nethods: for .using. H V-1 co-receptor
tropismto -guide the treatnent of patients that have not received
previous treatnment with a virus entry rdAibitor. In one enbodi nent, the
co-receptor troﬂp}igm of a gat'ent's virus_is used to guide the treatnent of
Png FG

a patient faff €5nt9r e PEEF pRkSsSs fRAt IERItiHelBne ol neréture
co-receptor (gptagonlsls.-dreat f aj ( ferred as_.virol ogic
failure) is g(general Iy defel ne gsgegglrop ?g%#égd.s\zip%%é%% ’vgsr}gqrﬁ}%tgﬁré dflféggment
resul ting in(8et ecvdliuees evet s rafn-\dymidsst whi cihdisciy@i cakby) measupgdgi n
the patient plasma). Quidance may include, but is not limted to, (a)
clarificati oRreFoRRaIRt (W] oyeREc riigiusgsvi Talceildad T)n tropdtetirpaesentd
(i.e. poor het e . dr i stance, change in co- receptor tropism, (b)
clarificati 3%1% g%é?ﬁgblldg érgég%t\r’le]é‘tl?‘r%ﬁt options, (c) selection of nore
active treatnent reginens, and (d) reduction in the use of inactive and
potentially toxic drugs. Mnitoring co-receptor tropismin patients _
recei ving treeReeyPiy eRatrREsanfapohient HEY samphesal significance, since
drug pressurg. &y LesWdoddha 80 -85 switch to
CXCR4 co-recept oro{jr opl sqm X4 sﬁ%éé%@%%%?%ﬁ%{c%p%%gp%% |O§m ‘ar 8
associ at ed wldnaspderérvedr dgnesimt icarpasasis 0 BanvbeusemlGedd by any
co-receptor tropism. In this enbodinent, resistance test vectors are

derived from%Paday i dmilakis Dsestcand noeFeEHoH6r shiBcepei Bnbpdjment
vari ous co-r or. IS i e phenotypic virus__ent .

-assay-. -- .C?%ﬁeeclég{é gq?:q%%’aégﬁ #% ggHrria\g Slih)“gfeluede%@qﬁluetnca%’se a‘—’%?‘éf%ﬁ?‘%ﬁﬁ% 0,
AMD3100, AMESHIg TAKETIRNBRQWZfizBlion, RT/PCR and dideoxynucleotide

chain terminator. sequencing chemistry. and capillary .gel. -

electrophoresis (Applied Biosystems, Foster City, CA).
Envelope sequences of patient virus pools or clénes are
compared to reference sequences, other patient samples, or
to a sample obtained from the same patient prior te
initiation of therapy, if available. The genotype ig
examined for sequences that are different from-the reference
or pre-treatment sequence and correlated to differences in

entry inhibitor susceptibility.

Antibody mediated neutralization of genetically characterized

viruses

Envelope amino acid sequences that correlate with virus
neutralization are evaluated by constructing envelope
expression vectors (pHIVenv) containing a specific mutation
on 2 defined genetic background (e.g. NL4-3 for X4 tropism,
JRCSF for R5 tropism). Mutations may be incorporated alone
and/or in combination with other mutations that are thought
to modulate wvirus neutralization. Envelope mutations are

introduced into pHIVenv vectors using any of the broadly



peperidin-lyl butane__ conpounds. Appropriate treatnent decisions are
based-on the results of the virus entry assay (e.g. see Figure 4B).and
addi t i onawoOroelogazsht | aboratory test results and clinical pPCafusoretoron. I n
anot her enbodi nent, co-receptor tropismof a patient's virus is used to
gui de the treat rrent of patients that have 80 not been previously treated with
antiretroviral reginens that include one nore co-receptor antagonists.

Qui dance may __incl ude, but n mtedto clarification of the
basel i ne co- raé’c?é‘gtagget r%%’f}%‘?f? g)’rcl%lrfr?l%?%? fMAGAFPRABFES dr ugh one
treatnent opth®R%imcek Sl %&'soe OLknfoLe 26k NboRedl d)
reduction in the l}éne of i1 nacti venanél1 ISot g?\%l é??y f’gﬁ“%?d%ﬁgsg‘ glt%e%r T%-O%I ng
basel i ne co- lsacteptdmrecttledpmsmdm&:gml {& caskdcl(sarkak,Si@ni f#h€aBttmer,
Treatnment with the ag?r opri ate co-receptor antagonist (RS vs. X4

tropism, or SaftagdAPSts (I’ ‘feﬁﬁblvﬁﬁt@F ﬁP?&'é@llM%l%rﬁpﬁ%lfllq lesTe liape

result mag;grt poLent e. i s, enbod

resi st ance test%\/teciﬂorsr at? Lgﬁerl Vegu%§§%8§§ Sarfal &5 St%\ﬁdr us” Samp anE Yngus
tested for suseenti Bebayy de®cMPHPUSHVIERSmSIY I . 'nhléﬁé&rﬁ&sbﬂgﬂo%%y
phenotypic virus entry assay. Co-receptors antagonists may include, but

are not I|nptfé@atf@tlAN@?,lO(ﬁl"AI\/DBG@&,llTAKaTQQtE’RIBéQ andnopépesnildi nelfyl
but ane conpoung pr opr ?b treat ment WO 02/099383 PCT/ USQ2/ 18078 -86
deci si ons arE° é.’§ oS B e R us EHYY HsdaytilVanglected

addi ti onal r%‘a%‘i@m:sl ab@fatQéJYurE esfrérﬁs"l/latc,%ﬁféqt.e@ i @Eﬁ%l\rldlz:lr%l% n%%tlnonbe
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compared to antibody neutralization of a-genet’cally defined
virus thi3€ lacks the»Specific«ﬂmtationS'under‘evaluatibn.
The ability of a specific mutation to confer, alter, or
prevent antibody neutralization is confirmed or disproved by
introducing the mutation into well-characterized reference
virus and evaluating the antibody mediated neu:ralization of
the mutant virus in the virus entry assay as described in
Example 6. Observed changes in virus neutralization are
attributed to the specific mutations introduced into the

pHIVenv vector.

In one embodiment of the invention, genetic determinants of
virus neutralization are identified by evaluating amino acid
sequences within the V3 loop of the gpl20 surface envelope
protein. The amino acid sequences under evaluation are
identified by comparing the amino acid sequences of large
numbers of viruses that can, or cannot be neutralized by
various well-characterized antibody preparations, patient
sera, or sera from vaccinated individuals. Consistent
differences in V3 loop amino acid sequences between viruses

that can, or cannot be neutralized are selected for
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Couturier, NBC189gubg€i£u@qéﬂéigﬁéﬁlchange that elicit, alter, or prevent

antibody neutralization ware deemed important to virus

neutralization.

In. a related .embodiment. -of —the -invention, genetic-
determinants of virus neutralization are identified by
evaluating amino acid sequences witkin the entire gpl20

surface envelope protein.

In a vrelated embodiment of the invention, genetic
determinants of virus neutralization are identified by
evaluating amino acid sequences within Lhe gp4l transmembrane

envelope protein.

EXAMPLE 8
Measuring Susceptibility to Virus Entry Inhibitors to Guide

Treatment Decisions

This example provides a means and method for using virus
entry inhibitor susceptibility to guide the treatment of HIV-
1. This example further provides a means and method for
using virus entry inhibitor susceptibility to guide the
treatment of patients that have received previous

antiretroviral treatment with a virus entry inhibitor. This
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Lynphocyte Chenpattractant Sdf-1 Is a Ligand for Lestr/fusin and Bl ocks
Hiv-1 Entry. Nature 382:829- 33. 9. Bridggg G J, Skerlj R T., Padmanabhan
S., Martellucci S.A, Henson GW, Struyf“S., Wtvrouw M, Schols D., and

De Cercqg E 1999. Sﬁnt @esi ?s? and St r,éct ure- activity Relationships of
Phenyl enebi s(HeYFYTERB) SUFFAREd PERY192SnkBrPoBFamEs Fhime Hre®Y t£9F \uainad

H V- 2 Repli cabhon by Antagonk s plsddes shanok) e Recep & e adelBY
Chem 42:3971-81. WD 02/ 099383 PCT/ US02/°18 %8 05 %ﬁ’%p%n (ca%%eatflﬁ?%
Cooper D. A, & sphtieM A theat éblve hoM reGazzad B:rioantesatnddts wEsch
Ms., Jacobsen D.M, Katzepstein D. A, Mntaner J.S., R chman D., Saag
M S., Schecht®r/MYs FHoHY ey RE1EOT Thorpson M A, Vello S., Yeni P.G, and
Vol berding P.A 2000. Antiretroviral Therapy in Adults. JAVA 283:381-89.
11. CDC (Centers for Disease Control and Prevention). H V/ AlDS
Survei | | ance Repati¢ , ehBO8ih&hn0. the. shdcefofibiingtd. Mr 1285 ed# \s RppubaLson
Dynamics in Vivo: Inplications for Genetic -Variation,- Pathogenesis, and
Therapy. Sci éifc& 1287 A85-89i nlyid i s {Dajsmd entIwideeddie hozgrtemant
Servi ces). -y Kaj ser. -Fam |y .Foundat i.on: Guidelines for.th e of
Antiretrovir stlﬁélel%lt Zfe“’}lr%ﬁ%ﬁ\ﬁr?ﬁer&téa"#ﬁﬁh §egﬁﬂenﬁdgh@§céﬂ?§g‘§§ﬁ?ﬁ 2
2000). 14. Geidgles, Wrud . lentPoul senipTtoFBi st edrrdaKmeN €l B9Mure (also
referred to as virologic failure) is generally defined as
partially suppressive antiviral treatment resulting in
detectable levels of virus, which is typically measured in
the patient._plasma). .. Guidance may include, .but-is. not-
limited to, (a) clarification of available drug treatment
options, (k) selection of more active treatment regimens, (c)-
clarification of the etiology of rising viral load in treated
patients (i.e. poor adherence, drug resistance), and (d)-
reduction in the use of inactive and potentially toxic drugs.
In this embodiment, resistance test vectors are derived from
a patient virus samples and tested for susceptibility to
various virus entry inhibitors using the pherotynic virus
entry assay. Virus entry inhibitors may include, but are not
limited to, fusion inhibitors (e.g. T-20, T-1249), co-
receptors antagonists (AMD3100, AMD8664, TAK779, PRO542, and
peperidin-1yl butane compounds) and CD4 antagonists (MAb
5A8) . Appropriate treatment decisions are based on the
results of the virus entry assay (e.g. see Figure 4B) and

additional relevant laboratory test results and clinical

information.

In another embodiment, the susceptibility of patient's

viruses to virus entry inhibitors is used to guide the
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important for two reasons. First, the natural susceptibility

of viruses to entry inhibitors can vary widely (e.g. see
Figure 43). Second, the increaSed use of virus entry
*~inhibitorswwill"undoubtedlyiresﬁlt*in the generation ©. 'druq‘i
resistant variantsithat can be transmitted to newly infected
individuals. In this embodiment, resistance test vectors are
derived from a patient wvirus samples and tested for
susceptibility to various virus entry inhibitors using the
phenotypic virus entry assay. Virus entry inhibitors may
include, but are not limited to, fusion inhibitors (e.g. T-
20, T-1249), co-receptors antagonists (AMD3100, AMD8664,
TAK779, PR0O542, and peperidin-1lyl butane compounds) and CD4
antagonists (MAb 5A8). Appropriate treatment decisions are
based on the results of the virus entry assay and additional

relevant laboratory test results and clinical information.

EXAMPLE 9
Measuring HIV-1 Co-receptor Tropism to Guide Treatment

Decisions

This example provides a means and method for using HIV-1 co-
receptor (CCR5, CXCR4) tropism to guide the treatment of HIV-

1. This example further provides a means and method for



Mechanism proc. Natl. Acad. Sci. U S a 94:13426-30. 19. Kilby Jm Hopkins
S, Venetta Tm Dimassino B, Coud Ga, Lee Jy, Alldredge L, Hunter E,
Lanbert DyoO 02Bm3eynesi D, Matthews T, Johnson M, Nowak MrCTRisami80@n and
Saag Ms . 1998. Potent Suppression of Hiv-1 Replication in Humans by T-20,
a Peptide Inhibitor of Gp4l-nediated Virus Entry. Nat Med 4:1302-7. WO
02/ 099383 PCT/ US02/ 18078 -90 20. I\/ascol”g,‘l'J.r., G Stiegler, T.c. Vancott,

H  Katinger, C. b'H penter, C.e. Hanson, H. Beary, D. Hayes, S. s.
Frankel , D. 1%S8PExaid MY TAERTET 2660P1SPr bPeS8R ShraVvHetRRIgRSRgaPist

Vagi nal Transgisshea efiai;Rath qf LV I vaChimey ] by Passive
| nf usi on of r‘l%eut rali zi nglAr:%t ?boggggkgRg%ﬁ%%é%bdd%bzoﬁgﬁ%@lé%? M yogﬁ‘il,s H.,
B. Urike, MnTakahashifurEher Gxgeidasd the meavy mmd M@&hodevebspuBahgof a

Self-inactivating Lentivirus Vector. J. Virol. 72:8150-5157. -22.
-Navi aux. , . RK'T E°-€2SeRRT  tHarismso sidde mheverratmenyoef mhRsipoks

Vector System.,1Rapid uGt | _.Helper-free, Hgh-titer, Reconbi nant
Ret r ovi ruses. W?Jﬁ %r%??ggoﬁggg%ﬁhb& 23. Petropoulos, Cj., Nt. Parkin,

KiIl. Limoli, Y.s. Lie, T. Win, W Huang, H Tian, D. Smth, G a.
Wnslow, D. Capon and J.m Witconmb. 2000. A Novel Phenotypic Drug
Suscept i bi | i T AR F it BHoyiges asnerns cred metdmet £0& asémg #4ro20HITS.

24. Phrma (Pharpaceutical ,Research and .Manufacturers of jica). W
Medi ci nes i nflﬁgg’?%%%ﬁ?rftoﬁo%s& ol@é’@r!gael—lt%: %Fﬁﬁé\f“ﬁﬂ? _rr%éggé\.’“%s. kStty,
C., E Race chBmfBsti@thdr Bedeldes £ medley BV Mnethhodi P $rv-1
Gonzal ez-canali, L. Wiss, F. Cavel, and M Kazatchkine. 1999.7 Effi cacy

co-receptor tropism to guide the treatment of patients that
have received previous antiretroviral treatment with a virus
entry inhibitor. _This invention further provides the means
and methods- for .using HIV-1..co-receptor -ropism-tc guide “the
treatment .of patients that have not received previous

treatment with a virus entry inhibitor.

In one embodiment, the co-receptor tropism of a patient's
virus 1is used to guide the treatment of a pstient failing
antiretroviral regimens that include one or more co-receptor
antagonists. Treatment failure (also referred to as
virologic failure) is generally defined as partially
suppressive antiviral treatment resulting in detectable
levels of virus, which is typically measured in the patient
plasma). Guidance may include, but is not limited to, (a)
clarification of the etioclogy of rising viral load in treated
patients (i.e. poor adherence, drug resistance, change in co-
receptor tropism), (b) clarification of available drug
treatment options, (c¢) selection of more active treatment
regimens, and (d) reduction in the use of inactive and
potentially toxic drugs. Monitoring co-receptor tropism in
patients receiving treatment with CCR5 antagonists has

clinical significance, since drug pressure may result in a
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peperldln 1yl butaneﬂ compounds. Appropriate treatment

decisions are based-on the results of the virus entry assay
(e.g. see Figure 4B).and additional relevant laboratory test

results and clinical  information.

In another embodiment, co-receptor tropism of a patient's
virus is used to guide the treatment of patients that have
not been previously treated with antiretroviral regimens that
include one or more co-reueptor antagonists. Guidance may
include, but is not limited to, (a) clarification of the
baseline co-receptor tropism, (b) clarification of available
drug treatment options, (c) selection of wmore active
. treatment regimens,  (d) reduction in the use of inactive and
potentially toxic drugs. Determining baseline co-receptor
tropism has significant clinical significance. Treatment
with the appropriate co-receptor antagonist (R5 vs. X4
tropism), or antagonists (dual tropism or mixed tropism) is
likely to result in a more potent and durable response. In
this embodiment, resistance test vectors are derived from a
patient wvirus samples and tested for susceptibility -to
various virus entry inhibitors using the phenotypic virus
entry assay. Co-receptors antagonists may include, but are
not lim;i.ted to, AMD3100, AMD8B664, TAK779, PRO542, and

peperidin-1yl Dbutane compounds. Appropriate treatment
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3' delta CT §' -GAT GGT CTA AGA CGC TGT TCA ATA TCC CTG CCT AAC TC- 3'

All Experiments are located in Virologic Bock number 0188

38 2.092 AMD
5:94 86 04
RLU 510 33

39 61, 594

376 261 31
I RS X4 85: X4
I 42,206 70
614 934 90

SUBSTITUTE SHEET (RULE 26)



19
R5:
65
40
31
R5:
45

32 33 34 35 36 R5 X4 65:
X4 RS X4 R6: X4 No Drug

¥

46

20 21 22 23 24 RS X4 R5: X4 R5 X4 RS: X4 R5 X4 RS: X4 R5 04 R5: X4 RS X4
X4 RS X4 R5: X4 No Drug RLU 100 5.204 0.02 11,299 52 217.29 1,273 20 63
7.375 WO0,0889383 68 4. 397 7.130 0.62 16,115 50 322. 30 1@E8TRISOR/B0060 22 26
6. 455 42 3,874 66 AMD RLU 344,232 1,129 3.961 2.283 1.655 1.285 11, 900
X4 R5 84 R5:04 R5 X4 R5: X4 R5 X4
amehl)y 32 5 53 24,739 33 749.67 612
13.60 2.997 9.695 031 416 31 13,42 L83 RLU 828 32 31 46 22 7,261 28 AMD

RLU 95 361 21.767 479 925 35 597 43 44 45 45 47 48 R5 04 R5: X4 R5 04 R5: X4

RS X4
714 4
716. 9L

55 56
85: 04,

12. 05
8, 200
69 70y
X4 R5
669. 3
RLU 2

X4 RS2

38 6.

4. 10711

1.105

65: 04%

175. 2

HRE
BI-RG-587 2 . pne-- - -(Ro;
BHAP PNU-80152T =Delavirdine™™ -1 Rescriptor — ~:%: . Pharmacia &Ug]ﬁhn e E
DMP 266 (L-743, 726) Efavirenz = . _ ..|.Sustiva . Du yont Pharmaceuticals gAvId) i
MKC442 (Coactinon) - Emivirine_ .. . o »Tnangle/Mitsubishl sKesel. - . -7 :

--AG-1549:(81 153) (on hu

¢l -PNU-142721 - : T

|-Eapraviting-—————

- -kgouron‘Phamtﬁmls— R T e i

DPC-961, -963 —083 -08?

DuPont Phannaceullcals —

$J-3366

Also entry inhibitor?

‘| 'Samijin Pharmaceuticals

BHAP PNU-87201 ...co... . ... .o

Atevirdine .. - -:

-1 Upjohn.

-] GW420867X (quinoxali'ryi

@ gen. HBY09T) |

GlaonVellcoma.;H chst Bayeg

| TMC 120 (R147681) Tibotec
1 TMC 125 (R1 65335) I Tibotec 2
] R86183 tivirapine -| Janssen Pharmaceulu:als -
Calanolide A - Ce aemes -{ -Sarawak Medichem:Pharmaceuticals ...
ERitteasEnmE :
| Ro 31-8958 Saquinavir-(hgc) Invirase Hoffman-La Roche
1 - . Saquinavir{sgc) | Fortivase ’ .. CoT "
-1 MK-639 (L-735,524) Indinavir Crixivan Merck Research Laboratoriey:
ABT-538 (A-84538) .} Ritonavir Norvir Abhott Laboratories
AG1343 Nelfinavir “Viracept - Agouron Pharmaceuticals
1 141Wo4 (VX-478) Amprenavir Agenerase . Glaxo-Wellcome/Vertex
ABT-378/ir Lopinavir/ritonavir Kaletra Abbott Laboratories'
BMS 232,632 (aza-peptide) - Bristol-Myers-Squibb
FNU-140690 Tipranavir Pharmacia & Ugjohn
DMP 450 (cyclic.urea) Mozenavir Triangle/Avid (ph-I/ll)

TMC 126 (Erickson's compound)

Tibotec

G/W433908 (VX-175)

) Glaxo/Welicome/Vertex

L756,423 (on hoid)

amiprenavir pro-drug

Merck

1 PD-178390 (dihydropyrone)

‘| 7 new candidate

Parke Davis (Boehnnger—lnglehelm)
Roche .

DPC 681 and 684

DuPont Phammaceuticals

AG—1776 JE-2147 KNl 764

“720 (gpa1)

Pentafuside

Trimeris Pharmaceuticals

T-1249 (gp41)

Trimeris Pharmaceuticals

SCH-C -

D-peptide inhibitor (gp41) smalt mol. Schering-Piough

AMD-3100 (CXCR4) (bicyclam) AnorMED

AMD-8664 (CXCR4) (macrocyclam) AnorMED -
ALX40-4C (CXCR4) - U.PA -

FP21399 . Fuji Pharmaceuticals

PRO 542 (gp120) CD4IgG2 Progenics Pharmaceuticals

PRO-140 (CCR5) MAb CCR5 Progenics Pharmaceuticals

T-22 (CXCR4) (peptide, 18-mer) :

Me}-SDF-1 {CXCR4)

TAK 778 (CCRS antagonist)

Takeda °

AOP-Rantes (CCR5)

Gryphon Sciences

SUBSTITUTE SHEET (RULE 26)

; —f. 13
1% 8‘} 11 020 1E- 6 BERLIIS o0 | Brademark ;5 |, U 17 24.377(34
07 5 L : 116, 045
7 1 idbvadi SRetrbVit: A% X0 | khxoARelichthe O - 7 . tRo X4
’e X4 _R6. X4__No DY gaminiding, 257 | Prair346 0. 39 GlaxgMidiicomd). 3023 026 210 39
*8Y65 126 152 18 H13 31 44555 ' 4.4 [Slaxopiell 40 38
e -36—31 . 67 68
it (7 RS X4 RS X4 |Raici ; R X4 R5
| 1682U89 He RLU-3- Hn“?bacw 5004 M 437 38
f‘%ﬁ%fmm IGn#fbidome 0 43P 00 ~ 53 R AVD
‘8%“2‘65?4505@5 14 74Sedrd, 708 12/ 486 79 B0 AR X4 R5
I Caghas: g’aﬂg‘??m RS-—¥4—R5:-X4-R5-: | 263
A X ng :
7 3
,86 45
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3,980 31 126 65 193 RLU 19, 258 54 49896 77 25.542 5400 34 AVD RLU 32
12188. 40 7.226 32 39 3,6114 9%nhib by 183 27 109 31 100 33 25 pi. % nh(b
b AVMD 100 14 09 67 100 29 13 14 15 16 17 18 AS X4 R5:X4 R5 X4 R5: X4 R5 04
R5: X4 AS X4 R5: X4 AS X4 R5:X4 AS 114 R5:84 No Drug RLU 4,552 19,102 0.24
149 226 0.66 67.389 72 93596 681 19.715 003 46 3, 94E 0,01 21,14 4.330 007
L83 RLU 28 9,950 40 153 99 30 14,985 2053 30. 11.9 16, AMD RIO 938 76 6.00
41 24 42,295 76 1,022 152 25 40 %nhib by 103 99 48 73 32 100 95 24 25 07
33 %inhl bb AVD 82 100 72 B9 37 08 95 96 91 9:' 25 26 27 28 29 30 AS X4
R5:04 AS X4 R5:X4 AS X4 R5:X4 AS X4 R5:X4 AS 24 R5:% AS X4 95: X4 No 0r00
RLU 67,828 68 997 47 14,982 12,020 1.25 3.788 4,384 086 50 37 656 242 2 72
231 2:. 6 60 L83 RLU 129 111 10.839 59 3.397 32 221 47 AWMD RLU 51 , 146
8,500 3,304 2,049 5J0, 493 38 210 9%Ohib by 103 100 99 ' 98 23 95 80
07Inhib by AVD 27 43 72 46 88 25 84 37 38 39 40 41 42 RS X4 R5:X4 R5 X4
R5: X4 R5 X4 R5:54 AS X4 R5:X4 AS X4 R5: x4 AS X4 95:9% No Drug RLU 100 39
3,724 2,310 1 61 450 668 0 67 4ﬁbi 20 32 22 60 61 4 L83 RLU 38 2,656 37
463 33 AND RLU 1,984 272 206 e BRanel @) 183 99 (15) 92 31 76

‘Rantes 9-68 (CCR5) .
_CCRS antagonists " 4-(piperidin-1-yl) . Merck
butane class .
- Immunoklne-NNsos CCRS CXCR a—cobratoxm

T e T Sl B P i s L g L e Tal
AR-177

. leeto acids _____

(see PNAS 96 4886-4891 (1 999)) o
Achellon Pharmaceutlcals

SP1093V (BBNH Fosa denvatuve) . o (Parmal;)

FDA approved drugs are shown in boldface,red dlscontmued development blue not sure about development status
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97,675 by AVD 47 BB . 54 89 49 50 51 52 53 54 AS X4 R5: X4 AS X4 65:54 RS
X4 R5:54 R5 04 65:114 AS 04 05:61 AS X4 85:54 No Drug RLU 35 107 033 63
4,709 002wWo01200988. 451 214 31.257 38 103308 5413 40 13533 KM/TD21985010
0.83 RLU 68 3.502 13,696 6,220 65 35 30 AMD RLU 31 BE, 16,980 6.711 27.832
5,043 46452 M, 11, by 183 36 17 23 26 100 90 100 % nhib by AVD 66 98 137
29 So 61 62 63 64 65 66 RS X4 R5:X4 AS X4 85: X4 AS 04 95:54 R5 04 05:54 AS
X4 05:04 RS 54 95:24 No Drug RLU 3.768940 94.23 786 48 16.38 340 21 1619
5,189 43 12067 4,318 37 116.70 196 51 384 183 RLU 29 39 31 34 28 23 AMVD
RLU 2, 772 797 262 5,356 3.461 184 y 95 97 99 99 89 %nhib
by AMD 26 11) 17 131 20 73 74 75 73P%??h§‘¥d§%¥i gg)x4 RS X4 RS: X4 AS X4
85: X4 AS X4 R5-X4 R5 X4 R5:X4 R5 X4 R5:X4 No Drug RLU 391 26 15 04 98 38
4.449 28 158 89 4,357 9,102 0 48 6,090 105 58 00 1 886 3,635 0 62 163 RLU
50 43 34 7.932 73 77 38 2.092 AND RLU 340 3752 906 36 4, 473 51 279 27

% nhi b by L63 87 99 99 13 99 27 91'. 42 9%inhlbb AMD 13 16_79 100 27 Si 05
90 05 66 ?n%ﬁ=%@m 0 RS X4 R&axﬂngﬁhXAFEE;54 R5 X4 95Xx4 RBAAPPIYals RS x4
R5: X4 R5 ﬁgb aip “1No Dr ug 510 33 1 59 59 16 59 ? 33 14 88 300
3,015 0 0&" 5 0. 0839 E1H04 0 0 ; 4% 55 49 703,661 12

2. 946 56 ; U 564 013346 286 3 ﬁ % nhi G, 0y6sl03 42 94 90
90 09 v i1 17 23 11,99 14 99 |B;gt°| M@,sqsa,pobll 12 juhS47 04 05: X4 RS

X4 65: 04 Bedindoa®d RS X4 OSEfMr RS X4 @% ‘05: 04 NevdppegiosLU 30
1. 217 002 s#Rinkyir Z0\0Adc 12106 hAra69294 45+oﬂfma.59a G&éhe44 509 DBZendap®s 32 29110

000 103 Ruduinddi4 B4 sdeXl 761 BhtoRde779 -Hoffman-La-Roche Noverriber 97
ritonavir, RTV ‘Norvir - Abbott Laboratories March 96 -
indinavir, IDV' Crixivan Merck & Co., Inc. March 96
‘nevirapine,:NVP Viramurie '.Boehringer'lngelhe‘im‘ Jurie 96
nelfinavir, NFV. Viracept Agouifon Pharmaceuticals  March 97
delavirdine; DLV Rescriptor Pharmacia & Upjohn April 97
ZDV+3TC Combivir- Glaxo Wellcome September 97.
.efavirenz, EFV Sustiva DuPort Pharmaceuticals ~ September 98:
abacavir, ABC Ziagen _ Glaxo Wellcome February 99
‘amprenavir Agenerase Glaxo Wellcome April9g =
lopinavir/ritonavir Kaletra Abbott September 2000
ZDV+3TC+ABC Trizivir GlaxgSmithKline Noveniber~2800
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AVD RLU 42 37 33192 33 30.51C : It 9%nh7b by 103 33 17 100 34 100 23 vy
% nhl bb AVD 1-'7 97 21 97 32 1161 19 20 21 22 23 24 AS X4 R5: X4 RS X4

RS: X4 AS WO 0RB9B43 AS X4 R5: X4 R5 X4 65: X4 AS X4 R5: X4 No PDIUORLSY78 00
0,204 0.02 11,209 52 217 29 1,273 20 63 65 7.375 10.856 0.68 4.397 7, 130
062 16,115 50 322 3U 103 RLU 3,058 22 26 40 6455 42 3.874 68 890 RLU 34 M
1.129 3 961 2,21712 1.656 1,285 11,0980 9% nhib by 183 41 130 90 99 1 99 46
100 %nhib by AMD 27 11 46 79 62 07 26 3121 32 33 34 35 36 AS X4 RS: % AS
X4 R5: X4 AS 04 R5: X4 AS X4 R5: X4 AS X4 RS: % AS X4 R5:X4 No Drug RLU 53
974 0 05 177 32 553 24 739 33 749 07 612 45 13 60 2.997 9.695 031 446 31 13
42 183 FEEFBRE 3248 991261 28 AMD 010 95 361.21.467 479 925 35 597

H cti it: 101 mr; ikt XCR4 CRS D AL D
% nhib by“TUY3"15"82 100"Y2"99 25 9FofFhI"BL™MMD 4077041 12 22 69 100 (44)
3
43 44 45 45 47 40. A Xd &5 5duASe ozfuR5a§ X4 AS 04 4:95: 2 R 54/ 85: 04 Rixl74
o G .'14 s 1 128,
03: 54" A&iuxa o% X4 No pggug "RUTF 457388 01357145 45° 71587 41. 0% bb 61279
AMD RLU 323 7,226 32 £
7.908743767 153;99,‘4" 0 209, L{ 24, 3F 3471597, W‘ /-gLL"x;U(s 31" 5103 373 59
AND |Rits rtu9 35§ 8139042, 3306?22121 9”._‘360435 w54 nhi e by 03 39« 1"m 1@0 @‘9 49 100
% nhib=t-iaAND 91 4924 66, 59580 05 04.55: 54 XS 54 05 84
. RS Xa 5: . . . R X4
AS 0411 DQg5(r.UO4 955 X%‘a 47 5487 A§)70X4‘1. 53.7134 4.35 / QS . O;w m Ug:;» RE'EJ .’l1254ﬁ 2.3 846
3347 h 1
039 |5..249 20,393 026 42D 3% 1205.:19°475 126 15218 613 3% 1655 3, 264 28
- 29 4D tl 2
11657 103 RLE 43 9s:d{50s 308,280 37 26 rdiH3 x35“:30 rnsAVD e:RLUL 2 peill O rs4 0Fxa? 6| 38
100 s 2¢ 330 61 450 7 2 0
310 195638 B5°500°"3,U38x 5k011"byx L33 100 62 99 59| 9F od 8 g2 g
o Ll TAMDRIY e =5 AS—xA ‘
/0 nit DLy A LU ‘QJ? RS:X4 o U 4 ] X4 RSx4 RS’ a4 R XAX4
o B 5
R5: X4 o X4 R§: (y&y Réas X4a R"‘_f X[f ofR5e. o§(4 54&5 x 39,&8 >éd] 1% Xaz 46 13533 w7733 20 337010
L83 RLU 6E 13,8696 B 38 0
AMD RLU 34 16,980 8711 27.832 5,043 aBany
3] T 5] 7] 5 3
RS x4 Rsxal RS X4 Rs4 RS ¥4 Rsx4| RS X4 RSx4 RS X4 REX RS Xe  Rs:xd
No Drug RLU 3,769 40 94.23] 786 A8 16.38| 340 21 | 16:A9 5,189 42 12067 4,318 a7 116.70| 196 51 384
L83 RLU 29 39 31 34 28 3
AMD RLU 2773 797 287 5.356 3461 162
73 74 75 76 77 78
RS X4 R5:X4 RS Xe R5:X4] RS X4 R5:X4| RS X4 R5:X4 RS X4 R5:X4 RS x4 R5:X4/
No Drug RLU 301 % 1504 58 35 NN .049 28 15889 4357  9.107 048 6090 105 56.00( 1.886 3635 052
L33 RLU 50 43 34 7.932 73 77 38 2,082
AMD RLU 340 3,757 906 36 4473 51 278 27
1) 1] 87 88 89 90
RS xa  RsX| RS XM R5XA RS x4 Rsxd| RS x4 Rexel RS x4 Rsxe|  Rs X&  REX4
No Drug RLU 510 33 16.45 979 50 16.58 491 3 14.88] 300 3,815 .~ 008 297 3615 -- 0.08 39 61,594 0.00
L83 RLU az 55 49 28 3,661 32 2,936 56.739
AMD RLU 564 813 76 268 3% 256 30 20
7 s g 0 0] e}
R% Xa RE:X4| RS x4 R5: X4/ RS X4 RE5:X4| RS Xxa R5:X4/ RS X4 RS: X4 RS X4 RE:X4|
No Drug RLU 30 1217 - 002 49 1.128 D.04 42,206 70 602,94 45 1,159 004 44 589 a7 459,66 aa 29,118 0.00
L83 RLU 814 534 %0 761 60 229
AMD RLU a2 3 33,192 33 30510 31
19 20 21 22 23 24
RS xa  R5X4 RS X4 RoX4 RS x4 Rsx4|  Rs X4 RoX4 RS x4 R4 RS X4 Rs:x4
No Drug RLU W00 5204 . 002 11299 52 21729 1273 20 6365 7375 10856 056 4397 7130 062 a1 5 32230
L83 RLL 3,058 22 26 40 6,455 42 3,874 Bl
AMD RLU 34 8,237 1.129 3,961 2.283 1,656 1,285 11,980
= ] ) ] K] £
RS x4 R5:X4] R5 X4 RS: X4 RS X4 RS:X4| RS X4 R5: X4 RS x4 R5: X4 RS X4 RE: X4,
No Drug RLU X} 74 0.05 177 37 5.83] 24,739 33 749,67 612 45 13.60] 2,997 98,694 (<3} 41 he3 ] 13.42
183 RLU 878 3 a1 48 2 728 28
AMD RLU u5 361 21767 79 925 35 a7
4 44 45 46 47 43
‘ RS xs Rsxa| ms X4 Roxa| RS x&  Rsxa| RS x4 Rsxal  Rs X4 RExa RS X4 Rsxe
No Drug RLU DL 013 71 a5 1587] 11020 16 61272 2.906 43 . 6763 t13ge7 | 31 7697
L83 RLU 207 31 ® - 31 7
AMD RLU 29 366 8,390 2,306 12.139 16, 045
53 £ G ) £ @
RS X4 R5:X4 RS X4 R5:X4 RS X4 R5:X4| RS X4 RS5:X4| R5 X4 R5: X4 21 xs RE5:X4
No Orug RLU 9,254 73,846 0.39 52489 20,383 0.26 470 39 1205 19.175 126 152.18| 513 31 16.55] 3.264 28 116.57|
L83 RLU 43 8,150 B 8,280 37 96 183 35 30
AMD RLU Prars 40 78e 38 310 19.638 35 500 3.038
67 [ 69 70 71 72
RS> x4 R5:X4/ RS x4 R5:X4! RS X4 R5: X4 RS X4 R5:X4| RS x4 R5: X4 R5 X4 R3:X4|
o Drug RLU 1853 77 5004 411 34 1208 7887 41 19183| 25437 36 66039 17.443 4 eree| 16707 38 43966
L83 RLU an 22 42 35 40 104
AMD RLU 2,106 253 4,595 14,749 13,708 12,480
o) ) 3 7} X ]
RS x4 Rsxd| RS X4 RE:X4 RS x  msxal  ms x4 Rsx4| Rs Xe RSx4 RS XA RSx4
No Drug RLU 262 38 6.92] 3,890 9,577 041 2,089 1.698 1.23] 475 43 11.05| 8.475 k1) 223,03 4,107 k] 124:45)
L83 RLU kX) a4q 6.140 33 1.224 30 30 28
AMD RLU 143 986 45 1,105 160 150 6,867 2.571
5 52 5 [ (3 3
RS x4 Rsxa| RS X4 REX4 ) X4 msx4l  ms x4 Rsx4 RS X4 RS:XA RS X4 RS:X4
No Drug RLU 443 13.482 0.03 34 128238 0.00 22 62 [ 45 33 SN 43 42 I 46 35
L83 RLU 33 12,051 85018
AMD RLU 451 §1 45
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No

Drop

RLU 3,057 77 50 D4 411 34 12 09 7,857 41 191 63 25.437 38 66939

17,443 45 357,62 16. 707 439 56 L63 RLU 39 22 42 31 40 104 AMD RLU 2.108

253 4, 595w042/p98831.3708 12, 4136

2,5

71

% nhib by 183 99 95 99 10@CIOB09B07848 nhl bb
AVD 45 38 42 42 21 25 79 80 01 82 83 84 R5 X4 R5: X4 AS 04 R5:04 AS X4

R5: X4 AS X4 R5: X4 AS X4 R5: X4 R5 94 R5: X1 No Drug RLU 263 36 6,97 3,890
9,577 041 2,089 1.698 123 475 43 11@&1 8,475 38 22303 4,107 4_ 12245 103
RLU 33 44 6,140 33 1,224 30 30 26 AMD RLU 143 986 45 1.105 160 159 6, 062

%4 0978 by 103 8 99 36 98 26 94 100 99

% nhl bby AMD 46 75 100 47 9l

67 19 37 91 92 93 94 96 06 R5 X4 65: X4 05 X4 R5: X4 AS X4 R5: X4 AS X4 R5: X4
AS X4 RorKFEPRIR Ad4ARECREEN TEMBATEr ug RLU 443 13,452 0.03 34 126,236 0 00 22 62

a 45 33 .43 460 250000m0k53 RLU 3312051 sm018 AWDWRLU 151 51 45

by
02/
.

m G
V N
N U

% nhi b

rvm

- Q
n N N
nmm

4-0.0— 44 an o o4 M-
Y H
S5 T1, 1034 78 ni bor AVE) 172, 104,100 SUBSLT THIE SHEET [RULE2B) WD
000383 PCH weD2/4807#8 108*m © resv mrjmeN f=O m|MM MO erlmeN MO
e I VEVENEVEYRaNE SV ENEYEYENE NS NEN R VAN N e W NN N W LA N |
1h y , ) TV T 1|4 A ™V T T T TV LEA 15 w LI T v v 16 w TV T ~7 ]'n LI J LI J T T “ } T
! 5 R5Y4 RS Bt 5:1\ Nﬁ 4 iﬂd 4\ /] R 5:X 5 B
) Nmug RQ r - 52N19,|1\st V 01;4 r ugN . mn. 6 ) sgr r‘f o306 (» s’@ g 15M m V % taﬂ 0.0 \I V4 Vum m.ot
8. LU 8 9, 40] 53 99 O 11 14 94 2, 2818
NS r) mEMREV AlodN MR O N NN MM N N"" B NMOOR. NIND Heto r
7] 2 Fl 9 30
V V. N M,V R’ Mks$al NesN 0 NedN NN A VeeM Nes NN Mool T AN Pl sbixe RS X4 REX4
No Drup RLU 67.828 68 957.47| 14,982 12,020 128 3.788 4,38¢ 0.86 50 37 PSS 65R 242 272 231 35 6.60
L83 RLU 120 111 10,839 T a2 224 e
AMD RLU 51,146 8580 3,384 2,040 538 493 38 219
35 38 38 40 A 42
RS X4 R5:X4 RS X4 R5:X4 RE X4 R5:X4 RS X4 RSX4 RS X4 RS:X4 RS X4 R5:X4
No Drug RLU 100 3g 3724 2310 161 450 668 0.67 148 24 617 32 22 60 61
L83 RLY 3B 2656 37 a62 33
AMD RLU 1.984 272 206 7 13y
as €0 Bt [3] 53 54
RS x4 R5:X4 RS X4 RS5:X4 RS X4 RS:X4 RS X4  R5X4 RS x4 RS:X4 RS X4 R5:X4
No Drug RLU s 107 0.33 8 4209 002| 18098 8,451 214| 3257 38 1032.08| 5413 40 13533 97.733 26 337010
L83 RLU 68 2502 13,806 6,220 € 3t 30
AMD_RLU 34 &8 16,980 8,711 27.832 5.043 48,452
€1 €2 53 €4 3 3
RS X4 RE&:X4 RS X4 RE:X4 RS X4 RS:X4 RS X4  R5X4 RS x4 RE:XA RS X4 RS:X4
No Drug RLU 3.769 40 94.23 786 45 16.3¢ 340 21 6.9 5180 43 12067 4,316 37 11670 196 51 3,84
133 RLU 28 39 31 a4 26 23
AMD RLU 2,773 787 282 5.356 2.461 184
73 74 3 76 77 78
RS X4 R5:X4 RS X4 R5:X4 RS X4 R5:X4 RS x4 RS:X4 RS X4 RS:X4 RS x4 RS5:X4
No Drug RLU 391 26 15.04 o8 38 4.449 2t 15689 4357 6102 04| 6.u80 108 58.00| 1.886  3.63% 0.52
L83 RLU 50 43 34 7,002 79 77 3 2002
AMD RLU 340 3,752 806 36 4,473 51 279 27
[3 (3 37 (D) 89 90
RS X4 RE:X4 RE X4 RE:X4 RE X4 RS:X4 RS X4 RS RS X4 RS:X4 RS X4 R5:X4
No Drug RLU 510 33 1545 979 £ 16.59 491 33 14,88 300 3815 0.08 297 3,615 0.08 3% 61,594 0.00
L83 RLY a2 3 49 26 3661 32 2946 56,736
AMD RLU 564 813 376 266 36 256 30 40
7 ® ] 10 11 12
RS X4 R5:X4 RS X4 RS:X4 RS X4 R5:X4 RS X4 REX4 RS x4 RS:X4 RS X4 RE:X4
No Drug RLU e 1217 0.02 4@ 1128 0.04] 42206 76 602.94 45 1159 0.04| a4 hao 57 45968 32 2e8 000
L83 RLU 814 934 90 761 60 20,274
AMD RLU 42 a7 33,102 33 30,510 33
19 20 21 22 23 24
RS X4 RS:X4 R5 X6 R5IX4 RS X4 RS:X4 RS X4 REX4 RS X4 R5:X4 RS X4 RS:X4
No Drug RLU 100 5204 002 11,200 52  217.20) 1273 20 6365| 7375 10856 ose| 4397  7.130 062{ 16115 50 32230
L83 RLY 3.058 22 26 40 6455 a2 3,874 66
AMD RLU 34 8,232 1,120 3961 ' 2283 1,656 1,285 11,880
£ . az a3 a4 as ki
RS X4 RSiX4 R5 X4 R5:X4 RS X4 RS5:X4 RS X4 REX4 RS X4 RE:X4 RS X4 RE:X4:
No Drug RLU 53 974 0.05 177 32 553] 24739 33 74967 612 45 13.60| 2,067 9,695 031 415 ) 1342
183 RLU 828 32 a1 48 22 7261 28
AMD RLL 95 361 21,767 479 u2s 35 507
s A 45 a6 a7 ac
RS X4 RS:X4 RS X4 R5:X4 RS X4 RS:X4 RS X4 RSX4 RS X4 R5:X4 RS X4 RE5:X4
No Drug RLU a5 338 0.13 714 a5 15.87| 11,020 18 612,72) 2.908 43 67.63| 13,097 52 260.17) 24,377 34 716,97
LB3 RLU 207 3N 18 3 7 59
AMD RLU 29 366 8,390 2.306 12,139 16,045
3 3 57 3 59 60
RS x4 R6:X4 RS X4 R5:X4 RS X4 RS:X4 RS X4 RS:X4 RS X4 RE:X4 RS x4 RE:X4
No Drug RLU 9,254 23846 038 5248 20,383 0.26 410 39 12.05| 19175 126 15218 513 31 16.55)  3.264 28 116,57
L83 RLU 43 9,150 38 8200 37 96 183 36 k1
AMD RLU 2.219 40 784 3B 310 19,638 35 500 3,038
o7 €2 55 - 70 71 72
RS X4 RS:X4 RS X4 R5:X4 RS X4 R5:X4 RS x4 RE:X4 RS X4 R5:X4 RS X4 RE:X4
Ne Drug RLU 3,653 77 50.04 411 3 12.08) 7.857 41 191,63| 25437 38 669.39| 17,443 45 38782 16707 38 43966
L83 RLU 3g 22 4z 35 40 104
AMD_RLU 2,108 253 4,595 14,749 13,708 12,486
78 80 (X 32 [X) 24
RS x4 R5:X4 RS X3 R5:X4 RS X4 RE:X4 RS X4 REXA RS x4 R5:X4 RS x4 RE:X4
No Drug RLU 263 38 6.92| 3890  0.577 041 2089 1698 1.23 475 43 1105) 8475 38 223.03) 41w 33 12445
183 RLU 33 44 6,140 33 1,224 30 a0 2§
AMD RLU 143 986 a5 1,105 160 159 6.862 2,571
E3] 92 93 [ 95 56
RS X4 REX4 RS X4  RS:X4| RS X4 RS:X4 RS X4 R5:X4 RS X4 RS:X4 RS X4 R5:X4
No Drug RLU 443 13452 0.03 34 128,238 0.00 22 62 NN 45 33 a3 42 46 as
L83 RLU 33 12,051 85,018
AMD RLU 451 $1 45
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NNVNOmMmmM
m N NRFR S MV mN 7 N N
M N M lev. L uT\u/~| 11{' N O opism v%d timit: ' 5 N usL m n..y;.xnma Mz: N NNm
o —mM-m | \/ r N NN N e AN
—— c—H+m NNV 1N N-Nm-mr+—N-ON-ONH SN MNr O
5 RS: 5 M:x I%I X4y 7 Rg: R X 5:X4 RS X4 RS:X4 5 X4 X4
C)) t g NnDMRLE 3am&m \ "N MOM o& o \/ m I’zﬂ'ass\/aa,N Mo{% r *f 433¥IN o Et Ot ey N N m
V 83 RUY st%,n gé) 4,898 21 9,542 5468 34 "
m m \1;.10 mu mn m 3 O ) O mm N9 7 3 9 3,664
%inhib by L83 77 W00 3 100 k] 5 ot
sinhib by AMD 100 14 9e 67 100 99 8
13 14 % 1€ 17
RS X4 RS:X4 RS X4 REX4 RS X4  RS5:X4 RS X4 RS:X4 RS X4 R5:XA RS R3:X4
No Drup RLU 4552 19,102 0.24 148 226 065 67.389 77 9359 611 19715 003 46 3848 0.01 284 (124
L83 RLU 286 99% 40 153 99 30 14,885 2,953 1
AMD RLU 838 28 6,00 41 24 42,295 76 1022 152 25
winhib by L83 - 3 4E 72 37 100 95 2a 25 Ed
Atnhib by AMD 42 100 72 89 37 8y 95 % [
75 26 27 78 29
RS X4 R5:X4 RS X4 RS:X4 RS X4 R5:ka RS X4 RE:X4 RS X4 RS RS R5:X4
No rug RLU 67,828 &8 897 47| 14,982 12,020 125] 3788 4,384 0 86; 50 37 N 658 242 272 291 660
183 RLU 129 11 10,838 59 3397 32 n a7
AMD RLU | 51146 BSBO 3,364 2048 538 493 38 214
Zinhib by L83 00 — o5 IR 98 23 95 TCY 50
Sinhib by AMD 25 43 72 46 88 25 | 5|
37 38 3% 40 az
RS "xa R5:X4 RS X4  RSX4 RS X4 RS:X4 RS X4 RE:X4 RS RS X4 R&X4
No Drug RLU 100 38 3,724 2,310 161 450 668 067 148 24 €17 32 61
L83 RLU 38 2,656 a7 463 33
AMD RLU 1,984 272 206 72 138
%inhib by L83 98 (15) 92 31 75
%inhib by AMD a7 88 54 89 6
49 50 51 52 53 54
RS X4 RS X4 RS x4 R5:X4 RS X4 RS5:X4 RS Xa RE:X4 RS x4 R5:X4 RS x4 R&: X4
No Drug RLU 5 107 033 83 4,209 0o02f 18099 8,451 2 14| 39.257 kL] 103308 5413 40 13533| 97.733 P 3270 10
L83 RLU 68 3,502 12896 6,220 85 35 30
AMD RLU a4 BH 16980 8711 27.632 5.043 48.452
Sintib by LB3 36 17 23 26 100 5% 700
%inhib by AMD 65 98 6 13} 26 50
61 62 63 64 65 66
RS x4 RS:X4 RS X4 RSX4 RS x4 RS:X4 RS X4 R5:X4 RS X4 RSx4 RS X4 R&Xa
No Drug RLU 3,769 a0 8423 786 a8 16.38 340 24 1619 5,188 43 12067 4318 37 11670 19 1] 384
L83 RLU 29 39 31 34 28 2
AMD RLU 2773 797 282 5,356 3,461 184
%inhib by 183 99 S 91 98 95 BH
sinhlb by AMD 26 [0} 7 13 20 8
FE) 75 76 77 78
RS x4 R5:X4 ]S RS X4 RS:%4 RS X4 RS:X4 RS X4 RS RS X4  RS:X4
No Drug RLU 391 26 1504 88 4448 2e 158 89 4,357 9,102 048 €.050 105 58001 1,886 3,635 052
183 ALY 50 43 34 7.932 73 7 a8 2,002
AMD ALY 340 3752 906 36 4.473 51 279 27
“inhib by L83 87 99 98 13 99 27 ok az
%inhib by AMD 13 16 pid 100 27 51 [ [
TS 36 87 88 80 [T R
RS X4 RS:X4 RS X4 RS54 RS X4 RS5:%4 RS x4 R5:X4 RS X4 REX4 RS X4 RSx4
No Drug RLU 510 2 1545 979 59 1659 491 33 14 88 300 3,815 0.08 297 3615 0.08 39 61,594 600
L83 ALY 42 85 48 20 3,661 32 2.9 95,799
AMD RLU 564 813 376, 26k € 256 3L 4}
“inhib by L83 97 94 50 — o0 Y 89 10
%Inhlb bx AMD 111} 17 21 11 99 - 14 a9 100
8 9 10 1 12
RS R5:X4 RS X4 R5:X4 RS x4 RS5:X4 RS X4 R&:X4 RS x4 R5:X4 .R% X4 R5:1X4
No Drug RLU 20 002 49 1,128 004] 42200 70 602 94 45 1,159 o004} d4asBg 97 45968 3z 26 oo
LB3 ALY 034 0 761 60 2227y
AMD RLU 37 33,192 33 30,510 M
Sinhib by L83 17 100 34 100 ]
%inhib by AMD a7 21 97 32 itk
20 21 22 23 24
RS RS:X4 RS X4 REX4 RS X4 R5:X4 RS X4 RE:X4 RS X4 RSX4 RS X4 RSx4
No Drug RLU 100 0.02| 11,208 s2  21728| 127 20 6365 7375 10856 068 4397 7130 062 16,115 50 22 36
LBI RLY 22 26 40 6455 42 3874 66
AMOD RLU 8,232 1,129 3,861 2,283 1,656 1,285 11,080
%inhib by L83 100 L) 99 3] S a6 100
%inhib by AMD 27 11 46 78 62 82 20
32 k&) 34 35 36
RS X4 RSX4 RS X4 R5X4 RS X4 RS:X4 RS X4 RE:X4 RS X4 RS5:X4 RS X4 RS:XA
No Drug RLU 53 o74 005 177 32 553 24,739 33 74967 612 a5 1360] 2997 9695 031 416 3 1342
L83 RLY 828 32 3 46 22 1261 28
AMD RLU [ 361 21767 479 925 35 597
“inhib by L83 15 82 160 2 99 75 3
%inhib by AMD 20 {104) 12 22 69 100 {44)
) 44 45 46 a7 )
RS x4 RS:X4 ]S X4 REX4 RS X4 RS:X4 RS x4 RS:X4 RS X4 R5X4 RS X4 RSx4
No Drug RLU a5 33 013 714 45 1587¢ 11029 W 61272 2.908 43 6763] 13997 52 26947| 24377 4 TeeT
LB RLU 207 31 18 3t 73 59
AMD RLU 29 355 8,390 2,306 12,130 16.045
%inhib by L83 34 S6 100 98 EG 200
%Inhib by AMD " 49 24 21 13 a4
3 £ 57 3 59 60
R5 xa R5:X4 RS X4 R5:X4 RS x4 RE:X4 RS X4 RE:X4 RS X4 RS:X4 RS x4 R5:X4
No Drug RLU 4254 23,846 039f 5249 20393 026 470 39 1208 19475 126 152 18 §13 31 1655 3,264 2 11657
L83 RLU 43 9150 3B 8290 7 96 183 35 30
AMD RLU 2.21¢ 40 784 38 310 19.638 kL 500 3,038
“AINAID by L83 100 62 gg 133 o2 95 (;5) 53 o6
“Inhib by AMD 76 100 k23 12) 2
57 3 5 70 7 72
RS X4 R5X4 R3S X4 RSX4 RS x4 RSx4 RS x4 RE: X4 RS X4 REX4 RS X4 R5X4
NoDug RLU 2.653 77 50 04 an 34 1208]  7.857 a3 p163] 25407 38 65939] 17.443 a5 387.62] 16707 3 43666
183 RLU 39 22 42 35 40 104
AMD RLU 2108 253 4,595 14,746 13,708 12486
%inhib by L83 (3 95 99 100 160 59
%inhlb by AMD 45 38 42 az 21 25
76 20 Bl 82 [E] B4
RS X4 RE:X4 RS X4 REIXA RS x4 RS:X4 RS x4 RS:X4 RS X4 RSX4 RS X4 R5:X4
No Drug RLU 263 3 69z| 38%0 9577 041 2089 1698 123 475 43 1105 8475 38 22303 4,107 33 aes
183 RLU 33 44 640 33 1224 30 30 2
AMD RLU 143 986 45 1,105 160 158 6.862 2571
*AInhib by L83 87 99 36 98 28 94 100 i)
*%inhib by AMD 46 s 100 47 L 57 19 7 ]
— 0 3 3 o3 (3 ™
RS X4 RSx4 RS X4 RS:X4 RS X4 RS:X4 RS X4 RS:X4 RS X4 RSX4 RS X4 R5:X4
No Drug RLU 443 13,452 0.03 34 128,236 000 22 78 - . a5 33 AR 43 az 46 35
183 RLU 33 12,061 85,018
AMD RLU 451 51 45
%inhib by 183 93 10 34
|_%inhib by AMD_} ) 100 100
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Vr NNCOOmMOOOOr mmmr mmwsNONto
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m O D Z SUBSTI TUTE SHEET (RULE 26) WO 02/099383 PCT/ US02/18078 104 Pl ate

RepeatcHsndrs) ne Start tenp End tenp. Bar Code
18

o003z
3z=z"

Or Na) r u~

26648 54 6970 37406 7158 38 1386 930 100 1184
19248 262 72 18972 3478 3946 5010 46 14 11004
106 9038 4002 32 238 26 976 34 38 48
38 2000 528 16 16 36 298 52 14 54
122 2984 7264 40 38 20 23344 15340 44 156
36 52 28 40 28 40 62 32 38 22
22 32 28 9858 68 3802 46 11470 1958 42
30 64 36 3846 3390 57858 12620 126186 68 34
Plate Repeat End time Start temp End temp. BarCode
2 1 6:41:51PM 21.5 21.6 N/A
0.5 CPS (CPS)
34
26294 56 6728 38882 7514 24 1048 1326 40 1134
18956 190 72 20458 4418 4714 5398 58 26 10708
30 15002 4766 42 246 44 972 30 28 42
40 2620 808 32 28 86 378 38 22 32
92 5434 9638 36 42 38 24348 25446 34 96
44 44 14 46 46 62 92 36 44 54
30 44 28 8346 142 3468 30 7684 1438 44
36 54 30 3784 3840 65330 14284 130290 56 32
Plate Repeat  Endtime Start temp End temp. BarCode
3 1 6:44:06 PM 21.6 21.6 N/A
0.5 CPS (CPS)
16
18590 18 4306 23902 5386 30 924 894 32 660
8698 148 34 14088 2880 3142 3160 40 46 7616
30 10252 3542 38 172 34 842 30 32 44
28 2396 370 28 26 66 172 32 22 28
64 3784 4822 32 28 24 6188 5702 34 120
16 28 62 26 28 30 38 38 38 44
38 52 40 7020 68 1798 62 7324 1076 50
32 50 70 3824 3138 53670 13088 104608 32 38

Plate Repeat  Endtime Start temp End temp. BarCode
4 1 6:46:20 PM 21.7 21.8 N/A

0.5 CPS (CPS)
24

19926 46 5086 27182 5550 26 704 974 : 32 862

SUBSTITUTE SHEET (RULE 26)



11 6:39:36 PM21.6 21.7 NNA 0.5 CPS (CPS) 18 26648 54 6970 37406 7158 38
1386 930 100 1184 19248 262 72 18972 3478 3946 5010 46 14 11004 106 9038
4002 32 2800269036 34 38 48 38 2000 528 16 16 36 298 52 PETAS02/1528 2984
7264 40 38 20 23344 15340 44 156 36 52 28 40 28 40 62 32 38 22 22 32 28
9858 68 3802 46 11470 1958 42 30 64 36 3846 3390 57858 12620 126186 68 34
Pl ate Repeat End tinme Start tenp Endotenp. BarCode 2 1 6:41:51 PM21.5 21.6
NA 0.5 CPS (CPS) 34 26294 56 6728 38882 7514 24 1048 1326 40 1134 18956
190 72 20458 4418 4714 5398 58 26 10708 30 15002 4766 42 246 44 972 30 28
42 40 2620 808 32 28 86 378 38 22 32 92 5434 9638 36 42 38 24348 25446 34
906 441144 14 46846 62 922 361888254 38T 44 2B4834G94642 34@8 30 7884 1838 44
36 54 3053784142840 653362 142842130290 56 322 P| aBet Repedd End 40 me Stéart
tenp End3 enp291Bar CodeS36 1 6:44:06 PN 21.6621.6 RFA 0. 38CPS (&PS) 166
18590 18743063228902 5388 30 924 894 ¥ 6604486981148 3%”&4088 3880 L2
3160 40 ¥ 7616830 1025%?354§f§8 1722834 842430 3234 2802396 70 28 6 66

172 32 2%2 28 § 3784 4%2 3 4938 2%73)6188 g??@z 310§_2’20 625§628 éégize 28 j:go 38

38 38 44%
Plate Repeat End time Start temp End temp. BarCode
5 1 6:48:35 PM 21.9 21.9 N/A

0.5 CPS(CPS)
38
38 28 40 30 38 234 46 30 46 30
26 20 32 976 190 58 46 24 28 2298
42 3260 420 50 36 34 102 26 34 24
28 378 88 32 34 32 40 42 54 26
36 62 11690 38 44 32 42 42 26 36
46 22 44 38 58 32 38 30 32 36
22 38 52 40 42 26 34 50 200 36
36 80 52 40 36 40 52 54 22 40

Plate Repeat End time Start temp End temp. BarCode

6 1 6:50:50 PM 21.8 21.9 N/A

0.5 CPS (CPS)
30
26 28 40 34 40 50 38 44 34 36
42 28 32 1068 114 38 22 46 30 2268
36 3508 656 48 40 34 88 30. 34 56
28 166 56 28 18 40 18 38 32 34
32 114 5732 32 42 34 38 34 50 34
36 22 36 40 30 20 30 26 42 40
46 24 26 32 60 28 32 40 120 36
32 58 58 32 24 40 50 36 12 38

SUBSTITUTE SHEET (RULE 26)



38 52 40 7020 68 1798 62 7324 1076 50 32 50 70 3824 3138 53670 13088
104608 32 38 Plate Repeat End tine Start tenp End tenp. BarCode 4 1

6: 46: 20 PWD22/0%9383. 8 NV A 0.5 CPS (CPS) 24 19926 46 5086 PRTASR2/HH3O 26 704
974 32 862 SUBSTI TUTE SHEET (RULE 26% WD 02/ 099383 PCT/ US02/ 18078 105
11214 158 42 15882 3026 2694 2956 289920 5204 56 11426 3252 82 270 52 814
36 40 64 32 2916 556 42 30 64 242 38 24 36 72 3220 7618 36 38 44 12112
10878 32 246 32 48 22 30 28 24 136 30 56 34 32 38 40 8844 86 2386 54 4956
1372 50 22 34 40 3498 2754 59808 11014 65428 34 40 Plate Repeat End tine
Start tenp End tenp. BarCode 5 1 6:48:35 PM21.9 21.9 VA 0.5 CPS (CPS) 38
38 28 40 30 38 234 46 30 46 30 26 20 32 976 190 58 46 24 28 2298 42 3260
420 50 36 34 102 26 34 24 28 378 88 32 34 32 40 42 54 26 36 62 11690 38
44 32 4242 26 36 46 22 44 38 58 32 38 30 32 36 22 38 52 40 42 26 34 50
200 36 36 80 52 40 36 40 52 54 22 40 Pl ate Repeat End tinme Start tenp End
tenp. BarCode 6121 6368650 PM 21.8 21.9 NVA 0.5 CPS (CPS) 30

7474 60
9736 32
52 38
40 .32
44 28
42 24
38 36
82 27748
6786 40
9654 30
52 30
22 24
46 48
34 42
46 34
48 23382
2842 32
7616 34
36 26
34 24
62 34
42 32
50 32
44 21176
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26 28 40 34 40 50 38 44 34 36 42 28 32 1068 114 38 22 46 30 2268 36 3508
656 48 40 34 88 30. 34 56 28 166 56 28 18 40 18 38 32 34 32 114 5732 32
42 34 38 800209843 36 22 36 40 30 20 30 26 42 40 46 24 26C3US6D19B 32 40
120 36 32 58 58 32 24 40 50 36 12 38 SUBSTI TUTE SHEET (RULE 26) WO

02/ 099383 PCT/ US02/ 18078 106 112 30488 7474 60 9736 32 52 38 40 32 44
28 42 24 38 36 82 27748 6786 40 Y654 30 52 30 22 24 46 48 34 42 46
34 48 23382 2842 32 7616 34 36 26 34 24 62 34

4906 44
6906 32
42 40
32 42
24 24
46 28
24 18
34 22
1290 26
40 24
30 48
46 42
38 12
34 36
42 36
40 40
1280 40
30 36
26 32
38 52
26 36
20 36
40 18

SUBSTITUTE SHEET (RULE 26)



42 32 50 32 44 21176 SUBSTI TUTE SHEET (RULE 26) WO 02/ 099383

PCT/ US02/ 18078 107 4906 44 6906 32 42 40 32 42 24 24 46 28 24 18 34
22 1290 260040943 30 48 46 42 38 12 34 36 42 36 40 20TAR8D18088 30 36
26 32 38 52 26 36 20 36 40 18 SUBSTI TUTE SHEET (RULE 26) WD 02/ 099383
PCT/ US02/ 18078 108 Plate Repeat End tinme Start tenp. End tenp. BarCode

108
Plate Repeat  Endtime Start temp. End temp. BarCode
1 1 HHEEHHRE 217 21.8 N/A
0.5 CPS (CPS)
32
24 14218 56 21586 28 4034 36 52 42088 40
4780 174 71276 730 48 326 28 12022 1288 7198
69452 15306 4008 44 792 180 50 182 25292 718
72 3922 546 128 44 66 30 900 11984 3194
30 . 88 18820 40438 4882 105946 8466 4934 470 20386
3420 934 344 6268 5012 170 3546 504 8164 22214
344 82 5344 5330 6710 1880 338 4286 2112 466
580 1018 516 318 302 40 414 32 20 52
Plate Repeat  Endtime Starttemp. End temp. BarCode
2 1 AR 21.9 21.9 N/A
0.5 CPS (CPS)
22
44 14062 36 21726 32 3942 24 46 42324 50
4324 124 63502 492 44 242 172 10576 1258 7552
66204 14658 3568 56 524 282 56 172 24186 506
128 3526 354 168 20 54 60 528 10074 2622
40 78 17378 38076 5944 89520 10042 5564 470 17964
4118 638 336 4110 3624 222 4160 318 7550 28660
438 114 3554 3384 5470 1892 188 3494 2066 484
440 940 466 282 292 38 472 36 24 38
Plate Repeat Endtime Start temp. End temp. BarCode
3 1 PN 21.9 22 N/A
0.5 CPS (CPS)
36
36 38 28 28 38 28 36 42 114 40
32 34 80 26 16 36 30 18 26 30
126 106 34 42 30 46 22 26 32 58
26 46 42 38 34 20 18 34 24 36
28 146 15756 76 32 26 42 52 36 106
34 50 20 24 32 18 38 18 36 38
38 38 28 36 80 50 38 44 34 38
40 30 38 30 24 22 38 36 34 36
Plate Repeat  Endtime Starttemp.End temp. BarCode
4 1 HHERHEHE 21.9 22 N/A
0.5 CPS (CPS)
16
24 70 30 26 26 40 18 32 66 30

SUBSTITUTE SHEET (RULE 26)



1 1 #### 21.7 21.8 NTA 0.5 CPS (CPS) 32 24 14218 56 21586 28 4034 36 52
42088 40 4780 174 71276 730 48 326 28 12022 1288 7198 69452 15306 4008 44
792 180 50013@9BERO2 718 72 3922 546 128 44 66 30 900 11984/1319180780 88
18820 40438 4882 105946 8466 4934 470 20386 3420 934 344 6268 5012 170 3546
504 8164 22214 344 82 5344 5330 671171880 338 4286 2112 466 580 1018 516
318 302 40 414 32 20 52 Plate Repeat End tine Start tenp. End tenp.

Bar Code 2 1 ######## 21.9 21.9 NIA 0.5 CPS (CPS) 22 44 14062 36 21726 32
3942 24 46 42324 50 4324 124 63502 492 44 242 172 10576 1258 7552 66204
14658 359 542%34 282 g6 172 54186 %6 1%% 3526 §54 168, 20 54,.60 528,10074
2622 4 8 1738 38017 5944 ,89520 042 64 47 417964,4118 8 33644110
3624 22 324160 75503;,28660 28438 114 3554,,3384 5@70 18982 188 3494 29@6 484
440 940 466 28254292 1386472 3@424 3833 Pl at gg4RepeatysEnd thyre Stajgt tenmgg End
tenp. Bapfode gl 21. U222 N A4 0.5 €PS (CR8) 36 486 38 28 28 38 28 36242
114 40 &2 34 80 26 165836 30328 26 &0 126 2606 34242 30 46 22 26 32 582 26
46 42 384484 20 €08 34 Xb 36 28 146 46756 78 32 26842 52386 1062 34 56620 .24
32 18 38 18 36 38

Plate Repeat End time Start temp. End temp. BarCode
-5 1 22 22 N/A
0.5 CPS (CPS)
34
38 11132 26 6696 34 3960 44 40 29548 40
762 48 390888 88 40 30 36 8416 1262 4096
52058 8050 2524 60 450 168 32 340 22410 534
106 2080 172 170 38 38 30 444 7478 2458
30 46 16428 25792 4240 45094 2092 630 334 17130
2498 732 358 5044 3236 . 202 2124 292 4806 13736
290 30 3986 886 4584 240 110 940 1286 162
456 816 438 294 260 44 524 40 34 22
Piate Repeat Endtime Start temp. End temp. BarCode
6 1 sHEHERHH 22 22.1 N/IA
0.5 CPS (CPS)
32
40 13240 38 7756 38 3368 24 40 36836 48
914 34 44702 64 50 20 24 8048 996 3826
50234 9110 1574 46 536 270 20 382 21124 424
200 1888 240 108 28 46 30 288 9302 2154
46 28 175632 29872 5846 51810 2346 a38 286 22146
3048 862 206 5668 3686 166 2092 214 4384 15762
390 64 3518 926 4362 318 176 1032 924 156
672 810 314 242 252 26 378 30 20 34

SUBSTITUTE SHEET (RULE 26)



38 38 28 36 80 50 38 44 34 38 40 30 38 30 24 22 38 36 34 36 Plate Repeat
End tine Start tenp. End tenp. BarCode 4 1 21.9 22 NA 0.5 CPS (CPS) 16
24 70 30 W6 02099883 18 32 66 30 SUBSTI TUTE SHEET ( RULE 26) PODUG2Z/092883
PCT/ US02/ 18078 109 24 46 118 34 26146 34 26 26 50 132 116 84 34 34 48 34
38 30 38 32 30 32 28 26 40 46 28 12 26 34 84 12036 94 38 34 44 24 38 86
24 28 42 44 24 28 40 26 48 32 62 24 58 32 66 26 28 44 32 22 44 80 60 28
40 28 28 34 32 36 Plate Repeat End tinme Start tenp. End tenp. BarCode 5 1
22 22 NNA 0.5 CPS (CPS) 34 38 11132 26 6696 34 3960 44 40 29548 40 762
48 39888 88 40 30 36 8416 1262 4096 52058 8050 2524 60 450 168 32 340 22410
534 106 2080 172 170 38 38 30 444 7478 2458 30 46 16428 25792 4240 45094
2092 630 334 17130 2498 732 358 5044 3236 202 2124 292 4806 13736 290 30
3986 886 4584 240 110 940 1286 162 456 816 438 294 260 44 524 40 34 .22
Plate Repeat End time Start tenp. End tenp. BarCode 6 1 ######## 22 22.1
NlA 0.5 CPS (CPk232 38

4314 17856

3572 424
16106 23794
548 3376
15146 19592
7752 4078
48 42
45846 26
4480 14374
2422 408
11888 24960
478 31582
19740 13822
9198 4136
38 50
60 46
48 80

8 28

100 60
34 24
50 58

30 28
22 26

60 34



40 13240 38 7756 38 3368 24 40 36836 48 914 34 44702 64 50 20 24 8048 996
3826 50234 9110 1574 46 536 270 20 382 21124 424 200 1888 240 108 28 46 30
288 9302 Wber/099x8328 17532 29872 5846 51810 2346 938 286 XXIMAG0308B8862 206
5668 3686 166 2092 214 4384 15762 399 64 3518 926 4362 318 176 1-032 924
156 672 810 314 242 252 26 378 30 20 34 SUBSTI TUTE SHEET (RULE 26) WO

02/ 099383 PCT/ US02/ 18078 110 43332 38 4314 17856 3572 424 16106 23794
548 3376 15146 19592 7752 4078 48 42 45846 26 4480 14374 2422 408

11888 24960 478 3152 19740 13822 9198 4136 38 50 60 46 48 80 8 28 100
60 34 24 50 58

36 56

36 28

46 58

36 36

30 150

30 28

18 28
30628 34
1598 12372
1046 512
10024 15470
388 2730
13012 12386
6768 2204
38 20
30392 36
1714 11588
804 682
14254 16620
612 3346
14404 12586
6956 2938

50 38



30 28 22 26 60 34 WD 02/099383 PCT/ US02/18078 111 36 56 36 28 46 58
36 36 30 150 30 28 18 28 30628 34 1598 12372 1046 512 10024 15470 388
2730 1304P 0228863 6768 2204 38 20 30392 36 1714 11588 @04/u382180181254
16620 612 3346 14404 12586 6956 2938 50 38 WO 02/ 099383 PCT/ US02/ 18078
112 34 26.41 0 67,38 it 72 1 936 19.258 9 | 32 42.295 |

0.00] 257.08] 001t 057 0.00] 12865 0.02 0.04] 602.84]  0.04] 45068 0.00
024 066] 93596 003]  0.01 007 0.02] 217.20] 6368 cesl o2l 32230 CXCR4
997 47 1.25 0 86 272 5.60 0.05] 553] 74967 1360 031] 1342 CCRS
161 0.67 6.17 PR ; 0.13] 15.87| 61272 67.63] 269.17| 716.97 DUAL or MIXED

033 0.02 2 14| 1033.08] 13533] 3370 1C ¢ 3g! C26 1205 152 18 16 551 116.57
94.23 16.38 16.19] 120.67| 116.70 384 50404{ 12.09| 191.63] 669.39] 387.62] 439.66

1504 158 BY 04b] 58300 [ 692" £41 123 11.05! 22303| 12445
15.45 16,59 14 88 0.08 0.08] 000 0.03) 0.00 B B R S Iy




7-71 100 27 100 31 0.00 257.09 0.011 0571 0.001 126 65 0.021 0.041 602.54
0.04 459 68 0.00 0 241 0661 935.96 0031 0.01 0071 0.02 217.29 63.651 6 1 O
02 322. 30WOXoR4938D97 47, 1.251 0 86 2 72 6.60 0.05 5.53 722T4R04KR06HD! 031
13 42 CCR5 1.611 0.67 6.17 0.13 15.873612.72 67.63 269.17 716.97 DUAL or
M XED 0331 0.02 2 14 1033.08 135 33 3310 10 C. 39" (C26 12 05 -152181 10 55
116.57 1 F=is ~JI 94.23 16.38 16.19 120.67 116.701 - 3 64 50.04 12.09
191. 63 669.39 387.62 439.66 1504 15889 04h 5800 0C2 692' 041! 123 11.05
22303 12445 15.45 16.59 148 8 0.08 0.08 0001 0.03 0.00 14,982 12.020 1
Tr"r 151 10/839 Bs38daimed sy 8,580 99 10 52 43 72 WO 02/099383

PCT/ US02/ 18078 113 Wiat is clained is: 1. A nethod for identifying

whet her a compound inhibits entry of a virus into a cell which conprises:

(a) obtaining ”UCle&§n%EhSde§89d%?8n@1 ?Egéf éﬂégxat(3@§?|¢§£ré¥§$3??)

patient infected by the viru I'ng in

the nucleic acid of esitey of) a @iduEi ihta W E:élllemaﬁeﬁsw yesker which

| acks a nucleic acid encoding an envel ope protein, and mﬁich conprises an
i ndi cator nucleic acid which produces a detectable signal, such that the

first cell pro es rticl nprd sin %he envelo e. protein
encoded by thquﬁuchétg%éég IB%&?%@% ron1t%%g T1ent: ! envelope
protein from a patient infected by the virus;

(b) co-transfecting into a first cell
(i) the nucleic acid of step (a), and

(ii) a wviral expression vector which lacks a nucleic
acid encoding an envelope protein, and which
comprises an indicator nucleic acid which

" produces a detectable signal,

such that the first cell produces viral particles
comprising the envelope protein encoded by the

nucleic acid obtained from the patient;

(c) contacting the viral particles produced in step (b)
with a second cell in the presence of the compound,
wherein the second cell expresses a cell surface

receptor to which the virus binds;

(d) measuring the amount of signal produced by the second
cell in order to determine the infectivity of the

viral particles; and

(e) comparing the amount of signal measured in step (d)

with the amount of signal produced in the absence of



(c) contacting the viral particles produced in step (b) wth a second cel
in the presence of the conpound, wherein the second cell expresses a cel
surface wewmeptss3to which the virus binds; (d) nmeasuringPChasanmmsont of
signal produced by the second celli1igqn order to determne the infectivity
of the wviral particles; and (e) conparing the anount of signal nmeasured in
step (d) wth the anbunt of signal produced in the absence of WO 02/ 099383
PCT/ US02/ 18078 114 t hBScorermidRd mhiheraia reedueddcagoumowft spnaignal

measured in the prese he c ound indicates, ,that the conpound
inhibits entry of thegggfﬁgeﬁhﬁélq?ﬁ% %EﬁﬁﬁﬁF%e?f.tE? PREPRA o d- Rt Q3 e n

1, wherein the indi catBatnutleei fompfindl GOINYSES &fctpdbeatfr 9ene.s 3 he
met hod of claim 2, wherein the indicator gene is a l'uciferase gene. 4" 9he
met hod of claim 1, whéhei Rrecpadceklllsurface -receptor, is CD4. 5. The

met hod of claim11, wherein the cell surface receptor is a chenokine
receptor. 6. The nethod of claiml1l, wherein the cell surface receptor is

CXCR4 or CCR5,.7. Therpet h i 4, wh .1 at.ient__i inf ect.ed
with the HV-1 virus. 8. ‘?ﬁg ﬁ%tﬁ%gé%%ﬁ%lldi Sn"ﬁ%%%trgf%ﬁ%naﬁigCr?&%lreinélcgc‘?lac of
step (a) conprises DNAckdcodinpgigpé28naimdjpdior 9gedde nmet hod of claim 1,
wherein the viral expression vector conprises HYV nucleic acid. 10. The
met hod of claim9, wherein the viral expression vector conprises an HV

gag- pol gene. 3 The method of claim 2, wherein the indicator gene is

a luciferase gene.

4 . .The method of claim 1, wherein the ceil surface

~receptor, is CD4.

5. The method of claim 1, wherein the cell sur‘ace

receptor is a chemokine receptor.

6. The method of claim 1, wherein the cell surface

receptor is CXCR4 or CCRS5.

7. The method of claim 1, wherein the patjent is

infected with the HIV-1 virus.

8. The method of claim 1, wherein the nucleic acid of

step (a) comprises DNA encoding gpl20 and gp4l.

9. The method of claim 1, wherein the viral expression

vector comprises HIV nucleic acid.

10. The method of claim 9, wherein the viral expression

vector comprises an HIV gag-pol gene.



WO 02/ 099383 PCT/ US02/18078 115 11. The nethod of claim9, wherein the
viral expression vector conprises DNA encoding vif, vpr, tat, rev, vpu,
and nef. WD.020p383ret hod of claim 1, wherein the first cel IPCiraisa2/18oesmmal i an
cell. 13. The nethod of claim 12, wherein the mammalian cell is a hunman
cell. 14. The nethod of claim 13, whasein the human cell is a hunman
enbryoni ¢ kidney cell. 15. The nmethod of claim 14, wherein the human

enbryoni ¢ kigney celind $eit 128 &@'élaﬂn@ 9 Thendihpd i £ Al dy %Sé?b{?he

the second cell is a human T cell. 17. The nmethod of claim1, Wher ei i
second cell is a huwvectdrcetdmpreikesi BNaeledndodiaeg 8. Thepm‘et hot ,of retrai m
1, wherein the secon elgn ndf peripheral blood nononuclear cell. 19. The
met hod of claim1, whéréin the second cell is an astrogliona cell. 20. The
met hod of claim 19, wherein the astroglioma cell is a U87 cell. 21. The
method of claim 1, whekedtthr sECcuh el iwhdre iWNEREe 084 e8aLeomm £&l L .
22. The method of claim2, ,wherei.n the hunan osteosarcona cell is an HT4

cell. 23. The net hod™3F™&tdPM £ ldherein the compound binds to WO 02/ 099383
PCT/ US02/ 18078 116 the cell surface receptor. 24. The nethod of claim1,

wherein the cogpound is 3. }Lgand SiaﬁP?uﬁthe§%E%?Eﬁerng%a ian cell is

a human cell.

14. The method of claim 13, wherein the human cell is a

human embryonic kidney cell.

15. The method of claim 14, whexein the human embryonic
~kidney cell is a 293 cell.

16. The method of claim 1, wherein the second cell is a

human T cell.

17. The method of claim 1, wherein the second cell is a
human T cell leukemia cell line.

18. The method of claim 1, wherein the second cell is a

peripheral blood mononuclear cell.

19. The method of claim 1, wherein the second cell is an

astroglioma cell.

20. The method of claim 19, wherein the astroglioma cell
is a U87 cell.

21. The method of claim 1, wherein the second cell is a

human osteosarcoma cell.

22. The method of claim 2, wherein the human osteosarcoma
cell is an HT4 cell.

23. The method of claim 1, wherein the compound binds to



25. The nethod of claim 23, wherein the conpound conprises an anti body.
26. The nmethod of claim1l, wherein the conpound inhibits nenbrane fusion.
27. The m&DheMIwBe3 cl aim 1, wherein the conpound is a pepPCEAISOA18078
pepti dom netic, an organic nolecule, or a synthetic conpound. 28. The

met hod of claim 11, wherein the conpjéand binds the viral envel ope protein.
29. A method for making a conposition which conprises adm xing the

conmpound identified byhéﬂéélm]sdﬂﬂdbéiréayﬂﬂd¥} 30. The nethod of claim 29,
wherein the carrier is saline, polyethylene glycol, a buffer solution, a

starch, or an organic solvent. 31. A nethod for identifying a cell surface
receptor whizh.is bdihsl hgthodi oifis aipaim i bf ecthieareiof tBheekbmbypuntihelyi aus

whi ch conprises: (a) ﬂ%ﬁ?&n% e Aer] arsttjr(gaq__se \%]clc%%__%%pri se (i) a viral

nucleic acid and (ii) ator nuclelc acid produces a
detectabl e signal; (b) contacting a cell which expresses a cell surface

receptor withythe virale pandindes S omsdiep (8, amtberdtd NERSUrE8gpbiga
anount of detectable snﬁyaj roduce%aﬁp 02/ 099383 PCT/ US02/ 18078 117
rp‘rstffg%

within the cell, whers &% RPN e signal i ndicates the cel
surface receptor expressed by the cell is bound by the virus, thereby

identifying t cel |, sur recept Qr _as being bou by the virus, . n
i nfection of ?ﬁé celﬁﬁméf%ﬂigﬁbgﬁqdﬁ %W ?de%b????ﬁggg é%ﬂn o%%éah??ﬁgggs
inhibits entry of amamapanet gugieal.l which conprises

27. The method of claim 1, wherein the compound is a
peptide, a peptidomimetic, an organic molecule, or a

synthetic compound.

28. The method of claim 1, wherein the compound binds the

viral envelope protein.

29. A method for making a composition which comprises
admixing the compound identified by claim 1 with a

carrier.

30. The method of claim 29, wherein the carrier 1is
saline, polyethylene glycol, a buffer solution, a

starch, or an organic solvent.

31. A method for identifying a cell surface receptor
which is bound by a virus upon infection of a cell by

the virus which comprises:
(a) obtaining viral particles which comprise (i) a viral
nucleic acid and (ii) an indicator nucleic acid which

produces a detectable signal;

(b) contacting a cell which expresses a cell surface

receptor with the viral particles from step (a); and

(c) measuring the amount of detectable signal produced



(a) obtaining nucleic acid encoding a viral envelope protein froma
patient infected by the virus; (b) co-transfecting into a first cell (i)

t he nucl ewo tap98df step (a), and (ii) a viral expressionPeaaisor/18s8 ch

| acks a nucleic acid encoding an envel ope protein, and which conprises an
i ndi cator nucleic acid which producds7a detectable signal, Such that the
first cell produces viral particles conprising the envel ope protein

encoded by the nucl ej,£eachd ot aee_meld IGREELEE BablRl: ofC)of OBhact g, I
viral particles produced in step ( a second In the presence of

t he anti body, MhEFEIﬁn@ﬁ%a%%%OERP(ﬂﬁhl é&ﬁ#%§§é§e§e@§ﬂr §5PF§@§edréb©ﬁﬂEﬁ
to which the virus biggsl (Ls) bRAGUBYNEPhéheiaBynthekeblygRdknh @ %@dtth\é

the second cell in ordgi et erni ne the infe thIté H&#rby %
particles; and (e) conp ﬁ&r RECarfStiP Y s¥YnBFLHEadl sEBp (dyrus
with the anmount of sigrah pnbelcicedniof ttiee absEhce of the conpound, wherein
a reduced anount of signal neasured in the presence of the antibody

i ndi cates WO 02/099383 PCT/ US02/ 18078 118 that the antibody inhibits entry
of the virus BAto tHe nridni faa ide3sifxingt Woather Wetastiibndhy inhibits

susceptibility of a vidtsyt®f @ €OPPOUIEEWN chel DNRLILS MbkBlisekl entry
whi ch conprises: (a) obtaining nucleic acid encoding a viral envel ope

protein froma patient infected by the virus; (b) co-transfecting into a
first cell (i) t@@ nudteainimegdrofcletiep 4d@)d @&mtoding a viral envelope

protein from a patient infected by the virus;
(b) co-transfecting into a first cell
(i) the nucleic acid of step (a), and

(i1) a viral expression vector which lacks a nucleic
acid encoding an envelope protein, and which
comprises an indicator nucleic acid which

produces a detectable signal,

zuch that the first cell produces viral particles
comprising the envelope protein encoded by the
nucleic acid obtained from the patient;

(c) contacting the viral particles produced in step (b)
with a second cell in the presence of the antibody,
wherein the second cell expresses a cell surface

receptor to which the virus binds;

(d) measuring the amount of signal produced by the second
cell in order to determine the infectivity of the

viral particles; and

(e) comparing the amount of signal measured in step (4d)
with the amount of signal produced in the absence of
the compound, wherein a reduced amount of signal

measured in the presence of the antibody indicates



(i1) a viral. expression vector which lacks a nucleic acid encoding an
envel ope protein, and which conprises an indicator nucleic acid which
produces wWoOdewessrabl e signal, such that the first cell pr@diass2/worsal
particles conprising the envel ope protein encoded by the nucleic acid
obtained fromthe patient; (c) contagtgng the viral particles produced in
step (b) wth a second cell in the presence of the conpound, wherein the

second cel | expressestBatekhesuiftaeRday’ aeeRAk & @rihiehot hendi Lusubi ndso
(d) measuring the ano gt of S|ﬁnaI%Eroduced by the second «cell in order to

det ermine the infectivitySsfoP ral particles; and (e) conparing the
anount of signal neasured in step (d) wth the amount of signal produced

O R AL

measured in t t he conpoun ica eViTus s
susceptible to the coRrp&PRPOURG Oth%SSBhPCI/tESOQJIll%b7@elillgeIBfZIrVAWRﬁetCIiﬂod
for determ ning resistanseigbsa virus to a conmpound which inhibits viral
entry into a cell which conprises: (a) determ ning susceptibility of a
virus to a conmpound according to the nmethod of claim33, wherein a

nucl ei ¢ aci d encadi ngolet i nahgemietlepe @dibcﬂeidhdc&hefg aknegifa O Meaveatipent

at a first tinme; (b)_determnLng susce ilit e virus to the
conpound accordi ng t 't he elﬂ1 % of %?a1n1 SLny g#eéhb Yihaen{iet ’F ¢ aci d
encodi ng the viral envelope proteln is obtained fromthe patient at a

later second ting;) co-transfecting into a first cell
(1) the nucleic acid of step (a), and

(ii) a wviral expression vector which lacks a nucleic
acid encoding an envelope protein, and which
comprises an indicator nucleic acid which

produces a detectable signal,

such that the first cell produces viral particles
comprising the envelope protein encoded by the

nucleic acid obtained from the patient;

(c¢) contacting the viral particles produced in step (b)
with a second cell in the presence of the compound,
wherein the second cell expresses a cell surface

receptor to which the virus binds;

(d) measuring the amount of signal produced by the second
cell in order to determine the infectivity of the

viral particles; and

(e) comparing the amount of signal measured in step (d)
with the amount of signal produced in the absence of
the compound, wherein a reduced amount of signal
measured in the presence of the compound indicates

that the virus is susceptible to the compound.



and (c) conparing the susceptibilities determned. in steps (a) and (b),
wherein a decrease in susceptibility at the |ater second tine indicates
resi st ancwoamb/094383 virus to the conpound. 35. A nethod forcCirdsnt/igoys ng a
mutation in a virus that confers resistance to a conmpound that inhibits
viral entry into a cell which conprises: (a) determning the nucleic acid
sequence or the amno acid sequence of the virus prior to any treatnent of
the virus with the co ouncg; (b) _obtaining a virus resistant to the
compound; (2 - det erfri T HePE hEOHURE e EM R /Y seepicslonces oheaawinos aoi d
sequence of the resisimnind/iwhisH famisteR ¢bYa1 and L9); LYMRALAY ng?'. h

nucl eic acid sequenge or. I he am no acid sequences of steps (g) an fc),
respectively, so as 0 |(§3e%’tify the nutation in the virus that confers WO
02/ 099383 PCT/ US02/ 18078 120 resistance to the conpound. 36. The nethod of
claim 35, wherein t Vi t ai.ned ep.(bL.is the virus of step (a)
grown in the prese(%?e (Siféﬁ%hxgﬁcrglnﬂp‘)%ur% an :;tﬁgrlé%%%’t ante ¥s Videt®l (5;9edg 37.
The. method of cl ai m 35CAMRTEIh dteoxding obt ahaedeithodsteeh ¢baims B3l at ed

froma patient which hasmeeenn HNdgrgel At di eI AW th 408, ceppoynd.

protein is obtained from a patient at a first

time;

(b) determining susceptibility of the wvirus to the
compound according to the method of claim 33, wherein
the nucleic acid encoding the viral envelope protein
is obtained from the patient at a later second time;

and

(c) comparing the susceptibilities determined. in steps
(a) and (b), wherein a decrezse in susceptibility at
the later second time indicates resistance of the

virus to the compound.

35. A method for identifying a mutation in a virus that
confers resistance to a compound that inhibits viral
entry into a cell which comprises:

(a) determining the nucleic acid sequence or the amino
acid sequence of the virus prior to any treatment of

the virus with the compound;
(b) obtaining a virus resistant to the compound ;

(c) determining the nucleic acid sequence or the amino
acid sequence of the resistont virus from step (b);

and

(d) comparing the nucleic acid sequence or the amino acid
sequences of steps (a) and (c), respectively, so as
to identify the mutation in the virus that confers



WO 02/099383

36.

37.

PCT/US02/18078
120

resistance to the compound.

The method of claim 35, wherein the virus obtained in
step (b) is the virus of step (a) grown in the
presence of the compound until resistance is

developed.

The method of claim 35, wherein the virus obtained in
step (b! is isolated from a patient which has been

undergoing treatment with the compound.



