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o~ {54) Title: COMPOSITIONS AND METHODS FOR EVALUATING VIRAL RECEPTOR/CO-RECEPTOR USAGE AND IN-
HIBITORS OF VIRUS ENTRY USING RECOMBINANT VIRUS ASSAYS

Q% (57) Abstract: The invention provides a method for identifying whether a compound inhibits entry of a virus into a cell which

€3 comprises: (a) obtaining nucleic acid encoding a viral envelope protein from a patient infected by the virus; (b) co-transfecting into
afirst 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 singal, such that the first cell produces viral particles

=~ comprising the envelope protein encoded by the nucleic acid obtained from the patient; (¢) 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;

O and (e) comparing the amount of signal measured in step (d) with the amount of signal produced in the absence of the compound,

a 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.



ning of each regular issue of the PCT Gazette. N (54) Title: CCNPCSITICNS
AND METHODS FOR EVALUATI NG VI RAL RECEPTOR/ CO- RE g m%éGE 6Ng

H BI TORS OF VI RUS ENTRY USI NG RECOMBI NANT VI RUSZASSRYE™RF06°¢87) Abstract:
The invention provides a nmethod for identifying whether a conmpound inhibits
entry of AVOAYM¥8Into a cell which ' '7 conprises: (apcows@iigizag nucl eic
acid encoding a viral envelope protein froma patient infected by the
virus; (b) co-transfecting into a first cell (i) tthe nucleic acid of step
(a), and (ii) a viral expression vector which | acks a nucleic acid encoding
an envel ope protein, and whi ch conprises an indicator nucleic acid which
produces a detectable s al, such that the first cell produces vital

particles rising SSGEIRN APoMETHORRIERRed by the nucl ei ¢ acid

obt ai ned fror ?‘?‘?é‘uﬁé?t N@nYIR%Ic)REGEH?‘a%NQ@WTORrH$AC®MDCI es produced in
step (b) W SRS RH ¥ £ AECOVBINANE VIRHSOMSEAY@herein the
second cel | expresses a ceII surface receptor to which the virus binds;

(d) measuring the amount of signal produced by the second cell in order to
determn the ct |ty o he viral artlcles and aring t he
amount oﬁbﬁ %Fug u%%d icﬁﬁ “eay ??ﬁ??? 5$ é?gn% ©produced. in

t he abse&ee.e&fenbea Q@frp@hiﬁﬂor wher edska wedHerd wHUpLx©f Si ghal nmeasured
in the presence of the conpound indicates that the conpound inhibits entry

of the witasipago fee Sdwsrd peblicajoRsyember DPOOSFND02A089883

PCTI US02/ | T AN S EQOR . EVALUATI NG VI.RA
RECEPT R R o GO A AN T BT REDEE T 208 BN APEHSP KB RECOVB! NANT
VI RUS ASpi¥Sedibr@ughouildifiss appl i satdndr, yateft'Sagilbldag¢abnhensndre
referenced by author and date within the text. Full ~citations for these

publ i cat PEhs1fREiME FéGAA Rezpdad v !a@rtﬂwabétlptalqry igfrahearendieseby he
specifi Cat ' Q%IJ%QEE %;F/?%gjf‘expen%%eﬂ!t 2%1%%2:?%{9 n:.le ryhef%ile pﬁsc oBur at ent

appllcatlons ations ci supra or-infra, are

her eby i sgor aﬁéaéeobmlr@ftebﬁgcemt tiaht entifetdes Theed nekesyres of
these publications it their entireties are hereby incorporated byreference
into thi $nEPPPFERT DY Fedraence ontptdipuPPR Heatiahdrt Redsrate of the art

as known,to tbose, sKLLLAA U1er g, 850l ihe, date gl e inygntion

descri bed and erein. groun e Invenflon Irus entry is
an - attraeknyfeduﬂhdzaﬁgeasfdﬂ'taet&aﬂe lodl © hé riaatanedbn aestriledt 238 drugs that
are designed to block virus attachnment or nenbrane fusion are currently
bei ng e¢aftEELd§TRi-ecl inical or clinical studies' (R chman, 1998;

PhRVA, 1999; Stephenson, 1999). Envel oped ani mal viruses

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'.2d by the surface enveiope

protein.



attach to and enter the host cell via the interaction of viral proteins in
the virion nmenbrane (envel ope proteins) and cell surface p ins (virus
receptors). Receptor recognition and binding a%é ﬁ%&?&%%ﬁ %gbshe sur f ace
envel ope protein. 24 Novenber 2005 WD 02/099383 -2 Summa of the invention
PCTI USO2 WiBBA®3Eccordingly, it is an object of the inpewusoenswr® provi de a
rapi d, sensitive phenotypic assay to neasure the susceptibility of a virus
to inhibitors of viral entry. A further object of the invention is to
provide a retroviral vector syste&rthat produces virus particles
containing viral envelope proteins derived froma variety of sources and
the i dgnimdiwafi gheolnvedticdn nes that express viral receptors and are
perm ssive for viral replication. Another object of the invention is to
provi de an expression vector for viral envelope that is capable of

accept i AgcoPRInARL, - der i ¥edn sepimit fentediingepbieh ope wendsle Anot her obj ect
of the invention is to provide a bjo -safe vector that represents nost of
the H \xapifral S§EFSREVE buPheBaEYPES a3FEYT ertte MEBSH¥FRr deife in pl ace of

t he envegl rnegi:on. ther . gbj acti .qf  Lhesip i s to the
phenoty%?%g tggéglg i%ﬁEggyhggstghgﬁﬁ?féofﬁood o%g?%f%?h r ecombi nant
infectious H V-1, by providing a viral expression vector that carries a

deletion in a transcriptional regulatory region, (the 3' co of U3) of the
HI V- - 1 YetivrdieraRBIfey bjtoet infentien; nyetit 3%5‘ "iléigt 8 5?%@‘?‘6’@/% assay

capabl & ol J,0QLLLNT (K ARIHELEL ViBhBOph ECRAY e0RbeneRl Ofixdy 0P sM whi Ch
qui ckl y and ac urateTy Identifres patients that are infected wth strains
of a trepi€lopd grot2dndodenbed 286h a Gailetye cdngourbes @b} eédtes nmay be

achi eved_by the present invention by: a method for identifyiqg whet her a
Conpoun%ﬂentlflca ion of cell lines that express viral receptors-an

are permissive for viral replication.

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

patiént-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, but-
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.

Ancther 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.



inhibits entry of a virus into a cell which conprises: (a) obtaining
nucl ei ¢ acid encoding a viral envelope protein frgma pati i nfected by
the virus; (b) co-transfecting into a first ce?ﬁ ﬁ??epﬁgrng@ gic acid of
step (a), and (ii) a viral expression vector which |lacks a nucleic acid
encodi ng an envel ope protein, and yhich conprises an indicator nucleic
aci d which produces a detectable signal, such that the first cell produces
viral particles conprising the envel ope protein encoded by the nucleic
aci-d obtHigrsd #ndnrther pabjents fey beomddiEved tdye e aprpsett cl es

produced. in _st.e b) with second cell _in th resence of the conpound;
wher ei n %qﬂ§ﬁ%§5%0%3lcglPegsﬁ?eggﬁsl%F?§ﬂqy%§@rW%@ghﬁﬁc%pFBWp?%HQMich t he
virus biispitd) eARagusing 4ihesampyet 20fe 81 ghalcHPIRAUcedBY (Lhe second
cell in order to determne the infectivity of the wviral particles; and (e)

conpar i mptieiagomicleficsiaghdl enpedinged wvnrsiepnfd)ome t hrobeimnmount of

si gnal oduced _i.n he absence of the conpound, wherein_a reduced anount
T ds fPsder %ngﬁ?%ggﬁ%et%ﬁ Yﬁ%ldon@guﬁﬁ'ﬁﬁapégfﬁganhat t he

. it}
of si.gnal” neasure

conpoundnitBhibie Ssterdely of) the Wukusid HQdt Be s€50nG), Cehd- (1 anot her
aspect, the invention provides a nethod for identifying a cell surface
recept o2 wWareh $xpussgheh biecioyi wiwsch Jpoks i mfreciedn afidacoebdiby the virus

which c ri - ( obt ai_ni.ng, viral particles which conprise (i) a vira
nucleic%%gghggéﬁﬁf ?%Pfe%ﬁfiﬁg i%%i%ﬂ 9ﬂﬁgfé?%§eﬂﬁ d“@h?%ﬁ?rpggﬁﬁﬁag a

det ect abkedswBied ;pddahcednd agdtRgaBlEesignalli chuexpressesearicst | surface
receptor with the viral particles fromstep (a); and (c) neasuring the

amount 6Fldeperdusisice virghalarpioter erpnpnii s gy thiee eoedlopenpepeein pr oduct i on

of the gj indi cates 24 .Novenher 2005 the. cel|l surface receptor
expr ess%hggéé? h%@céﬁ‘ef TS 560nd by OP%%”%/?CE%OHE %&eelg’ﬁ‘ti’“ﬁ%ﬁ‘ti ?‘% ng the cell
surf acecopeepiiony ahe hairay bapprbins tHRMEEMS NP NTieCti O of the cell .

I n anot her aspect, the invention provides a nethod for identifying whether
an anti 56894 nREb} t dnefbpy raksanger 9§ thet cccrpeehd; wihereigonpné ses: (a)

IOF])]E Zt?gggﬁé‘/&y&l géfl ae%!p(%esggscogi a4, # g&%@ceer}\é%ggggr pt'tcg)t t.(«:f‘1r|1{]c1'1c rglgpa a patient
virus binds; (d) measuring the amount of signal produced by
the second cell in brder 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,

In another aspect, the invention provides a method for
identifying a cell surface receptor which is bound by a virus
upon infection of a cell by the virus which comprises: éa)
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

within the cell, wherein production of the signal indicates



the virus; (b) co-transfecting into a first cell (i) the nucleic acid of

step (a), and (ii) a viral expression vector i,ch | acks_a leic acid
encodi ng an envel ope protein, and which conprrggsngﬁepﬁafcapg nucl ei c
acid which produces a detectable signal, such that the first cell produces
viral particles conprising the enwegl ape protein 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 the antibody,
wher ei n e sddordréatd raseptessespmseet| by uthacesledasptonntobwhi ch t he

virus binds; . (d) asyring, t he_amount of signal _produced by the second.
cell in %q}ede‘Flrglg’dgE%rr%ynel eﬁlélf%lfr&:ﬁ&\ﬁ ﬁ?ﬁ)f SPReSi 7P gar efcl es; and
(e) conpesimgbblied APOURE Bfrusi gp&H iMBasHI & denthsten1(d) with the amount of
signal produced in the absence of the conpound, wherein a reduced anount

of signal neasured in the presence of the antibody indicates that the
ant i body!™ i ARPBIYS @APESE.of thie Wiviensipmt preovedsecendnedidd Enranot her

aspect, ks i rovi des_a .net.hod r., determ ning susceptibility of
a virus t%%gllg%%z)u%t\?\}ﬁ?cﬁ% ian%llg:sflg \}Pilgﬁ’ltcsel?nteﬁ% rY wWhi é’ﬁrﬁgrrpri ses: (a)
obt ai ni ngntiucé eice1BCivhieRC i@ idedi I k) enrehopendr aheidid rapma patient

infected by the virus; (b) co-transfecting into a first cell (i) the

nucl ei ¢ EEPEiBY atEFalapnvakePry Hrptaini fruan expesieionirgécNedenber 2005 - 3b
vect or whj.ch J.acks nygl el i d.encading an_egnvel o rotejin, and which
conpriseseanJf%%fcé?%rq%théFgﬁggﬁggwﬁﬁgﬁ E%r% ééscﬁfﬁe %%tﬁh?e si gnal

such thatictihecfaaisl ogebkep producest (hipl a paritdlClasr&QMYH Siebdot he envel ope
protein _encoded by the nucleic acid obtained fromthe patient; (c)
cont act i"HgCRhLATAT A Hateiel asiheagadtRy ian sreplepy midteia, sedond cell in

the presgn & Sonpound,. rein the second.cell expresses a cel
surfgce%ﬁeggp?ér@%%e\%m{’ggh%{qﬁec%% u}slu(f)fleriL s: 2 d) wqﬁéggupfﬂég?ef?e Armount  of

si gnal pletdutadcbysignhe, seaonderet | the erdar ¢ 1dedii-ag theainfectivity
of the viral particles; and (e) conparing the anount of signal neasured
in stepPPdfiw%h EMPLAFBOHt O seurliopgr hetedni rencehedabsentis of t he

Conpoungucfgﬁfeééﬁ&i65%3&%89 %ggﬂnkhgfpatient; {(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 meaéured 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 antibody indicates that the antibody

inhibits entry of the virus into the second cell.

In another aspect, the invention provides a method for
determining susceptibility of a virus to a compound which
inhibits wviral cell entry 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 wviral expression



signal measured in the presence of the conpound indicates that the virus
is susceptible to the conmpound. |In another aspe t4,' Nt he 'nveawﬂgn provi des a
net hod for deternining resistance of a virus té&*a CSrPSGHd “wHPch i nhibits
viral entry into a cell which conprises: (a) determning susceptibility of
a virus to a conpound descri bed _theLn, wherein a nucleic acid encoding a
viral envelope protein is obtained froma patient at a first tinme; (b)
determ ning susceptibility of the virus to the conpound described herein,
wher ei n ¥gmsonucileich atackseneodingetihe adidal enaniielgopen preotveilopd s obt ai ned

fromthe patient a later second tinme; and (c). conparing the

suscept !Fﬁ%tff?mamiié&%‘:ﬁi AEBPTIPSSt éﬁel’%%])ca&ﬁﬁ %‘B?l,e%écépnwﬁl%crease in
suscept ididilibys ata t Rerd Bl esesopdat | "Bydindigat espbeststance,; pf the virus
to the conpound. In another aspect, the invention provides a nethod for

i dent i f yineglugesrutvdtrhdn partaclies usothatsiconf trs reaseddtmcerboedd Novenber

2005 - 3¢ ompound that .inhihits viral entry into a_cell which
conpr i seeél.cog‘3§ ggt EQ‘?‘n AR h & T 1PBF 108 of 08 Jdec P30t erhe (@i no aci d

sequence@tabhthg/i tHES BIda0r ph@t 8ed GRLNEAE Of stHS YhyUsiMith the
conmpound; (b) obtaining a virus resistant to the conpound; (c) determ ning
t he nuclseicendcicdliedneride qrresehee amifndhaci @bmpeguéncehefeirhetiiesi st ant

virus fromste ).._and (d) conparing the nucleic_acid, sequence or the
ami no a&%"@eﬁ%@ﬁp‘ééprﬁs&%eﬁs_c(agga SHHP?‘F) SFEEHBEL FOeFY 0 to
identifyithe puidd om)i MekbBerMid Uhd RabuRONLLr §14iR31 $3-RRGEd 0oy t he
conpound. 24 Novenber 2005 WO 02/ 099383 -4 Brief” Description of the

Dr awi ng$hPCFew8BR/cE8078n Fhae!f itoe detetthire pheennfecnitvditgs ot theast one
dr awi ng ies of this patent vvitn%%olor drawi ng(s)

r .executed.in col or
will be pfovi é’?ﬁgf)‘f/ﬂ?sﬁe %?egt%?an%omﬁaﬁﬁ%%F S e nSretilest and
payment mehsthel necessqy Y(dheith 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.

In another aspect, the invention provides a method for

determining resistance of a virus to a compound which
inhibits wviral entry iﬁto a cell which comprises: (a)
determining susceptibility of a virus to a compound described
herein, wherein a nucleic acid encoding a viral envelcpe

protein is obtained from a patient at a first time; (b)

determining susceptibility of the virus to the compound
.described herein, 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

of the virus to the compound.

In another aspect, the invention provides a method for

identifying a mutation in a virus that confers resistance to



Figure 1A. Structure of envel ope expression and viral expression vectors.
The H 'V envel ope expression vector (pH Wenv) is nodified to_ accept

envel ope sequences. that have been anplified frém NPEEFRRE FPAsna sanpl es-
The designations a/b and c/d, refer to restriction endonucl ease sites
positioned at the 5 and 3' end_ok_the H V-1 envel ope polyprotein (gpl60).
The H'V expression vector (pH WV UCS\U3) encodes all H'V proteins except

t he envel ope pol yprotein. A portion of the envel ope gene has been del eted
t 0 accommdatpeoand ndheat dnhileiies chsslet estry nihhbs acasell " khiehl y
Luciferase” that is used to, nonitor the ability of the virus to replicate
in the pré¥entes: o?a)a CEIRFNR S WUCAPiEr Bg S9flence 8T r ERfon has been
parti al | y,:dgl e thansGry, pt | r ' i p-i nfected
el 1 s Ve B et B ar P S bPTo T80 HlE SFegrhthe B 10 0t

repl i cattilen viEbguweth BheCebhpBased (Bt pytdissiay B wyrsussepsichntity,
co-receptor . tropismand virus neutralization testing are performed by

co- t r ansfedtenGoHF oGt (ChlITetRPRG VERY AR IHRVEE cIRBENCTher host  cel |
producesydl ¥mPAé tdSlesetiidicaabe Peeudityped Wil H\y %%egb\(gff’ber- 2005 WO
021099383 --5 PCT/11S027/1.8078 envel ope sequences derived fromthe test

vi rus orandat{flentommampp ethe/imugde paradicl esgasrecec olrl eb¢ ethifio4Beh) after
transfection and are L{_Ts?ed t? i nf ect t?rget cells that express HV

recept orSPENGTS Bh) F® coFecBPfor'S! ¢ e. FFPECKERRLY, BRSPS AFPer i nfection
(-72 h) {Racisyoele GOLLEIA Gnl Y84/ AR hUET ESARSE AL dahY el 8o MBasuUres’ .
H V nust conplete one round of replication to successfully m?ect t he

t arget Hédst comedundand produce luciferase activity. If the virus is unable
to enter the target cell, luciferase activity is dimnished. This system
can be used.to evaluate susceptibility to entry .inhibitors, receptor and
co-receptor tropism and virus neutralization. Figure 2. HV envel ope
expressi on vectors. '



H V envel ope sequences are anplified frompatient sanples and inserted

i nto expression vectors using restriction endoagﬁ#&ase sitgio 5" al/b and
3'c/d) Envel ope transcription is driven by the?'medriPETear’y gene
pronmoter of human cytonegal ovirus (G V,V) . Envelope RNA is

pol yadenyWat&®9%%i ng an simian virus 40 (SV40  pol yadeGRUSRAesPe si gnal
sequence (A+). An intron |ocated between the CW pronoter and the HV
envel ope sequences is designed to increase envel ope nRNA | evels in
transfected cells. FL- express fullglLength envel ope proteins (gpl 20

gp4l) CT- express envel ope proteins ¢gpl20, gp2l) lacking the C-term nal
cyt opl asnigi d fide QAR D-Of o G4 bgzwiﬁ%Qress envel ope proteins (gpl20,
gp4 containing a constant pre-defined gp4l cytoplasmc tail domain gpl20-
express gpl20 proteins derived fromthe patient together with a constant

pre-defi g | - pr. C pr.e- Lhed _gpl 24 Novenber
2005 WO gﬁ%Qggﬁ% gcgflP&lfl? 863%?%1%07%}%’%%%hegrtew'dlfgﬁsgp n%pr% TIHY deri ved
fromthe paicaned Figueel8A. Cocopi@pt of Tiopi spubefirening Assiay: . In this
figure, the assay is perforned using two cell lines. one cell line

I

expresses CRWIRANSCORG 1Lt bF HsevagaEl $Y. thee Pafigndr and | Tradrmaslpr esses CD4
and CXCR4 t i I SSaYii d infecting cells
with'a |a5§59§%n§§%§ ofﬁg%go%%?H§#B&W?rég E%%é%g&IeFﬁ§é5Q¥fon1celIs
transfected wth pH Venv and pH VI uc?U3 vectors. Tthe exanpl e shown
represents the analysis of 96 viruses formatted in a 96 well plate

i nfecti orBigme pérf oPrirhuret hef abeidersf eHREFYHED dRBg) ,vierdlin the
presence of t referentially- inhibits either R5 tropic (CCR
inhibitorfxgre§gﬂg?8%%%O%EXCR4 inhibitor) viruses. Co-receptor tropismis
assessed by conparing the amount of luciferase activity produced in each
cell type, both in the presence and absence of drug (see Figure 3B for

i nt erpr et AVoPraESkeRe ceBErPESIOn Meghps SHITINENEY nilfi MgdEbleddept or
tropism Lo LAis LY. GRGLESULTEn LGSR Al HEEPAled by

patient plasma samples. The designations a/b and c/d, refer

o f

to restriction endonuclease sites positioned at the 5’ and
3’ end of the HIV-1 envelope polyprotein {(gpl60). The HIV
expression vector (pHIViucAU3) encodes all HIV proteins
except the envelope polyprotein. A portion of the envelope
gene has been deleted to accommodate a indirator 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 pHIV1ucAU3 . The host cell

produces HIV particles that are pseudo-typed with HIV



conparing the ability of each sanple virus to infect (produce |uciferase
activity) in cells expressing CD4/CCR5 (R5 cellg) .or cells ressing

CD4/ CXCR4 (X4 cells). The ability of a CCRS'orE&xEﬁXePﬁﬁFbﬁﬁﬁ to
specifically block "infection (inhibit luciferase activity) is also

eval uat edWOM/BHpi ¢ viruses (green panels)- infect XBCTEIRASHRIt not RS
cells. Infection of X4 cells is blocked by the CXCR4 inhibitor . RS 24
Novenber 2005 WO 02/ 099383 PCT/ US025.18078 -7 tropic viruses (blue panels)
- infect R5 cells but not X4 cells. Infection of R5 cells is blocked by

t he CCRS eyfwllidpel Mequbhiéds td@pivedorfrdd/ RBe Mastiresrisy ebt oyapnel s) - - i nf ect
X4 and R5 cells. Infection of RS cells is blocked by the CCRS inhibitor and
i nfecti orfasples calirysi sEPIEHES bfret herldrckedi nkirhPt or) NvH-SA abl e
viruses (,r -..do_no rrepli [ i.th 4 .qr. . R . Figure
4A. I\/Easutrr%(r;\lgsl%égﬁéa Iaﬁlﬁi %% E)’lrsegug(]():elp I FI% = kFﬁé}%%\ ﬁ%r?ﬁi %?q?]‘g‘lféssl nthis
figure, suscepéddiddrsy teqgthecdaysi oandnbbbié@aptbr20 (d.3y.demxrmst,rated. Cells
expressing CD4, CCR5 and CXCR4 were infected in the absence of T-20 and
over a wW@RFangdfser TinkectdgicdniRali o (bexgREsCROGP crrechy®d The

percent inhi bit.k Leal . replicatl gﬂy-ﬁg} i by
conpari nga r&‘ng_htc%%ﬁan%’é oa%ltﬁg!é}:?e]?%s“geaapslrugdﬁée |n§r|alr'? e%’?e i%% Iés}?éljn. t he
presence y@funf- 30 téplimatdampund elcdamifi:el asnfraadutedtangébenostbsence of

T-20. R5 tropic, X4 tropic and dual tropic _viruses, were tested. Drug
suscept i Bl gnd PragRe | Fuddeppse Rstdrithi nd ft e ot FatPdtof T- 20
required.to_inphibj feHya Bli LAl bop; £GP0, ghpwniaseyerti cal
dashed | itr?eg‘;n.‘n'gk\)lhlrieusigggsmet%éd{ldmlel}l&?géo. vgl u:ésl%e Sm)re Slljsceepti ble to
T-20 thahig sysesm warhbei ghed tcCHralabbessuddebt3biluey| tohemtact eri zed X4

tropic strain JRCSF: well-characterized R5 tropi¢ st rain%egllJSOOS. 11: RS
tropic i SAPALAEEEEai FEGSPFO 2PHe 9 HEAFPEP ReSEGPLAMand Ref Bt et e Reagent

Program : RHIP93. 1. Dual tropic (X4R5) isolate obtained fromthe
NI H ARR&%BE?%%%Q. 24 X4 tropic isolate obtained fromthe N H

Figure 2. HIV envelope 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 Thuman cytomegalovirus (CMV). Envelope RNA is
polyédenylated using an simian virus 40 (8v40)
polyadenylation signal sequence (A+). An intron located

' between the CMV promoter and the HIV envelope sequences is
designed to increase envelope mRNA levgls in transfeéted
cells. FL- express full-length envelope proteins (gpl20,
gp4l) ACT- express envelope proteins (gpl20, gp2l) lacking
the C-terminal cytoplasmic tail domain of gp4l+CT- 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



24 Novenber 2005 WO 021099383 -8 ARRRP. PCT/ US0211 8078 Figure 4B.
Measuring Entry Inhibitor Susceptibility: Drug _Resistance %E% tions. In
this figure, reduced susceptibility to the fusi6d NPHRMEFTof ¥220 conferred
by specific drug resistance nutations in the gp4l envelope proteinis
denonst r a¥OP2Z0INE| | s expressing CD4, CCR5 and CXCR4 WRCRUSOAMT ed in the.
absence of T-20 and over a wi de range of T-20 concentrations (x-axis |oglO
scale) . The percent inhibition of-é#iral replication (-y-.axis)..-.was
determ ned by conparing the anmobunt. of luciferase produced in infected
cel | s i ntedathmesdibedpdl prot2dns odetigednbunn olfe [padiitstase produced in the
absence of T-20. Isogenic viruses containing one or two specific

mutations in the gp4l transnenbrane envel ope protein were tested
(highlighted in red in the figure legend). Drug susceptibility is
quantified by determ ning the concentration of T-20 required to inhibit
500 of Wigarer¥pli cat-irenepli®SdEropsbowbcrrseniaugt Reaky dashed |ines). Viruses
with lower IC50 values are nore susceptible to T-20 than -riruses with

hi gher 1 C50 values. No nutation (w |l dtype sequence): GV Single nmutations:

GV, DIM it donble Pl ald:09Sis DdMroShbl BIMEI@G €21PALindgasuring Entry
I nhi bitor Susceptibility: CCR5 Inhibitor In this figure, susceptibility to

a CCR5 igns Wieflér 1{nerekonaBs68/ 00D 3881 CORBopowimel)x pandéabnstTimt ed. Cel |l s
expr essi CchH4 CCR5 RS ce# ) i nf ect ﬁ i n_.the absence of the
CCRS5 i nrﬁq:gﬁefof:eﬂ; TS5y EFP ‘a'“v'iﬁ‘c“(ﬁeé %ﬁéﬁ%%"ﬁ Pbit 8 938?13_2 ntrations
(x-axis zhiégé@.sﬁgai@)pe&egm&%geﬂﬁfédmhgl &1 Qfit¥iy alargeefhmsad i on (y-axis)
was determ ned by conparing the anount of |uciferase produced in infected
cells irvﬂin;qmmbjgﬁgé vizrus stocks derived from cells transfected

with pHIVenv and pHIVluc?U3 vectors. Tthe example shown

represents the analysis of 95 viruses formatted in a 26 well

plate Infections are performed in the abeence of drug (no

drug), or in the presence of a drug that preferentiallx-

inhibits either R5 tropic (CCR inhibitor} or X4 tropic (CXCR4

inhibitor) wviruses. Co~receptor tropism is assessed by

comparing the amount of 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 thé ability of each sample virus to infect {produce
luciferase activity) in cells expressing CD4/CCR5 (RS cells)
or cells expressing CD4/CXCR4 (X4 cells). The ability of a
CCR5 " or CXCR4 inhibitor té specifically block infection
(inhibit luciferase activity) is also evaluated. X4 txopic
viruses {green panels)- infect X4 cells but not R5 cells.

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



CCR5 inhibitor to the amount of | uciferase produced in the absence of
CCRS inhibitor. R5 tropic, X4 tropic and dual trO%ic Vi ruses were tested.
Drug susceptibility is quantified by deternini¥d CRESEBAREerPPati on of CCR5
inhibitor required to inhibit 500 of viral replication (1CSO shown as
vertical -WOHMYEBY i nes). Viruses. wirh | ower | C50 val uBS/E802130M0r €
susceptible to the CCP= inhibitgr than viruses with higher |C50.values .
The X4 tropic virus did not infect the R5 cells. NL4-3: well-characterized
X4 t1Qpi 6.3t A LRCSIE) yWe bha cfiar achffd 2k eR2-d Qi SR k92HT593. 1: Dual
tropigg%ﬁﬁPS) igblgfg ogtakngdﬂgron1the NTH AﬁRRP. Figure 5B. Measuring

Ent ry dalliisbi t orlrSiestcéphi kifl i RY: c€XORA ibnhblndked bn tthes ¢dRfur e,
susceptihility to a CXCR4,inhibiter (AVD3100) , is.denonstrated. Cells

oxpr oOGT B - A SEXERIE LI 4 A5 TRRRAEERT YELACY Pttt Slbsence of t he
CXCRA i /Hal-Ri %97 2 ReO%RN 158 Wn@ecf A0S fO0Rs CXCRA: I hihhEndg g@ncentrati ons
(x-axis logi0 scale). The percent inhibition of viral replication (y-axis)
was detter @OREd ibhibbhparandy infechboumt ¢4 lagdilkedasblpelotlidad in i nfected

cells.inth resence of CXCR4 [nhibitor to the a nt .of | uciferase

pr odudd¥ Fﬁg?ﬁelriﬂgjé%%'o © éﬁhTeiWrﬁ‘ﬁetso??eﬁéjﬁ“}%bjé,d?(éflcftr opi ¢ and dual
tropi Ggphhuaes WereitHaskader Xyigqugceptibility is quantified by
deternmining the concentration of CXCR4-inhibitor required to inhibit 50i
of 24 Novenber 2005 WD 02/099383 PCTI USO2 /18078 -10- viral replication
(1C50 , shown as vertical dashed lines). Viruses with |ower 1C50 values
are nore susceptible to the CCR5 virus did not infect the X4 cells. NL4-3:
wel | -characterized X4 tropic strain JRCSF. well-characterized R5 tropic
strain 92HT593.1 : Dual tropic (X4RS) isolate obtained fromthe N H ARRRP.
Figure 6. Entry tnhibitor Susceptibility: Fusion inhibitor This figure.

denonstrates .th the.a i.con orrespondi ng- sto. the full length
envel%’;%lrsee(f&en@tgag}lra}%o td.’élmﬁggt. f_'?oge:?uestceeé}tlbﬁlt} : eFusu:n

Inhibitor.

Ia this figure, susceptibility to the fusion inhibitor T-20
is demonstrated. Cells expressing CD4, CCR5E and CXCR4 were
infected in the absence of T-20 and over a wide range of T-20
concentrations (x-axis loglo 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
abgsence .of T-20. RS tropic, X4 tropic and dual tropic
viruges were tested. Drug susceptibility is quantified by
determining the concentration of T-20 required to inhibit 50%
of viral replicatien (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 91US005.11i: R5 tropic isolate obtained from
the NTH AIDS Research and Reference Reagent Program (ARRRP)
92HTS93.1: Dual tropic (X4R5) isolate obtained from the NIH
ARRRP.92HT599.24: X4 tropic isolate obtained from the NIH



envel ope sequence are generated. The | ane nunbers correspond to the
co-receptor tropismshown next to each nunber on the right of the gels.
Figure 7. Reduced Susceptibility: Fusion Inhibi £8r NS¥&afP&r gP8ts are shown
which indicate the results fromFACS (fluorescence activated cell sorting)
assays uswep2@sssinodi es against either CCRS or CXCR4 ¥ohuseyigem Y axi s)
The cell lines express the co-receptors |isted below the plots and the
CD4 fluorescence is shown along the X-axis. The anti-CXCR4 antibody bi nds
nost strongly with the cells which.gxpress the corresponding co-receptor,
CXCR-4. Figure 8:-Entry Inhibitor Susceptibility: CCRS Inhibitor

I nhi bi ti ek, shown foll ow ng adm ni stration of co-receptor antagoni sts.
24 Novenber 2005 WD 02/099383 -11- PCT/US02118078 Figure 9. Entry

i nhi bitor susceptibility: CXCR4 | nhibitor Mp and am no acid sequence is

shown far, a peptd de, which is n.inhibjtor o .00 .Retween a vira
ronbr anc i e ety BMTbA s Pipee b S tE gy
Ant agoni e i gFhade emthe 1828, Resi stance Mutations Figure 12. ldentifying

Entry Inhibitor Resistance Miutations Figure 1::. Fusidn Inhibitor ?eptides
Tire invention in its particular features can becone nore apparent. from

the foll.ow r]:q}.det §i.l ed descrd'uoti on_consi,d r'ﬁgt wW. *th t-[}%]: erﬁlréc% to the
ng W

acconpan Pgur ¥4 aRd é%hnﬁfgs.sﬁ?ﬁfp%ﬁ)l 0 ngt%escrlptloﬁ‘ﬁiscusses t he

means andapebheds to2carcbnredted hehpr et fiovedia®n pesididnicdeg to a
phenotypi ¢ assay relating to identifying and viral entry, including for
exanpl e musathengr éBerhe] G4 | FHVEIIPE- Prat@ineits yiemrdtiiedy i nhibitors

of and %%&lgse§p£éégfﬁgidﬂl,inggiE%ﬁsckékiﬂééfg\@ﬂfgcted 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 Lyzéxisi;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 sp2cific
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 replicavion (IC50,
shown as vertical dashed lines). Viruses with lower IC5C
values are more.susceptible to T-20 than viruses with higher
IC50 values.
No mutation {(wildtype seguence): GIV
Single mutations: GIV, DIM, SIV
Double mutations: DIM, SIM, DIV

Figure 5A. "~
Measuring Entry Inhibitor Susceptibility: CCR5 Inhibitor

In this figure, susceptibility to a CCR5 inhibitor'(merck



24 Novenber 2005 WD 02/ 099383 -12 Detail ed Description of the Invention
PCTI US02/ 18078 This invention provides a nethod for id nti% i.ng whet her a
conpound inhibits entry of a virus into a cell igﬁve@gﬁﬁr'égg: (a)
obt ai ni ng nucl eic acid encoding a viral envelope protein froma patient
infected WP @AY rus; (b) co-transfecting into a firBEI/BISRMBOPE ) t he
nucleic acid of step (a), and (ii) a viral expression vector which | acks a
nucl ei ¢ acid encoding an envel ope protein, :end which conprises an

i ndi cator nucleic acid which produces a” detectabl e signal, such that the
first cell produces-yiral Barticlea conprising. the envelgfe protein

encoded by t HE™HAH icl?ipliﬁ ottEAvEd - - f Fomt ZEPERT; Ht) bift&St i ng the
viral particlgs QE??HF%feniﬁf%?egg%?Vﬂhtehaﬁsé@é‘é)%‘i 8t lodsd shhgsfrgsence of

t he conpound, wherein the seco expresses a cell surface receptor to
whi ch the virausl bownes; a (wi)denessgs nof t BERS anmhibivdr sicgnaenipratdiesd by t he
second cell jn order_tqg determne the infectivity Qg,the viral | rticles;
and (&) compali i ieheL Nt D s gnahe mPSEEPBY  SBEBROR AP fwi Fif Aihe

amount of si gnah iPEedYsed, idkikhe,absencenifbat b LRURY, thbesRlyhta
reduced anount "of signal neasured in the presence of the conpound

i ndi cat es t hatf flheiterprrumtoduntd bin sindectgdotele i the prnesendwe ofecond
cell. In one clgcrﬁggod%lgegt of %hi [ nvent%on %he‘. i ndi cator .nucleic .acid
conprises an Ghdi CAPGP ERReC IS RBPHBE Rhbodi S§t PLPRTSSY ivbriti®on, the
i ndi cator gengdetica b¥Cictbasasenugner.| NranNe reghedi RENEr&bid Ml idant i on,

the cell surface receptor is CD4. In one embodiment of this invention, the
cel | surface trepdpt oVikyses chwanski estedept orDruch Gwecephbodlsnt i6f this

nvention, the cell. surfage. reaeRhor S B4 NUSTAS, GPU%DIRRHORIES - 13
required to inhibit 50% of viral replication (IC50, shown as
ﬁertical-dashed lines) .  Viruses with lower IC50 values are
more susceptible to the CCRY inhibitor than wviruses with
higher IC50 values. The X4 tropic virus did not infect the
R5 cells. NL4-3: well-characterized X4 tvopic strain

JRCSF: well-characterized R5 tropic straln 92HTS593.1: Dual
tropic (X4RS) isolate obtained from the NIH ARRRP.

Figure 5B.
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 logl®
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 tw the
amount of luciferase produced in the absence of CXCR4
inhibitor. RS5 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



In one enbodi nent of this invention, the patient is infected wth the
H V-1 virus, a hepatitis virus (such as the HCY 6 or., HBV virﬁaé, or any
other virus. I'n one embodiment of this invention? PRESAREFePEPAcid of step
(a) conprises DNA encoding gpl20 and gp4l . In one enbodinent of this

i nvent i onWOtRBE%$3 al expression vector conprises H V PCRUSSYS0ZCi d. 'in one
enbodi nent of t 33is invention, the viral. 'expression vector conprises
an HV gag-pol gene. In one enbodi nent of this invention,- the viral
expressi on vector conprises DNA ehtoding vif, vpr, tat, rev, vpu, and

nef. in one enbodi nent of this invention, the first cell is a mamualian
cel | . invired eriddioatAenoflI€h?s shomanwisovertheatndashpdnlingd) is a human
cell. In,one emiadinment of [ S, J.nhvention he _human.cell _is,a hunman

orbr yoni ER R IATkE8keR 10ob SatllE e hodd SR BFe o4 Sl T

enmbr yoni.@crKi{dReyi €6t ItHah @i2%kCqlith HigjrereIesbogh TRt ofhd hiss invention,
the second cell is a_ human T cell. in one_enbodi ment of this invention,

t he secofubrdsl Virysaddd n@ydmbert 2085 ¥00ce21999383 |4 hunman T cel

Ieukenig%gggjl%éfygbhgggbgggﬁéipgzgfrIncp@%r%ggodinent of this invention,

t he second TCe i's a periphera ogd TononRucl ear cell. In one enbodi ment
of thi sgrowENteL-chBeaseeoiET /Bl tidpian stastinogl i oma cell. Iri'-one
enbodi ment _of this invention, .the astroglioma cell is a U7 cell. in one
enbodi mBRETHY3 thi Puady ERFPER, (476 ) s et atrtainesd fRafarhe Nebsar com

cell. | enmbodi rent of this invention, the hunan osteosarcona cell is
an. HT4 “cell.

Figure 6. Entry Inhibitor Susceptibility: Fusion Inhibitor

This figure.demoﬁstrates that the amplicons corresponding -to
the full length envelnpe sequence or cytoplasmic-tail deleted
envelope sequence are generated. The lane numbers correspond
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 frdﬁ FACS
(fluorescence activated cell sorting) assays using antibodies
against either CCR5 or CXCR4 {shown on ¥ axis). The cell
lines express the co-receptors listed below the plots and the
D4 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 Suscuptibility: CCR5 Inhibitor
Inhibition is shown following administration of co-receptor

antagonists.



in one enmbodi ment of this invention, the compound binds to the cel

surface receptor. In one enbodi nent of this |nv t|on Fﬁ ound is a
ligand of the cell surface receptor. In one e dwﬂﬁﬁ gﬁ i nvention,
t he conpound conprises an antibody. In one enbodi nent of this invention,

t he conpoWRI2ZMMBI3hits menbrane fusion. I n one enbodi MGTUSHL/ IR0 S

i nvention, the conpound is a peptide, a peptidom netic, an organic

nol ecul e, or a synthetic conpound. in one enbodiment of this invention,

t he conpound binds the viral envel ope-ptotein. This invention provides for
a nethod for nmaking a conposition which conprises. adm xi ng the conpound
identified -Byigthe 24 NntewbiénhIOmH \\GuARZEPORRRI tRCTEXISRL THABAR oxl5
screeni ng net hod (method for |dent|fy|ng a_conpound) described herein with
a carrier. |NHeBnatenBBHMETLdoFeERPRCS e SEPKR, fhe PsPtide whigh|ime,

pol yet hyl ene gl yoalspiaQUbter, d(;gie%eeﬁ ét*@{fﬁl m%Fnb%Bn Oéﬂénéccéﬂ vent.

The i nvention provides for a net for 1denti surface

recept or whi atenitsrad@und by a virus upon |nfect|on of a ceII by the virus

whi ch conprises: (a) obtaining viral particles which conprise (i) a vira

nucleic acid and (ii) an indicator nucleic acid which produces a

detectabl e skghale 14 D) mmwﬁwqwaceeh!ec&a&hAﬁw{;s&%%a cel I surface
c

receptor with"the viral particles fromstep (a) ; d measuring the
anount - of det ect abl e- S|gnal produced wi thin the cell, wherein production
of the S|gnal |nd|cate cell surface receptor expressed by the cell is
bound by theF¥7PE8, 2 ngb esifnaer PhGELPR® cel | surface receptor as being
bound by the virus upon infection of the cell. The invention al so provides
for a nmethod for identifying whether an antibody inhibits entry of a virus
into a cell.Fiqure 12, Identifying Entry Inhibitor Resistance Mutations

Figure 12. Fusion Inhibitor Peptides

The invention in its particular features can becoms wmore
apparent from the fcllowing detailed description considered
with reference to the accompanying figures and examples. The
fellowing description discusses the means and methods to
carry ouvt the presenf inventicn 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.




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), ard FPYEmRe¥i £AP%expr essi on
vector which lacks a nucleic acid encoding an envel ope protein, and which
conpr i sesWa&P2i0¢d¥3cat or nucl eic acid which produces a Pel/usoratie si gnal,
such that the first cell produces viral ©particles conprising the envel ope
protein encoded by the nucleic acid obtained fromthe patient; (c)
contacting the viral particles proggced in step (b) with a second cell in
t be presence of the antibody, wherein. the second cell expresses a cel

surface pgeepiad desotbeloh Ner WneUSnbedS, (d) nmeasuring the ampunt of
si gnal produced by the secon ce In order to determne the infectivity
of the viral particles; and (e) conparing the anount of signal neasured
in step. k : i r LE C 4 Novenber
2005 WO S%%%&%g%ﬁ%%ﬁ%%}f%?% @%004) tqg%?gﬁ%gﬁ‘tﬁ%?g mere%feﬁ: zzaa reduced
anount ofccsipgmald nemlsibigts entitheopr esenteuof inhe ant ideady vinthicat es t hat

the antibody .,inhibifs entry of the virus into the second ce|ll. The
i nvent i of PPEGHEEES 6 aCRBUHYERSE U S nfichgeneadipt Abi Y4432 of a virus

to a comaijadopbi shotdihi DisksyVvh it 1dhe! Lafllidn Wy EhecomPLLSCR) ()
obtai ning nucleic acid encoding a viral envelope protein from'a patient
i nf ect ed cabyreheferting {do co-flirasfeedli fd) | nhe auflest xeld (i) the

nucl eic acid of ,ste ..and (i) a viral expression, vector. which |acks a
nacl ot ¢ ep drtearng B orShy sRptertion YRStoR BRiCE AT o

i ndi cat otk ei §cagi d sMicRRngr OHICenva1oHet G:ldis, ST ghal . wisugh that the
first cell produces viral particles conprising the envel ope protein

encoded kymphésenuciei drddcdtonbtmiaiedef ramd heshdati eprodieds ' ont acti ng
the- viral partjcles, praduced.inp_ste b). with second cell, i t he
presence%ﬁFeFﬁgbg%nﬁ % ﬁW@PeEHagtﬁ%éééﬁﬁﬁdcggﬂlPr8§%?%%é%%r%;(xﬂI

surface raceREOEst @owblohiddernd I dgvdids iprdrdlinMRAEERY hhegmount of
si gnal produced by the second cell in order to determne the infectivity

of the vimgleic acid obtained from the patient; (c¢) contazcting the
viral particles produced in step (b) with a second cell in

| the presence of the compound, wherein the second c=11
expresses a cell surface receptor to which the virus binds;

" {d) measuring the amount of signal produced by the second

cell in orxrder to determine the infectivity of the viral
particles; and (e) comparing the amount of signal méasured

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

of the compound, wherein a reduced amount of signal meésured

in the presence of the compound indicates that the compound

inhibits entry of the virus into the second cell.

In one embodiment of this 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. 1In one embodiment of this invention, the
cell surface receptor is a chemokine receptor. In one

embodiment of this invention, the cell surface receptor is



particles; and (e) conparing the amount of signal neasured in step (d)
with the anmount of signal produced in the absence _of the conpound, wherein
a reduced anount of signal neasured in the pregény8v8pb?ﬁezg§ﬁpound
indicates that the virus is susceptible to the conmpound. The invention
provi des WO for determ ning resistance of a virBEI/EY24808npound
which inhibits viral entry into a cell which conprises:(a) determ ning
susceptibility of a virus to a conpobnd according to the nethod of claim
33, wherein a nucleic. acid encoding a viral envelope protein is obtained
froma patd®rs atr @CRSrst tine; (b) determning susceptibility of the
virus to the conpound according to the nethod of claim 33, wherein the
nucl eic acid encoding the viral envel ope protein is obtained fromthe

patient afnaond A@HaSREMIDA ithBs AMLAGLnC OMRATING fte iSUSHEPLIL | i ties

determned in steps (a) and (b), wherein a decrease in susceptibility at
t he | at er wiedondet HEe-1 ndimmat es hesdisittascei 2ds Neavaibers 2005HW0 @2/ 099383

-17 of the_virys tg t he conpggnd. PCTI USO2 /18078 The invention provides
for a met HBY OFUFuentT f3PnG 2 it = on in a virus that confers resistance

to a conpound that inhibits viral entry into a cell which conprises: (a)
determ ning the nucleic acid sequence or the amno acid sequence of the
virus pride one gapofimentnait this tinweptior, tiet hucheledmidund; sidd obt ai ni ng

a virus resi,stant _to t co und; ‘ermning the nucleic acid
sequence oV“tﬁ@mp5ﬁ$%%q§g}&ngggﬁ%%é§£%¢ gﬁé ?é%?Stant virus fromstep (b);
and (d) conparing the nucleic acid sequence or the amno acid sequences

of steps (a) and (c), respectively, so as to identify the mutation in the
vi rus thainconteersbedinentamie this tinveasipounthe| Hispé eHBoEFTAIM of this

i nvention, the_ virus obtal NS .(;b) is the virus of .step (a) grown
in the prérsegrtrc?g 8?Hpjf Seesg(#riggﬂﬁalghé\%%lléfesi stance is developed. In one
enbodi ment of this invention, the virus obtained in

‘ITri one embodiment of this invention, the wvirxral expressicn -

vector comprises an HIV gag-pol gene.

in one embodiment of this invention, the wviral expression

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

nef.

In one embodiment of this invention, the first céll 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



step (b) is isolated froma patient which has been undergoi ng treatnent
with the conmpound. In a preferred enbodi nent, this invention provides a
means and nethod for accurately and reproducib?§ H@&@ﬂ??5929ﬁ%
susceptibility of HHV-1 to virus entry inhibitors. In another preferred
enbodi mnenW0 0289383 nventi on al so provides a neans and meElvisegkifeee accurately
and reproduci bly neasuring H V-1 co-receptor tropism in a preferred
enbodi ment, this invention provide§lﬁ"neans and nmet hod for accurately and
r epr oduci pl neasur%ggggg%ibod di ated neutralization of HV-1. 24

y
Novenmber BBBEVID &2 o e&ég;}&%()?s -18 in a preferred enbodi ment,
this invention further provides a neans and nethod for discovering,

optim zi i ZEN \Y; .New ef.various
Gofined 19,35 SIBARAL ot Moy BludleBaY THUIBLDM calOols 8l Oy

process. PRriPhrEteregdeRoRrnusdsRr €815 ' invention further provides a
means and nethod for discovering, optimzing and characterizing H V-1

vacci nes (ei ther preventati Qr. .therapeuti t hat t.ar various defined
and ne-yde” GRAorrRea eebe e, dUERARSH, | Gls, ABerinGeEh {8 focese. 1 a
pr ef er r edasivbogi nmst cellBi s i nvention provides a nean is and nethod for
identifying am no acid substitutions/nutations in H V-1 envel ope proteins
(gp41TM _and gpl20S t ha |ter susceptibility to jnhibitors of virus
SR el R R T B o e SRR TR LTSRS I

nmet hod fos wpmntaeXli ng the affect that specific mutations in H V-1

envel ope have on virus entry inhibitor susceptibility. In a preferred
enbodi nent, this invention further provides a neans and nethod for

det er ni nEAg oABV-SrbefGBEBhechni e adiventdehst gt FEASPAUEEtt oh€ Bhat are

frequent | y s ¥R saetbhgrceial.one or in conbination, in viruses that
exhibit altered susceptibility to virus entry inhibitors. )

in one embodiment of this invention, the human osteosarcoma
cell is an HT4 cell.

In one embodiment of this invention, the compound binds to

the cell zurface receptor.

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

of the ceil surface receptor.

In one embodiment of this invention, the compound comprises

an antibody.

In one embodiment of this invention, the compound inhibits

membrane fusiomn.

In 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



In a preferred enbodi nent, this invention' provides a neans. and nethod
for identifying. am no aC|d substitutions/nutations in H V-1 envel ope
proteins (gp4lTM and gpl20SU) that alter receptorN8VeRBeFeéBfPor tropism
- 24 Novenber 2005 WO 02/099383 PCTI1JS02 /18078 -19 In a preferred

enbodi nenW0 @2/69%83 nventi on provides a neans and net horCTusozageant i fyi ng t he
affect that specific nutations in H V-1 envel ope have receptor or
co-receptor tropism In a preferr%% enbodi ment, this invention further
provi des a neans and nethod for identifying H V-1 envel ope am no acid
substitutions/nutati ns, t hat equent | bserved, either _alone or in
conbi naffiCSRT Y vi Peiid t AP t&?ﬁibﬁ @%%f% g¥ln%II% FEULEMt or tropi sm
In a pr@Eecreheéwhﬁﬂﬁl@ewt;htanQanrneent|on provi des a neans and nethod for
i denti fying am no acid substitutions mutations in H V-1 envel ope proteins

(gp41TM and %5$98 é l.ter antibod medi ated neutralization. In a
pr ef er rEY Bfo&d Fi't“emtiﬂ thiFe ARV ERLE 1oV itEs CarhkShst s &i7d Mt hod f or

quant i f yoligetieleafd eglyddigt speefférr selhwticns aistdddh,l envakhope have on
anti body oedi ated . neutralization. in a preferred enbodi ment, this invention
further p OVides a meéans and nethod for identifying H V-1 envelope am no
acid substitutions /nutations that are frequently observed, either alone

or in @f&llﬁﬁbhﬁlonlﬁrwid&eidrh&t nexhbai foﬁnidémﬁ)fylﬂi%dlac%%ed virus
nventiaon further provides

tral i b
geunegnézgﬁ%ganggﬁg?g‘ﬁHﬁWtFFygﬂﬂ? %@d?é@”ﬁﬁhfpgpe PR A observed in
pati ent asaspledyvithesed rubatwvhark cappiblseof (Feuthtaindingg vilkWdl. In a

prefer rgg refoadi nRnton méé‘Vgﬂt 10, 3 t H@&:L@t@vatcctes @244 Ngve”b.ef 2005
WO 02/0 9383 20 PCT/USO nmeans. and nmet hod for identification of
V|rusesaPiﬁﬂ lFéEﬁ?r%PC eic 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 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 wvirus 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; (¢) 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 wviral -
particles; and (e) comparing the amount of signal measured
in step (d) with the amount of signal produced in the absence



CD4 binding for infection. In a preferred enbodi ment, this invention
further provides a neans and nethod for the identification_of viruses that
do not require CD4 binding for infection. In afrBPEFPRETeABBAi nent, this
i nvention also provides a neans and nethod for identifying the incidence
of pati enWO0ZBIfi3es that exhi bit CD4 i ndependent i nfecrGTas02/18e78a preferred
enbodi nent, this invention further provides a neans and. nethod for
identification of viruses that requi-re CD8 binding for infection. In a
preferred embodi ment, this inventioh®al so provides a means and met hod for

i dentifying the incidence of patient viruses that exhibit CDB dependent
i nf ect i orPt 113 CRFRPHIG: c WHBHB T A8 FEUCe R ANCURY e | TR MBRFUTRDVI des  t he
nmeans andinetHeogrésendehefi daat bt faddyoinaicatddisestt hak anedbdye the CXCR4

chenoki ne; 0 L. ndiang,. .t | ne. regept or binding, or
ei t her Cw%gr@s'c%ﬁgh&%r%%% ja?]tglual roo%ilﬂg)ngg%rm% rﬁeg@t'i on. In a preferred
enbodi nent, this invention further provides a neans and nethod for

i denti f yThg t hevémdicengeooia¥sr uses 4 hatethequi kert haeCXERM GOk ne.
receptor l?ll n%| gb'}[l}]ie 5 Vchem?:kl ne rec%%t or. bi nd.lrga .or ejther CXCR4 or
cCR5 bi ndiHiS P? DAL 85 2) VHSE i9f 8P BIP AR Bt B PEGS et nent, thi s
inventiomaﬁkthatrprwhidesG@mﬁﬁimpsenﬁeb 2008 1WNQG2/1089388 REIIAIS02] 1807S
-21 means.andisegt Bogi for diARNidLY bpgeElY- -drahUeLARG AR BRraG & .
b
substituti on1$:l /mutations that are frequently obséerved, _either alone or in
conbi nat ih ERENVIT s D) t R tERpFIRGELeg) 18F¢ & ddrsdusedbt b 15RS to virus
entry i nhiueiledrsac{d)ofCKERS 0a) CGRA (d) r£odphLrekpopissdn asckd:) anti body
medi cat eq Nl fUg, oS Ul Elﬁlzjf%f‘é 'a?dla Eﬂcé‘dﬂ{\ﬂegﬁréﬁﬂ hie, eog;%gggﬁ.n thi$ 1 nvention
provi des 'a neans and nethod for usrng virus entry inhrbrtof susceptibility
to gui debilsd cPERYMRSR af Imdichtornnecinist @ciddweibbdpredtces M s i nvention
further pleevd8Biecasignal, such that the first cell produces viral
- particles comprising the envelope protein =ncoded by the

nucleic acid-obtained..from the patient; (¢) 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 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 c¢laim 33, wherein the nucleic acid encoding the
viral envelope protein is obtained from the patient at a
later second time; and (¢) comparing the susceptibilities
determined in steps (a) and (b), wherein a decrease in
susceptibility at the later second time indicates resistance



means , and. nethod- -far ---using virus entry inhiitor susceptibility to
guide the treatnent of patients failing antiretroviral drug treatnment. In
a preferred enbodi nent, this invention further 5ﬂo@PH@§beﬁhgoﬁéans and

met hods for using vi rus entry inhibitor susceptibility to guide the

t r eat ment wWof0z0¥883ent s- newly infected with H V-1. |n acpuseb/esired

enbodi nent, this invention provides a neans and nethod for using H V-1
co-receptor tropismto guide the treatpent of HV--1 or to guide the
treatnent of patients failing antiretroviral drug treatnent. In a

preferred emb gtg,gnv thlg ﬁ)entlon f rther provides the neans and net hod
for using RI\P1 TB: re¢dft 6F YPOHTHPYD®: guide the treatnent of patients
newy infected with HV-1. I n a preferred enbodi ment, this invention
further provipdes fvdmas PEidrodz £.0r a”eﬁét%écf‘gf%?t'm rodh Qtee@ 24

Novenmber 2005 WD 02/099383 CTlUSOZ /18078 -22 neutrallzatlon of T HHV-1to
moni tor the iRHAGECDAG etTis Lhet bﬁ?i’&f?%p‘iﬁ?s‘egtlaﬁ‘fzﬁoﬁ?nﬁ G i on. In
a preferred e&fmﬂmzﬂib;tshvﬁajn\eam:yomﬁmrat kel 1pwhitiesompriseans and net hod

for measuri ngdeqfé q%ﬁnqﬂ{oatr?lchEIEu floﬁ%ﬁgﬂcgf o'gl l‘ile tainrr%m é@ldt he

initial therapeutic res onse vacci nati on.
preferred enberiussse of Hihe |Vr3r¢éﬁtP7€)¥PlT U Yy ﬁ‘mﬁﬁt@é‘éta‘?f rr@a@]svhﬁéﬁ met hod

for measuringyat I@mﬂyccs@&ﬁﬁe;d (bnedbt 24 izt laonfquusH&-\ésls@a&af &¢ Nend 0
nonitor the durabllldty gﬁotectlfy_ﬁ antlf) % re.scf)onsefoll n%
vacci nation. JIERPI%F & e(‘}E Od PNt St REST Thuetit r?eﬁﬁ??ﬁ%rmbr% des a
means and netawigiol eridressmengg ahtthbodysimtdngt etrusmdabmastegat(bon @id HI V- 1

to devel op ang) O%hﬁb§§né‘a&% nﬁﬁamc @rcllﬁe SQ&Q§50§CB§dH£§SarEﬂ% fexd nize
vacci nati on potency and ~ durabi | P/ For exanpl e the case of H V-1, the

SU protein ( SpfHEEcss) ©Ff SSF?@‘?\H? ag8@cil&l ed %Sﬂ?cltﬁge ¥r afiSméfbridhe
envel ope protigignt iFfgP4heTMitkbidn anchtes vibas conpt exodfertheeyi susneenbr ane.

to the compound.

In one embodiment of this invention, the virus obtained in
step (b) is the wvirus of step (a) grown in the presence of
the compound ‘until resistance is developed.

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



The envel ope proteins gpl20 and gp4l are derived by cleavage of gpl60, the

uncl eaved precursor product of the envelope gene. The binding of HV-1to

its cellular receptor (CD4) and co-receptor (effhBPVeRRSTofUEXCRY)

pronotes conformational changes in the TMprotein resulting in the fusion"

of the vi HO®AMPRRe| | ul ar nenbrane and entry of the vircBUSIRL®78 NtO t he
cytopl asm (Retroviruses, 1997). Although the new H'V entry inhibitors
target either viral envelope protggns (gpl20/gp4l) or host proteins (CD4,
CCR5, CXCR4), the mpjority of resistance-associated nutations in HV-1 are

24 Noveqher 2005 0024098383 POLSO2 LBIIE radietperteghip be |ocated i

the vir pe gene; one i kel'y way viruses mght evolve is to
shi ft coremcept end utnetihzdt | oinr Endiycdieadkgr s cortsitiitiihg a amedlel cl ass of
anti- retrovira | dru and the otentg%{ for broad a agai nst

S, ctivit
curr ent GRATICEAFEEEBPLEL AT PPY. driah Farh £oPGohi YR ORELANE ol ass of
potenti 3&1-}&"arsakfe€r‘l§rf&éf}§.ln@§ K HPh8 EHSWARus! APt HRR: and entry

r-eceptor/co--feceptor antagoni sts and vacci nes. Nonet hel ess, “i nhi bitors of
viral emgrqresmse |ikely to generate drug resistant viruses (through

nmut ati on of the envel ope gene), thus conplicating patient treatnent
simlar to that observed for protease inhibitor (PRI) and reverse

transcr iRt aSereferrBRi iR mERT! )tﬁirse%r}e%ﬁrprfdﬂla@erl Pr&dtdes £DA approval

of any new drug that blocks viral entry w require the eval uation of

resi st aneerdgat azndhemesbdd f orfcxr  dibgpwstriodassapttimdeingas aes
susceptihility to entry l.ockers,has been.docunented in. the case of the
Tlston HARAFEBRZ A0 IR Py SECGhRE ¢ TP ed PEa SUEEEbT BT 1y to T-20
have beghchapentRy Bhhert2383ag8ridus/Bbf thdd) ableas PF2S@REeE Dhed he drug. At
this time, convenient phenotypic assays that are capable of neasuring

suscept isfislpist ynt bhelruigais ahhachherk andr shtentyspe@ss -not avai |l abl e.
Consequently physicians will soon be faced with the challenge of tailoring
therapy in the absence of the tools necessary to address drug

suscept ibi ki p¥erdheielabedinene) Bl e assayibhapractdeat £l feans
and metﬁod for identifying amino acid substitutibns/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

sugceptibility.

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

receptor or co-receptor tropism.



measures susceptibility to drugs that inhibit viral entry frominfected
patients would be extrenely val uabl e. For exanple,. recent Heal th
Organi zation estimates indicate that morldmﬁdeﬁﬁnygv?%gﬁrg26hglIion peopl e
are infected with H V-1, the causative agent for the AIDS pandemnic.
Near |y onWOR{%BHn people are infected in the 24 Novenb€HUIROABO 02/ 099383
PCTI USO2 /18078 -24 United States and 300,000 are currently receiving
anti-viral therapy (CDC, 1999; W¥¥1999). Conbating Al DS has becone the
common goal of an unprecedented effort of governnental agencies, acadenic
| aboratories, and the pharmaceutical /biotechnol ogy industry. Fourteen
anti-vircral e ] r oyed : : a f HV-1
infecti%ﬁ ?.gkggggg%%ﬁ?gg)é?ggﬁf,ygi% Inéﬁﬁlﬁg?gigﬁéﬂégog2@%%??onal drugs
are curri mgthed nfprevvabnitfednintled iafifeat tHati apscifRHRMAat1888). - The
approved drugs inhibit HV-1- replication by interfering with the enzymatic
acti vi t ides BV - lepRHRkORR $EEEsESTEINOH O £0eF RN IEPPIERse (RT) . PR
inhibitors (PRIs). block the proper formation of viral proteins that
..are. necessary-, for virus infection'- and_ replication, while RT
i nhi bi t o Sa (JFEErrhl cakoddieent | ushifs deivendpyh Nipritkexgerevidesnaeri al . Due
to sub-optinmal potency current PRIs and RTIs are nost often _used in
conbi nafiemst ¢nds ispRed sEqK rigdentéfrinat Fhfr i CANFAPEr 2BENG| 2519000) . What
is desirg LS i i Co M At sak j.ral assay
capabl e Sg'gjsg%gﬁﬁg{’%@@t%g?&?%g h:it’ﬁ\c'ét ?g? %E%%egﬁﬁ?bﬁ%r S gf' \%iare%l&at t achnment
and entdlpnkl R Udi Rubtiskoion r eeptiorusard thatr eghpbbr CKOR4E botrors); 34.
receptor/co-receptor viral tropismto facilitate viral entry inhibitor
drug de$iEA SRATEERRENRHOP3SM- changes in drug susceptibility of patient
viruses to .inhibitors of attachnent and entry; and 36. viral neutralizing
activity generated in response to 24 Novenber 2005

In a preferred embodiment, this invention provides a means

and method for identifying amino acid substitutions/mutations
in HIV-1 envelope proteins (gp4lTM and gpl20SU} that alter

antibédy mediated neutralization.

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

in HIV-1 envelope have on antibody mediated neutralization.

In a preferred embodiment, this invention 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



antigens. The nethods of this invention can be ed for _an iral disease
that may be responsive to a viral entry inhibi té?l %ﬁa’e%ﬁﬁé\égﬁti -viral
drug susc%)oti bility and resistance to a viral entry inhibitor is a concern
i ncl udi ngWor®Bi9%8%anpl e, including, but not limted toPERRR/I40ENL | Vi ruses
(e.g. HV- 2), other retroviruses (e.g. HILV-1 and 2), hepadnaviruses-
(e.g.. human hepatitis B virus), _leoqvi viruses (e.g. human hepatitis C
virus) and herpesviruses (e.g. hurfan cytonegalovirus) .- .Entry. bl ockers
constitute. -a_novel .el.ase of-- anti--.retro, .viral. rugs, .and the

ot ent | S1°aR3; =B JSRF R Tor (YA AR GRSt SRR ot R eR Y an T v -1
vari ant go4Sphh@bhg AMINgnirBec cdmss of potential viral entry blockers are
fusion inhibitors, receptor/co-receptor antagoni sts and vacci nes. Fusion

I nhi bi tors Conpounds designed to conpetitively inhibit the conformational

change of T S] t . usi.on nhi pi , { te i.nhibitors of H V-1
repli caf' oan%ﬁ?%ﬁ%%%ﬁe“ﬁ%gﬁ rrlrjlgmfa’cttlh\}lgt 51!1 eggt%ﬁgegﬁggﬁgﬁﬁ%‘%le *béth in cell

cul tur e mgkakernid aethdd \fol ithbectesk jrRldaenbs ¢V viredesalthatl882; Judice et
al., 1997, Kilby et _al., 1998), no fusion inhibitor has yet been approved
for themnptetiedehie SP4HPYRYinhiEdt il8AeFYThe U.S. Drugs within this class,
such as t-20 and t-1249 (Trimeris Inc., USA), are the subject of advanced
clinical investigations. Receptor/COreceptor Antagonists In addition to

f usi on 1mhd bptefsrrathi@dboidineat | echid Vidvdiasiond dlmeendreryid@85aW0 02/ 099383
PCTI USO2 /18078 -26 interacted with its receptors, efforts are in progress

to deverspsdiigsnerzed pfey eiieniidying ( ohs | MESRIThPWRATIEDE or eit her
of its Eﬁﬂ ?éé 'ﬁilha[f:ale $ObE ECEPE O epdfeidlildfe¥tQbn SUCh reagents to inhibit
eRtTon has been

HV-11n 1o
In a preferred embodiment, this invention further provides a
" means and. method for identification of viruses that require

¢D8 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 b.inding, the CCRS5
chemokine receptor binding, or either CXCR4 or CCR5 binding

{dual tropic) for infection.

In a preferred embodiment, this invention further provides a



denonstrated in cell culture systens and ani mal nodels. Lead conpounds
targeting either gpl20, CD4, the CCR5 co-receptqr, used b rophage
tropic viruses (R5), or the CXCR4'-co- receptor sé]d’vwb?gfcgm)stropi c
viruses (X4) have been- identified (Allaway et al., 1993; Reinann et al.,
1995; Bab¥WO @{09%83 = 1999; Bridger et al., 1999). Curr @IFU§I2/18¥8CO- I ecept or
ant agoni sts are approved for the -treatnent .of H V-1 i nfeocion --in the
U S Drugs within these. classes,.aguch as PRO 542 (Progenics Inc., USA),
5a8 (Tanox, USA), TAK-779 (Takeda Inc., Japan), and AVD-3100 ( Anor ned

Inc., Canagdd)  ad Gndth®ds 86t ecdéntafr REGCHIPL £aknRI1 KA lhigbageigc! i nical

i nvestigations. Therefore, an assay capable of identifying and determ ning
r ecept ordwrtrigsdpooe/mutabions theti ereqfrekigntamdobeemet.elejithdentifies
patients .that are_ infected with strains qof a tropic viru e.q. HV-1),
woul d  FcTHS ©&t énv‘f?r%}?méaﬁf??‘ iThiBitare atiq't?gf 8&@?‘3%“- ail?d Fﬁ&%’Fﬁgnt . Vacci nes
Vacci nessiegtals 21 B oM Vi@ sbenery effi8eliitves st 1t esyeran thecrbi ght agai nst
pat hogenic viral infections in humans, and several vaccine candi dates to
prevent ddI\rereniogct Forpiame | andcl (¢l cantdbvdy opmedicat®de whwebope proteins
gpl20 and u3:p4l . 285 & t he nost obvi ous candidates in'the intense search for
an H VIERAEGHRE- AR many of the 11 vaccine candidates in clinical

eval uati on are envel ope-based (PhRVA, 1999) It is generally thought that

an effective envel ope vaccine may elicit the generation of neutralizing
ant i bodTesat haeferrdk erboddvenber tRDO5LnVanDiOR/ PF9I88ePCH/ WSERE18078 - 27

viral infecti scola et_al., 2000), .Therefore, a_ _.sensitivye

i h t hPGaMBERoRe R JoRap Yaie SRy Pt as O nete e EEdT et ¥8uch

neutral iguiide anki beghiesendndrdges-not require prolonged cultivation of
virus is urgently needed. Such an assay could significantly aid the search
for an effective AIDS vaccine. This is particularly true, considering that

| at e- stage cli tri.al nco s .l arge.pati opul at.i;-ons_nunbering in
the tho saan(?sfcj.er%l | %‘(Li% %{gedfuﬁd?é“f%flgi %aissanltn% %gllerg ﬁs‘?e%g:ttﬁ% %E): g\%gﬁﬁ Qlccessf ul
infecti gRaz0k ! &gt method. for ...using.- virus entry . 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 wusing 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 Lropism 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



cells, a envel ope receptor assay would be beneficial to serve as a virus
neutralization assay. -Unfortunately,,. nost-of _these, drug- %nbinations
are effective-: for only a limted time in | argé PIVemgge ?@ he ener gence
of . drug resistant -viruses. The |lack of proofreading functions inherent’
to RT andWNgop3sdynerise 11, coupled with high |evel,PexusseaAgrone
replication allows viruses such as H V-1 to nutate readily (Coffin,

1995).. This high nmutation frequency contributes to the ability of H V-1
to evade successful |ong-term dr#@-t herapy, resulting in viral |oad
rebound. Resistance-associated nutations to all of the 14 approved drugs
as wel | nasttralireayiomvestiyatli avaklicndhpounbe ihdvieabaemtdesdviebed (Schi nazi
at al., 1999). Conse uenth nul ti-drug resistant H V-1 variants pose an

i ncr eas PR§IPPABLYETRIATE: RB Q:%‘Fiéigof"af’ﬁf”é%ﬁecﬁi"'pati ents. To achieve long- term
clinical benefit, it is desirable to select those drugs that nmaximally
suppress viral replication and avoid the drugs to which a patient's. virus
i S-resi®t anprebeidsed 2600 indng thtier imgeduitdrofyrther prdwides drug

resi stance tests that can. guide physicians in selecting {.h st effective
drugs ®6aPAst ¥HE pEEFRR S%Wr ué‘?eyaﬂlﬁglﬂged afn&l%f’ggi st“%ﬁacl@%teggti ng has

been af %ﬁ@?glié‘aif&?@f giiydel L heso 1P the Dhlsi{ DHtssradduavenber 2005 WO
02/ 0993 PCT/ USO2 /18078 -28 2000), reconmendi ng that resistance tests be

routi nebytibsedy waponseefiol hopiidvvacehhiatci@ patients. Susceptibility tests
can al so assist in the devel opnment of new drugs that target resistant
viruses. A recent FDA advisory commttee (Novenber 7.999) recomended that

resistance peskbpedembsadndit ! R sdenedapmeniruet neevahtiides kal drugs for
H V-1. Several strategies--have been applied to the assessnent_of

anti vi rakadsug awscepetid i t for Gernsagiréngestantahalyze madiadeidons in t he

under | yi ng nucl eqt.i de se ce, or.genotype, . d t .t rrel ate
t hese nﬁf"g’f’f Ru H?U%Y‘?_ iogfte%ggme(%d?cfn&&%% ﬁ%%a%o e}%ll%t%? 1999;
Schi nazi,rel Sotdf8%e aHOVBNEF redh@nkel 86l Dialtigp vhetieeriomgenot ype- and

- phenotype---is - conplex and not easily interpreted, and the results of
t hese

In a preferred embodiment, this invention further provides a
means and metlod 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, CCRS, CXCR4) ,

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



-tests are not quantitative. The use of genotypic drug susceptibility data

requires interpretation either by experts (Baxter -et al., 1999) or
conputer algorithns and are not always predict?delevempest /BRP out cone
(Piketty et al., 1999). Phenotypic drug susceptibility assays directly

measure awo 0202383t i fy the ability of viruses to replicatpusnisine presence
of drug. Early phenotypic tests required prolonged virus cultivation and
consequently were slow, |abor int_ggl_si ve, and not easily automated for high
t hroughput (Japour et al., 1993)7"As a result, these early phenotypic

tests were caonsidered inpr.actigcal f.or t mapnagenent.. Th
- devel o‘i?ﬁi’ﬁﬁtegf El?g}%%ﬁﬁclr?&n%fi &erﬁl%% é’slggx}gg?‘lé‘%gpfm?e%%;r%fé[ 0?597; Her t ogs
et al.,1 4998 wdyPhififd PRERA! YPVElveesid ngo aglift nWosasedptbr oughput .

However, a rnajor di sadvantage of these assays is a Ier:%t hy turnaround tine
of 4-8 wedkigatibn e Enteydptdakersecomtiiitahe & inoyslasiass Hawdtibeen devel oped

and 24 Novenher .2005 WD 021099383 PCT/ WUSO2 8 2 : that are
capabl éf%tfrW%ri%dlg&r’uga%%nglﬁti%?ﬁ%nf\'?/;‘?dl}/ﬁ%ngggoas? n%lcg‘i?g% d of

repli caldLmstZenpRihtetnudt - dh@PFesiBednopav-osvatiatts i200@Fh.resul ting in
a dramatic reduction in turnaround tinme to 8-10 days. Patients failing
anti - régtargyithal cldser ofypebentiadetiiral renhryhbhethore s dP§1io8uch assays

are attracti.ye tools faqr tient n roovi de- a direct
ond e niterPe Hiedtny do St A pgon PSRE Bl SRR A B o
can be used with other viral infections arising frominfections due to

other viruses wthin these fam|ies as well as viral infections arising
.t roi nNonérhesless, | inhihikors. ofiviral entanigreed 1kehY RIGATEALE, the- drug-
susceptjbility and resi.stance t LSeidveptign' dnserdseful for
screeni g o’tfé/sclosgﬁﬁ&%na’slrtuge?r e(écg‘sf%}l&fél Fnﬁ#%%%dsrgsgf]f o? V\/rﬁncﬁ t%er e is no

cur rentdadphavaithabl eotpEl dingl Matibhuct e mdrtf esiidlaer andthenetic el ements
of the viruses which could be tested in the drug susceptibility and

resi st artoeenvegt  ofont hi BYQURASR | oRRNRI P he (&Mn t BMOne IEVETse
transcriptase .inhibitor (RTi) treztment 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 d;ug
susceptibility. Therefore, a reliable assay that accurately
measures susceptibility to drugs that inhibit viral 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



ordinary skill in the art. It is useful to the practice of this invention,
for exanple, to understand the life cycle of a _retrovirus, as well as the
viral genes required for retrovirus rescue andZénfeyErbety20Retrovirally
infected cells shed a nenbrane virus containing a diploid RNA genone. The
virus, st HEPBIh an envel ope gl ycoprotein (which secwesiztignrglet er ni ne
the host range of infectivity), attaches to a cellular xeceptor in the

pl asma nenbrane of _ the cell-to be infected. After receptor binding, the
virus is internalized and uncoatett-as it passes through the cytoplasm of
the host cell. Either on its way to the nucleus or in the nucleus, the
rever se Uiigndchptes éndpoPeeullds arestwmentily rémeidnNosenberiz2d05 WO

02/ 099383 PCII [ 1 8 - viral .core dri t he, synt hesis of the
doubl e- %?‘Fﬁﬁ%d?_% %%Vi@&s}?@g)s‘yn&?@%ﬁ n?hé@%eshaﬁr Pﬁé‘am%fi’lehe bi ndi ng of
a tRNA cofbacUéal 0othargengifdeodchtéd RibroFhe JHoulbeesinandad DNA
provirus is subsequently integrated in the genone of the host «cell, where

it can seranchssa trarstFdgrional labpraterfies. bot ham®&NAs sheodi ng viral
proteins,and virion -genomc RNA - which will be_packaged. into.viral core
particl gg.ar‘&c?lh%lﬁal%?@%ﬁ?{m%gyt RESYREREY e O(‘:%F?‘?nc % PArfilcl es move

t hroughathgs BY{-6pbasin appaiciyag oy orhd oA Fiodte 0kat Renpl S vrenbr ane of the
newy infected cell, and bud, taking with themtracts of nenbrane

cont ai NiLRGERECR | T EFaBPeaiebderf emdel op20@flycapdotBPRe dgdmn pRdduct. This
cycl e of .k L PN=- e n I pti.on, - _transeript j.on, -translation,-
V-i.rii 89‘39‘;%%%% ?/rﬁg%lga:]r% c%ﬁ%‘?ﬁfd’ %reé%gaf‘ ga? %é% lor\E/)edrilglr:{&a%ver again as
infecti episps edeurMAhe 196pRl RNWAeangpraved Kesykt ,idHigipr emiv-al DNA encode
several cis-actjng elements that are vital to the successful conpletion of
t he vir&pPligadchrs &y theevierigy miphcBhe iewyraEicypealvidriemorér at its 3

end. Repligali ¥e achobalbes BLaGe.cLhe VLAl AULET (af) the s end of the

proviral~geno genone IS reverse. tra Scribe ‘ust "31 to the _5'
retrovi tahibiifots es(PriIe) vislalckpackagipagpseit eforhiae iat refi mdlrall | fecycl e

requires the presence of virally encoded transacting factors. The
viral - H‘@QH%’Q%de’?ﬁatDNﬁrﬁol pREpasry - for virus infection- ard. -

replication, while RT inhibitors (RTIs) block the virus from
copying its genetic material. Due to sub-optimal putency,
current PRIs and RTIs are most often used in combination to

suppress viral replication (Carpentexr 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 wviral 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



(pol )--reverse transcriptase is also contained within the viral core and

is vital tothe viral life cycle inthat it 1is_résponsjible_for the
conversion of the genomic.RNA to the integrativ¢é MNRVERREd 4P8°pr oviral
DNA. . The. viral - envelope glycoprotein, env,. is required for viral

at t achmenWa @/0p438 uni nfected cell and for viral spreagct/ib@rsorare al so

transcriptional trans-activating factors, so called transactivators, that
can serve to nodulate the |evel 9% 24 Novenber 2005 WO 021099383 PCT/ US02
/18078 -31 transcription of the i ?egrat ed parental provirus. Typically,

replicati on- coppet ant i(DrIllon-def ecti eé Vi j'auses are .self- contained in that

they encode al I oF A HeSE PPANS VAP nG VEaRO RO PRELIRRE | ve

counterparts are not self-contained. In the case of a DNA virus, such as a
hepadnavirus, understanding the life cycle and viral genes required for
i nf ect Fba methedtuloft dhilge-inyeatiovecanf behiwsdadhveen i amy Fhealpr ocess of

HBV entry h t, b || _defined. Replicati . of , HBV RNA
|t er M PACRS BT AEY PP IRERP R cCed TCET SREYr LPRE RS 1 opl | cat i on
is the v&@}\éeréﬁmﬂfratlh@rugsmbﬁtfb:[PiDltﬁ\}X]A)eéin&i%ﬁ_&ﬁs%e (#&-BNA) to

covalently closed -circle--DNA:. (cccDl i's. process; which occurs
t Ni t hi reited emtelvedsbabiten dot ed coneernciendbydingolioes ezemplet i on of the

DNA posi ti.ve-strand synthesi. d ligation of the ends, . In the second
otop  CLE B DL el dE1Eed g A O p U y FePactIVG gener ate a
3.5 kB RANAdrer aberbirheusyLgengienrLvINi sndr £0eH¥RidnsveoaBLexed Wi th
protein in the viral core. The third step involves the synthesis of the

first (fegativewendiemAtier Endibystepyilayivhsupe egéremi ch@Nanusi ng the

virally enco P prot el everse transcri.ptase The P protein also serves
as the ,%Pﬁuggg? r an%) Dlt@&g?[ mer. .naFi n%?W%SVltrﬁlge's’qynt E%'ﬁ's o%‘u{“ﬁ% second

posi ti wgtrepagelbNxsdrand occurs by copying the first DNA strand, using
the P protein DNA polynerase activity and an oligoner of viral RNA as
prinmer. The pregenone also transcribes nRNA for the major structural

core pérg:tr%/j.rbsloc%?sg%ogggimeadsn vel clase of-anti-retroviral.
drugs, and the potential for broad activity against current
multi-drug resistant HIV;1 variants is high. Among the class
of potential wviral entry blockers are fusion inhibitors,

receptor/co-receptor antagonists and vaccines.

Fugion Inhibitor

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), ar2 the subject of advanced clinical

investigations.

ReceptorZCo—zecepgor Antagonists

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



37) Construction of an _ ExpressionVecto for a Viral nveJone Protein That
-is C.cce tiny Patient 24 Novenber 2005 WD 02/099383 PCTI USQ2/ 18078 - 32
eriv Segnents- Encodin the Envel ope Protein. |A%NeVERRSE rEAL, an

envel ope expression vector capable of expressing H V-1 envel ope proteins

in transf Q@@ | s was constructed. Sinmlar expressporuseetoos s have been
described, including a plasm d (pAnphoEnv) constructed to express
anphotropic nurine |eukema virus (A- M.V) envel ope protein as described
in US. Patent No. 5,837,464 and-26Petropoulos et al., 2000). The
pAnMphoEnv vector uses the inmmediate early gene pronoter of human

cyt onegahioeracted G dhd rhee@VitEs, pdifpatenbtyat ionprsgyesd sequence to

roduce.A- M.V envel o MRNA i n fected, cells. .,The oFEnv plasmd is
P T T GtV e e ey SYaR BT e S ety e PRGRERED P
restri chi Q% 1apay o f&@%wags?fﬂéi%ﬂ bat r&aiprepabl erfdi@piiinggrégon of viral

envel ope fragnents derive roma variety of isolates, such as HV-1. In
the cassudf, Heygants hdo erndlibps opdN-Leadhberfyeme pansbagpr oxi matel y

2,600 ucl eqt i des .and codes_the envel o ol yprotei.n, gpl GO The. gpl b0
ol ypr AT AL PR b debh SIEBFF (P aey P PREAE (st e " EBopr oduce t b
subuni t&mRtas aRdgaRhQe i thir lgpeivelcone endrerss Qa-féet\eﬁﬁ& can be
constructed in stages as follows: (a) Replacing the A-M.V Envel o ucl ences
f r om t hes€hvey opecrogirgss taapve c vorvgpAmpoEnwIw the aCX@R4 t#pt e  oni ng

Site Polylinke The, A I\/L\é*eré\é«il ope nucleic aci dr(r%ggu%ré%%s an be del eted

from % %epp‘:,&’ﬁphgﬁen‘%/ \}%ctorc y res E?]icct'l‘r:(L)rnuseenSzy i gesti on- o the di gest ed

VeCct Or GRMIEika- CATIGMAGr bZedl Dy 1bbgatReitzha & Lupl @99sl;i gepac! eoti de
polylinker containing four unique internal restriction sites (a, b, c, d)
for i ns®rtalon 3P924 RNol\dsssert2abs: 1999).

Currently, no co~feceptor antagonists are approved for the
treatment of HIV-1 infectden 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 thaf are
infected with strains of a tropic virus (e.g. HIV-1), would

facilitate viral entry inhibitor drug design and treatment.

VYaccines

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 gpt20 and gp4l

~are the most obvious candidates in. the intense search for an
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



WO 02/ 099383 PCTI US0211807 8 -33 envel ope sequences. The ligation reaction
can be used to transform Escherich,ia Col i and nol ecul ar cl ones
containing the correct polylinker sequence canZBeNpy&mPefi éd0and
confirmed by restriction mappi ng and DNA sequenci ng, respectively. The

i ntroduct wor2o993ssul ti pl e uni que cloning sites into thecwesikageean
facilitate the insertion of HV-1 envel ope sequences. Restriction sites
wi thin the polylinker can be chogen based on their infrequent occurrence
in HV-1 envel ope sequences (LANL Hl V-1 database, ww.lanl.gov). This

vect or ¢amoe hebetisd t@adSoPiXet The funshpopal i tynofdfie PEX vector can

be denonstrated hy inserting a reporter gene or indicator Hucleic acid,
such asséagigfive Ihighf-éhaseghpitnta@sayhehatp Qehidiliyplreascheasnghsi t e- - and
nmeasuri ng_.a- sigﬁal from the- indicator nuclejc acid or reporter gene

acti vi t?/%ﬁ‘?acﬁ’r sﬁ"b“é’t EGHEE"I‘ ls'z:lpgﬁﬁntd?QGl?n%raé?qﬂ doeg gt A LRAC| ei ¢ aci d"
refers £0,Rndel 8het 8each GNCRdL DB A AbgEAr1 PVe QedNAgEH! Yt ur e- that
either direcfly or through a reaction gives tise to a measurable or

not i ceaddmysiameld, sigpifdohorlpraid itgiet ssanckagoralsne efdeekaengt h, or

gener atjon of a.speci&%c' .DNA or, RNA ftructure used as an indicator which
coul d HePHNRIFFED usrhg éﬁyp%ﬁﬁ%Q&ﬂaﬁ Huhbes: of redt Fpat

anpl i Ticald oRag8saysiidiall nserldiz idndagds | 218:38 @AEgehAt 0 he pCX
Envel ope Expréssion Vector: Using nutagenic priners for PCR anplification,
viral oomilepéons ragmmiingrie gendlstusdntihat Sbmtaineutwaldsigge restriction
sites (a, , nd c, .d, .respectively) adjacent to the ipitiation and

Cer m ndRltReRga8n SIS GReaRa by FUECEREL T VA ALSR Yl oBb SRERSFeadi ng f rame.
I ntroduycdingn ferdvi opai ﬂ&&optrcﬁsaééaeﬁ WBN18 i Be bRk reasin and phvthe envel ope
open readi ng 24 Novenber 2005 WD 02/ 099383 PCTI US02/ 18078 -34 frame can
i mpr oveasc kandwes ofieet oml imptiiby- dssaw.el ope fragnents harboring internal

restriction sites for any one of the enzynes found in the nultiple cloning
site of the pCX vector.

Infortunately,. 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 wviruses 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. Resgistance-associated mutations to all of the 14
approvea drugs as well as to many investigational compounds
have been described (Schinazi et al., 19%9). Cousequently,
multi-drug resistant HIV-1 wvariants pose an increasing
probiem in the care of infected patients. To achieve long-
term clinical benefit, it is desirable to select those drugs
that maximally suppress virai 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,



In the case of HV-1, two well-characterized nol ecular clones of HV--1
with known differences in the envel ope gene, NL4-3 (a syncytium i nducing,
- T-cell -tropic, laboratory strain') and JR C%F¥ (I‘I&Vﬁﬁwﬁrsélﬁ_?@?ti um

i nduci ng, madrophage-tropic, primary isolate) can be used as-tenplate for
PCR anpl i MQB0pHE The 2,600 nucl eotide anplificati onPErusdaesess can be
digested with two restriction enzynes (each enzyne cl eaving at one end of
the fragnent; e.g. a and c or ,b” d) and subsequently

inserted. -into-the pCX vector. by ligation and transformation of _
Escher i<4fi% - CAEFOIBICHaY khat| mfdstasne diestfy behsouappeiprisede envel ope

sequen C s i_fi r i Gtion i,ng.and confirnmed by DNA
sequeng}‘{%ﬁ%él : Q%ﬁgglégcej?gﬂ ?n%gfp%ég r% g%%{éﬁ&l Ven%%f—lg))ﬁé%ﬂ rpfﬁt\%nv (Jk- CSF),
can beamsedsboasximtedn bhy-dewslpneRe §f aledi ASubB Lhansfaged cells

(Figure 1A). The functionality of the envel ope- expression vectors, such as
the pHEGEATCFRELBYRISeEan? JeeceiénBhk tadiearyyecanrmidineen fNovamblerenvel ope

synt hesigyoh N rJLARSEESE € I r , wand by their ability to
pseudot ype envel ope def i glf‘%ﬁt @%ﬁ%ﬁc%us@e\%g%%r?g Ikﬁsﬁﬁ £t & vi rus st ocks
usi ng devehopuenendd yew enki dnimal?d3ugel fod iHI&-1has been denonstrat ed
(Petropoul os et al., 2000), however the present invention is not

restricted to those cell lines. Oher suitable cell .-1ines used as a first

cell fSHVeﬂéﬂ?Qﬁﬁﬁ&Eb@@smﬁévéuﬁégﬁcaé?1£%$'Eéﬂgﬁgrﬁ%&égg%ghkh%fpatient
cl ude, by way | €

encoding a viral envel ope protein I an exanp and not as

| i m taphbAvival helpgesenscephidntliioy, Sc&mmtvid®; tébds MpalyzeM ; CEM etc.

The cell, line optimally will, be engineered to express one or nore

co-r ecBprar B R it et Bl gr 650563 Do, LB oPUBIHBE. - 35 (<) Nodi

'n_e Cadedlcepbord Mdrréy bt &deabeelaidlons YA REY FaLidEUREO 2 Sequences
pe

To inprove the cloning efficiency of viral enve ragnents, the pCX

éxpreséR@@rWﬁ%ﬁo@aﬁObe&mdﬂ-fi edoBy; igudéntihg et batfenis@o)kill er gene
Tt R e M I T R
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
guantify 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 turnarbund time of 4-8 weeks. More

. recently, recombinant virus assays have. been developed and .



pronoter into the nultiple cloning-site (the et al.-, 1,990; Bernard and
couturier, .1992; Bernard et al., 1593). This nodified vector is referred
to as pCXccdB. Transcription of the.ccdB kill ef?gRaBer8e¥epPR3sed-in
bacterial strains that express . the laciq repressor, such as. ,JML09.

Thi s --o0:wo-0am9938qui val ent strain can be used to pr opagm(ﬁum@wﬁ ds
carrying he ccdB killer gene that are under the control of the |ac
pronoter. Conversely, in this system-bacterial strains that do not
overexpress the laciqg repressor, such as, DH56 and Topl O cannot naintain
pl asni dsothars ekbaésareheepeﬂﬂegemté medsaniafordmy sswsaephebkiited due to the
ccdB activit nd Togl Q cel | s can be purchased from several .vendors

(Life T&¢h %?o@u?sn%]re v %e’?ﬂp 1getAgnt hEnaey &kt Rver cEBABRG appr oach,
t he par epé@dofxlds st om vegbgé ] %:e%&;‘iEilH?tﬁg 4 '&rgmaﬁl%c'x%dﬁgEﬁﬁ' al strain.
The vector is digested Wit h restriction enzynes tha renove the
ccdB genbncégsléﬂ@md alpidne |tr¢> t&}éOcataersof Heatikntar €atbipaqt bhte-with the

i nsertiaon :‘( %Penvel ope se Fol I owing ligation of

).
t he vect%‘?tﬁ%"&r@ opEF Br@?ﬂ it %‘E"&‘a‘?’l}ﬂﬂtméﬁtaeﬁﬁags ‘| aBRFRg laciq is
transf or gBshys Qe 4ta8stifs MBebis BRG! ShkfentORLAl gé'm@FleioééQhQé i n whi ch
the viral envel ope inserts have replaced the ccd gene can grow.
Bact er i aclesnt aPrevigde pl asniidedthatandt arapdt reconst t bl téeugcdB kil l er
gene can_n In this way, the popul ation of transfornmed 24
Novenber® ‘?%{f@%%légyog%% PCT/ US02118078 -36 bacteria is enriched for
pl asm ds that contain viral envelope inserts, but is lacking in the
parental vector containing the ccdB gene. The construction of the pCXccdB
vect or TBengfsa¥seénttibdp fLBVe@WGmSL@IESbeOﬁSP@aEEth @th@mls-i?pabj ect, but it
IS expe gnj nmar.qve.th e%a enc cloning H V- 1
envel opg'tnse%c?{}gr??gs d‘jlrsﬁ\@} lpltr)ﬂm‘“ﬁlat |C<‘a:r%f’gs | 6 g‘f}fﬁfs v%ﬁese%robabl lity
of mai ntwajthiRg thege Hahelogenat tyedf a4 r«airalsqm&e%nscaﬂl@ﬁlgnproved The
structure -of the pCXccdB vector_ can be confirmed by restriction napping
and DNA eguEhERRGS -1 )othaseY Ty -SAniditeBny 8h opllisdguenthe fue® t he pCXccdB

‘susceptibility and resistance test of this invention' is

useful for screening for compounds tc treat viral diseases

for which there is no currently available therépy.

The structure, 1life cycle and genetic elements of the viruses
which could be tested 1in the drug susceptibility and
resistance test of this invention would be known to one of
ordinary skill in the art. It is useful to the practice of
this invention, for example, to understand the life cycle of
a retrovirus, as well as the viral genes required for
retrovirus rescue and infectivity. Retrovirally infected
cells shed a membrane virus containing a diploid RNA genome.
The virus, studded with an envelope glycoprotein (which
serves to determine the host range of infectivity), attaches
to a cellular receptor in the plasma membrane of-the cell  to
be infected. After receptor binding, the wvirus is_
internalized and uncoated as it passes through the cytoplasm
of the host cell. Either oﬁ its way to the nucleus or in the

nucleus, the reverse transcriptase molecules resident in the



3xpression Vector:- The functionality. of the pCXccdB vector can be
~evaluated by setting up ligation reactions containing viral envel ope
sequences and inconpl etely digested pCxccdB- veéfoNoBRRLEIESPPEwi ng
bacterial transformation, plasm d DNA can be prepared from i ndividual
bact eri al welwfegs3and anal yzed by restriction di gesti orcigsozasees presence of
viral envelope fragnents and the absence of ccdB sequences. The
feasibility of this approach is3vested by anplifying the envel ope region
froma total of 13 available H V-1 clones (pCRII--91U5005. 11 ,
PCRI | - 91026, a@re pORive 32E356mThtsipCRE | 192 Mhiblelér rRERL - piRd US712. 4,
pCRI I -92US714. 1 gCR |- 91HT652. 11, pCRI|-92BR020.4, pCRII-91HT651. 1A,
pCRI | -PET83 4, 366&@%2%&?1@?”&@@3’ -theo HFBAERg) ofH @RERNA2HT599. 24)
obt ai nakl -1y aughrih ar . t- referenc gram (ARRRP) . ,
Rockvill e, Maryl and. gﬁg%% r%%eanﬁﬁgénT%é;a%ﬁg%r % %Fﬁa%gp%&gch and the
st r uctpravighist he susebtentlyp HnVegwatedpl » sdicoBeroné G5 thanhds: confirmed by

restri cti;/]gn g)xraep [ ng and/ or DNA sequencing, The functionality of each
pH VenV™ Vect 61 Cat “b&*BeADhet rat &d tEgregt Mhiomsdr tenpbate\F®21099383

PCTI USR]l 8088 =3dodBas Wring i digav Lot g thesis in
transfected cells c()V\ést ern . B:ﬂgt) , llznd @Rﬁrﬁgiogl %ﬁ?lﬁ¥€ I'%}(;ﬁ’pseudotype
envel ogeidefidileht petkandd usibpestioal. c®e Qarsticdeti oon of et 0- safe Vir al

Expressi.o e L Conpri,si di cator Nucleic-,Acid in Place of the
roi on ey oo e S e D (3 e Past i1 86 cap e eaShodir | s

const rajebplaim, exahuRt€ itMal DhédeS of Ofhe/ ig18kmeNthé opgding, to simlar
nmeans and net hods as descri bed,-ircl) uU. S. IJPattgnt N%ﬁ%%ésgga and

Pet r op6Wlys idfegted cepbpoandebudo. tavialquatich itdmi tirets f PR - and RT.'

The' -yi ; I Qn _vect of th resent inyention can be co-
transﬁg@ %%n? rﬁogl?égélgflf% hggg%ﬁ%hywef’ﬁm%ﬁg e&ﬁ%@‘?%%é? TPPESSFh vectors
(descehedprdiine). THiPregeueeohi GiFatt 164 - WellSsSt O Scri SR, Vi rus stocks
can be. evaluated for susceptibility to inhibitors of virus entry,

i ncl udFrAGSaRIPVAIIaE tdragdahhan - netrdeal izsisagbint i Bodi esddiny-t he case of

HI V-

1rebQ§t¥'fégelf over and over again as infection spreads.

The viral RNA and, as a result, the proviral bNA 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 is reverse. transcribed. Just 2' to the .5
retrovirdl LTR lies the viral packaging site. The retroviral
lifecycle 7requires 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 responsible for the conversion of the genomic.RNA to the
integrakive intermediate proviral .DNA. The . viral .envelope
glycoprotein, env, is required for viral attachment to the
uninfected c¢ell and for viral spread. There are also
transcriptional trans-activating factors, S0 called

transactivators, that can serve to modulate the level of



expression vector can be generated from NL4-3, a well- characterized

i nfectious nolecular clone of HHV--1. The 5° |long termnal repeat (LTR)

whi ch controls viral gene expression can be noaﬂfN@He§Bth§908ranscription
of the viral genes in transfected cells is driven by the CW i medi ate
early prowsxe96sdavi aux et al., 1996). Mst of the envetmpmigene can be
del eted, but inportant control elenents such as the rev responsive el enent
(RRE) and accessory protein coding regions, (..rev, tat,) axg retained .
In place .of the.. deleted envel opg sequences, an indicator nucleic acid,
such as a firefly luciferase reporter gene cassette that is under the

control ifanchiipt OEDIET t RORARECEL CaS (g' s 1R and is inserted.
Virus infection can be nnnitorgda§§gxggsurﬂh Egg&ﬁﬁVeﬁgg?cﬁé%@ WO

02/ 09938FPHCTAUSOR - £ABBELRnL- 38ndnicidferasee ACtivubysi Natdf adigd cells. It is
concei vap] .. al.t hou nlikely, that inter-plasm d reconbi nati on between
the ret ?C%\??raéf‘%\%c For q'ﬁ“h:"d CheYr GRS @1k et priaasytsergraddsy i n

transf eqedoesl | Thatay abeat i4e togaeperal 100 of iégl%]%éggs' | V-1 In
0

effort to generate a biosafe vector, 1 ntroduction Severy ‘genetic
alterations in the H 'V genone can be done. For exanple, deletion of nobst
of the % pe e, whil retaining the i nportant control sequence,
RRE, - aﬁg g g‘o- c%%?eﬁfonaoﬁj eVtT&irsc SHER difal 2enheRrErvdaygences in t he

U3 reguadepbtafi®im) dhER1affet RGcYECEAR (H-L & gﬁ% 08 42¢5on! i shed.
During the replication of ther&?gt roviral genoﬁ, % h %§dr gg’lgon | ocat ed at

the 3" é&REe6F10Rnks Wigafstlgénotkespramsiceast- thhe tenpldion .f ghe--the -' 3

-regi on : t.he ovyirus in i.nfected cells. Such proviruses
| ack thggért:‘%%ﬁg& F%B yr:r%?‘&é)%y =5 ﬁ PReg %e]@sdﬁéw% - FERIFEHIORTR and t hus

are unabl BBVoupesdan eRNEt {21 BNA t8mb1Hect 69 68l Sy rLRkS4
sel f--inactivating %SI N)- strategy has been used successtully  for several

retrovi Fatl Veta SISy sEeem i Fepddtatyion sl theveogverstical of £B87; M yoshi et
ot Teqt I TRE RS Fararrad ae BRE BT B Pirtiedy PIoRedetrca by &
det ect afyl el g @oaBNERd -y § herddedis¢ abRic U Rixe Ak dinSUEH-

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 raverse trangcriptase. 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 FRxpression Vector for a Viral

Envelope Protein That Is Capable of Accepting Patient-




~herein for

E

as the production of luciferase activity, driven by its own separate
pronmoter (Figure 1B). Deletion of envel ope sequences and the
transcriptional enhancer region (U3) can be acédnprverbgrbyO8fandar d

nol ecul ar cloning procedures, and each deletion can be verified by DNA
sequence woaby®sss. Functionality of this vector, for ep@EngEigisors t he case of
H VvV 1, designated pH VIucAU3, can be denonstrated by co transfection of 293
cells with the pH Venv vector descridhed above. Efficient

transconpl enmentati on of viral proteins 24 Novenber 2005 WO 02/099383

PCTI 11S02/ 1. i v gpenick) @RedolRYnd ot ke 9bsel Pria fransfected cells
can lead to the production of viral particles. Virus particles can he
harvested fromthe culture supernatants and anal yzed by Wstern-blotting.

Virus tif.er : titat routine .applications qf either p24
ELI SA, q%ﬁn%%g??%lg%gebréx?aegﬁ’/gﬁ%pgsg}é%@atsﬁlt N YERGPT neRAIE W o produce a

sel f -i naekprassimg \HIWR1 caxpl @SS @bt wess Ol n Q- HalfaYer Q4 od Rfesent

invention, but it is desirable to inprove assay reproducibil ﬁy and

bi osaf et YOSy Tyf&t-i f PtBtidgh ewpressioabyecttals hairadseathiletcEadss

Recept or sandaERsr ece : AN t Viral Li  fection- ' Different
n g ?ﬁgglﬁﬁf‘ qurgﬁéﬂgo% ‘J—'_r"b(?te

manmal i an cel [ 1ines that have edcr FB8d ot VXR¥#SE e known to

support empeotiopiofmariper leokbmia WS @ANINE BMALUNLLrAS ¢i Scussed
ngc) dinment relating to'HV -1, the assay can be perforned

by (a) @B- ggﬁ‘s”?}é i1y % & Paterte| Fo wi% /18301 F¥enend afRegdpduiosU3,  (b)

harvesti gg a1 ruscabter a i i thi,s virus to.infect a
second' cel | , ‘both |; n t'lthhree gﬁésencgkﬁggarbg%ﬁggt% M@’ieflﬁ%:eerﬁarr}yi nhi bi tors,
and (d) semsuprempian -of Bmase cypoadgeldoirus joMectad egkl syyapable 1 lists
repr esentaii v(feégxar{pl es of such cell lines evaluated for H V-1 infection,

i ncl udi NP THETER Y PHe S2RB2+ t SETURIGSCi Bt Rk 9BEEpthot Lo snvedpper . Sever al

T or e O AL AR i apar oo VTl
by fi?}et{{}g _the A-MLV envelope gene _and introduging-
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 ofr, HIV-1, the
~envelope open reading £frame spans approximately 2,600
nucleotides and encodes the envelope polyprotein, gpl60. The
gpl60 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 Seguences

from the Envelope Expression Vector (pAmphoEnv) with = a
Multiple Cloning Site Polylinker:

~ The A-MLV er_lveflope nucleic 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



can be used to infect a variety of different cell lines. In the case of

H V-1, the pH M ucAU3 vector contains deletions_in_the envgl %pe gene and
the U3 pronoter-enhancer as described 24 Novenbéf Y8H5™GH 659F§99383

PCTI USO2 /18078 -40 above, therefore infection of a perm ssive cell line
with virW9 a8k es produced by this vector is restrpcr/sshuga single
round of replication. This includes (a) virus attachnent and entry,
medi ated by the viral envel ope prot¥®ins, produced in trans by the pH Venv
vector as described, (b) the conversion of single stranded viral RNA into
doubl e $fWVEnd2G SEAREIRFSRT, THid Yigptiotegeatiion afanvidealuddMA dot o the host
cell gen Vi ormation).---The active transcription of viral
genes byggﬁiggt%ﬁyﬁ%ﬁ%&g %t H&?%n%ﬁlw?elf%ﬁearglwﬁesmm:emm | s

fol | owi npeproytredt | pbeer BN gaFudSd €8Lf i Gled; ekLeting essenti al
viral pronoter-enhancer "T.sgqugﬁ%es , 3n t%;ee. igéfgf%%%%\? tor.
However CORRiEmedsthy ciessrichhomotmappiogt enad wi DIR | USd JLeirRSSg,

gene- - eXpLESS] J0 i cted- cells since this gene is driven independently
of vi ra]é ggnetgg?( resg‘%gnaﬁgrﬂéu%%qnnto r A3fEERAF it rclongage |.B). The

amount sftésicirter ake aedton tcsanpnsaeym@htfeo|th»1e\/\w9e£&{é§¥tcié°%z‘%@§ be used as
a neasure of viral infectivity. H V-1 attachnent and entry info host cells

requi r eSVEIRRS SEAVERCSA -t hRESBFlqlbion séteptwitngGDdhe anslyaieket sever al

co-recepl.onss L G 206, CXCR4, Cell |ines can be screened that
are known to g)’l('i%?egg%%ﬁ %Qgg%i%%é%n f OC B SRSRS raHd VEXCRA.

Speci f i eatd ippec sbdudricess (1amt exvin dabbase ] dhataBXPESSS. (@4 pl us CCRS,
(b) dD4 plus C>¥CI?4, and ( ug' C%:Rfar?%%uat ed. Cell
e

_ C% CD4 plus CCRS pl u:
lines tYRATCTeSPel? 1HEPd FeceptrfiX-al She, fenctsiadn thhefCERS or CXCR4

co-rec r EoadE ful .controls and can be wused to
eval ua'fﬁeliﬁ }I%Iv\?-%l'l:g?s%? at es%?ﬁéftﬁs oayn% b&e&%?’? éiﬁﬁl 2 iRITr§ToPePRat use
co- r ecept drgliorher rmitdriCGCRGiANdsUCRA4. £1FBELPrinGifaalasel i tgELON for

j udgi n(%I cell Ii n]i Suyitability can be infectivity as neasured.by luciferase
pr oductitén PEX -G8 e r el Atipge sy randuREe Y ringn aadigd orfrogekhal i nes can be

24 Novemflcag8PS 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 coﬁld be
amplified using any one of a number of guantitative

amplification a=says.

(b) Inserting Viyxal Envelope Seguences into the pCX Envelope
Expression Vector: -

Using mutagenic primers for PCR amplification, viral envelope
fragments are generated that 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



WD 021099383 PCTI US02/ 18078 -41 eval uated based on growt h rates,
viability, stability and other paraneters as deerred ne ess% CeI | I'ines
can be selected that are easy to maintain and for NeXsRpFE, B?’%duce | ar ge
amounts of luciferase activity followi ng infection, which can be inf the
ected by wofok/e99883t envel ope receptor tropisns, e.g. e OBI78aNd.

CD4/ CCR5. Additional well- characterized cell™ lines that support, for
exanple, HV replication and expsess the H V-1 receptor and co-receptors
(e.g. CEMNKr-CCRS,; release category a) are avail able through public
reposi Epanescaudmpasve hehafleBRRROL Feliohhing KBi-1 khweBops @rabfegtdanced using
standard procedures, such as pronoting infection- by-the addition, of
- pol ybP%ﬁ oriRd. lE‘EFFEaJ( PoFERFIGhion sitegoghor F%Ye?aﬁpl%f ket he case of

HV, ?ﬁrﬁe@%@ﬁ' ah ol kuh PSS fcgeﬁgg_%eﬁ%t Eorato f stral&th the

pr esent vention by infection w ns" and
conparing the reconbinant virus infectivity titers to those obtained with

infectious H V-1 transfecting cells directly with_the viral
expr es5T o) CEER ag Iﬁﬁ‘gc}r’l bg W‘Fébé?ﬁara‘grﬁf%éér?‘ﬂbecf“&arvﬂ%e%r oduct i on.

Accumul,at js pp. wai‘dH aénowtnr aDEELidicRe, §ANCLRE &w&?@ ¥ndSi fgy &3 quantitative
RT-PCR assay. Cell lines suitable for other vir can e i dent| fied in
a sim Karssnmte#um—fthéuml‘%eﬁ‘t-cehllentqun caabopttionyz etassay goadi tions and

all ow _for h- thro? ut tes atient sanples usin aut onati on.

Sanpl € %r%?ar céﬂ ‘b tf“ e 1€ eREEY2Bhpt ure viral

genoni £z and Snvahope Rddss. teﬁgxa&@?fo@@dktamslﬁ%at%nopt-rm zed to enable
anplification of patient-derived viral envel ope sequences, such as H V-1

envel o@é@éq@@ﬂ@@tl@e a@lw@cm\w mmodsyttatcaro\bandnabsl:eddmtm . 500 copi es
per Q r{‘o 2005 WO 99383 PCT/ USQ2 /1 4%) Dermnstrati on
of the "Uflﬁﬁf“ﬁ e SREERYS St EPFYSE of etahvemgsg1 08? ‘f‘?i% F esent

i nventdion EsagHemDNSEI Gt ed EMdt ke gresyl 459 aghi anad shbgahuéﬁ&w esting for
inserted..into.the pl¥ vector.by.ligation and tiansformation
of Escherichia Coli. - Molecular clones containing the
appropriate envelope sequences can be identified by
restrictibn 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 1A). The functionality of the envelope-
expression vectors, such as the pHIVenv vectors, éan be
demonstrated by wmeasuring vival 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 (Petropoulog 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..obtazined £rom the patient
encoding a viral envelope protein include, by way an example
and not as limitation to the present invention, 5.25; HOX;
U87; MT2; PMi; CEM; etc. The cell line optimally will be

engineered to express one or more co-receptors.




dose-dependent inhibition of viral entry in the presence of

wel | -characterized inhibitors; and the (2) testing for dose- g%pendent

i nhibition of infection in the presence of well 24cNRVEEPEFi 280°HI V- 1
neutralizing anti bodies. The followi ng applications for the virus entry
assay of WE020pB8sent i nvention were eval uated: i) detBCr/usoyisomhi bition of
H V-1 replication by inhibitors of virus attachnent and entry-(including
fusion, receptor and co-receptor inhibitors); ii) neasuring changes in
susceptibility to H V-1 attachment™2id entry inhibitors; and iii)
detectingcgeut(ﬁiﬁgation activitg of antibodies. generated in response to
vacci nes {r geteH Prste-H erver-Speligherenac T gigneyenfed

enbodi nent, theoassayvoHy BevReLEOr R¥ekd) co-transfecting a first cel
wi th pH Venv and pH VI ucAU3 vectors, harvesting virus after
approximately 48 h after transfection, (:~) using, this virus.. to infect
a secondi%gll inth .and absence of virus entry inhibitors

- Qt h I esence
and (d) neas&rrﬂ}prlfé’g uth%raggo%rrgdu@&iféﬁl%ﬂfox‘i’%t‘é"ﬂiﬁh&eﬁzﬂﬁps after

i nfecti oEragasatdependenicd nbkhiddsQBnofyddh¥Ms-1 hePLd CaLlPp; San, be eval uat ed
agai nst a wi de range of virus 24 hbvenﬁ%r 260%““&@%%2?5@8§§§9p%%|usoz|18078

--43- entiPFerhhRgi # opacnrdedt killensarsi rgsaedte Wwot I g f erommtrol The - ,
appropri c t i r can be deterniped enpirically for each
PR b o= haSaet & A BRAT 88 et cbhe SehRieTofenE -

| uci f er agamaty) vidndeys. tHE UGREBSENJAL LRD (F0929) HaLa angl Yf%é can be
performed using conputer software. Inhibition curves are used t0 determ ne
500 i nhPEPPOESE chHeeritheatmudisple C5yniny - sipeci (the @rtugs -or 190} i bodi es
AT oo s e SRR e o SORg D REVBRA ek Bher LbRELr ot Ba8e. descr bed
above. Thodfide veavekope refet@ed BEERILHCkEORESMTidhd B9 6858 9F H V- 1;
InfeCtIOthSééﬁg-killer ggne_ig repressged in bacterial strains that

express the lacit repressor, such as_ .JM109. This -or --an -

equivalent strain can be used to propagate plasmids carrying

the 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' DHSE and

Topl0, cannot maintain plasmids that express the ccdB gene.

Transformants can be killed due to the ccdB activityl DHBE

and Topl0 cells can be purchased from several vendors (Life

Technq;ogies or Invitrogen). Using this selective cloning

approach, the parental expression vector is propagated in a

laci? bacterial strain. The vector is digested with two

restriction enzymes that both remove the ccdB gene cassette,

and, in the case of HIV-1, are compatible with the insertion

of HIV-1 envelope sequences (a, b, ¢, d). Following ligation

of the vector and envelope fragments, a strain of bacteria

iacking l_aciq is transformed. _Once transformed,. bacteria --

containing 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



cells expressing CD4 plus CXCR4 and CD4 plus CCRS is evaluated as

descri bed above. A wide variety of conmpounds that_are known 1(:) i nhi bit

H V-1 entry (Table 2), including non-specific ageMP¥eBRER 48 gul f onat ed
pol yani ons (dextran sulfate and heparin) can be used with the assay of the
present |iWwWo#a099383. Chenoki nes such as Rantes and' SDF-BCT/U$e/180m&t ur al

| i gands for the CCR5 and CXCR4 chenokine receptors, respectively (see

Al khatib et al., 1996; Bleul et- al ., . _1996) are also suitable for use with
t he present invention. Further, vi B entry inhibitors such as T-20 and

T1249 (Ll iS,:dn 42. (Progenjcs), 5a8 (Tanox) were used to
eval uat egé}tl: ??H’% lo% e%ﬁ%c%{éS;B??oPl%%%r gé@ﬁtéqnﬁ%ﬂt'fb’ﬁ% SPY§LEBRi city in
target cehkerese emaliyalading ng ﬁ&@?d%éﬂtayiv%%icb&taor%ﬁ%%@ egéci ty assays
(e.g-. dye exclusion, MIS., ATP). H'V-1 nutants exhibiting reduced
suscept i BFAPt geB8 - t hdheuSPRPETYGHION tofr theo pCRerdRkyvettat . 151888) and t he
genetic /099383 PCTI US02/ 18078 -44 determ nants
(mut at i o%%ggﬁgﬁg?gtzﬂqgét%u\eésgee%\%i ?g ?)%asteo ngF]i%c%t¥q3r‘?cf‘:hebBFeéEnce of drug
map withis tdpervee] ope sphalieisadBAl impMvdavaecbesrr dassidbeds To
denonstrate that _the assay_ of the present invention is capable of

neasur i ngoRHahgdE Y driyeLeRre egtienicey (fewivadesifsbmnceptiéad pH Venv

vectors Qérﬁp%ﬁﬁra?;ﬁgst hatthgagr%%;tb@%%fii@t anc;tf egh/glltlﬁgae ‘%eneﬁa b) first

cells are co-transfected usin ese€ vectors an | vector,
(C) Vir usesebegeriaigyt heSevinaRNiseqRBUBbIPRaB WL Nepdbedar veshed, and (d)
the viruses are tested for infectivity in the presence of T20. Reduced
drug suReeptibTe itQf t 6RF20PFRCwBal (ygebar bycaonper | sgnEhemed CBY of  vi ruses
beari ng it e . i t hose that |ack the defined drug

resi st an%%ﬁ%c&%@éﬂén?ﬁﬁu& %&?e?%% g% 1%‘?Ill'lcglme‘nveI ope proteins with drug

resi stance nutations can exhibit higher 1C50 val ues than viruses bearing
envel ope{(gr ot ei ns tt,hat V_I ack dru resi stance mutations, i.e. inhibition can

require hilgieEta g SLOBA fnte ddtea pEleedi® ed in
Figure 8). Dr:jig eggg&tla\pecéew%gati ons ¢ )

V=¥ -Wal¥e v AN 8],
S

The functionality: of the pCXcedB vector can be evaluated b?
setting up ligation reactions containing viral envelope
sequences and incompletely digested pCXcedB- vector DNA.
Following bacterial transformation, plasmid DNA can be
prepared from individual bacterial clones and analyzed by
xestricticnl digestion for the presence of viral 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-$1006.10, pCRII-92US657.1, pCRII-22US711.14, pCRII-
910U8712.4, pCRII-%2US714.1, pCRII-91HTA52.11, pCRII-22BRO20.4,
PCRII-91HT651.1A, pCRII-S92HT593.1, pCRII-92HTS594.10, 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



envel ope expression vectors (pH Venv) using standard site directed

nmut agenesi s techni ques according to standard protocols (Petrogpoul os et

al ., 2000; Ziermann et al., 2000) It is widely A8cHPVEBPERatO8Pfective
vaccines that protect .against H V-1 infection should elicit a strong
hunor al | weuwreIssesponse characteri zed by broadly crosser/esniisire
neutralizing antibodies. Consequently, the serum of vacci nated

i ndividuals is routinely eval uat qg for the presence of high titer
neutralizing-antibodi es targeted Séi nst the i mmunogen. Mst recently,

usi ng N-1/ siyian | nodefici ency virus, (SIV) chineric virus nmacaque
nodel ]?%ﬁf‘%%#/aé%\g}g Siﬁ‘?&%%‘? | REREY hETE-ReRdfin HthatTansfigated ransfer of
such @elig alwesbgrmniilbef] esnd eyt u igal 24 Novenber
2005 WO 02/099383 PCT U8012118078Y E%A}flrgg? %&ég cﬁ]daf?%n"g{eottg;ﬁaescol aet al.,
2000) . efRlopesapfariene refressdmusi veetmsion can be used to rapidly and
reliably determnine the viral neutralizing activity of antibodies
generated in response to vaccines targeting envel ope antigens, such H V-1

envel ope antigens. For exanple, the assay of the present invention can (a)
generate pH Venv vectors ~that express a variety of well -characterized

envel 0’%)6 ¥ sLiomrol a tBigneafe tVirelf Expreseldn Isiatgrt hese vectors and
the pHNLUGALR  YES1Q .yest. yisruses and_incubate wth serial
di | uzi NS 6T gmt: Body- A HadlBieRG o (d) Resian ¢ hese

Vi r us@ndodi nonf bet Evid Mopen Tacsecend cell. Data--analysis and IC. 0

determ nations can be perfornmed ,a.s described previously and in the
literature. In the case. of H V-1, viruses can be selected to represent

di fferent F HLe' ckgrounds (e.g. clade A B, .C. D E F) ,
differe %%Oct%%/fe ;Vn%%g os"re(eéc’%ggt %s? CO{‘?gﬁ‘ilé%%cg ﬁ?aé?’%ﬂ‘ﬁ%@%/lééﬁgﬁ.torﬁ* i

cel | / CXCRA)zalanehithyf f ecestdiany edOpeiminperidas (SYACKELNIYs and

non- syncytiuminduci ng, |aboratory adapted growh or primary isolate)

( Tabl esyribed day, Upg - pRafemtc Nl 3.830n €64 pamk Retyokeubds atdefli.ped titer from

each YobHS ub@aORL TZ9ud88N nhibitors..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,ﬁiral
expression vector can be generated from NIL4-3, 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



sensitivity and reproducibility by using a virus input of approximtely
20- 100 TCl Dso/wel | and maki ng adjustnments as necessary. Antibody
preparations can be sel ected based on previousky Ho¥GREREedCHeutralization
properties, either functional, such as their ability to neutralize primary
i sol at es, Wero2o99383 cal , such as their ability to bind speviwbizasergpl20 or

gp4l epitopes (Table 2). The performance of the assay of - the present.--
~ nvention can be judged against the activity of these well -characterized
anti body reagents in conventional Wrus neutralization assays as descri bed
in the Ci egti fic literature. Serumfroma broadly representative group

of H V- 1 PHRFEBTRTF | At VirdWal' cartertedseqit? esthblifsRopgeNG@Rber 2005 WO
02/ 0993831 PEIA&E02:1 48078 +1A8 amr@PPL LR s %e%ag@ngéié&;yé@dg%énuﬂ ons that

can nmaxim ze assay sensitivity, yet nimze cytotoxicrt oxicity can
be eval uahedresiowg refanekirar \wndhi Eot yexamplyt otlexiptlVenvassqysndes g. dye
excl usi on S, _ATR).. The follow ng exanples are presented to, further

i | ustrat8 N%-ﬂasfge)?ﬁﬁgi ﬁgﬁﬁ: “Weﬁ%ﬁ‘g EhFEft FERCEREOh Gl 4Rttt H1S aken as
limitinguip-any 1eedrdrt EXAMRAde da e asHE bogr PRAAINDI ptibility
to Inhibitors of H V-1 Entrl\€ Thi%s exanpl e provi es'agﬁe&aﬁ%an met hod for
accur at eby saneralepgeneiiod Bremretsons gy $hecBRY idudanky can behddaid.ors of

H V-1 attachpent.and try (heretofore collectively referred to as entry)
Based BR { ALETBYanp IS IR rifarodn et Hod FYF 1 GReacqifidng uiskeept i bi |11y

to i nhi bi405sBfg HENe 1 10pbi¥afen b8l roRdanielnbe  Othes, ViLiSes;.d ncl uding,

but not limted to other lentiviruses (e.g. HV-2), other retroviruses
(e.g. HMsdatign@i2}hehepamienintisosl (auirencdie paguensed i riaksd U3
flaviviruses (hugarleﬂr)ﬁepat,i tis Cvyiruys) and herpesviruses (human
cyt onegaf i TFusf*. sSexd eCFurtifer VoT'RA deErgurfedils &8 A%t hod for

measur It g%seéﬁpqri@hgan%&ﬂi%gr ERS 8% ANdat I6C T RABRS) rdt L RHISEPSARIAd LY to entry
the U3 region located at the 3’ end of the virus genome serves
as ~the template for-the-U3-region 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
~gelf-inactivating (SIN)- strategy has been used succeésfull?
for several retroviral vector systems, including HIV-1 (Hwang
et al., 1997; Miyoshi et al, 1998). In the assaf of the
present invention, viral gene expression is not required in
infected cells because virus infection 1is measured by a
detectable signal produced by the indicator nucleic acid, such
as the production of 1uciferase'activity, driven by its own
separate promoter (Figure 1B). Deletion of envelope segquences
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 pHIViucAU3, can be demonstrated by co-
transfection of 293 cells with the pHIVenv vector described

above. Efficient transcomplementation of viral proteins



Measurenents of entry inhibitor susceptibility are carried out using
adapt ati ons of the nmeans and nethods for phenotypi¢c dru ceptibility
and resistance tests described in US Patent Nukfel Ogeggg 4§§
(I'nternational Publication Nunber WO 97/27319) which is hereby

i ncor por aWéxP289038%f er ence. 24 Novenber 2005 WO 02/ 09986BURRARIS02/ 1807 8
-47 One vector, an exanple of the envel ope expression vector, (pH Venv)

is designed to express the envel ope ol yprotein (gpl60) encoded by
patient derived H V envel ope sequences (Figure 1). (160 is subsequently
cl eaved Bycauseh | w¥ afor £ase ;1,0 sur.face (g U) and
transnengrane 63% 1Tﬁf&g§ubunﬁ%stgﬁggﬁ%%ﬁ%%?gg 1lseﬁ9é g prdtein on

t he surtheeP@pdﬂpviqnvofuslxﬁwtpaﬂuimleé smﬁeﬁﬂ p@f&i&leéﬂbaﬁﬁﬁ@p|e of the
vi ral FESSIOQ v tor, E&%Ithf :8$|VIUC pH Viuc U3) is designed to
expr ess ﬁ%ﬁ%ﬁ?‘é %n g tu rél‘lpﬁmét% aﬁllldHlavaéb’Gf-él n&y except the
envel opeyeped Pt nGEi t a |on
patient-derived segnen%—(g?ﬁs%r%ggﬁé% al %e Qh%n%% Fﬁé % ?F%n% 5 kB) of
t he H V-arphiedoais pfl yacberippd @HIBAQ qamdtimﬂweeptaebfhmqrﬁ@a envel ope’
sequences_anplified by the reverse transcription-polynerase chain

react i on"hethod (RT-PCR) using viral RNA isolated from virus derived from
H V-infected individuals, or (b) envel ope sequences derived from nol ecul ar
clones of HIV-1 that contain specific nutations introduced by site

di rect edI'?mtlégem,i‘m BeCQﬁsaafypaTcenpmdm eg ulsal £ efgaer {vatireal ¥irddl 4- 3) .

I sol ation_of vi.r or ned u3|ng st andard rocedures. (e.g.

RNAgent se’?&eﬁswvle&?f)ﬁt E%rFaﬁé’t EHF TR oERpENYVEAVEB lWr FuiRNAz ol |

Tel - Testis deidi9a09w0ed, idpgdove TREHFT+ESR &Y tH%TlE m@ﬁd §%¥%4 nto two
steps. Aretroviral reverse transcriptase uperscr

(I'nvitrogen, Life Technol ogies) Nbloney NULV reverse transcriptase (Rociie
Mol ecul Sy or, aV|an nyeloblast05|s Vi rus
(AW ) q@v %kgn%if e F : gHEpolis, IN)] was

used to Copﬁeﬂe@br%ﬂr@@-refdebﬁbrét éﬁ@dsﬁgﬂé_l&t VIQQIC%C%t hen

anplified to high cop
Different mammallan cell lines that have been described

12

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
(2) co-transfecting a first cell with pHIVenv and pHIV1ucAU3,
{b) harvesting virus after transfectien, {c) using this virus
to infect a second cell, both in the presence and absence of
virus entry inhibitors, and (d) measuring lucriferase

production in infected cells.

Table 1 lists 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 pHIVI1ucAU3 vector contains deletions in

the envelope gene and the U3 promoter-enhancer as described



24 Novenber 2005 WO 02/ 099383 PCT/ US02118078 -48 nunber using a

t her nost abl e DNA pol ynerase [e.g. Taq (Roche | ecul ar  Sys , Inc.,
Branchburg, NJ), Tth (Roche Mblecul ar Systens, flnEIPYGEP&%c%@ﬁ%g, NJ) ,
PrimeZynme (isolated from Thermus brockianus, Bionetra, Gottingen,

CGer many) | Wer02/0¢3%ombi nat i on of thernostabl e pol yneri seBCEES@2a8@8i bed f or
the performance of "long PCR' (Barnes, WM,, (1994) Proc. Natl. Acad.
Sci, USA 91, 2216-2220) [e.qg. Exp_qlrsag Hgh Fidelity PCR System (Tag + Pwo),
(Boehringer Mannheim Indianapoli’s, IN OR GeneAnp XL PCR kit (Tth +

Vent), he t.ems, dnc., Branchburg, NJ), Advantage-2,

(d one%é?ﬁ?' : tlay%%%gra{r\?\g%&ulsoéld Cftjor‘-‘f PRRLESAVEr £ddr i DMriitdt viral RNA
into, vifhespasticnes QNAuCEAY S OEEiECRe@EéﬂEiéiréQEW% prigrer - Xho/ Pin
and reverse.priner Mu/Xba (Table _,) we.e used to anp |dfy t he

pat i enfig@te vePusdgneht Lepiiessipni ner $hase irmddsidgmed (8D anphisy the -.2.5
kB envelopg,, e cading . 0 .envel.o ol yprotein, while

i nt I’Od%%:l ng r%ﬁlg Iaggn A &gﬁlar‘%(%égﬁiﬁ eoﬁlggf Vgloﬂ?ep‘o‘o’:w:of t he PCR
anpl i fprediced iprotaed byanteMurverdNGeXbar |adidedsrabeihe 3l gnd of the PCR
anplification product. Patient derived segnents (2.5 kB envel ope sequence

anmpl i fFURGEHPr 8duEiT iR reTandedt Bira htRIPHIvLe dpublepstraedessi on
vect or j r el | ease _di.g i.on, | i gati.gn and
bact errii\glﬂfJ r g%!'sfe%éc{rra(% |t) og&n%% 8%? %{é@ dESer ﬁ}g‘%dup:r? Ggggé‘f’%%tcﬂ&nber

5, 837, gifbr(d nierovaiiven dlornthbhg at F omeNUmar WO 8% 24319} o Widleh i nor
adaptations. The -2.5 kB anplification product was di gested with either
Xho IVigralpi 9ET9S JpY t REASPodilermer el hehaM mokmeilXbackuas tihe. 3 end.

The residdi-ag dig@gsti og i8ﬁ s were li,gated, usin DNA |igase, into the
5 xhall/ERoAl Aadts TRR y’%a Preirad 2&1%5\95%égn206§n €021099383
PCTI US@21380%8d by 49edétimdi fds2@npEXAS WiraiCXPptofSPL LSS Rmakgct ors. The
construction of, the pCXAS and pCXAT vectors has been .
.segquences in the pHIVIucAU3 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 infectivity.

HIV-1 attachment and entry into host cells reéuires
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 CYCR4 are evaluated. Cell 1iines 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 (104-10°

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



described (in the CPT of base patent, | believe it was exanple 6 US Patent
Number 5,837,464 (International Publication Nupher. WO 7/2;6{]‘18)), Modi fi ed
PCXAS and pCXAT vectors contain a Pin Al restfitctPERM e addition to
the Xho I, Mu: and Xba | restriction sites that exist in pCXAS and ,
pPpCXAT. ThWOPMRAMA3 site was i ntroduced between the Xho PCT/EHR/184781 T sites by
site directed nutagenesis such that the four sites are located 5 to 3'.
inthe following order; Xho I, Pin AlLgjsMu | and Xba S. In a preferred
enbodi ment, the 2.5 kB anplification products were digested with Pin Al

and M u.. lepathatdat 88sédt Bnt Beowbh - rabld, A1 S d- 133y My - -
site of the nodified pCXAS exp?gso‘svi onrsectbr . l%%%tt?c;n sgr%abg&tll% n apnfdoduct S
were used totheanphvencErsohs dePoed omeogssary24- 36ehli ndubat ican pey i od at

30-37 C, the expressi,0 vector plasm d DNA was purified fromthe E. col i
cul tures. f%%s‘?ﬁ t}f%atar& FRE¥SFENTIERI DD FPepAPEL PEREP HRle RERAIGE

represents thesdd ¥mauass - speah e rRFESENL LDy infdd patient,
many (>100) Eihjﬁ':{jeperr[:dent E. coli transforﬁantiswmg(?iew&lo gegl%fn e/ujgagld for the

prepar at i onshiofh pehvehe ipfasied ecBhi. bYediidferthat eavel @ssendtastdm this
manner for the , purposes of ssing. patient virus derived_envel ope
protei ns ar‘ér%lslp“ﬁcp i VeFy FB?Z&@%‘P@RQS CBI&I?%% (Fifgiidsoralae )~ The
genoni ¢ H \CiexRi@ssiioRdvesd0r s1phky! ¥haandupifoduc @B, a&s‘ctamﬂ@é' gngd; to

transcribe H'\ genomc RNA armed subgenomic 'nR - an o express all HV
prot ei ns extaptiadiéosnvadopapresd yphot i+ I Fiegepeot Bind| nottwsspumaat ors, a

portion of fhe el.ope e_has_been del eted to acconpodate a functional
i ndi cat or gén‘rig 'cggéé#%g?ccg%}t RPSCRER FAtelPT g+ Ahfepvardahle X a@idnber
2005 WO 02//83383 rBedsWe92{ B8R 1r 2l thatadmzised to nmonitor the ability of

the virus to replicate in the presence or absence of anti-viral drugs. In
pH M uc@J3, a portion of the 3" U3 region has been deleted to prevent

transcrlptlﬁa}t%LrYlééﬁl.%ﬁﬁ%sfééﬁ?ﬂéhgn_anéér u%gnglggéﬁggi Sggéééure&,,

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 can be identified for use with the
present invention by infection with HIV-1 laboratory strains
and comparing the reccwbinant virus infectivity titers to
those obtained with infectious HIV-1, or by transfecting cells
directly with the viral expression plésmids described herein,
and scoring for virus production. Accﬁmulation of wviral
transcripts. can be checked by using a quantitative RT-PCR-
aséay. Cell lines suitable for other viruses can be identified

in a gimilar 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 RNAz. . RT-PCR
conditions ;can be optimized to enable amplification of
patient-derived viral  envelope seguences, such as HIV-1
énvelope sequences (~2,600 base pairs) at low vivral loads

' {~500 copies per ml).



Susceptibility assays for HV-1 entry inhibitors were perfornmed using
packagi ng host cells consisting of the human enbryonic ki dney cell line
293 (Cel| Culture Facility, UC San Francisco, 3P, NexXpmhRd ?Q%Bet host
cells consisting of a human osteosarcoma (HOS) cell |ine expressing Ch4
(HT4) pl ud0QER3E3 and CXCR4, or astrocytoma (U 87) celpCH/usoessoesKpr essi ng
either CD4 and CCR5 or -CD4 and -CXCR4. - Drug susceptibility testing was
performed using pH Venv and pH Y2c or pH VIucU3. Pseudotyped H V
particles containing envel ope proteins encoded by the patient derived
segnent were produced by transfecting a packagi ng host cell (HEK 293) with
resi st ance Vi articles were collected (-48 h) after
{ransrany i Bk Gt fon A epd = ( HT4/ CCRS/ CXCR4,  or

U- 87/ CD4/ CXCR4, or U-87/CD4/ CCR5) that express H V receptors (i.e. CH)

and co-receEtors (i.e. CXCR4, CCR5). After infection (-72 h) the target

cel |'s Bi% Utpddbyarkf | Gdef eresry aofi vihy ipreseasuridendivanuss conpl ete

one r phi gat | cessful l v infect the target _host cell and
produce iSgﬁféﬁaéegchggi%gséﬁgﬁa é%ﬁ?ﬁ?éoﬁrOWucﬁﬂ r 58BN i $9%y detected in
the i nfcaet-eepeatibsti snhiseitioSod difLrCtefBASURL O prbBiscLiNity" (Figure 1
and- 2) for any reason (e.g. lack of the appropriate receptor or co-

_If | ason
r ecept’Grl - FRAFBFEoF 12t dghabitengy andetheal 2 i vrptamgi Bodydodendi ng), the

virus 4 Bahke;in; er t i t_cell, ,luciferase activifty is
i i nicehet @%r ug sﬁ%@gelpc%? b‘%eijtn?eugglﬁﬂ KBv EBBePT3685°S i 029 b59383
PCT/ Usbata80&8ized Birvass asseth by ic@mpatcipgatide, i nfectivity in the absence

of drug to infectivity in the presence of drug. Relative drug
susceptibility can be quantified by conparing the susceptibility of the

"test pndi EHS LRI AN e SUSGERE KRL] |l -characteriz q]reference virus
(wi | dtype) deri:\L/e% f%)im grlhg%e%% a@{eclxgir%\‘{%ofn Y- 39945 r%%x |l e NL4-3 or
HXB2. pPagdalyi hgremdsioncekbks svarlmesedded in 10-cmdi anmeter dishes and were
transfected one day after plating with pH Venv and pH VIuc or pHI VI ucAU3.

Transfections were performed using a cal cium phosphate co-precipitation
procedure.;Theek@lcking 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

iji) 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. Dosé—dependent inhibition of HIV-1

replication can be evaluated against a wide range of virus:



culture nedia containing-the DNA precipitate was replaced wth
fresh.medium fromone tc 24 hours, after transfection. Cell culture nedia
containing viral particles was typically harvedteoyenkgs afPPar
transfection and was passed through a 0.45-mmfilter. Before infection,
target ceWoAMB® plated in cell culture nedia. Entrypr¢mbsobigoes drugs were
typically added to target cells at the tinme of infection (one day prior

to infection on occasion). Typically, -3zdays after infection target cells
were assayed for luciferase activity using the Steady-d o reagent

(Promega) anshtry WAHIGIELET condbrd@ t8BRO0LIBRL & bBeysLBCEPLI | ity to a
fusion inhibitor drug (T-20, also referred to as DP178; Trineris, Research
Triangl e PardePINEriaas Hewsntrabien reAgguwan by . dfanyénedebisirically

(HT4/ CCR5/ CXCRA4) o] i.ng_CD4, and_CXCR4 e.infected in the
absence of T- ea‘i‘ng\ %@glr%lé:%vﬁ'de ?%%?’Zat(?f N P&\éﬁg‘éﬂt?ﬁt FonPssesski s | 0910
scal e). The ipgri¢drtchnhifbi Iﬁﬁrfe:&fseviarcazlivﬁe?l weat iddg( Yeddsit MAS on

determ ned by conparing the anount of |uciferase produced in infected
cells in thellghesencdasp TRPINSd st hearanbanwesforued f asdsg produted i n t he

absence of T tropig. F, 9Q1US005.11 4 tropic 24 Novenber 2005
WO 02/ oggssgoé%ﬂaggozll%%ﬁ =50 (KERYS é‘z"ﬁréﬁ@éz °© a%&gaﬁﬁ?'n?réﬁisc
(92HT593. 1) ivinikdesryerndedtradi obk Ug(BuSICeFbirbi bbdyif S quanidd | gd by
determ ning the concentration of T-20 required to inhibit viral

replicati onanyjiboddes | Bgurehéhn as vertical dashed lines in Figure 6).

Viruses with I ower 1C50 val ues are nore susceptible to T-20 than viruses
wi th higher 1C50 values. In still further enbodi nents, susceptibility to a

wi de vari etmpvefiopat r prooéib t 0asrCRen becrmasw edvadiiesg bR Ridkqrs
include, but are not limted to, the drugs and conpound listed in Table 4
(anti-H V dchgrigbeeized nHiVskecdadlemppdrreneyasuseabt tsihgt pwHIVeavCCR5

oot ghenglrg s ek (B ReLOi Ll DU gneschagy L SomRounde
PA) is denoastiateptod argaiisee! ia tHe 826£D4¢ GORD)1 exH@sHRG G4ngnd CCRS
(F5 cells) %gagslrgéggggging CD4 plus CXCR4 and CD4 plus CCRS is
evaluated as described above. A wide variety of compounds
that are known to inhibit HIV~i entry {(Table 2), including
non-specific agents such as sulfonated polyanions (dextran
sulfate and heparinj can be used with the asgay of the
present invention. Chemokines such as Rantes and SDF-1, the
natural ligands for the CCR5 and CZCR4 chemokine receptors,
respectively_(see Alkhatib et al., 1996; Bleul et al., 1996)
are also suitable for use with the present invention.
Further, wvirus entry inhibitors such as T-20 and T1249

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

to evaluate utility of the assgay of the present invention.

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

ATP) .

HIV-1 mutants exhibiting reduced susceptibility to the fusion

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



in the absence of the CCR5 inhibitor and over a wi de range of CCR5

i nhi bitor concentrations (x-axis |ogl0O scale). %S ercent.inhibition of
viral replication (y-axis) was determ ned by C% %?‘P%@b?ﬁezgﬁgunt of

| uci ferase produced in infected cells in the presence of CCR5 inhibitor to
the anmouWO®P9%83ciferase produced in the absence of CEFBUSHR/MEIDItor. R5
tropic (JRCSF), X4 tropic (NL4-3) and dual tropic viruses (92HT593.1) were

- tested. Drug susceptibility was quantified-by determ ning the
concentration of CCR5 inhibitor requi &d to viral replication by 501s

(1C50, shown vertical -dashed lines in Figure 8). Viruses with |ower

| C50 val ues %ertgé%rrrnﬁ'r%gngﬁscéﬁﬁ% Tonss tﬁaa*CCFS‘gq Ri b%’c’l‘é?et heHUSAS udes wit h

hi gher | C50 medlemteThiey Xehe raRisender U8 @igy Qo i e /qgg‘l/ CCRS
target cells. 24 Novenber 20(?5}Ié V\?D 02/ 0993%% PCTI USO}%%8%,%8 éﬁ% nathird
enbodi ment , PPEEAHt i (SPRLtTML chaveCkeRa fabibiliest. TAMDRAOMst Arer MERE was

denonstr at ed., _Tar cells (U 87/ CDA/ CXCR4) expressing CD4 and CXCR4 were
i nfect ed inq:tq?e%%%ger?%e%? PhESTEReRAY ilﬁ‘}’t oF SARRRYReroh WRaRERGge of

CXCR4 i nhi hitz@Bes 0Nt QA kLSBSHIbIAXES [0S - reéfs?ﬂa&)ce)Th?anﬁ}ﬁ% v
inhibition of viral replication (y-axis) was determ ned by onparing the
amount of | Y&FEFaserpasageatied rhasf earad thebk smittanthenpe bspsn aenedk , CXCRA

i nhi bitor ta.he. u --_lucif.eras oduced in.the absence of .CXCR4
i nhi bi tor. RS t%rl%%i‘ac%%ﬂr%sﬁ% %‘tte“?aélﬁ’%é’g% 49%]}nga%ecﬁfalvelcrt8§?c and
(92HT593. 1) thei rpEBalugite tesded, Dralg suses | Bbhiing i spasantifiad by

determ ning the_concentration of CXCR4 inhibitor required.to. inhibit
viral. repl FEXELBRShPTo064ng | E56, hanvested vand i (Al - tHaskhédubesesren Fi gure

9). Viruses.w I ry | ; e ore susceptible to the .CCR5

i nhi bitor tﬁgﬁkg?rﬁas%smvﬁg?%ﬁ#ygﬁér tﬁ%)S Vat ties .O%Tﬁ%b RSEEferdg’pﬁeg ¢PEs did
not i nfect thecepk 881 TIM/ GXCRA ot disueivagehtsed SHSEQBdMing thet aca, GP4

i nhibitor (e.g. nurjine nonoclonal antibody 5A8; Tanox, Houston, TX) can be

measured. TH¥PGEFSS cRRIKING. Mytapf PRSI EREL LN 74 CIIaERCRRa tod ack
ir ﬁ% 2(7:{ 534/ CERR) adPiRleds Sty Phs AN E Qi NARSCO- T GSERLAL S 1230 BE
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 sténdard 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 antiboedies targeted againet the immuncgen.
Most recently, using the HIV-1/simian immunodeficiency virus
{SIV) chimeric virus macague model (SHIV), Mascola and
colleagues have shown that passive transfer of such

- neutralizing antibodies led to reduced viral load after



in the absence of the CD4 inhibitor drug and over a wide range of CM4

i nhi bitor drug concentrations (x-axis |0gl0 scgldié&bv‘g%egr)e&gs t inhibition
of viral replication (y-axis) can be determ ned by conparing the anount of
| uciferase produced in infected cells in the presence of CD4 inhibitor to
t he anounWOdR8Bi f er ase produced in the absence of - OFH/USOHHHOES tor. R5
tropic (e.g. JRCSF), X4 tropic (e.g. NL4-3) and dual tropic (e.qg.

92HT593. 1) viruses can be tested. Druggssusceptibility can be quantified by
determning the concentration of CD4 inhibitor required to inhibit viral

24 Novenber RQQ%a1Wera2h 09938/ RCTNWSER/ 1807800054 T 8ALI SaLiON. by, 50%
(1C0) . Viruses with Iovve? | C50 val ues are er'su?gépglg%?% %flc)) e CD4
i nhi bi tor theyesdntusésventivn hicgherbd Cofed altwesrafAVPLEnd DFEGRWARY
optim zation atnd .char act %fei zatiqn of ner/, and novel  inhibitors of virus

entry. In ont® SHBGGRENERSt W 1t FEUShE+HZ s RLCH the @ eantiodigent i fy

new corrpoundgsérgg}g%gal iant kbkBsnddated nhiit nMETr us T t_cells
(e.g. HT4/ CORS/ CXCRA, U- 87/ SR e 8y cm?%%g%xpeﬁ{e‘%gc’ﬁ’ge CD4 and
one or bot h ag-igesept sush EAN-be enméboge chritnigens . pr exan cexanfpla., . raievi dual .

menbers. of._ l|arge.chemcal libraries (high throughput screening, HTS).
The ability B4 c%‘?wpgﬁﬁd PEESFRRi 0RVeH T T Fep i(égti‘-’fﬁﬁle(réte" MEIVENFan be

det er mi ned ByectoFBarhdty cbkpe-a80Rar9bey |dCLERT asigRIRdYgS diélﬂjeri%g(ét ed
target cells i.n the presence of a specific conpound to the anount "of

| uci f erase Pro¥génd. iR t¢e turefectod fThmwtcospounding nthedairtdrenrs

enbodi nent, t Lr 1t ray assay can,be .used .to,optimze_the antiviral
activity of ﬁngeégggoﬁ%%ﬁgﬁd%ﬁjfd’e?ﬁ%f# f e&chbﬁlal!ﬁ’ﬁStd{éﬁﬁE%‘F b mcagate
derivatives wathl e@etiatomRoURdsns aps bent BSIRM srpdantibhy SRt ne
derivatives-that have enhanced virus entry inhibitory activity. Target
cells (e.gsepmm ACR5/EERERL hageg MicparexXER, infetk 871 GDAGCRS secorpr essi ng

CDb and one i, BOtlL GO-L8G oD O 5 38, Pt HBHRdont "eldl 855616825 1he
&5 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
sensitivity and reproducibility by using a wvirus input of
apbroximately 20-100 TCIDg/well and making adjustmeﬁts as
necessary. Antibody preparations can be selected based on
previously documented .neutralization properties, either
tunctional, 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 antibedy reagents in
conventional virus neutralization assays as described in the
scientific literature. Serum from a broadly representative

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



range of inhibitor candi date concentrations (x-axis |ogl0 scale). The
percent inhibition of viral replication (y-axi 5)2.4 an bgege%ﬁbgj ned by
cefl's

conparing the anmount of luciferase produced in“in 8dte in the

presence of the candi date 24 Novenber 2005 WD 02/099383 PCT/ US02118078

- 55 i nhi bMJR/09988% he anobunt of |uciferase produced i n PEPUSIIE8ITEe Of
candidate inhibitor. Drug susceptibility can be quantified by determ ning
the concentration of inhibitor candidajg required to inhibit viral
replication by 500 (1C58). Derivatized conpounds with | ower |1C50 val ues

are nore  pokANtappRBpbi A Sréfge/idISsERI Ya 1RRYEn ST EALET cBA f4ik
activity) than derivatives w t%’u hi gh%r I C50l val ugs. ?n ygtgﬂalm%tc??(%%?
enbodi ment, &H8aYi FeBSEVIEYVasyay wanibeze usigthtbaichayact ecyzextbety

mechani sm of _actiaon of .new virus entry inhjbitor drug candi dates, and the
antiviral acfivity eé’ﬁ%}lﬁg?‘ya%ﬁé%t?E%‘?‘iﬁr%i‘f’t?g’ééli:ﬁaﬁr* (PR O§PKEBEEY n
suscepti bili f¥says - (I'@_/rggea},geék@‘_(&cgh MTE 1 TA{p)CCRS/ CXCR4,  U- - -

cH4 [

87/ CD4/ CXCR4, or U 87 CCR5) expressing and one or both
co-receptors can be infected in the absence of the new entry inhibitor

drug candid a ver a w.de.range of entr i nhi bitor dru

concentr at i %@e(gg%g?@qgoﬁﬁmgéﬁ? e%?eTﬂ’ées‘ﬁbge@eﬁP i r‘l’ﬁitgFFi 69195?‘3%‘?%
replication 4yd asifihigathdbredeher Mgt i GREPRONG e BEOHRLeR s

| uci ferase, produced in infected cells in the presence of new entry

i nhi bitor tol¥keingndonanvfregayid.er ase 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 deternmining the concEfR¥BEFch of CD4 inhibitor required to

inhibit Viralead®itlhsC dHea i Q,1 r g,n : t new

entry inhibitor act gcby ebIB(‘-S?: Tﬁg%t%%%%p%%%)g(%ﬁ4%o%?g§§%?§%g g'?he R5

tropic virudEd-dr EntrEst ed agai nst 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 RS virus infection is 24 Novenber 2005
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 Bé
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 virus),
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 using adaptations of the means and methods for phenotypic
drug sﬁsceptibility and resistance tests degcribed in US
Patent Number 5,837,464 (International Publication Number WO

97/27319) which is hereby incorporated by reference.



WO 02/ 099383 PCTt US02/ 18078 -56 indicative of CCR5 co-receptor antagoni sm
and conversely, inhibition of X4 virus infecti Q"Fs in ica%wg of CxCR4
co- receptor antagoni sm |nhibition of RS and X4°viPUs™Phfe n my be

i ndi cative of either CD4 antagonismor the inhibition of nmenbrane fusion.
To char acverRA¥3gBhe acti-v-ity of a new inhibitor agailrcUSevisesses t hat
exhi bi't resistance, or have reduced susceptibility, to other virus entry
inhibitors of t he same class, or dipffereat-class, selected panels of drug
resistant - viruses can be tested in the virus entry assay using the new

entry i nhidnd ovedidig. a]ihgxgﬁggé ggytjl@%(%g&f\bie_r %gge Lth varé/i ng | evel s-of
~4=""i NhT Dbl

susceptibi ility -to CCRS i nhibitors, i ors, Co-Thhibitors,

and menbr afETFEsIVAn dsnidelsigned. to Theppee| timnyenvetbpdepyi {Hs8Se i t h one or
nor e specinclsopute%tcio n@ Ehat are as%%oﬁc,i ated with reduced

suscepti bi 195y 7 est stance ¥ oPBhtSRr Feentily PRNEBPPSr SeTUSONed E 3

i denti fyi ngriflganel ape A oAGId %b@% ' I oNs/ tions that. 'Alter
Susceptibility to Virus IjI%nt ry | nhi bi ?xéllfe%%ig%'hl S g)%étnp Yo %r% Ta neans and
met hod f orericdensef o rgpnematat ilensurfiatt Vigh120ve) ol tthahssenteind educed

susceptibilit si stance virus entry inhibitors. This exanple also
prov ides (gpﬁééﬁg %‘%ﬂmﬁ%ﬁhggwf OT ORI f¥"§‘? nfieHeredpgpbeinfon gtheced
suscept i bighirifscbO ENIW INNi-DhiOT SarcOnfer T edy by Spegi fi.c envel ope
~.-.utations. Envel ope sequences deri ve(? from' patrent sar‘fﬁ’lr" e or

i ndi vi duakxgrghescfiekhe eti falomrpatiseihtn saaqtoes, (aftkay plOPEuc quences

engi neere It irected nutagenesis to contajn 24 Novenber 2005 WO
02/ o993,83,95%71}?%5,3%fj 1180 lg-r*?fia gfﬁeaxﬁrésmﬁawm,ma% eSyheganamiion the entry
assay to queslifmNAdlr ugdsusceptify | E%St@?ﬁ@d MRePrelhs ChALASLEL! zed

reference standard (e.g. NL4-3, HX
polyprotein (Figures 1A-1B).

In this application, patient-derived segment(s) coxrespond’
to the coding region (~2.5 kB) of the HIV-1 envelope
polyprotein (gpl60) and represent either. (a) eﬁvelOpe'
sequences amplified by the reverse transcription-polymerase
chain reaction method (RT-PCR) using viral RNA isolated from
virug 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 viral 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
Technologies) Moloney MuliV 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




in one enbodi ment, susceptibility to | ongitudinal patient sanples (viruses

collected fromthe sane patient at different t&&igoints i? fgaluated. For
exanpl e, susceptibility to entry inhibitors is ST Er e to
initiating therapy, before or-after changes in drug treatnent, or before
or after WOHAAYSH in virologi c (RNA copy nunber), i nmmur@inggge/aso(sCDs T-
cells), or clinical (opportunistic infection) markers of disease
progression. Cenotypic analysis of patignt H V sanpl es Envel ope sequences
representing patient sanple pools, or clones derived from patient pools,
can be anal yzethbey asyng by calivhoavahl E%Ey&@%&ga" n ofs, .. l.n one
enbodi nrent of _the inve%tion, patienngF% sanpl e seqﬁgﬁ%é25%$e8%3¥gﬁn1ned
usi ng viral RASSULRF] cEYFbems RT/IRER, anBratichdoxgnuciNadt i deth  (daiHe

term nator s } m stry and_capillary | _electrophoresis (Applied
Bi osyst ens, &gggggi%gt ,%f%§f %hﬁwve?¥ﬁd%h§83%eﬁgﬁs Bripgyent i59kakedpool s or
clones are dawpaTeerhas’ btefleNGRsS CHUSNEES, Adieingahi efly heg, or to

a sanple obtained fromthe sanme patient prior to 1nitiation of ‘thérapy, if
avai | abl e. THe S§EREEFPEOR sof eShprimestable pelymeneesst hat daserihidd eoent from

the referenc o] = t u e and correlated o differences in
entry i nhi bi ftE(})lre Sg‘%gﬁn%zg% |n$€ %ﬁ%r ?&%nhﬁgﬁf%?ssd&c‘%mi 9%y Becsite
directed nutamts. Geral.ypseighamsgesy hapacoraeigterpnidh ehpnggs dignfitness
are evaluated"b¥_constructing envel ope expression vectors 24 Novénber 2005

WO 02/ 099383 Fpl§} 1S 2 PEBo 78y stems g (Tag Hir VERWR) . c oBeahitimgerh larpdwifi. c

mut ati on on i A dr i bl.e, ngtic ckground (g, NL4- 3

ref erence s??gfi%ﬁﬁﬁﬁfgt?g%§§%§§ﬁﬁéh$€§65%%rg%%d“%ﬁbﬁégﬁﬂgbbrﬁvﬁme

conbi nati on Mblécaldier Systamsonsindigt BeendMMuENt NO) MOdARRR adehg, entry

i nhi bitor su gg tibility. Envel ope nutations are introduced into pH Venv

vectors usinz $%ﬁ?ﬁcq?he broadly avail able nethods for site-directed

nmut agenesi s. In one enbodinment of this invention the nmega-primer PCR

met hod for  site-directed nutagenesis is used (Sarkar, G and Sumrer,
Oligo-dT was used for.reverse transcription .of viral RNA- into:--

first strand cDNA. Envelope PCR primers, forward primer
Xho/Pin and reverse .primer Mlu/Xba (Table 3) we:e'used t&
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
Al 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 ligation and bacterial transformation methods as
described in US Patent Number 5,837,464 (International
Publication Number WO 97/27319)}, -with minor adaptation=s. 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 AT and 3' Mlu I/Xba I sites



S.S., 1990). A pH Venv vector containing a specific envel ope mut ati on or
group of nutations are tested using the virus e%tr)f\T ass %%@I’I bed in
Exanple 1. Drug susceptibility of the virus contai 1} né“@/envel ge mut at i ons
is conpared to-the- drug susceptibility of a genetically defined drug
suscept i bW& 02p9%8%s t hat | acks the specific nutations uPCRUSRIRAIRIat i on.
bsexved changes in entry inhibitor susceptibility are attributed to the
specific nutations introduced into the, pH Venv vector. in one enbodi nent
of the invention, reduced susceptibili 'ty to the fusion inhibitor T-20
conferred by.gpe u Si anc tatlons i.n the 4] envelope
protein is 8£mﬁg§3ﬁ§lt%(’j |}{5‘(§re ). TS Rg  VEPhOrs ccrRERaInd
CXCR4 wer e i abesct st iont h@f abﬁ-&ncpcms Taaa meﬁe@t&ge harsang%ﬁ)f T-20
concentrations (x-axis,|ogl0 scale) The: percent inhibition of viral
replication $55&dR9E whe Eljé%eFﬁTn@é bpseomssehhg Theelimvet idf wawifer ase
produced in 4 ed: c e ceg0 T- to unt of

| uci f erase pro %}ﬁ%%d |d6n t seeﬁl’ltc&e 0 ﬁﬁ[’gg Iés:%)?g'é%%c Vi #’ﬁ?&& t8Rthi ni ng

one or two sméﬂzfqaa:lnfntmm wWon strfig7ypAl) . MbaDsS B enMeheper protein
weretested IlNghted in red in the figure |l egend; R nsky et al., J.
Virol . PR 2668 Awmregee% SPRET| 13 Se3ditgonsto- L5 993)

Dr ug susceptm Ir Uinbe Syentdd bedoby, dely et r

required to inhibit viral repl i cgﬁg%ﬂ y NB%%?C%%QC g(h \%n %sa{%’ﬁ]l cal

dashed | i nesa)nd MWSesThetmnlmltJeC&asvahueﬁwea lﬂﬁltﬁeéﬂS@E@txﬂ;ﬂ eto
[,.C50 _, val ues. I n one enbodi nent, drug _r-es

T-20 t han V|J; 1V\,i_th E gkﬁﬂg .

tan: & - mut-ai® ng U\l Sitg SddGc_HreGtes W\}é”rs}ge@ﬁéilﬁct%%qhzebat Yae "tropic

"(NL -3) and:Jg% b eek Card ARCEEXg' ¥i ruses. 1E29h€ dﬁ%h 5%%%¥\/asxh#easured
0

using the wvirus. entry assay (Figure 7). The

suscep abi Tt Plﬁoﬁleal\ﬂhl vl laué waas deIineanpnef:bnb;ed dambodh.iﬂgnthethd C50 of
the test viru J.C50 '~ XB rain of HV-.., T-2

sensitivit : T?’ %l elaf'frl aﬂhﬁ?ﬁn?r YGhse wege é tgested with Ria %Mﬁﬂ:ﬂ nent ,
viruses withiena BHBali Qe M Lt 8. §1Vpin AT site and the 3% Mlu-3 -

site of the modified pCXAS expression vector. Ligation

reaction products were used 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 adeguately
represents 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 asgssembled 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 pHIVIuc@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”



nmotif of gp4 1 (DV, GM SIV) were |ess susceptible to T20 than the
w |l dtype virus'(AV) otif (DM SIM DTV) were S pti.hle to T20
than viruses with one, or no mutations in the éﬁvﬁ%’?}@%&?gﬁ?e 11). In
anot her enbodi nent, mnutations that may confer reduced (or increased)
suscept i bMAG2PIBH t he entry inhibitor are identified PGI/ESHGUSARI ng t he
envel ope genes of the sensitive and resistant viruses. The deduced am no
acid sequences of the sensitive and registant viruses are conpared to
identify candidate drug resistance mitafi ons. The abil i ty of a- specific

mutation to fer altered drug susceptjpility is c¢onfirmed or disproved

by i ntroduci ﬁlga Ne %ﬁﬁéﬁ%ﬁ@?h g?ledgﬁjgﬂstéfng%(t?%V&W%stodﬁ(ﬂ’%éﬁéﬁ?i ng the

susceptibiliiy afhd h@reBth@!t o¥i rdiSedrdel NEVIdiiS §0LEY 3&3_@@ I n fllpe
séquences 24

exanple represented here, a short stretch of am no aci
Novenber 2008HN3W09{P938Ror 6P WE2 3/ 158 78eqidrhibast beehi delebept ad

repeat (HR- of the H.\V-1 . dran nbr an nvel ope protein is, aligned
for vi ruseslg%x%]f%l’ Illtngtr(:f’inf'f(;”l g:rt%tf"ftonl'-%evsjlﬁge%‘ps‘ﬁi f’?rFe ? F? gurER 139
Hi ghl i ght ed oifidtaearicdsigepresent nutati ons known to confer reduced

susceptibility to T-20. Simlar phenotypic and genotypi c anal yses can be
used-to identify envel ope ami no acid sequences that --(a) alter/influence

suscepti bi li ; i npi bi t.ars-, - Speci, X4, R5 and dual
t ropi sm andél%l?ccge%etlgﬁg“?tl%n%grggﬁ z?é?ﬁg an \?lglodlegelg / Ilﬁﬁ’c}&? COTE B Frent ;
-reduced sugge{forbieli tying PacRAyITRE eREON cel KRN CXNARY dmihbi hehsn
conferred by specific envel ope amino acid_sequences/nutations is

denonst r at e EMEHORIF UFtHEY epbodirentd3 rEedé ctnldugeePreblitvt yUEoSan ecept or

(CD4) inhikitors eanferred,by, specific. e %lo i no aci.d
sequences/ mitati ons I s dérmngt?at eg‘.El %&\I\/Bi\é 4gﬁéfggrcr’ﬁnnsilr%lﬂlgv-% a
Co- r ecept or ramdnResepbercbnap(i0B) cell line expressing CD4 (HT4) plus
CCR5, and CXCR4, or astrocytoma (U-87) cell lines expressing
. either CD4 and CCR5 or -CD4 and CXCR4. - . S

Drug suscep£ibility testing was performed using pHIVenv and
pHIVIuc or pHIVluc U3. Pseudotyped HIV particles containing
enveldpe 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
ce_lls (HT4 /CCR5/CXCR4, or U-87/CD4/CXCR4, oxr U-87/CD4/CCRS) -
that express HIV receptors (i.e. CD4) and co-xreceptors (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 of—“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



Thi s exanpl e provides a neans and nethod for determining H V- i co-receptor

tropism This exanple al so provides a neans an f.ar erm ni ng
H V-1 receptor tropism in one enbodi nent, vi rugégﬁ%ﬂggbﬁgezgﬁé CCR5

co-receptor are identified. In a related enbodi nent, viruses that use the
CXCR4 co-Wedme19333 are identified. In a further rel at edPCEBUSSQUS0T®RNL, Viruses
that use CCR5 and CXCR4 are identified. 1In a further rel ated enbodi nent,
viruses that use co 24 Novenber 2005 _¥0 02/ 099383 PCTI US02 /18078 -61
receptors other than CCR5 or CXCR4 are 1dentified. In another enbodi nent,

vi ruses t hat }C% o) rs i tifi.ed,.in.,a rel ated.enbodi ment,
Vi ruses thataéu%gs%%gb ar énr P%%gﬁ%i ﬁég&%fﬁﬁg:g&feajr tl ﬁetr:h?'e?}fﬁeéﬁee oca:lﬂﬁ%nt,

viruses thato dinfwttindqyi rin Cole Opré&bndsd onf detigCel | Sedigivd dentdfied. In
this enbodinment, the assay is performed using two cell lines. One cell line

expresses CIHSSERSLBEREEY U §2PCDATSCCREantafdgdy efdt r edPTRARISIORS g | s in

this appli j . : | ke LLne e 4. (U

87/ CD4/ CXCR aciggglgg%e% re&ﬁr ttgl%ast%(éﬁpcglq ?Qgi ﬁéfﬁ? &%%é%p%%ltéaﬁ{ :(L)tfﬁ).(’ cﬁ"le Vi rus
entry assay a wepbrdloammdelry zedf eefdregee i vidkud dwal degbd) Qdrtiveassinbh h
reconbi nant virus siocks derived fromcells transfected wth pH Venv and
pHI V uc or @ PRESFULBUFARE SfsHIPH VaiRF ¢Ea1Bte Metnthiar p&BRent virus
derived sequences and express H V-1 envel ope proteins (gpl20SU, gp4lTM.
In this enbodi ment viruses are evaluated in using R5 and X4 target cells
cul tured i nradkaging poat eselldiwgureesdbidedy ph cEl oy dREmansk X4 shek| sndr e

pl ated one day prior to infection. Infectigogn with each virus stock is

perforned i e typoshestet PGy dewo Ht6g) PLatiPHe Witds pRRIVerat #athi bitory
(GGR i i B e o e A o Ry = SRR reFRE [t ccence
of i nhi bitory cadenomnphetpleise ofo-pracugitdatorprefearenhieal | yThenhidlil s X4
tropie viruses, (o Pl MO ning Sne B Dobeiprints thas” 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. BRefore 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 DP1l78; Trimeris, Reseaxrch
Triangle Park, NC) was demonstrated (Flgure 6). Target cells
(HT4/CCR5/CXCR4} expressing CD4, CCRS 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 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. RS tropic (JRCSF, 91US005.11), X4 tropic



tropismis assessed by conparing the anobunt of luciferase activity
produced in each cell type, both in the presence ,and _absen f drug. in
this enbodinment, the results of the assay are ?ﬁt@?ﬁF@?&& %ﬁogonparing t he
ability of each virus 24 Novenber 2005 WD 02/099383 PCT/US02 /18078 -62 to
pr ef er ent We{0RA99383f ect (produce luciferase activity) RPCIEH/SIT X4 cells,
or both X4 and R5 cells if the virus is dual tropic. The ability of the
CCR5 or CXCR4 inhibitor to specifically block infection (inhibit
luciferase activity) is also evaluatetkF(Figure 3B). In this enbodi nent, X4
tropic viruses infect X4 cells but not R5 cells and infection of X4 cells

i s bl ocked bYh*ha:t REFTHERAL! nfiDidEE tYANEB 1883T59h 1)t Aiisusadodrment, RS
tropic virusest-af el R ek st ot %u ; jnfecti t ane
conpound). in tﬁi S enfo ims%tj,' ulé:lep%?o facn%ngéénaé}gtﬁ%s?%%%hgﬂggtn R5

tropi c virusesentnbbion kgt F-X4 aaghiRedcebl $nlaiieti Rieali 28pDicdBion cells is
bl ocked by the CCR5-_inhibitor and infection of X4 <cells is blocked by the
CXCR4 i nhi bit¥orP0% n{i%i-s SBRBBJRAeRertiGidn dpshpfelifetists Biowrr §eplicate

in either X4. GELis i er, AGRVIRRYAN duced)., In
anot her enb?d“:}rr?esgté, tgkié %%‘ééét;gﬁcfé" B’%ﬁ'ﬁg??r&éﬁé unléc? ng Stﬁﬁrg%étgfr’fe n%cr’g%czeq | Iines.
One cell || nkaexplesses Wibh hhyke£CRS, (d1u@é/CD4 CCR5), also referred to as
R5 cells in this application. The other cell |ine expresses CD4 and CXCR4

(U 87/ CD4/ CXCR4) also referred to as X4 cells in this application..
Addi tional ggllg¢ines fgfgﬁ&sse@g?ﬂhéﬁsot hgﬂsc‘e%%%ggggg&lﬂov- 31

co-receptors, including, but not Timted to, etC. ‘g'edée Tabl e 1.
These addit vamattygel $£ | iemésy eiphidsitoatthecasarisi dakaesoeeteceptThasse but do

not express ,CCR5, or CXCR4.. The virus entry assay is performed by infecting
i ndi vi dual &g%ﬁ&ﬁ?mr%%%ﬁd@h ButoRBEnaRAE ViRt tisok SRy e Hugsd Fdom cel | s
transf ect ed WnbbuRdll Maspeaand PHNG |50 ; -RH AMEPY3p1¥gct ors.  pH Venv
vectors contain patient virus derlveg sequences "and express H V-1 envel ope
proteins (gpl20Sy,.gp4l1TM . in this enbodi ment viruses are eval uated
in-a second embodiment, susceptibility to a CCR5 inmhibitor -
belonging to the 4-(piperidin-i-yl} butane class of compounds
~{Doxrn, C.P. et al., (2001), Finke, P.E. et al., (2001);
Merck, West Point, PA)} is demonstrated. Target cells (U-
87/CD4/CCRS) expressing CD4 and CCR5 (R5 cells) were infected
in the absence of the CCR5 inhibitor and over a wide range
of CCRS inhibitor concentrations (x-axis logs, scéle). The
percent inhibition of wviral replication (y-axis) was
. determined by comparing the amount of luciferase produced in
infected c¢ells 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 (92HT593.1) were tested. Drug susceptibility
wag quantified by determining the concentration of CCR5
inhibitor required to viral replication by 50% (ICs, shown
ag vertical dashed lines ianigure 8) . Viruses with lower -
IC;, values are more susceptible to the CCRS inhibitor than
viruses with higher ICs, values. The X4 tropic virus did not

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



24 Novenber 2005 WO 021099383 PCTI US02118078 -63 in using cells cultured
in 96 well plates. Infection with each virus stz%gﬁioivse (aérfgrO dinR5
cells-, X4 cells and the cell lines expressing pl th ndi dat e
co-receptors. Co-receptor tropismis assessed by conparing the anount of

| uci f er asWoRPN$}® y produced in each cell type. |In thiBCT/esebodrgrent, the
results of the assay are interpreted by conparing the ability of each
virus to preferentially infect (prodgég_l uci ferase activity) R5 cells or
X4 cells, or the cell line that expre33ses the candidate co-receptor. In

this enbodigent, X4 tropic..viruses infect X4 cells but not RS . cells. In
thi s enbodi megﬁt],él ﬁémfé o%rlg?:c’d\ﬁmteﬂg(ass‘ﬁcfeé’%tﬁ’ﬁ T8I R 2 it RfolniabieeYs. . In
this enbodi NngAMDEILGS ; t RABIMED) - wlE dRhdhyEescedf . Péqedndtda st gpic,
viruses, infect both X4 and R5 cells. In this enbodifent, the infection of
cel | lines BYFREGX R expreasing EBhdmhiGXCRE- mete pidiestedeithehe CCR5  or
CXCR4) is attyd ed .t rQpi.sm f.ar .the alfernative co- _receptar. In this
errbodi) ment , %%%%}tglea%fse&\l/% rél%{rs&’gg 1&11?]3(:). or ralerbqt Cdat & i 6 EHES R4 6FCRE cel | s.
In anot her ehtloth it cdrhenassedbrss (ReEkOENB6LYStaa dour T6el herbifes. one

cell line expresses CD4fgI us CCR5 (U 87/CD4/ CCR5), also referred to as RS
celI's in thi&brEpdtiganioriral seepheasinar (Fepxis) masedetessisedDy and

third col | I\ rE Siprcere e A5G Phoffied crraltlded BRUET o't "

-~ as CD8/R5 celi s tihe t bresem@pl ic€at¢xors Aihpubitecekb | ime expuassessCD8 and

CXCR4 (U 87 CD,B:[CXCR4) also referred to as CD8/ X4 cells in this
appl i cati on. SAASEs PERERGeA s b hes ageepet nell BYCR4 labibhger i ndR%i dual

cel | cul tureas.dM:thq I gant . ydsku N.%{%gkg qdgLdv %%{ F transfected
wi th pH Venv adr% pHI V' Tuc or Lpo;g’ll\‘?l Ec vectors, g: P ecg\r;ag\%glg %?S{)gont ain
patient virusi@@beiowerbetelt65. M2 L020388ib PR WSA2LL8RTBEieddpgeri ved
sequences andd exglr,ess HI V-1 envel ope proteins . .
etermining the concentration of CXCR4 inhibitor required .to .

inhibit viral replication-by 50% (ICy, shown as vertical -

dashed lines in Figure 8). Viruses with lower IC;,, values

are more susceptible to the CCRS inhibitor than viruses with

higher ICg wvalues. The R5 tropic virus did not infect the

U-87/CD4/CXCR4 taryet cells.

Susceptibility to a CD4 inhibitor (e.g. murine monoclonal
antibody 5A8; Tanox, Houston, TX} can be measured. Target
Ce_lls {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 absence of the ¢D4 inhibitor drug and over a wide
~range of CD4 inhibitor drug concentrations (x-axis log,,
scale). The percent iphibition 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. 92HT593.1) viruses can be tested. Drug
susceptibility <¢an be quantified by determining the

concentration of CD4 inhibitor reguired to inhibit wviral



(gpl 20SU , gp41TM . in this enbodi ment viruses are evaluated .in usi-ng

cells cultured in 96 well plates. Infection V\,it94'ﬁach éi rus ﬁgock i's
performed in R5 cells, X4 cells, CDB/R5 cells and coBr ceIO 5.
Co-receptor tropismis assessed by conparing the anmount of |uciferase
activity POSBOeE# i n each cell type. -in this enbodi nREWYSILMRI7E esul t s of
the assay are interpreted by conparing the ability of each virus to
preferentially infect (produce Iucifer_asse activity) R5 cells, X4 cells,
CD8/R5 cells, or CD8/ X4 cells. In this &nbodinment, CD4 tropic viruses

infect X4 cell.gang lls.. \n this enbodiment, CD8 tropic viruses

i nfect CDS/ RSE?eI ?s %\ndﬁgrgﬁtlﬁfcﬁéﬁ e Wl%qt%‘ﬂ% efotA Hisft aredual .
tropi c- (CD4moard suSbBgEilREEPd OthdSEDaViinn38st b f gggnxgigﬁgg% gad{or RS
cells plus go%m and/or. CDB/RS cells. In this enbodinent, the “Infection
of cell Iined*8RpFeSsh MBS -but not CD4 is attributed to CDB receptor

tropism In this enbodi nent, non- viable viruses do not replicate in either
X4 or R5 cells. In a further rel ated enbodi nent, the assay is perfornmed

using two cell lines. One cell |inexaxptgsses CD4 plus CCR5 and CXCR4
(HT4/ CCRSQ€§R4 ... A second cell line expresses CD8  plus CCRS and CXCR4

( HOS/ CD8/ %ﬁ%&?ﬁf)‘r’f P mizrb$0% Agd) charehprisaplon ofnaew Bnd mbeeli ng

i ndi vi dual cehhilcitddrd 88 Wil o i nant virus stocks derived fromcells

transfected with pH Venv and pH V*l'uc or pH VI ucDU3 vectors. pHI Venv

vectors contain patient virus derived sequences and express H V-1
viruses are

envel ope protgi ( P4, IM-._ln this enbodi nent

eval uat ed i niﬁsieﬁ% ggk@%uqtguﬁﬂeh i h-96 V\%}rﬁry BI%56€s a1 W h each
virus stock idemsiffyoneeddnpoudfé/CeRR] &XCRAtceELS Bnd HOR: GRS/ %5% CXCR4
cells. Co- receptor tropismis assessed by conparing: the anount o 24
Novermber 200%‘t3ip 052399583ebhb/ (550D/ HBB7/GCRS AGXTR{CT fBr&lyE€Da¢TKURS y

B et er proted by CedoeRe) (othadelpe ol S Gl o PobE S mpedrrtne |y
infect (prozhcedd ubifeetade inctind tpte Jdhéb CORSAGACRIGES] | fe@bers of
large chemical libraries (high throughput screening, HTS).
The ability of a compound to inhibit viral 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 th2 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/CCRS/CXCR4, U-87/CD4/CXCR4, or U-87/CD4/CCRS5)
expressing CD4 and one or both co-receptors can be infected
in the abssnce 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



HOS/ CD8/ CCR5/ CXCR4 cells. In this enbodinent, CD4 tropic viruses infect
HT4/ CCR5/ CXCR4 cel l's, but not HOS/ CD8/ CCR5/ CXC§{ ‘cells, In bpés

enbodi ment, CD8 tropic viruses infect HOS/ CD8/ ?E?&Bﬁrcg but not
HT$/ CCR5/ CXCR4 cells. In this enbodi ment, dual tropic (CD4 and CD8

recept or WORNMBuses i nfect both HT4/ CCR5/ CXCR4 cel | BCEHSN2/18078

HOS/ CD8/ CCR5/ CXCR4 cells. In this enbodinent, the infection of..cell i nes
expressing CD8 but not CD4 is attributed to CD8 receptor tropism --1In
this enbodi ment, - non= viable viruses do not replicate in either X4 or R5
cells. In angiiek +8p0QdiiRNL mod i RS $AY; # r #ﬁg usg] t |l lines.
One cell line expresses CM4 I’pn)?us &Rgé%ln(?%é?(%éﬁ 3/%%&%7%\%%&%??% second
cell' line expressesdeERS andlibiEXER4 bubrngt G-t iGEDR1EHOSLECRIHEXCRE) .

The virus entry .assay.is perforned by infecting individual cell cultures
wi th recontﬂ”r%’ﬁt&\}le ust m&’é‘ﬁpgeéhﬁr SRPEErFEatihspeciebiiEdr pH Venv
and pH V | uGQfairEk¥l U3 ALactiqf S 4 nRk Meny4 t ;  npatient virus
derived sequencels and express Hi V- i‘n gﬂr)lji/el oﬁgggr%{egﬁﬁgg?%%Z u,gg{;m ™ .
In this enbodiCe@nt Detrivessedr eomwalndat etith NawernpCgevrd uelat-ar @dré n 96

well plates. Infectiaon ,wth (é%%h virus stock is perforned in, |
HT4/ CCRS/ CXERAERE| 'S4G LRER BERSAERERENEEY | {haveu gzratepsant hvéprhdent

i nfection i%c%a%_e@?ﬁﬂtmn%m%meé h&éfggl:i%éefm' ugif.grase activity

produced in each cée type. Inthis enb nt, the results of the assay
are interpreted by conparing the ability of each virus to preferentially
i nfect (produce Iuciéfﬁergse acti jt)Q HT4/ CCR5/ CXCR4 cell s or 24 Novenber
2005 WO 0289583 BpEHTERSE2F €ntge CHecVEERS BXERY R¥F3%. C3h B s

enbodi nent , dependentte [ { ERALECRRL LXCR4e cely, S not
HOS/ CCRS5/ ngggé cells. | nt? h%iséjzl%%od“i@rrcgl%%l}gﬁ;@% [ ndépendefntﬁ%/‘%:rﬁls%%gi nf ect

bot h HOS/ CCRBtEXCRIhUeltics dmdg HiaidICREEEXCRYd cieihd santlimritrhil saceirbibidy ment |
the infection of cell lines that |lack CD4 expression is atfributed to CD4

i ndependent aﬁﬁF_BEFi off. ERECERME efbodVHERTES noMAn adl®y vi dotthot
replicate iRysebbPhi ¥ Pr POrakfdd Scells (e.g.. HT4/CCRS/CXCR4, U--

87/CD4/CXCR4, oxr U-87/CD4/CCRS} expressing CD4 and one or
both co-receptors can be infected in the absence 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 zxeplication (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. RS 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 (D4 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 RS virus infection is -



EXAMPLE 5 Identifying H V-1 Envel ope Am no Acid Substitutions/Mitations
that Alter Co-receptor and Receptor Tropi sm Thi a es a neans
and nmethod for identifying HV- | envel ope arring4 @ n% §3%e2§gg t hat
specify, or alter, co- receptor tropism (X4 vs. R5 vs. dual X4/R5). This
exanpl e WO/ i des a neans and net hod for identifyiPAlyUs28®8 envel ope
am no aci d sequences that specify co-receptor usage other than CXCR4 or
CCR5. The exanpl e al so provides a neaq%snand nmet hod for identifying H V-1
envel ope sequences that specific, or receptor tropisn1(CD4 vs. CD8).

Envel ope se d n a dual c¢l ones
de\rll veg fro%gggtg?%%%;er% géﬁ@”&@é%e\?% EO% n’glé Ih%sé% %Th :%‘é@’lré&&eﬁy'm te

di rect ed nut ageileidiion efcrat @l rus i}ﬁeébf—.i@n Mg aﬂﬂd@.&&tlﬁéeof esiced kB.the
entry assay to determ ne co-receptor tropismas described in Exanple 4. In

one enbodi meRESERGYr BRERITH Sy o pI st irRmrfi REdARAIX4 p?amueninfmmibas
(viruses COlllnf?ftk?edn%ﬁHQ%H\?e tlgﬁ‘éf s antadc'aﬂs\%%%; 8 Hﬂr%l?gtt%n' S

eval uated. For” exa , Co-recepto tropi it

initiating toErmmbranef dneiofi. 24 Novenber 2005 WO 02/099383 PCTI US02/ 18078
-67- after changes in drug treatnent, or before or after changes in

virol ogi ¢ (RNA copy number), immunol ogic (CD4 T-cells), or clinical

(opportuni stpg LRERELE O, TBEKET S 0f -4l Sease, RLO | n_anot her

enbodi ment, ca-receptor tr oplﬂs?eren é?é;l elvérlsucgfe% ?lgr nﬁ#&geﬁl PEEtBE from a

| ar ge nunberviofusdist f etbat patxnh&bﬁs inesdstuntbper ebodhapat, reaukggept or
tropismis eval uatggg]il{’ npl es collected froma | arge nunber of patients

repr esent i ng®HEP L LFSO é’ﬁ‘@eﬁaﬁ-’é‘%ﬁ PEpYl aphéhitosucf that seme
| at t f ect, t ts,
POPUI at | 0NS ks, ke e AEERON JLEER Lo [ ol ¥ LT ech e pat i ents

chronically.infected., patients, patl advan and

patients- und&rgseagcararh:tel Lesteyiimakhé heirRy et ry NaBHG- t BeL@PYheSHER Vi rus
popul ati ons may inc : gt but are not limted to, viruses with distinct
genetic charddtdri {teE| dgaga, Hhe @angl may inglude viruses with

varying levels. of susceptibility to CCRS5 inhibitors, CXCRA4-
inhibitors, CD4 inhibitors, and membrane fusion inhibitors.
The panel may include viruses with one or more specific
mutationsg 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 wmeans and method for quantifying the
degree of reduced susceptibility to entry inhibitors

conferred by specific envelope cutations.

Envelope sequences derived from ‘patient samples, or
individual clones derived from patient samples, or envelope

sequences engineered by site directed mutagenesis to contain



viruses susceptible to antiretroviral drugs, viruses with reduced
susceptibility/resistance to antiretroviral drugs.,. Genotypi nal ysi s of
patient H 'V sanpl es Envel ope sequences represenglﬁngoﬁgﬁgﬁtbgg | e pool s,
or clones derived frompatient pools, can be analyzed by any broadly

avai | abl evORA0%e3uenci ng net hods. I n one enbodi nent  @ICTIUSe/i8MBent i on,
patient H 'V sanple sequences are determned wusing viral RNA purification,
RT/ PCR and di deoxynucl eotide chain tgéj;rj nat or sequenci ng chem stry and
capillary gel electrophoresis (Applied Biosystens, Poster Cty, CA).

Envel ope sequences of t.ient virus pool.s clgnes are conpared, to

ref er ence. s?e%%(‘gl%?g.sf"uoq:hlgﬁsbaﬁee%fsgﬁ%neg?‘eo q'lré’ 35 H% WYBPEFHed from
the sane patdemy sudceptililityi bkabliosn of Weerlapyracddriakai kableendbe
genotype is 24 Novenber 2005 WO 02/099383 PCT/US02 /18078 -68 exam ned

for sequencestanidirdarie-di fifldSnt BKBBim t he reference or pre-treatment
sequence and correlated to differences in entry inhibitor susceptibility.
Co-receptor and Receptor tropismof genetically characterized viruses

Envel ope amimno agé degiosiieraes khatesOibalidle toCAohgseREtial tpPisR are
eval uated by constructing envel ope expression vectors (pH Venv) containing

a speci fi c rRpmRlesn (Ghrusedete Hegtedefiean hpasdey dahdlerte ay. dNEfexant or X4

Lropism IRGOafs) LEORLSMar I UG0S g B LNcorPRLA A o one

and/or in conbirnation wth ot her nutations dul at e

C00. - r ecept GintiryagmhibiiveroHpbs Nié L6086 mfior. ot Gedtibc oy tRéBappH Venv
vectors using any of the broadly available nmethods for site-directed

nut agenesi s PAIRTBNeT GY6Yi Fheesf 1k dgug tirpsigpnitonox Heefinrgaopr #feeT PCR

nmet hod for site-direct -gmi i Sar. nd r, S.S.,
1990). A p k&?@ﬁ%v%@t‘g}%o&g%gi ni ng c'sogyif)lg@iﬁ |)((:' glr]f\}éle 8;?89%& éalj%nr}ﬁor group
of nut ati onsedrie)t, esiredclisiinglt heppbitusntst iy AsKRYiotes G=Ered s noExanpl e
1. Co-receptor tropismof the virus containing envelope nutations is
conpar ed t o d4PE3EE- PERBRSSLON - :

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. 1In one embodiment
of the invention, patient HIV sample sequences are determined
using viral RNA purification, RT/PCR and dideoxynucleotide
chain terminator esequencing chemistry and capillary gel
electrophorésis {Applied Biosystems, Foster City, CA).
Eﬁvelope sequences of patient wvirus 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 is
examined for sequences that are different from the reference
or pre-treatment sgequence and correlated to differences in

entry inhibitor suzceptibility.

Entry inhibitor susceptibility of site directed mutants

Genotypic changes that correlate with changes in fitness are

evaluated by constructing envelope expression vectors




tropismof a genetically defined virus that |acks the specific nmutations
under evaluation. The ability of a specific rru% t"hon %g COEBSE altered
co-receptor tropismis confirmed or disproved 3 RYFBAGE he nutation
into well- characterized reference virus and eval uating the co-receptor

t ropi sm oVOULeIBA3t ant virus in the virus entry assay axrgesooisbed in
Exanpl e 4. - Qbserved changes in co-receptor tropismare attributed to the
specific mutations introduced into thg pH Venv vector. in one enbodi nent
of the invention, genetic deterninants Bt 24 Novenber 2005 WO 02/ 099383

PCTI US021180,/8,.-69- . R5_trapi.smare identified by eval uati m no acid
sequences vxﬁp?"r%vgn?hec%aﬁlg%ﬁgo%et Re® ’fo“‘&g?‘f%’é‘e‘:’&n%e<ﬁ%f§gle§r ofEih. The
anmino acid sagueateslendegesyeldatidadigabend dedid.i ety coaparimng t he

am no acid sequences of large nunbers of X4 tropic and RS tropic viruses.
Consi stent ditffedidncesMpbaiees wake bel dncoRBusteds aslamee aywl/eut eth f or

eval uation. 1s nj visuses, hase n arf: | l1--characterize 4 parent al

‘. clone (e.cém%ggflg,forh)@f}% 8%1}] r:imﬁ?%gl%rbsegp\é\?car'el?é 83%1&17[ %ﬁ gmgﬂi](?% ions in

the V3 | oop tofe Ehergpidlieime! epecepisilitar e E@Mdg@hﬁ@aEYon@é:&a directed
e

mut agenesi s and tested for co-receptor tropism as scribed in Exanple 4.
Cel | s expr esgitagdepgdp|inscCpREVepe. gectnidy/ GH4ANOCRE) @f OB brosdlOKCR4

(U-87/ CD4/ C ' i t ' i) t k. e f ~ an.'.R )
ey AR BAE e RLAS! 8y oBiel By ARRERC Snlagendlis: R in one 4 1
t he presencembbdimedit bbf atyiscaneentic ks me§a Forand X4¢RdnE8hod for

concentrations. ‘' Amno_acid substitutions that change the X4 tropic virus
to an R5 tEéprcAreatedr BUEIEANSELEr ifed588 JEAEFRE. det erBd NEWIEEDf RS

tropism Ingagqrel enhodifRn, i J tds : ] nants of
X4 tropism g’r'g'fdgénﬁ%f'i gg gi){/ evé{l 8%?%‘%8 clgir:lng%%ﬁin%gnggé;%luﬂ@ﬁ%ceeg%\nf% in the V3
| oop of themgpiZ@osubkagecupnuel epeatiicoi=eiatre thetadl aeingi theegimnces under

evaluation are identifjed Qy copparing the am no acid sequences of |arge
 nunbers of RELEYoPFTRAMPII LRGP BHampdes 1 CoNYS tRFcergiPi BN bet ween

the X4 and BpeViLyaes-8h€a B8R edeh8he 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
résistance mutations in the gp4l envelope protein is
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 luciferase produced in
infected cells in the presence of T-20 to the amount of
‘juciferase 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-



eval uation. |sogenic viruses based on an well-characterized R5 parental

clone (e:g JRCSF) containing specific "X4- candjdate" tat] in the V3
| oop of the gpl20 envelope protein are constru%?egoﬁﬁgg?Febgpsected

mut agenesis and tested for co-receptor tropismas described in Exanple 4.
Cel I s expwe93/099883CD4 pl us CCR5 (e.g. U 87/ CD4/ CCR5) orr@bdkse24sotdovenber 2005
WO 021099383 PCTI US02118078 -70 plus CXCR4 (U 87/ CD4/ CXCR4) are infected
in the absence of an R5 (peperidin-|yl 9b_ut ane conpound) and X4 ( AVD3100)
inhibitor and in the presence of inhi bit ory concentrations of R5 and X4

drug concentrations._Am no acid, substitutions, .t - chapge the X4 tropic
virus to an F%%Et)rop]?‘?‘lg{/isrulfsceg%éblgh%d@t@?Q%Elaes%aé’é’ng?ggrwa%tﬁﬁnts of
RS tropism Idpnaehetatiesh &hedbienigrireld tHedHaRt kORa10LA8T i Gtion _

determ nants of X4 or R5 tropismare identified by evaluating amno acid

sequences wi i RO¥ helGnt ishewgpagoveririfcadedashad dg@espr ot Binusesh with. . .. rez

ated. -.enbodi_nent t he -invention- etic dgée m nants of X4 or
u

- 0of,- -
R5 tropi sm are " dent s F%%iuﬁ/ Val'Uati ﬁ&sc%%%% Sa&PdTs AR sV WUASHEN - t he

gp4l transnmeghraneigiwel@pe arekei.n. In a related enbodi nent of the
invention, genetic determ nants that specify the use of co-receptors other
than CCRS and CXCR4 are identified by evaluating amno acid seqguences

within the V3_lI 1 Ef nye -. protein. . The anino acid
sequences under 8@%5%@:%&@%%%& %éﬁ? ?%32%%5{98%%%%% E"l%fg hjénan?éri:lg Sdcid

sequences of jutbusesl-thatracteriaddde- 10 tefdicalRLoiB)cebhd RBatt@pigot
express CXCR4 or CCR5, but do-express other candidate co-receptors..
Consi st ent di{fREFBNEEUSRSani Fe0 atyarepsdbihidas it Weaguradsesinndhexd, non

R5 viruses andrﬁgeegé%\)@:?%_sgghﬁg%@ees-'Z?r-3 fﬁel ?%1? %gﬁggy;@%@ﬁ%o%églgsogeni c

viruses -basé& on: an v racteri’ze ) ._JRCS_F)
parental cl 0Bgs6&:iNERY SPLELdICVInea-wik d8earin<R i dat edinghthatd ons in
the V3 | oop of the gngO envel ope_protein are o
. IC50 of the test vitrus by -the IC50 of the HXB2 strain of HIV-
1. T-20 sénsiE{viEyﬁdﬂféimiiﬁr-mutant virusies has been
reported in the scientific literature (Rimsky et al.,). In_
this émbodimenﬁ, viruses with one mutation wiﬁhihnthe GIV
- motif of gp41 (DIV, GIM, SIV) were less susceptible to T20
than the wildtype virus (GIV) (Figure 11). Viruses wit! two
mutations witﬂin the GIV motif (DIM, SIM, DTV) were'lgss

susceptible to T20 than viruses with one, or no mutations in

the GIV motlf (Figure 11).

In another embodiment, mutations that may confer reduced (or
increased). éusceptibility to the éntry 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 idéntify
candidate drug resistance mutations. The ability of a
specific mutation to confer alteéred drug éuscéptihility 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 e;cample

répreéented here, a short stretch of amino acid sequences



constructed by site directed nutagenesis and tested for co 24 Novenber 2005
WO 02/ 099383 PCT1US02118078 -71 receptor tropi gseﬁde cré::)gsg i n Exanpl e

4. Cells expressing CD4 plus CCR5 (e.g. U 87/ be Pus CXCR4 (U
87/ CD4/ CXCR4), and CD4 plus other candidate co-receptors (U 87/CD4/ X) are
i nfected WO A®3IBbsence of an R5 (peperidin-lyl butanCreepomarsd) and X4

(AVMD3100) inhibitor and in the presence of inhibitory concentrations of RS
and X4 drug concentrations. Am no ac_isg_substi tutions that confers tropism
for a non-X4, non-R5 co-receptor are characterized as genetic determ nants

of tropismifo he ecd.f i - c 7o & €L at e di of the
i nventi on, 8?—5?11&%'{% tgh%et éL-rrS%i ?1% F\%‘g %P{?%rl%pi(grr{ﬁ]i) f%]? gg e?ﬁgo-ir t(Lal’?)'tors are
identifi d tranbyeobadnatl icngeddP0 paoktdigeqlenedsgned hi fiot heriemtsiese gp! 20
surface envelope protein. In a related enbodjment of the invention,

genetic deeshibhbbng SiffexgntsHf26r ofhereRbilyiddEpesr SFigereddddified by

eval uating amnp, aci d. sequences. Wi_.t hin the 4i. . a el ope
protein. | nHéﬁlgf teedrrt?‘ggflﬁe?'l‘fldogf rteﬁgefsﬁl\}%nr@?cgﬁ,mééﬁjgﬁl C gecf er]:%%%r%\gnt s that
specify the dgec0f EFddtivaddiinteg.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.identifi 0 [ .he ' cLd-sequencas ,of
Vi ruses thal””B.?’%’.”".f ng?%ggpo%cyrae?}p%ﬁoggp%gcg?%?tg%%tJ-:Q%dsﬁot% gggxri):r%ess CchH4,

but do expregsnEbBy Casifiegbpat dirtifrer engesdi n seamienoeaci driseguen@es bet ween
these CD4 tropic viruses and CD38 trQEiC viruses are _sel ected for

eval uat i on: algrgbit il uancgs 84scapided LlahY ake vieth> ORafatRert IESF Sy opi ¢
. 0. NL4-3, RCSE 5 0 3 BGH U / Y/ -72
(e.g cS]Rgs %%éc%i% Ny ermgr %Igg % %ég??g’r& Al Up0p/ 180148 ¢

parental cl nt-ai*ni ng’ speci candldate"” mutations in the V3
| oop of thengpd2 enve} epeipsdieain are constructed

Tn one ~embodimenty -reduced susceptibility..to c¢o-receptor-.-
(CCR5, CXCR4) inhibitors conferred by specific envelope amino

acid saquences/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.

ITn a further related embodiment, viruses that use co-



by site directed nmutagenesis and tested for CD8 receptor tropismas

described in Exanple 4. Cells expressing C4 plus ..CCR5 (e.
U- 87/ CD4/ CCR5), CD4 pl us CXCR4 (U 87/ CD4/ CXCR4) ?ﬁ %E’ﬁ%?& %%Pe% (e.qg.
U- 87/ CD8/ CCR5), CD8 plus CXCR4 (U 87/ CD8/ CXCR4) are infected. Amino acid
substi t utwore/09pst enable replication in cells that ergEe180DB but not
CD4 are characterized as genetic determnants of CD8 tropism In a rel ated
enbodi nents of the invention, genetic Gg_lte]term nants of .CD8.tropism.are
identified by evaluating am no acid--stguences within--the entire- gpl20 .

ur ace envel qQpe rotein. In.a related epbodi nent, of the invention, genetic
determ nants &CGEEQrFrS%L%@;}{?E f%-ﬁg%tc?]ﬁ‘ (BFR4. apg tidtiedg  amino acid

sequences within the gp4l transmenbrane envel ope protein. EXAMPLE 6
Measuring H V-1 Antibody Neutralization. This exanple provides a neans and
met hod for ev&l BBPFAgT subcdbbent nadicuses tieut naki the G okckbied, amd SO

referred to . Lewg.neutralization in this application, . This exanple
al so provi deéégn}r%g%gdéndiémaf ROt aftSE 3@%‘?%5{?@%9 HEVFRF uERah i3S &% ati on
activity of amei hadhestyedhi nodl y- kurtHdH e18€ edP@kb88 Send N v AWl € al so

provides a neans and method for evaluating the virus neutralizing activity
of anti bodi e§hahi tFF n NNdi Fe@is 6P4arfmalC®svate natfedtwi tblliferapeutic

vacci nes and. 'fl_ge andi dates. This exanpl e al so provides 24 Novenber
2005 WO 0216%%%%% / US02/ 18078 -73 a neans and net hod for eval uating
the virus neutralizing activity of antibodies wthin individuals or
animals vaccinated with protective (preventative or prophylactic) vaccine
and vacci ne Antirifat 8BPoditientey £hp| asaRE ol pr BeT ERENeds Yrings tard asdilhod f or

monoc onal or el yol ondl | St Fboaie. Ehisrses SEReEhe aeRred Brom
patient. sanglA&D4/@ICRS)ndi zlshial rafenred debi ved fR®M @eRlientinsampligs, or
envel ope application. The other cell line expresses CD4 and cxcﬁé (ﬁf
87/CD4/CXCR4) also vreferred to as X4  cells _inm%;higu'
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 wvirus
derived sequences and express HIV-1 envelope proteins
(gpl208U, gp4lTM). In this embodiment viruses are evaluated
in using R5 and X4 target cells cultured in 96 well plates
(Figure 3A}. Typically, R5 and X4 cellsrare 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
inphibits 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 is assessed by comparing the amount of 1uciferasé
activity produced in each cell type, both in the presence and

absence of drug. In this embodiment, the results of the

assay are interpreted by comparing the ability of each virus



sequences engi neered by site directed nutagenesis to contain specific
mut ations, are tested in the entry, assay-to eval uate

an_tibod'y ..nediated .neutralizationn-. In one“&nd8YPRRRE, 28APi body
nmedi ated neutralization is .evaluated in |ongitudinal patient sanples
(viruses wobt/emetsad fromthe sane patient at-differentrdiruse/soeisnts) is
eval uated. For exanple, virus neutralization is evaluated prior to
vacci nation, during a course of vaccipgtion, and at increnmental time
points after the course of vaccinationis conpleted. In a related

nmbodi t, th f. ani mal L.ncl udi ; i : tce, ts,
abbi s, pi 59, PRBCCEATIRY GrEEhal Ao s P R0 G A iR with |

candi date ¥%a¢tknes,xdWeilng, aceonsie X anapret el isnddultatd arruandsat
increnental tine points after the course of inoculation is _ conpleted. in

one enbodi ménal wianis-nelhe AbiZdtivonti the SRRPUBYF R TR PRI the
vacci nes and vacgin %angl T Ln@%i@“f’@cgif@é{ e UddtiSrity)
S5 ¢ U i 4

neutral i zat PBfR“t ?-f OF erapeéutic vacci nes. In anothe

embodi nent, ;¥i f1Us, ROYIAAHZ AFiQird SEPVAl Hateds fanbodianptesxeotdagdiced from a
| arge nunber of different patients. 24 Novenber 2005, WO 021099383
PCT/ US02118078uses 4nfach ¥4raeids baboditnBAt cellis agdnintrariontqfok4i s

eval uated for._sanpl ol.l ected from r ﬁﬁ{? tjiants

representing® '?fgeﬁtso‘% igﬁt “g%p%ﬁ%t@%ér@ gﬁ% I %r%ﬁ\ﬂoﬁus In

popul ati onsy i Pabhesdimery! abi Qﬂééiéfﬁyiﬂmbudﬁfe&mtRS at€l otbut mdted t 0,
a

newy infected patients, chronically infected patients, patients with
advanced H ¥iArBE! ¢ swhsiaifeqrdvhentsRii cR1IAPIT RECSERSe ) ddiee $GRon

patients wi th-s] ow disease.ptogressi pi ferre ntotgﬁslbngterm
non- pr ogr essBPEY T Pat | &?ﬁpfrﬁﬁaélr %%;fng}glra‘gtrf't(I%ér/etr“?)g1 Hﬁgfﬁt her ag:y or

i mruno- t her ap¥odfmdht | N aldenic?, af mikherecybdDkKaesnd Reactriowited and

unvacci nated individuals.. ..'-'Virus popul ations" .i,ncl u%e,%ut are

not |initedviouses s ubeeaki thetdi 4 mad Pg'grf‘e@clil@- a&ﬁaﬁ%&%ﬁ& i%s “hd

geogr aphi cal__30Li gi NS - 3k L898n2 Ancr B i fhitReoF afid e IMSEsE X4

suscept i bl eS8t Saﬂ? ir}?sleqtcrkg% rhgl "h%rﬁgfég J\'/rlﬁlrluse(s) wi th reduced

‘suscepti.bil hbyls &% slamesl g the CXCR4 inhibitor. In this embodiment,
non-viable viruses do not rsplicate 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 CD% plus CCR5 (U-
87/CD4/CCRS), 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 othexr
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 wvixus stocks
derived from cells transfected with pHIVenv and pHIV luc or
pHIViucDU3 vectors. pHIVenv vectors contain patient virus
derived sequences and express HIV-1 envelope proteins

(gpl20SU, gp4lTM). 1In this embodiment viruses are evaluated
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antiretroviral drugs, primary isolates; 'isolates.adapted for growh
in-cell culture (often referred to as Iab-adaptﬁg' virﬁges)2 ﬁéncytia

i nduci ng (SI) viruses, non-syncytia inducing (K& YOVEPREEs2 tacr ophage (M
tropic viruses, T-cell (T) tropic viruses and dual tropic (Mand T)
viruses. WOEaWs®ri zati on of Patient Antibody (patientPEigdolyodys vs.
standard virus panel) In this enbodi ment, the assay is performed using a
target <cell line. that expresses the H V-1 receptor CD4 plus the H V-1
co-receptors CCR5 and CXCR4 (HT4/CCR57%§KFM). Such a cell line is capable
of evaluating the neutrali zi acti,vit of ,anti bodies for boLh. R5 and X4
tropic. virudbd®ihig r?ez},ﬁs F&?g‘l’%e@t éﬁngi Wﬁi},ﬁarfee%ssz}?fﬁ§tb@¥‘f%+%d usi ng
two target &oiH viir08Sst&Ne GehbrEbRReEXpr a8ses1 P4 0 Ue186R3na thn _
(U-87/CD4/ CCR5) and is used to test R5 tropic viruses. Another cell 1ine
expresses CBIH UsinGRCRAp(Es 8MaCICRIRE) thd tovdidsde 206FecWBr24 099383
PCT/ US02/ 18078 .. -.[3,and i s used 10 evalqﬁte X4 tr%gjc %bruses. The_virus
entry assayd & SEPFSFnEGOBYeT e ARG FAMPY | RIRAATg &S BPPURE 9 F ur es
Wi th reconbingilferaids a2t 00key derdURdl M LREKagNg thRst Cok | dhis
transfected with pH Venv and pH Vluc or pH VliucDU3 vectors. In this
enbodi ment , gFHodaReNGectidies naswilhE noferel crEave (e céstefpisyec fhe,

wel | - char act er | i . ress._the H V-1 envel op roteins
(gp12080, - sotprpny G ERAdEd & BEsBivlills Ho Do NI BB | cee
above descrigiddaa=oflu¢ti FeBasPRuiait PN)Rs SWHL.s it x@0tkedbl, oF easonabl e
exanpl es of viruses that may constitute a_standard- panel are listed in
Tabl e 4,. Ae=dtahipe &RAY giPpareas theyseelidabec 6ApEFeErtd¥e nént ¥l s zi ng
anti body act]yi Seka: ipgq r_on ifferent

.. patients- éalrrlr%fj%?ngﬁghug{?mltgggm((éaee- - Ja So@éi%%c?il%tclee&ﬁ‘%ofbu&atrlloé:ntm

popul at i on) celldst hi & eMiedetiitiment ) FeErapec evatisaketnfsdN@st aeues cel |l s
cultured in 96 well _plates. Typically, target cells are plated at 5,000
cells per W 1%r. &Fa/002RS cxcRa 6P1s0 soboddreps Sep lndiqorm sy - -or

U, - 87/ CDA/ %F&PQS..%Wﬁ&Pﬁ{d%%cgﬁ% $aY-uBEL O i AfdiRth! @1 an& RSN 1O
target cell 1Tnfection, each virus stock is -
cells. In this embodiment, the infection of cell lines

expressing alternative candidate co-receptors (neither CCRS
or CXCR4) is attributed to tropism for the alternative co-
receptor. In this embodiment, non-viable viruses do not

replicate in either ¥4 or R5 cells.

In another embodiment, the assay is performed using four cell
lines, Cne cell line expresses CD4 plus CCRS (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 CCRS (U-
87/CD8/CCRS), also referred to as CD8/R5 cells in this
application. A fourth cell line expresses CD8 and CXCR¢ (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



pre-incubated with the sera or antibody preparation (typically for 1 h)
that is being evaluated. The sera or antibody ﬁre ara%%ons 8@% tested
undiluted and at increnentally greater dilutiof @?Vﬁ aF19P3ur to five
serial 10-fold dilutions). infection of target cells with each virus stock
is al so pwPRPMWe’F i n the absence of antibody (no antilawkEp2/1807& us
neutralization is assessed by conparing the anmount of luciferase activity
produced in target cells, both in -,,:he presence and absence of anti body.
In this. enbodinent, the results of Fﬁé'assay are interpreted by

conparing the ability of each antjbody to preferentially block infection
of target ce%ﬁglf?%dﬁeeqﬁncgﬁi rﬁ“ﬁéat @’%’FEEW Biide SBVRIPRSY) Protedss

neut ol zal | Qgpesss] igbshanpd NovenbeTeRASE. 02098363 ECHARIRLISOTS 76

quantified by noting the highest antibody dilution (nost Ilute hat is
abl e to bl ocknt Hfgey ells igwflevredniy S6 welieplhtghest Inffidattiiconwtihat i s

abl e to reduge - Luciferase _activit rqoduced.in the sence of _anti body
by Sot). Cha?ggltgg%irzu%t isgﬁcofl%’gﬁelr ﬁf"mﬁﬁ{\/fri%( aﬁeﬂ&ﬁ_f %rﬂ%aﬁ\%. CQIBZBEard
anti body panek)ld nmd lups /Babedi BNt co- ré 135S @¥oph SmPLs fIdmE HSHHg a.

target cell Bine that expresses the H V-1 receptor CD4 plus the | V-1
co- r ecept or sCENIRY idvd tEXCREIOYHT 2F CORSIfEXaRre ) acSwutit va prodided iime ekshcapabl e

of evaluatin utrali.zj. LVt antihodies. for both RS and X4
tropic vi rus‘g%i.fle&ﬁg' r@a@é&ggﬁgé%}ﬁﬁgﬁt’, %it’ﬁ%sqqggsgé F% 3553 oPhed
us.ing.twen iatgeiretedel byl icoaparine ekl dyinatexpseseash G4 Ugo CCRS
(U-87/CD4./CCR5) and is used to test RS tropic viruses. Another cell line
expresses COGHeFSnEiERY (BL87t drrérerMucifeyase amidaity) Ralcedie, X4

tropic virusgs...the Vi S } r ..nfectj.ng jndividual
target cell ff:uﬁet u?ésb%ﬁfgé%%sm%%a%8&$4r %g"Flstgt)cksi )é%lsv%@o?ti'lg%’lﬁackagi ng
host cel |l s temnsieetiedvinidespihVemy xandepbh \Ant/car RBHEM 8DU3n ¥RELOrs. I n
t hi s enbodi nent,_ pH Venv _vectors contain patient virus derived envel ope
sequences arﬁjﬂl@aﬂ-ﬂr@%: ch\p_sltéﬁgéq: OB@I‘USGS infect CDB/R5 cells and/or

CD8/X4-cells.. In this embodiment, -dual tropic- (CD4 and CD§ -
receptor use) viruses infect X4 cells and/or R5 cells plus
CD8/X4 and/or CD8/R5 cells. In this embodiment, the
infection of cell lines 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 furthexr related embodiment, the assay is performed using
two cell lines. One cell line expresses CD4 plus CCR5 and
CXCR4 (HT4/CCRS5/CXCR4). A second cell line expresses CD8
plus CCR5 and CXCR4 (HOS/CD8/CCRS5/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 wvirus derived sequences and express HIV-1
envelope proteins (gpl208U, gp4lTM). In this ewbodiment
viruses are evaluated in using cells cultured in %6 well
plates. Infection with each wvirus stock is performed in
HT4/CCR5/CXCR4 cells and ;HOS/CDB/CCRS/CXCRf; cells. Co-

receptor tropism is assessed by comparing the amount of



proteins (gpl20SU, gp4l TM. In this enbodi ment, viruses from different
patient popul ati ons (see above description of ?gtkgntemggguk%gon), and/ or
different virus popul ations (see above descripfion Yor-viris popul ati on)
are used to construct pH Venv vectors. Pseudotyped H V derived from

pH Venv VWe&B83are eval uated in the virus entry assaBCT/HSO2/thétser mi ne i f
they are susceptible to neutralization by a panel of specific,

wel | -characterized anti body preparati ops. Such antibodi es represent a
"standard anti body panel”. Sonme, but not all, reasonabl e exanples of

anti bodies t . 4 nber ' 02/ 099383 PCT1 US02/ 18078, -77
constitute aﬂgt%lan ar ﬁggé?ggfep%g@ T in 'I%atﬁ%e Gl FY5 s Bhobfent
virus neutr adnizatimemti, s theal 30l sUSN O Har §eday Cold Sigtbighaadd NP6 wel |
plates. Typically, target cells are plated at 5,000 cells per well for
HT4/ CCR5/ CXEIPRGT 1ngotpdidiFy pkreasd virey tg s7eBaoyrddRI lyndnfect

U- 87/ CD4/ CXCGRA. day,-PEd o Jnf:egtion. Prj ta.Lofecti each

pati ent deﬂ%veo Vi rus gtJ(E')%: Slés |Elréé%ul§rg£cgg V\}{f#%g@%gﬁ&ofc?ﬁgs art i body
pr epar at i onsIqaAquisgarRy/Exrral d¥ilisn t hmn _Slﬂﬁ.@d@?r@odﬁzﬁéxhtbpd@@aﬂﬂb?ia'he sera
or anti body Vp,,r(IJa‘Paratl ops_are teste? ug)jl | uted and at various dilutions
(typical |y fOFSE6 i veriesdi al HTO/FSH Y ARGt i on@91ls.nf ecPibn ofnetr get

cel | s with mackenecuns riRSl 21330 Ref TTPdrbBal R, ADSERe e Ol ug (o
drug) . virus_nejxt-raliz,- 1on s assessed. by. conparing e, - =7 amount of
| uci f erase adtinsiery prodeced |iHOSARRACARE/LBECRDOL heell®: t heoyy esenste and

absence of L] : t hi s_enbodi nent, he,results of the assay are

i nt erpret edﬁg‘;/ggﬁ%é#% tcﬁilsabi 13 1§36 'eméagw%zi Sody tBopief é@%ﬂmi ally
bl ock i nfeciihan o +&. Celdes (¥4 L1 e j ?ﬁfc tivity).
Virus neutrali za(%i on ac%?&irt ;q/llsiez c;ﬁgglt%%ﬁ ceigllfgi:/t %??%QH{TEZ%%Q es}?’fanti body

dilution (mosilditud GOSYRES/CERBMIEREOcEl Ik Ihatiget codlodimshectilen (€. g.

t he hi ghest ,di.l uhi,on t hat ils_laa¥le to reduce the luciferase activjty
pr oduced in_lflquc bSBNEE- of**“ant HvRly B 8BRINT ERVPERE? MfentPhyity HI V-1
Envel ope AnhperfeichSeauent 8eckBaby Blddibn. --In this embodiment,- non- -

viable viruses do not replicate in either ¥4 or R5 cells.

In another embodiment, the assay is pefformed 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 (gpl208U, 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/CCR5/CXCR4 cells. CD4 and CDS
independent infection is assessed by 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



Alter, or Prevent Neutralizing Antibody Responses This exanple provides a
nmeans and nethod for identifying HV- 1 envel op 1 nho acid uences that
elicit/pronote, or alter, or prevent antibody %%Sﬁ%Y%%b%EU%ﬁg i zation of
H V-1 infection (also referred. to as virus neutralization in this 24
Novenber WOOBANB302/ 099383 PCT/ US02/ 18078 -78 appl i cardTarspz/18grsvel ope
sequences derived from patient sanples, or individual clones derived from
pati ent sanples, or envel ope sequences engi neered by site directed

mut agenesis to contain specific nutatlgﬁs, are tested in the entry assay

to determn = trgpi.sm scribed j.n anmple 6. In.one

enbodi nent , g%%ﬁ%%g§ né%%afgg‘ﬁéutﬁéﬁﬁggfﬁo 9§1msggrngéd%FHePgﬁ@Wtudina
patient sanplesudes ringestcars andredcxtroreding,sange pat iwhd/ @ksdkbgrent tine
points) is evaluated. For exanple, virus neutralization is evaluated prior

to vacci nati 88t igiur i Hy dhico ambedieniac GDdatndapendent winmsesatinfencr enent al
time points. t f.vacgi i i | eted. In e

enbodi nment , %?@tgkﬁggﬁﬁg?#%a |§ﬁl¥§ m%ggﬁﬁggggggggﬁgfgegﬁ?atF?eggﬁicines.

I n anot her eatiosinent, vhe uinfesticl i aaticnli sibvad uahad NIkt hesapeutic
vaccines. In another enbodi nment, virus neutralization is evaluated for
sanpl es col | PREFFOIMIE PaFGEOHiAhdr fP4dirfepenientatindeetionin Infurt her
enbodi nent, misus peut{alizatian i al for aml.es collected froma
| ar ge nunber pg‘?}sent S tf’epfrlée)rge‘}r%t%}j% &qﬁgg%ntd%vir?us %%@lpcaattleen{n
popul ati ons.eildedr XgabreRs- galdid.ati ons may i nclude, but are not limted to,
newly infected patients, chronically infected patients, patients with
advanced di sease, patients undergoing antiretroviral therapy or

i mmuno-therapy, vaccinated and unvaggi d individuals. Such virus
popul ati ons.- my include, but are no imted to, viruses with distinct
geneti c charmiehtifsing HIVelatevalopB, AfindDackl SubsBitutisnsPdmtasiésepti bl e
to antiretrqyira rug viruses w reduced, susceptibility/resistance to
antiretrovii%ﬁatd%&ggf é?T?ﬁﬁ%PF?E B togogropism

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 ve. dual X4/R5). This example
also provides a means and method £for identifying HIV-1
envelope amino acid éequences 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
- sequencés engineered by site directed mutagenesis to éontain
.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



WO 02/ 099383 PCT/ US02118078 --79 isolates or isolates adapted for growth
incell culture (often referred to as Iab-adaptz d viru&es) agncytia

i nducing (SI) viruses or non-syncytia inducing ?Ngfj)ve{}l Fﬁsgg, macr ophage
(M tropic viruses, T-cell (T) tropic viruses and dual tropic (Mand T)
viruses. V&ML’ anal ysis of patient-H V sanpl es EnveRCHise2smegiences
representing patient sanple pools, or clones derived from patient pools,
can be analyzed by any broadly avail a%%/_ DNA sequenci ng et hods. I n one
enbodi mrent of the invention, patient ‘sanpl e sequences are determ nes

usi ng viral rh il ion,. RT/PCR and . di deo ucl eotide chain
ter m'gnat or -, %s\%qél}gﬁhé%gggc hlenmdé"t“?yle"%%‘“%i PFal %P‘?‘?e- J& after changes
el ect rophor esirs (iAplloged BRREYSSHEunbRs) er ifdudnbldgd) (nglv.gl_ggflé)equences
of patient virus pools or clones are conpared to reference sequences,

ot her pati ento%aﬁﬁ’r%’sc,alor(oﬂﬂﬁ)réuﬁﬁbi‘é dbfedtiioad ) f romkehs sehedpsddsent prior
to initiati %Ogretsggégpy, if avail able. The genotype- is exam ned for
sequences that are different from-the reference or pre-treatnent sequence

and correlated to differences in entry inhibitor susceptibility. Antibody
medi ated neutralization ofoégeneti cally characterized viruses Envel ope
am no aci d sequeheeRer IRPAdareRt at @O WSTPYPY Usropian dsl eral waredirior

eval uat ed by .¢eR$LE Ut v i vec | Veny) cont ai n.i ng
o Speci 11 micabron onegegl FraRe 1580 REER SRR Redrr o
tropi sm JRCRFafDurtRert enipbdiment MitdticeBft SR D91 5RCOE ROLALSELA|RRe

and/or in conbination with other mutations that are thought to nodulate
virus neutraPPFRtFON. CBAVRTOIE ntlolt | Ghs ge | mMyeIced ntraipknveny

vectors usiNgef¥sefingh@y Fé?@ﬁi& W%ﬂsNQ}{&g%f{e%l 0 V\g gﬁ/ 0993%3

PCT/ US02/ 18078 - 80 avg?l ABFe Tt hode st v 8- f&r SPEAChtt ™ rendcE. 1 n one
enbodi nent ofathést | pyentdiciorshenayegaduuidser bRERawet ket f1ami takt @odi rect ed
nmut agenesi s is fsed (fSar kgr, G, and Sunmer,

_ newly inrected patients, chronically infected. . patients,
patients.-with advanced disease, and patients -undergeing
antiretroviral therapy or immuno-therapy. Such virus
populations may include, but are not limited to, viruges with
distinct genetic characteristics (clade A, B, C; D, B, F, @),

viruses susceptible to antiretroviral drugs, viruses with

reduced susceptibility/resistance to antiretroviral drugs.

Genotypic analysis of patient HIV samples

Eﬁvelope sequences repregsenting patient sample pools, ox
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 deﬁermined
using viral 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 obtaine@ from the same patient prior to

initiation of therapy, if available. The genotype is



S.S., 1990). A pHi Venv vector containing a specific envelope nutation or
group of nutations are tested using the virus nt assa ribed in
Exanpl e 6. Specific antibody preparations-- - ?ée&gxf@v\%‘# ggﬁgr acteri zed
nmonocl onal of pol yclonal antibody preparations), serumfromH V infected
pati ent s, WOrt28¥88tm f r om vacci nated i ndi vi dual s can be"PCHuBSa8068 t 0 conpare
neutralizing activity. Antibody neutralization of the virus containing
envel ope nutations is conpared to antjibody neutralization of a-genetically
defined virus that=".lacks: the -specific--nutations unde; _eval uation.

The ability egLfi jQn _to_confer, alter, or revent anti body
neutral i zat ieg%m?gégoﬁ%r r?@ggggééd%shﬁtrto%% ferieﬁ‘%r%miqﬁpfrﬁgeﬁﬁflﬁ?i on into
vel | - char actear ipred trebemnent esequiends and eyaksmiidag tbha i@nbi-brdys Megi at ed
neutralization of ./ the nutant virus in the virus entry assay as descri bed

in Exanpl e S5ET¥bdBREBEC R AMGESPFHPIA NS neutralization are attributed to
the specific nmutations introduced into the pH Venv vector. In one
enbodi ment of the invention, genetic determ nants of virus neutralization

are identificedrbyeptce Waki Re-ePFoROLAGGn SEOYENAESa Y Nink1Re W3, LoOP Of
t he gpl 20 surface envelope protein. The am no acid sequences under

eval uati on ¥r&¥Sflentified by conparing the am no acid sequences of |arge

nunbers of whies6pet hatineaRcill s6a0BALHE tRGH! &:%&Eéf&'t@yco\!é‘ééggé T
wel | -character.i zed anti body preparations, patient sera, or ser rom
vacci nat ed EngP¥pduars. e@ahsetacerby diddtenandey ienvdBopeopxpnegsiaci d

sequences between vjr s, that _can, or canpot be neutralized are sel ected
for 24 Nove‘ﬁ%‘\éfo%o@%gﬁ‘é)lﬁgg%ﬁn% RUEBSTLsty Ut 8511y 473t ABR1IneS ogeni ¢

viruses basgenéfi@badroahar aelpr ng@ds parerd alrddi8Re [Refr Nedy zs HXB2Z,
JRCSr) containing specific "virus neutralization candidate” nmutations in
t he V3 | ooptoPPishe- gpMroabinns opay pret éhnorperaisds talyetee aril/ e tin di r ect ed

eSSBS B R SO TR LR ol T
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 wnethod 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 wvirus
containing envelope mutations is compared to the co-receptor
tropism of a genetically defined wvirus that 3lacks the
specific mutations under evaluation. The ability of a
specific mutation to confer altered co-receptor tropism ig
confirmed or disproved by introducing the mutation into well-
characterized reférence virus and evaluating the co-receptor
tropism of the mutant wvirus in the virus entry assay as
described in Example 4. Observed changes in co-receptor
tropism are attributed to the specific mutations introduced

inte the pHIVenv vector.

 In one embodiment of the invention, genetic determinants of



(e.q. U—87/ CD4/ CCR5) _, CD4 plus C_XCR4 (U--87/CD4/ CXCR4), or CD4 plus CCR5
and CXCR4 (HT4/CCR5 / CXCR4) are infected. -Am ng, ﬁci d “bSEbeti ons, that

change that elicit, alter, or prevent antibody neutral'rzation are deened

inportant to virus neutralization. In, a --related ' enbodi nent: _

-of -- -t he WO MNP on, gen-eb.c determ nants of virus PEUUSOMSIHt i on are
identified by evaluating am no acid sequences within the entire gpl20
surface envel ope protein. In a related enbodi nent of the invention, genetic
determ nants of virus neutralization af€-identified by eval uating am no
acid sequences within the gp4l transnmenbrane  envel ope protein. EXAMPLE 8
Measuring SuScepfiam ayet tsptifd egnby \evrdnabingaiing eoidcedresaenent

Deci si ons Thig.exampLevPALLALE 4 NSy andFUEL h&g"eflﬁﬁ’ﬁusiiggeﬁh\{’; rq,g)e(aent ry

i nhi bitor susceptibility to guidt. e treatnent of 'S npl e
further providésoaamédnseandnoes haddéor evasatgiot r ate edtieyti Aludi Hor

susceptibili tg to % d% the , treatnent of patients that have received.
previ ous antPFRITOW rtd1® ARt FRERERESs Afs 1e¥ory uRkeBRt of . X4 This 24

Novenber 2008-op0 836089 33RETY1HIZL18 0dho aB2nd MIGALLGRCLHHGERI OVi des

t he neans and nmethods for uSing virus entry rnhibitor susceptibiTity to
gui de t he trtht rEnBndoR5 paliwsds arkeatebavedndbrr ecelwsedi qar.eviseyent e eat nent

with a virus,entry in%%bitor.. .j:gl.ocﬁe enbodi the susceptibility of
1

_ nt
patient's vi FIEEES PESSH s 2Bnis AT BT tore el X4 Rarepbad Firee He - 91 eat nent

of patient syfaid,i RERANtdd RISV hEalyd AF FERMSs thaly abPeh UAR ANenQl joMre
virus entry, inhibitors. Treatnent failure .(also referred to as virologic
failure) is gendBalbyp def ithed gpd20 panviellabt yoaeine sse veomstibueiced| by r eat nent
resulting in

the patient .Squdegtéiﬁ%t?gg‘l?g-r%&%%ﬁgi%\é{":‘ﬁgééﬁﬁg# f%é’l Scot'x%lﬁfggﬁléy trﬁrgg?g&eldi Im'nt ed
to, (a) claridigald:amedl 1AVahaBhE & U8 11LAUMRYssing CDa plus CCRS-
{e.g. U-—8'7/CD47/C.‘CR5) or CD4 plus CXCR4 (U-87/CD4/CXCR4) are
“"infected  in~ the abs&fice of 'an "R% "'(peperidin-1lyl "biitdEie
compound} and X4 (AMD3100) inhibitor and in the presence of
inhibitory concentrstions of R5 and ¥4 druy concentrations.
‘Amino acid substitutions that change the X4 tropic virus to

an R5 tropic virug are charactérized as genetic determinants

of R5 tropism.

In a related embodiment of the invention, genetic
determinants of X4 tropism are idemtified by evaluating amino
acid sequences within the V3 loop of the gpi20 surface
envelope protein. The amino acid sequences under evaluation
- are identified by comparing the amino acid sequences of large
numbers ©f X4 tropic and R5 tropic viruses. Consistent
differences between the X4 and R5 viruses are selected for
evaluation. Isogenic viruses based on an well-characterized
R5 parental clone (e:g JRCSF) containing specific "Z4-
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



options, (b.) selection of nore active treatnent reginens, (c)
clarification of the etiology of rising viral Igngi‘r}e £S§t§6‘o patients
(i.e. poor adherence, drug resistance), and (d)- reductron in lEhe use of

i nactive and potentially toxic drugs. in this enbodi nent, resistance test
vectors awe¥e¥ssded from a patient virus sanples and RESEHAINTG :
susceptibility to various virus entry inhibitors using the phenotypic
virus entry assay. Virus entry inhibitgrs may include, but are not
limted to, fusion inhibitors (e.g. T-20, T-1249), co- receptors

ant agoni sts (ANR3ERBR, AQ@BBB%MI%IQ)SA ﬁec@&g_ ilge&[% idin-lyl Sgut ane

conpounds) and CD4 ant agoni sts propriate treatment ci sions
are based onapheR5r dpgbesidintlyd vbuiesneentowpcassidy {md g x4seeaMogune 4B) and
addi tional relevant information. |aboratory test results and clinical In

anot her enbo&?]ﬁéﬁf‘f’{h%n Ut iBFFPF?c%fO%a"t”ihéﬂ?ﬁt@rl’vi:?%%%%tlﬁ‘}l@iﬂﬁus entry

i nhi bi tors i srusedaid xAUiadeyt AsnAhNarenhsT gugah@%o\@c%/ 039383 ut 1 ong

PCT/ US02/ 18078 -83- treatnent of patients th ave not Dbeen previously
treated withkhaht FhargovihealX4 dgiopdes vitas tocdndess oneopliic RBAGsViREES entry

i nhi bitors. gaéi dacrzlcer.rraeﬁei ncl ude, . bLét is not l[imted to, (a) clarification
of avail abl e“BFEETTFEATeAP BP0 deteppinatte CfoRSokTABI & act i ve
treatnment -reginens, (c) clarification of the baseline. susceptibility to

virus entry inhibitors, and (d) reduction in.-the use of inactive "and
potentially EBxie dragstedetemndimegtbasefi nehaustepdntid;ty geaktibr us
entry inhibitors i.n_treat t nai atients i important for two reasons..
First, the n(tgftg‘)%errét}l%gﬂé%e i°Bi Pff%lg/ eh&%pwr}l (EEs 13%“%’:31319)91 gﬁh?‘ﬁ?]t%nﬁan vary
widely (e.g.af® akigus es SPRAG, thECitckegstrh WeerQbe VidWs BRI TY
inhibitors---will -undoubtedly--result: in the generation c ..-drug

resi stant vaP¥effiidithat can be transnmitted to newy infected individuals.
In this enbodi ment, resistance test vectors are derived froma patient

virus sanples and tested for
In a..related - .embodiment- -of -the .invention,. -genstic

determinants of X4 or RS tropism are identified by evaluating
amino acid sequences within the gp4l transmembrane envelope

protein.

In a related embodiment of the invention, genetic
determinants that specify the use of co-receptors other than
CCRS and CXCR4 are identified by evaluating amino acid
sequences within the V3 loop of the gpl20 surface envelope.
pfotein. 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 evaluation. Isogenic -viruses -based on an well-
characterized X4 (e.g. NI4-3) 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-



susceptibility to various virus entry inhibitors using the phenotypic

virus entry assay. Virus entry inhibitors may bpckyde,,butogpe not limted
to, fusion inhibitors (e.g. T- 20,.T-1249), co-receptors antagonists.
(AVD3100, ANDB%E%, TAK779, PRO642, and peperidin-lyl butane conpounds) and
CD4  ant aY9#4483(vAb 5A8). Appropriate treatment deciBITd¥82/i808 based on
the results of the virus entry assay and additional relevant |aboratory
test results and clinical informtion. . EXAMPLE 9 Measuring HIV-1
Co-receptor Tropismto Cuide Treatnent "“Decisions This exanple provides a
means and meth rusing H V-1 co: receptor (CCR5, CXCR4) tropismto

gui de the tr;é%ig%%n otfroﬁll\g?{“ g ﬁf:gl}é‘?)fir?ﬁ‘l @xFﬂé%‘ﬁe"f' SELYF FePrespdags and
met hod for 24phovarier c@P95 (« VWD 08LHPREH c@ﬁ% ysqghl T4: N sipg H V-1
co-receptor tropismto guide ¥%; treatneﬁi 0 ) patieﬁ?% fa? |ﬁg ® _
antiretrovir 87/ PR nend . CDEhDIus igbhemt tendidatehen-pemtitdas t(be neans
pati ont s metldCYHPIORER U R AL CoR PR A e i (BER S H Tadhs and
met hod for usibgnyi bumpbldd) | a6@- KBCERI@E10HPP SN LIHI dagt he, tLgat ment  of
H'V-1. This exanple further provides a nmeans and nethod for using H V-1
co-recept or B¥OPRA t ©f gdhBébittaent recaosmtirabiopat bENRS tdvat Xbhadeugecei ved
previ ous antjr Iral treatgent with a virus, entry inhibitor. - his

i nventi on fu‘lf(f_ﬁ%érr&\ga%\%o %s theri%rlr%(zinsz"‘c:L ds'r‘r]%?tﬁjo'ﬂ'gt-lq%_r {}%"‘Itng.coﬂf?ﬁ 3. .ca
-recept or t rophsie Eor GUinde-xi Nenon-H @ak-FRBEpPEr Patd el abRal i haye not
received previous treatnent wWith a virus entry inhibitor. In one

enbodi nent ,’ afﬁheg‘é’@)etl"%%_eéﬁé?rfﬂl_r@pﬁﬁm@f trqritsmentors the rasedifiusedot o gui de
the treatment, of ., patient failing antiretroviral reginmens that include
one or nDre‘co-FEceptor antagoni sts. Treatnment failure (also referred to
as virologic failure) is generally defined as partially suppressive

antiviral treatnent resulting in detectable levels of virus, whichis
typically meds urddd Fiatss pémp@ﬁ;ments of the invention, genetic

determinants-of -tropism for other co-receptors are identified -

by evaluating amino acid sequences within the entire gpiz0

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 gp4i

transmembrane envelope protein.

In another embodiment of the invention, genetic determinants
that specify the use of CD8 (in addition to, or instead of
. CD4) 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 acid sequences under evaluation
are identified by comparing the amino acid seguences of
vizruses 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)



pl asma). GQui dance may include, but is not Iimted to, (a) clarification of

the etiology of rising viral load in treated p%'a%irﬁ({r%%%ki()%%;azmﬁ)%;)r

adherence, drug resistance, change in co- recep

clarification of available drug treatnment options, (c) selection of nore
active trwawopesss regi nens, and (d) reduction in the wsgushisamcti ve and
potentially toxic drugs. Mnitoring co-receptor tropismin patients
receiving treatment with CCR5 antagonisfs has clinical significance, since
drug pressure may result in a 24 Novenber 2005 WD 02/099383
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fy.0m
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(b) clarificattgiror 44 raTeretdugetrEminae 65t FBRstrer)smel ection of
nore active .treatnent reginmens,-_(d) reduction in the use of inactive and
potentially. toxic drugs. Determ ning baseline co-receptor tropism has
significant Bti M calelsitgd f icodrodémefit@at onttheni tinvidie iappr opehat ec

co-receptor taganist (RS vs. X4 tropisnm, or antagonists (dual tropism
dits mang?i QZI f?:iao LrERder- 3% ea ivensihseenbyanyaduntbne

or mxed tropism Ts _ : _
response. J mamindi ScRIRRUMERBEs Fi@3HALANC Rt eSL YAGHOLS ALE: %%{\)e\igge troma

protein.

In a vrelated embodiment of the invention, genetic
determinants of CD8 tropism are identified by evaluating
amino acid sequences within the gp4l 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-1 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



patient virus sanples and tested for susceptibility--to various virus
entry inhibitors using the phenotypic virus entry assay. ~receptors
antagoni sts nmay include, but are not linited t%fl ﬂ%@’%%??ﬁ%%& TAK779,
PRO642, and peperidin-lyl butane conpounds. Appropriate treatnent 24
Novenber WO0%0993® 02/ 099383 PCTI US02/ 18078 -86 deci siprmusar/esomsed on the
results of the virus entry assay and additional relevant |aboratory test
results and clinical information. Rejcgg_ences 1. Adachi, A, H E

Gendel man, S. Koenig, T. Folks, R ney, A Rabson, and M A Martin.
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Envel ope- Medimdzats Godd ftsiodn fur G¥nhasetdgMehecylessi ReuEeadi patd on with
Antibodies to (120 or (Gp4l.' Aids Res. Hum Retroviruses 9:581-7. 4.

Baba, M, O2CKL¥hinmATa PTRPA¥&HIFARI Of Mpegidhstenodlonshwad #olYclonzhwa, M
Shi raishi, Y, tﬁ,gﬁg&, K.  konogi, Y. Ogawa, K. Meguro, and M Fuji no.
1999. A Smainl nolecul e, Nonpeptide CCR5 Antagonist with Hi ghly Potent and
Sel ective Anti-hiv-1 Activity. Prcc Natl. Arad. Sci. USA 96:5698-703. 24
Novenber. 2005 WO 02/ 099383 PCTI US02/ 18078 -87 5. Baxter, J., D. Mayers, D
Vént worth, EFOVREGP®n, saagences derived from patient samples, or

individual clones derived from patient samples, or envelope
sequences engineered by site directed mutagenesis to contain

antibogdy-mediated neutralization. .

In one embodiment, antibody mediated neutralization is
‘evaluated in longitudinal patient samples (viruses collected
from the same patient at-differsnt 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, wmice, 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.
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vaccinated and unvaccinated individuals. .'"Virus populations®
may include, but are not limited to, viruses with distinct
-genetic. charactexistics -and geographical -origins-<{eclade -A;—
B, ¢, D, E, F, G), viruses susceptible to antiretroviral
drugs, viruses with reduced susceptibility/resistance to
antiretroviral drugs, primary lsolates, isolates. adapted for
growth in -cell culture (often referred to as lab-adapted
viruses), syncytia inducing (SI) viruses, non-gyncytia
inducing (NSI) viruses, macrophage (M) tropic viruées, T-cell

(T) tropic viruses and dual tropic (M and T) viruses.

Characterization of Patient Antibedy (patient antibody wvs.
standard virus panel)

' In this ewbodiment, 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/CCRS5/CXCR4). Such a
cell line is capable of evaluating the neutralizing activity
of antibodies for both . R5 and X4 tropig viruses. . In a.
related embodiment, the assay is performed using two target
cell 1lines. One cell line expresses CD4 plus CCRS
(U-87/CD4/CCR5) and is used to test R5 tropic viruses.
Another cell line expresses CD4 plus CXCR4  (U-87/CD4/CXCR4)
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panel are listed in Table 4. A standard virus panel is used
to compare  the neutralizing antibody activity .of sera’
. obtained from many different -patdents - and/or animals -(see-«
above description of patient population). In this embodiment
viruses are evaluated using target cells cultured in 96 well
plates. 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. stockl is
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 dilutioms). 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 preduced in target cells,
both in.the presgence and absence of antibod}'r. In this
embodiment, the results of the assay are interpreted by
comparing the ability . of each antibody to preferentially
block infeci_:ion of target cells (reduce or eliminate

luciferase activity). Virus neutralization activity is
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..xelated 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)
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 PHIVIuc or pHIV1ucDU3
vectors. 1In this embodiment, pHIVenv vectorse contain patient

" virus derived envelope sequences and express HIV-1 envelope
proteins (gpl208SU, gp4iTM). 1In 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 ag.-':';ay_ to- determine _
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
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undiluted and at various dilutions (typically four to five
serial 10-fold dilutions). Infection of target cells with
each virus stock is also performed in the absence of drug (no
diug). 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 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 {(alsc referred to as virus neutralization in this
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In one embodiment, antibody mediated mneutralization is
evaluated in longitudinal patient samples (viruses collected
from the same patient at different time points) is evaluated.
For .example, virus kneutralization is evaluated prior to
vaccination, during a course of _vaccipation,. .and .at—
‘incremental time points after the course of vaccination is
complei:ed. ‘In one embodiment, virus neutralization is
evaluated for preventative vaccines. In ancther embodiment,

virus neutrzlization 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, wviruses with distinct
genetic characteristics {clade A, B, C, D, E, F, @), viruses
susceptible to antiretroviral drugs, viruses with reduced

susceptibility/resistance to antiretroviral drugs, primary
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isolates or isolates adapted for growth in cell culture
(often referred to as lab-adapted viruses), syncytia inducing
(8I) wviruses or non-syncytia inducing (NSI) viruses,
macrophage (M) tropic viruses, T-cell (T) tropic viruses and

dual tropic (M and T} viruses.

Genotypic analysis of patient HIV samples

Envelope sequences representing patient sample pools, ov
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 determinea
using viral RNA purification, RT/PCR and dideoxynucleotide i
chain terminator. sequencing ‘chemistry. and capillary ..gel--.
electrophoresis (Applied Biosystems, Foster City, CA).
Envelope sequences of patient wvirus pools or clénes 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. is:
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 withrvirus
neutralization are evaluated by constructing envelope
expression vectors (pHIVenv) containing a specific mutation
on 1 defined genetic background (e.g. NL4-3 for X4 trépism,
JRCSF for R5 tropism). Mutations may be incorporated alone
and/or in combination with other mutations that are thought
to modulate virus neutralization. Envelope mutations are

introduced into pHIVenv. vectors using any of the broadly
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available methods for site-directed mutagenegis, In one

embodiment of this invention the mega-primer PCR method for

- site-directed mutagenesis is used (Sarkar, G. and Summer,

§.S., 1990). A pHIVenv vector containing a specific envelope
mutation or group of mutations are tested using the virué
entry assay described in Example 6. Specific antibody
preparations- - (ive. “well-characterized wmonoclonal = of

poiyclonal antibody preparations), sérum from HIV infected

patients, or serum from vaccinated individuals can be-

selected to compare neutralizing activity. Antibody

neutralization of the virus containing envelope mutations is

compared to antibody neutralization of a-genetically defined

virus thaf-lacks the -specific-mutations- under -evaluation.

The ability of a specific mutation to confer, alter, or

prevent antibody neutralization is confirmed or disproved Dy’

introducing the mutation into well-characterized reference
virus and evaluating the antibody mediated neutralization 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 wvaccinated indiyiduals. Consistent
differences in V3 loop amino acid sequences between viruses

that c¢an, or cannot be neutralized are selected for



ARRRP( I N- HOUSE) 92BR025, 93MM59R5/ SI / CARRRP( I N- HOUSE)

92UR)35R5/ NSI / DARRRP( | N- HOUSE) 92TH022, 92THO23R5/ NSI / EARRRP%I N- HOUSE)
93BR020. R5- X4/ SI/F ARRRP(| N- HOUSE) Anti bodi es Bfi Noy&8O8RCECL SMvabs 2F5,
1577gp4l TMARRRP Mabs 1d bl 2, 2Gl2, 17b, 48D gpl20 SU ARRRP Neutralization
sera #2, WO/0P3$ycl onal ARRRP | G * Ent:ry inhibitors PCHUSDAISOrEt Source
CD4- 1 &@gpl20 SUCGenent ech CD4-1 GXR2gpl 20 SUAdarc SCD4SI a_ Progenics- T20
(DP178)gp4]. TMrinmers Rantes, MPla/b 5SI GVA/ ARRRP

SDF1a/ bCXCR4SI GVA/ ARRRP AMD 3100CXCR4Aror Med Dextran sul fate, Heparin

Non-specificg NBaf: 8P (§|%%R co-r.ecept OFH)" L§1<4 (CXCR4_co-receptor) Sl
(syncytiumi nggm ﬁg} N 6’%8%{5 SHHAFEEURPPRARSE AP ,‘“’e%\,fB?l@f,“ﬁcE‘:,elrlz@énvel ope
d ade desi gnghirentabAtTdmdReseqnat -anduReber snesr)Reagdent n P UV 34 [Novenber
2005 WO 02/ 099383 96 ) )

"virus neutralization candidate" mutations in the V3 loop of

the gpl20 envelope protein are constructed by site directed

mutagenesis and tested for antibody mediated neutralization

as described in Example 6. Cells expressing CD4 plus CCRS

(e.g. U-87/CP4/CCR5), CD4 plus CYCR4 (U~87/CD4/CXCR4), or CD4

plus CCR5 -and CXCR4 (HT4/CCR5/CXCR4) are infected. - Amino

acid substitutions. that change that elicit, alter, or prevent

antibody neutralization are deemed important to virus

neutralization.

In. & .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 the gp4l transmembrane

envelope prof.ein .

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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. patients failing antiretroviral regimens that include one or-
more virus entry. inhibitors. 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 .hay iﬁcludeq.sbut»-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 phenotypic virus
ehtry asgsay. Virus entry inhibitors may include, but are not
limited to, fusion inhibitors (e.g. T-20, T-1249), co-
receptors antagonists (AMD3100, AMDB664, TAK779, PRO542, and
peperidin-iyl butane compounds) and CD4 antagonists (MAb
528) . 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 sgusceptibility of patient's

viruses to wvirus entry inhibitors is used to guide the
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important for two reasomns. First, the natural susceptibility
‘of viruses to entry inhibitors can vary widely (e.g. see
Figure 4A). Second, the increased use of virus entry
~inhibitors-will-undoubtedly result: in the generation o drug:
resistant variants‘that can be transmitted to newly infected
individuals. 1In this embodiment, resistance test vectors are
derived from a patient virus 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 inhibitofs'(e.gl T-
20, T-124%), co-receptors antagonists (AMD3100, AMDE664,
TAK779, PRO542, and peperidin-lyl butane compounds} and CD4
antagonists (MAb S5A8). 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-1l 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
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. This example provides a means and method for using virus HIV-
1 co-receptor tropism to guide the treatment of HIV-1. This
example further provides a means and method for using HIV-1
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..ce-receptor tropism-to 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 is used to guide the treatment of a patient 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
1gvels of virus, which is typically measured in the patient
plasma)._ Guidance may include, but is not limited to,.(a)
clarification of the etiology of rising viral load in ﬁreated
- 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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compared to R5 viruses (CCR5 co-receptor tropism). In this
embodiment, resistance test vectors are derived from a
patient wvirus samples and tested for susceptibility to
various co-receptor antagonists using the phenotypic virus
entry-assayh_-eo—reeeptor‘antagonists may include, but are
not limited to, - AMD3100, AMD8664, TAK779, PRO542, and
peperidin—iyl ~butane. compounds. Appropriate treatment
decisions are based-en the results of the virus entry assay
“{e.g. sge'Figure 4B). and additional relevant laboratory tesﬁ

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 ragimens that
include one or more co-rereptor antagonists. Guidance may
include, but is not limited to, (a) clarification of. the
baseline co-receptor tropism, (b) clarification of available
drug treatment options, (¢} selection of ﬁore 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 (RS vs. X4
tropism), or antagonists (dual tropism or mixed tropism) is
likely to result in a more potent and durable response. In
this embodiment, resisténce test vectors are derived from a
patient virus samples and tested for susceptibility -to
'._Various virus entry inhibitors using the phencotypic virus
entry assay. Co-receptors antagonists may include, but are
not limited to, AMD3100, AMD8664, TAK779, PRO542, and

peperidin-1y! butane compounds. Appropriate treatment
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Viruses Envelope® Source
89.6, SF2 R5-X4/SI/B ARRRP®
92BR014,92U5076 R5-X4/51/B ARRRP
JR-CSF, 9105005 R5/NSI/B ARRRP
9105054 S1/B ARRRP
NL43, MN, ELT _ %4/B ARRRP
92HT599 X4 ARRRP
920G031 R3/NSI/A ARRRP {IN-HOUSE)
92THO14, 92THO26 R5/NSI/B ARRRP {IN-HOUSE)
92BRO25, 93MW859 R5/8I/C -ARRRP {IN~HOUSE)
920G035 R5/NSI/D ARRRP (IN-HOUSE)
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93BR0O20 R5-X4/8I/F ARRRP (IN-HOUSE)
Antibodies Epitope SOURCE
Mabs 2F5, 1577 gpdl TM ARRRP
Mabs IGlbl2, 2G12, 17b, 48D gpl20 SU ARRRP
Neutralization sera #2, HIV- | Polyclonal ARRRP
IG -
Entry inhibitors - - Target - - Source
CD4-1IG gpl20 SO Genentech
CDh4-1GG2 gpl20 SU Adarc
5CD4 Sigma B ) Frogenics
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Rantes, MIPla/b CCR5 SIGMA/ARRRP
SDFla/b CXCR4 . . SIGMA/BRRRP
AMD 3100 CXCR4 AnorMed
Dextran sulfate, Heparin Non-specific Sigma

RS (CCRS co-receptor), X4 (CXCR4 co-receptor)
S1I (syncytium inducing), NSI (non-syncytium inducing), A,B,C,D,E,F
(envelope clade designation)

 PAIDS Research and Reference Reagent Program



NN(- N1I0 NII) 4N) O NmN QN..~410)VdNV d)t NPN- mw
hmNNL VNNNVO C6c) rnN Nr AmlguNNNM\u OgﬁNmalGV
MNNNOOQMN4!) NpNNNNOTMm .-CONVC A ¢ A NONSRPED Rl" It) v NN
0 00 ti cN N 10 NN NNIN7tI NN NV NNN O N N NN N C

' N m N
Oro Wy MR o A m
OO0OA

NNOmMm10 10 mNN WO p I\F’@}/U /MU
1100499t 1 UNII | :

10
N N 10 N mNgg) NWALO

Table 3

[Erimers tested for the Amplification of HIV Envelope

RT PRIMERS

RT env_N3 5-GGA GCA TTT ACA AGC AGC AAC ACA GC-3'
RT env 9720 5 -TTC CAG TCA VAC CTC AGG TAC-3'

RT env 5740 5-AGA GCA ATG ACT TAY AAG G-3

&' PCR PRIMERS

Senv §' -GGG CTC GAG ACC GGT CAG TGG CAA TGA GAG TGAAG-3'
5'env_Xho/Fin 5'-GGG CTC GAG ACC GGT GAG CAG AAG ACA GTG GCA ATG A-3'
§'env_START 5'-GGG CTC GAG ACC GGT GAG CAG AAG ACA GTG GCA ATG -3

3' PCR PRIMERS :

¥env §' -GGG TCT AGA ACG CGT TGC TAC CCA TCT TAT AGC AA- 3
3'enw_Xba/Miy 5-GGG TCT AGA ACG CGT CCA CTT GCC ACC CAT BTT ATA GC-3'
Jenv_STOP  5'-GGG TCT AGA ACG CGT CCA CTT GCC ACC CAT BTT A-3

3" detta CT §' -GAT GGT CTA AGA CGC TGT TCA ATA TCC CTG CCT AACTC- 3

All Experiments are iocated in Virologic Book number 0186
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Table 4 (Panel 1)
‘ — _ _ Anti-H IV Drugs
DrugiCompound . .. | Generic ™ " Trademark | Manufacturer -

s Name

EREinh o}‘@*&.

]

AZT ZDV__ . Zldovut_llr_l__e - Glaxo/Wellcome S
N R _ i Lemivudine _ Epivir__ - | GlaxofWellcome ..~ .~ ©

| AZT +.37C — i ~ - Combivir | Glexo/Wellcome _ 5

F d4T- : - - | Stavudine - - | Zerit — | Bristol ~Hlyersl$gull:b .

ddl : _| Didanosine Videx - ...\ Bristol-Myers/Squibh . ;

I - - i = . |.Zalcitabine - Hivid- . -- - | HolfmaniaReche - .. .. .w ...

1692089 .| Abzeavir - Ziagen I Glaxp/Wellcome. - —

AZT » 3TC + 1592ti80 ) LT Trizivir - - 1-GlaxoMWellcoms - -~ - |

{-)ETC {5-fluoro-8TC; Corviraclh  : .| Emtricitabine - - S TnanglePhannaoeuﬁeals L

LFTC+ (HFTC (5050) + 1 Raciinir_ T ___| OiladPhamma *--. - N

- DAPD {DXG-active) . -- . Amdoxovic - .- - | - - - " { Triangle Fhamg uhcals G

A (2-fuoroaAL. - | Lodenosine’ " - I T T {oMedimune OncSloay- (U Bloscience) -

"BCHA0B52, dOTG. - - —— oo B 5 e

_@-ﬂgo_xz—éwhmdmel = :

G—5 : g Viramune '
BUAP PNUBGAEIT T .o ~Delavirdine. -] Rescriptar_~
1 _DMP 266 (|_-.743,726) _____ : | Efavirenz . .
i| MKC442 142 {Coactinon) = . __. | Emirine ... . [%
H-AG:1549- s1153_ qnmld S - Capraviing
A PNUAART A i+ - s Sobaiediia i v oo © v bz f e 5 :
1| DPC-961,-963, -083 -087 i ‘ | DuPont- Phalmaeeuﬂcats i
H 8J-2365 - Also entry inhibitor? .| Samjin Pham'aoenﬁmls
{{ BHAP PNUS720% oo, .. =] Alevirdine - - | - o ) Upjobh: o
I GWaZ08674 (quinoxalihe) ~ | (2™ gen. HBY 007} T - GxaonNencom(ngchst Bageg
;[ TMC 120 (R147680) . . - - . - E Tibolec
1| IMC 125 {R165335) - L . Tibotec =
1} R66183 - fivirapine - -1 Janssen Pharmaceuﬁeais -
.| Calanolide A I IR R s .. - - . -Sarawek Medichemz:Pharmaczuticals <.
.| Ro31-885% Saquinavir-{hgc) Invirase Hoffman-La Roche .
N - Saquinavir-(sge} " -| Forlivase ~ . e s ST
-{ MK-639 (L-735,524) | Indinavir Crixivan Merck Research Laboratories
ABT-538 (A-84538} .|_Ritonavir - | Norvir - Abbott Laborateries
AG1343 Nelfinavie “Viracept -1 -Agouron Pharmaceuticals
1 141Wa4 (VX-478) Amprenavir Agenerase . Glaxo-Wellcome/Vertex
ABT-378/ Lopinaeviriritonavir | Kaletra Abbott Laboratories’
|_BMS 232,632 (aza-peptide) - Bristol-Myers-Squibb
FhU-140680 Tipranavir - - Phamacia & Upjohn
" DMP 450 (cyclic urea) Mozenavir - | TrienglefAvid (ph-1/Il)
[ TMC 126 (Erickson's compound) _ | Tibotec -
G/W433908 (VX-175) aniprenavir pro-drug 1 Glaxo/WelicomeNertex
L756,423 (on hald) . Merek i
1 PD-178380 (dihydropyrone} R Parke Davis (Boehnnger-!nglehelm]
,f 7 new candidate ) i Roche — . .
| DPC 681 and €84 L BuPont Pharnaceuticals
! Aoumn Ph
T-20 (gp41) ' Penlafuside Trimeris Pharmaceuticals
1 T-1249 {gpat) e - ! Trimeris Pharmaceticals
| Dpeptide inhivitor (gp41) smaltmol. | SCH-C - ScheringPlough
' AMD-3100 (CXCR4) (bicyctam) AnorMED
AMB-B664 {CXCR4) {macrocyclam) . AnotMED
ALXéMt_:EXCRﬂ i - : ] - - U-PA
{ FP21399 : Fuji Pharmaceuticals
PRO £42 (gpt20) CD4)gG2_ ___ | _Progenics Pharmaceuticals
PRE-140 (CCRE) _Mab CCRS Progenics Pharmaceuticals
) T-22 (CXCR4}) (péptide, 18-mer) - :
Met-SDF-1 {CXCR4)
TAK 778 (CCRS sntagonist) Takeda -
|_AOP.Rantes {CCR5} - Gryphon Seiences
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Table 4 (Panel 2)
"Rantes 9-68 (CCR5) -
_CCRS5 anfagenists - - 4-{piperidin-1-yl) . Merck

butane class .
u-—lmmunnkine~NNSDS CCR5 GXCR d-cobratoxin

Zintevir Aronex Pharmaceulicals  ©
Merek Reseamhl.aboralones

| RB 21 _ “cyoic peplide p7 mimc | (see PNAS 9548854691 (1999)) .
fcroz ' Achelion Phamacsuticals
N T — Pharmaceuticals_

SP103V (BBNH Fe+3 dervaive)

FDA appruved d.rugs are shown in baldface;ed d:scontinued development blue not sure about development status

SUBSTITUTE SHEET (RULE 26)



Z2zZ2<3

zggg

SUBSTITUTE SHEET (RULE 26)

MNmMO4 O r %@ ONvYyY |I'" NWv OO) NVNmmV ~ On, n ONWO04
c4) CNm0Ol1l)) mO mNm~NOde7N0)I[8IIn Ov N &/g)CI Ommi4-
tl NIDNNNGC 01 momenO OY mA ¢ 104 NIAYRERRE B NntNy v N
NOmMmI10 10 O1I0 Nc QN MNNNOMGYDA NN mNN Nv mN 1A9 N
N ImWRBOEH NNNMRCO C) (N CD0O) A0 ON RCWPSOZBIEY N N N N N
I Non NNNNNNNNMICO NNCCmCO4- WNO NO C) 4) @ NVVN
4 ." N- NNNMC] NNNNNIOG Q410 NANW10 0) NCm4m OO a N mN
NOmIl L) 0) OmNC NWO)onggONC
Table 4 (Panel 3)
Generic Name ; o FDA Approval
(abbreviation) Brfmd Name  Firm - Date - -
zidovudine, AZT Retrovir - Glaxo Wellcome ‘March 87
didanosine, ddl Videx - Bristol Myers-Squibb .Oclober 91
zalcitabine, ddC Hivid Hoffman-La Roche June 82
stavudine, d4T Zerit Bristol Myers-Squibb - June94
:lamivudine, 3TC _ -Epivir Glaxo Welloome:.” .. Novenbet.85
saquinavir, SQV, hgc Jnvirase | . Hoffman-La Roche December 95"
‘saquinavir, SQV, sgc, :Forlovase -Hoffman-la-Roche Noveniber 97
-ritonavir, RTV ‘Norvir - Abbott Laboratories March 86 -
indinavir, IDV Crixivan Merck & Co., Inc, March 86
‘nevirapine, NVP Viramurie Boehringeringelheim- - Jurie 66
nelfinavir, NFV. iracept Agoufon Pharmacéuticals  Mairch 97
délavirdine; DLV Rescriptor Pharmacia & Upjohn Aprit 97:
. ZDV+3TC Combivir- GlaxoWellcome September 97.
efavirehz, EFV Sustiva DuPgrit Pharmacetiticals ~ Septeimber9s:
abacavir, ABC Ziagen _ _Glaxio Wellcome February 99
‘amprenavir Agenerasé Glaxo Wellcome Aprit9g ~ -
* lopinavir/ritonavir Kalelra Abbatt - Séptember 2000
ZDbV+3TC+ABC Frizivir GlaxéSmithKiine - Noveniber2800
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100
CORECEPTOR ASSAY SCREEN TEMPLATE
N dnug 3: 183
setive RLU Rrit; 100 roplm ralie Ymi: 5 CXCR4  CCRS  ousl N drog 2z AMD
1 2 E] + 5 [}
RS X REX4 RS Xt a5 RS X4 REXa RS X RS RS XA REX4 RS X4 HEX&
Ko Drug RLU M 264N 004 14340 85 250,09 6 6pag opil 2165 38 05 3¢ 1AM 000}  aush 31 nes
183 ALY 19758 ke 469 27 P57 5,465 EY
AMD RLU 32 PAL 40 720 32 30 3 b
1 T 15 6 ¥ - [0
RS N4 RS54 L] AS RS RS M RS RS X4 R&X4 RS Xt REN4 RS X4 R&N4
No Drug RLU 4557 19107 0.24 149 28 066 €785 72 93594 Bt 195 - a6 3048 00 78 4730 .87
L83 FLY 26 9956 4D 53 o 30 vapes 2,952 FU 1Y
AMD RLU 536 » 4 24 42295 61072 152 7 A&
25 F3 2 F) 25 =
RS X4 RE4 RS %4 REXS RS % RS RS x4 RSx4 RS X4 RN RS X4 RIX4
Ha Drug RLU 67,628 66 PITAT} 149567 12070 175 3788 a3m (3] 50 37 653 242 272 nt 35 6.601
L83 R e "1 thme % 33m 32 221 a7
AMD RLU &1,146 B.580 3384 2.049 538 493 36 L wi
7o ] » [ 5] 2
RS X REM RS 4 RSN RS L TH T RS X REXS RS X4 R4 R3 X4 RaXd
No Drug RLU 200 3 NN 2 2310 161 450 56 .57} 18 2 &7 a2 22 SN [ 61
Le3 /el 8 765 ar 483 53
AMD RLY 1.08¢ b4 206 M 139
e o 7] ] ] (5] ]
RS X4 RS RS xs RS Rs Xt ReX4 RS X REX4 RS M RS:N4 A5 M R4
No Drug RLY 3% 07 0.33 8 a9 om2| 18059  BAMM 21| .25 3 10s308) 5413 40 1350 mIR 28 ING.W
&3 ALY €5 3.502 13886 £200 85 15 0
AMD RLY 34 5] 16.080 &1 2832 5,043 apa57
o7 [ L] ] [1] €6
. R X4 RN RS X4 R RS A RS RS X4 R&X4 ] X4 RS RS X4 RSx4
Na Brug RLY 3764 40 L7E~] I a8 16.38) Mo 21, 0] 5tE9 4 oSy 4me ! 19670 156 51 354
L83 RiW 79 39 Ell 2 28 7
AMD RLU 2775 157 28 5356 2461 164
5] 7« i3 3 7 78
RS X4 RSx4 RS. X4 RSx4 RS M RIS RS X4 R4 L] X R34 RS %4 RS
Ko Drup MU an ES 15.04 L 36 4,445 28 15380 4357 sww 048 s000 M5 ke kes 365 052
L83 RLY s0 43 Ta 7w 7 T 38 097
AMD RLY M0 3,757 906 26 447D £1 778 14
3 Be (5} 3 3 w
RS X4 REX4 RS X4 R4 RS N4 R& RS X4 R4 RS X4 REA RS n RENE
No Drup RLY 010 3 w48 e 5% 1850 491 ) 1488 W 5. - 008 257 36 .- Q08 33 81554 - OO0
LE2 RLY a2 55 L3 M 25 294 %6.739
AND RLU 564 813 3TE 268 ] 256 3 40
7 ] ] 10 EE) L)
; RS x4 RE4 RS X4 RS RS X4 A& ) o REX RS M REx LT3 x4 Rsd
Mo Drug RLU W 12w - A 45 1928 - - Q0d] 42206 7 eansd 45 tase D] 44,538 7 459.65 @ AIe . 000
L33 KLY 814 =T 906 761 2] wrne
AMD RLU 2 ar 33.102 3 3050 54
19 an i = n 74
/5 R4 RSN L] X4 RSx4 RS X RSN RS X4 REA RS X RO L3 X4 RS
No Drug RLU 00 5204 - B2 THRM 82 a2 2m 20 BIES| 1A 10.856 068] 4337 7130 o062 1C.A1n 50 32230]
L83 RLU 058 22 % 40 6455 42 387 [
AMD RLU 3% 8237 1120 3961 2281 1656 1.285 11,860
] v EX] £ E D
RS X RSN RS XM RSN RS MM Rests RS X4 RSO RS X4 REX4 RE Xt REX4
Ho Drg REE s ur4 .08 77 B 553 pazig LI T 612 a5 160l 2807 esss 039 4M. 21 1342
103 LY 828 L 31 48 2 7
AMD RLL o 31 2367 479 925 35 o e
" & @ & 3 Ei] ®
. RS e RO RS X4 RIAN RS X REXA RS X R RS X Ruxe RS X4 R&N4
No Brug RLU 45 3 12 =1 B 45 15.67] 1029 e 5122 2906 43 . 6hAE 3bs7 52 6047 23T 34 11697
LE3 RLU 207 2 18 - a1 72 [
AMD RLU 28 36 8,350 2,306 12,436 165,045
3 3% 5} ) % [3)
[ X RS R3 X4 REA RS X Rsxd A3 ® REXA ) X &N RS x4 REXA
No Drug RLU UZH 7386 038) smE 20302 2.26| 70 9 1205) 19,175 126 18218 513 3t 1655 2264 2% 11657
L83 U 4 IS0 38 8200 ko4 % 183 » a0
AMD RLU 2218 50 7§ 38 310 Ja6ds 35 500 3.038
" [ ) ] 70 T 7]
RS X4 Rsxe RS Xe RS RS X4 Rag RS Xé  Rsxd -] X4 REN4 R xR
Ho Drug RLY 1853 7O an 3 1208 2857 41 191N 2540 3B 66939 14l 45 3eYE 1507 38 AN
LY By aa 32 42 3% 40 104
AND RLU 2106 26 4,555 14,745 13.708 17.480
] ] ] o R )
RE X RS RS A RS RS L7 ] x4 R RS 24 sy RS oM Rsa
He Prg RLY f= 36 652 3800  ogTr 041] 2089 18% 128  4vs 43 105 0475 38 22903 407 33 1247
LE3 RLY n e L AL 3 1224 3 k1) 2
AMD RLU Wa 8B6 45 1105 160 158 5,867 5
91 (5} [ ) ¥
RS NE RN RS X4 R RS X4 H5X4 RS X4 RE:X4| RS X4 REA RS x4 RS
No Drup RLU 43 fuaer O 3 uszas 000 o o . N o <IN s 35 N
L83 RLY 3 12051 508
AMD RLU 451 i1 35
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PCT/ US02/ 18078 | 104 Pl ate RepeatEnd tineStart tenp End tenp. BarCode
116:39: 36 PM21.621.7 NNA 0.5 CPS (CPS) 18 26648@&28?@9?@96?2@95
3813869301001184 1924826272189723478 39465010461411004 1069038400232238
2697634383 BANBD5281616 36298521454 122298472644038 PORBIRAIBBA044156
3652284028 4062323822 223228985868 38024611470195842 30643638463390
57858126201261866834 Pl ate RepeatEnd tinmeStart tenp End tenp. BarCode 2 - 1
6:41:51 PM21.521.6' NA 0.5 CPS (CH8} 34 6728 38882 7514 24 1048 1326 40
1134 26294 56 72 20458 4418 4714 5398 58 26

CORECEFPTOR ASSAY SCREEN TEMPLATE

drug 1: L33
actlve RLU Hmil: 100 HWopism @bio limit 5 eXCRe oGRS pusl [ERRINAE dm: 2: AMD
. 1 H 3 1 [ & 1
RS x4 REX4 RE p11 REXa RE Xd RSx4 RE x4 REX4 RE X4 RE:K4 R Xe R5:%4 |
No Drug RLU 34 26471 0.00| 12,340 55 28709 ap  ega 01| 71856  3BMa4 037 30 7% opal smee - 3 1zeh |
a3 ALY 19258 54 4656 27 29542 5,468 a4 2
AMD RLL 32 12,185 ap 7296 37 39 L |
£ W ® % [ 7y |
L Xé  R5X4 RS M RSXL RS X4 Rsixa RS X RSX4 RY ¥ RSN4 RS A RS »
HoDrep RLY 4557 19,107 024 up 22 0.66| 67.380 T2 usee] 61t 1971h o003 4L 1848 008 24 4330 0.07 |
L83 AL Y 0 153 59 W 1498 2853 s 2w ?
AMD RLY 83g 34 41 24 42,295 L 1.022 152 25 a8 |
a8 -3 27 F1 1 28 an (
RS Xa  R3x4 RS X REX4 &3 X REX4 RS X4 RS54 RS X8 RSX4 RS X+ R |
Mo Drup RLL £7.828 68 95747] Bz wpm 1250 3788 a3 .86 50 7 P  sn 242 273 20 35 6,60,
LE2 RLU 2y C M 1083 59 3,307 » 2 a7
AMD RLU 51,146 8580 3,384 2,940 538 453 L] 218
FH 3 3% A [T 42
RS X4 RENA As X4 RSIX4 RS X REx4| RS %4 R5X4 RS X4 REXA RS x4 RBX4
No Drug RLUY 100 38 M 2N 151 450 66t 067, 140 2 617 az 22 RN B0 &1
LBY ALY ® 265 a7 ast »
AMD RLY (KL a3 206 72 e
49 50 [13 [5] [1) Bd
RS 14 REX4 RS X REX4 RS X4 REX4 AS X RS:Ke RS x4 RSIXE RS K4 RS
#a Drug ALY » 1m 033 | 42 007 18088 pak2 214 3257 33 190208 5412 40 13533 9NIM 2% 300
183 ALY a8 3562 11896 6220 -2 3 £ i
AMD RN » P 10560 8741 27832 5,049 4B4%2 |
& 37 55 (73 53 7 :
] x4 REX4 RS X REXS [H X RS RS X4 REXY| RS X RS RS X4 RS:X4| |
We Brug RLU 2769 40 8420 T8 g 16.36 340 A 1548] 528 43 12067F 4318 a7 116.70/ ha 51 3,04
L83 RLY 20 38 3 3 26 bl
AMD RLU 2773 787 282 5356 34B1 iB¢
73 g 75 n — 7 78
RS X REX4 RS M RSx4 RS Xa  RExa4 RS X4 RS RS X REDA RS X4 Raud
Ho Drug ALY 39 EL 15.04 ] o R  sai0 2 5ees] 4357 902 04e suw 105 58.00| 1880 3635 0.52)
LET RLU 50 43 3 7pa2 73 77 a8 2,002
AMD RLU 340 3752 26 a5 4473 51 278 27 -
[ [ 7 53 1] 30
RS X REX4 .3 M REXA L1 X4 BB RE N REXH RS X4 RS RS %4 RSx4
Ko Prug ALY 510 1 1545 o s 1650 ag 31 aepe] 300 ams ogs) 207 2615 0.8, 3 61,584 .60
L33 ALY 42 & &9 29 3861 32 M6 56739
AMD ALY 56¢ 13 16 268 36 5h a0 40
7 [) 0] L] L 17
RS X REX4 RS 4 REX4 RS K4 RSN RS X REX RS X RERd Ry M4 REIXA
Ne¢ Grup RLU 30 1217 o2 a8 1128 004f 42206 70 607,94, 45 1.15% 004 adbap L33 455,65 32 2eW 0 6ol
L33 ALY Bl [+ 7] %0 781 . [0 . 2uo7
ABD RLU 42 il 33,102 23 30,510 43
EE) E 2t a2 23 4
RS Xé . RSX4 RS X R34 RS X RS RS M REXA RS X REX4 RS X4 R5:X4
Ne Drug RLU 100 5204 0.02[ 11,200 g2 me 2m 20 B36s 7378 10856 068l 4307 T30 062[ 16,115 50 32230
183 RLU 3088 2 26 0 8455 az Aana B8
AMD R 34 8.2 1,120 3961 ' 2283 1666 1285 11.880
ET] . ET) 13 34 T E19
RS x4 R&:X4 RS Xt RE:X4 RS L1 R5:XA RS XM RSX4 RS X6 HEXA RS x4 RE|
#oDnup RLU 59 203 005 7 a2 853 24739 33 TeusY| 512 s 1360] 2087 9,685 LB 410 3 1342
183 RLY 828 32 B3 ] 22 126 .=
AMD RLU o5 361 21.767 470 105 6 507
o [ ] a6 T " [0
[ X4 REN4 ) X4 RE&Xd RE K4, R34 RS X REX3 RS X REX4 RS X4 RS54
No brug ALY a5 320 0.13 ™ 45 15487 11020 18 1232|2908 43 6763] 3007 67 26011} 24377 34 T16,67
18 ALY 207 3 ] 1] 72 54
AMD RERS 20 366 8.380 2306 £2,139 16,045
55 5% 57 -4 59 = &0
RS Xa  RE:XA [ Xt AEX4 RS X4 REX4 RS X4 s RE X4 REX4 ns X4 REul
No Drupg RLU B254 23046 0| 528 2038 0.28) 10 38 12.05| 10,175 126 15298F 513 A 19.55  2.284 28 VIBSY
LB ALY 43 . 9,150 | ae 37 96 L] a5 a9
AWD RLU 2.218 a0 784 ] 210 19,638 35 500 3,008
(3] €3 3 g 7 T 72
RE X REX4 RS X4 REX4] RS X REX4 RS " REX4 RE X RSN RS w RS
No Drug RLY 3,850 77 s0.04 Y X 1200] 7,857 41 10163] 25037 38 66939] 17,443 45 pe7ee] 16707 a3 43%.66
LAY RLU ag 22 4z 3 an [
AMD LD 2.108 253 5505 14,749 13,708 12,480
) % 7] B (%] B ]
RE X4 RSXe RS X4 RSx4 RS 4 REXK RS X AEXe RS X REX4 RS ¥ R
No Drug ALY 263 18 602 3880 957} 041 z0sd 169 1.23 475 43 1105)  BATS | Ny AW 33 12448
L33 RLY a3 a4 8,140 23 1,224 30 a0 25 .
AND RLU 143 BBY a4 1.105 160 50 : £.002 . 2871
st a8 92 EE) oy E]) 6
RE x4 Xt RS X RANA RS X4 RE:XA Re X4 A5 RE . R 4 RE:M4
No Drug RLU 43 13452 0.03 M 1zoa3e o © 22 &2 dg 3 Y &5 ,:; o c: :s ﬂ
e LU a3 12081 85.018 H
AMD ALY 451 51 B 45 i I
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CORECEFPTOR ASSAY SCREEN TEMPLATE

active RLU ¥mit: 100 waplsm vatko ralt: & CXcRa  cCrs  oual JEKKME drug Winkk Uk 10
] E] F) ] ] (3
RS a4 RSX4| RS Xd RE:XA, RS x4 REx4 RS xa  REXd, RS X ASKY RS X8 REXE
B Drug RLU . 36EN 0o} 14,140 55 257.09 40 65 0Ol TESE 32044 o5F 0 TA3 000 3.p0s I keS
Le3 RLU 19,258 54 4,596 27 28542 5468 34
M0 RLU 22 42,186 48 12% 32 39 2664
YT by LAY} 77 o [ El EE] S o
Shbrlh by AMD wn 11 o [ oo 98 5
EE] L] L] [3 7
RS %4 REX4 RS X4 REX4 RS X RS it} XA RS S X4 REMA A RN
o Drug KLU amsz 19102 o34 us s 085[ 67309 ¥ sassel M 48715 062 % g LY.T - 07
LR RLU % 945 40 159 il 3 14085 2953 *®
AMD RLY 88 2 £.00 il 24 42295 % 10 142 25
Irhlb by LB3 o [ 72 ER 100 Y 2 25 &
winkls by AMD 82 100 12 ) 3r & [ 56 u
FLy 6 Fid R 28 Fol
| P X4 Run4 [ X4 RSx4 RS ¥4 RS RS X4 REXE RS X4 RS R RENA
: NoDeug RLE | 57,828 &8 SO747] 14882 12020 2] 37 430 95 5 ER . 242 272 2 €6t
163 RLU 228 11 10,809 53 3 v 2 47
aMD RLU | strie BSBD 3384 2040 538 493 36 21
chibby L83 | TH o0 IR WD = I £
| oo by anp |25 8_..n © b by :
a7 38 E1) 7] rE]
RS X4 Ak RS WM REM RS M REXA RS K¢ RS:MA RS A3 X4 REX4
No Drisg RLY 100 38 372 200 161 [t 213 067 e 2 s17 2 &0 &1
Le3 ALY a8 2.556 ar w3 N
AMD RLY 1.804 22 206 2 38
Sihib by L83 8% (18] 3 37 £
SInhib by AMO A7 B4 . 34 80 6
rol £ i) ) (5] ]
RS x4 R3R& Ry XA R&:X4| RS X4 RE:X4: RS xa RS A5 xd RE:Xd R% xd Rs:k4.
Ha Dug RLY 15 10 FE:] 65 4709 ooz| fabse  Ban 21af 9257 30 08| 5413 a0 1353 er 26 D950 4G
LB ALY - 68 1502 faest 60 B 35 20
AMD RLU 3z ") 16080 BTN 21002 5043 48457
[ Rirtib by 123 0 w =] 26 . 100 ] 10
inhih by AMD & kil ] il £
(1] [}] B3 (T] 65 ()
RS x6 RS ne X4 RSXA RS X4 REXd [ X4 REX4 L] X REXA RS K ORSEA
NoDrug ALY 3764 40 B2y b R - L 3} 1518|5189 43 z061| 438 3 1ewf 186 “ 384
L83 ALY 29 ap n u 0 =)
AND ALY 2778 767 262 5358 3461 164
W iwhib by LAY a8 [ o £ E3 )
lahib by AMD 26 )] 17 (&l 0 &
F5] T 2] 76 T 7t
RS X4 RSH4 as W REXY RS X4 REXA RE A REXK RS X REM RS X4 RX4
Mo Brup ALY 391 % 150 ot o PR e 2 15589 4351 202 48| &m0 105 SBOG] 1886  T3E1S 052
a3 RLU 50 43 ) kil I w20
AMD RLU 340 ENird 06 36 4473 51 279 7
Rt By U 5 ] o 13 95 27 () [
Siohib by AMD 13 - % . » 00 7 Fl] B 1
[ F27 '3 ) [ [T N
RS x4 RS:X4 RS x4 R5X4 RS x4 RS54 ] x4 ANXE A3 X4 - A5 a5 4 R3:X4
tio Drug REY 510 33 1545/ -4 85 1658 49 33 1488 300 3815 €08} 207 2815 o I/ eI L]
L3 RLY %2 5 49 2 365 32 256 6.1
anh BLU 262 813 316 6k 36 256 ks 40
Ikl by 185 K o L] 2 [ e
wlnnlb by AMD 11 1 Fi) 1 g8 - L] s i
7 ] E ] T EE] 17 .
RS x4 RSN Lo %4 REX4 A3 X REN4 R X4 REK RS W R RS A RN
Ho Buug RLY LR i 002 i® 18 gus| 42206 .70 eoroa a5 L 004] asan §7 ashag E- AL troa
183 R 4 04 % 761 €0 Fexn
AMD RLU 42 a7 1AL 33 36,510 Y
%Inhib by L83 E 1?7 0o 34 00 5
Xlnhb by AMD o7 57 2t 57 a2 L
5] ) o a ) ) 3
RS 4 REXY L] X4 RSNY RS ¥ OREKA RS X4 AEXA RS X4 R3ES A3 M HER4
Mo Drug KLU 100 LM a0y 11280 2 7| 1an % €385) TIPS 10856 o8} 4397 74%0 o6 16.115 E O R
£83 RLL 200 2z 2% a0 455 4z 3EM [
AND RLU 3 0,207 1,379 3961 . 2283 1656 1205 4,880
Rinhio by LA (5] 1 % Ed] 41 59 ] w00
Blahlaby AND 4 7 1 a6 ki) 62 .v3 g
i1} 32 3 E) 35 36
RS X REXe RS X4 REM RS ¥ R /S x4 REX4 RS A& RN RS W REX4
Mo Diog RLU 5 - g4 o] 177 32 853 wIW [ 2T T ] a5 60| 2897 98 emp a6 a4 Ly
182 ALY &8 ¥ £l an 22 T2 a8
AMO_RLY s 261 21767 ATd j:rT] 3% 58T
Rt by LD 5 T00 52 o4 ) ]
wihisby AMD | g | (104 12 2 &0 100 [
: [E3 ) a 3 4T [
RS x4 RS54 RS X R RS X&  R&x4 RS x4 REX4 RS X4 REX4 RS M RS
No Drog ALY a8 228 aral T4 45 1587] 11020 Wt g12va] 2006 a3 ELe3f 13997 52 26007} 4077 ® 697
LE3 RLY 207 A 18 3 73 El
AMD RLU 7 366 83% 2306 Zne 16044
Whhby LB | :: :g‘: [ B 00
%inhib by AMD n S n 93 M
lanle by ] 3 K € 5 ] -
R: xa RS RE X4 RS;N4 &s x4 RS RS X4 RS RE X4 Asx RS XM RS
No Drug ALU p25d 23,840 o3} 5248 20383 pze] a0 3 1208] 19175 26 15218  &1A 31 to55] 2264 2® MEST
L93 ALY 3 0180 38 8,280 a7 9% 183 E an
AMD ALU 2218 10 784 28 310 19,638 as - 00 Jpae
=D By LES o0 ] ] 59 =2 92 [5] 53 o
inhlb by AMD 76 G 8 100 £ o h
% [ ] 70 T 72
RS X4 RO RS ¥ RSx4 RS x4 REA RS X4 REXA RS X RS: R3 X RN
NoDiug ALY 2,859 T 00 4 3 izes| 7857 T WIE[ 284R 38 £6979] 17443 c5  37e] 16707 S AIRED
o3 ALl 30 22 a2 15 0 o
amo gLy | 208 253 L) S— WU 13,708 12465
Winbib by LBY 1] » 8 100 160 o7
Hlahib by AND 25 2 a az 21 2=
————T ] B [H] n ¥
RS x4 R34 R X R4 RS X4 RESM RE X4 RANG RS X4 RS RS XX msd
Mo Deup ALY 263 i 632 8% 9577 om| 208 1,690 123 TS a3 Mosf 8475 ' 23M) 4107 a5 124 &8
L83 REL ] 44 B0 FE -] I 30 2
AMD RLU yaz 036 45 1005 182 ne 6,862 2871
i By 183 (1] (A ) () I £ 00 E3]
Rinhib by AMD &€ i] 100 47 Bt 14 I 2
""" asex as w2 (5] N L] . [ %
RS 24 x4 X4 RS54 RS X4 .5:%d RS x4 RS:XA| RS X4 RSx4 RS X4 R4
toDrug ALY 243 10857 0.0 M 2823 000 2t £7 ST (] 32 DR &N 42 NN 46 38
B3 ALY 2 12051 5018
AMD ALY 451 51 L]
“inhib by 163 ) 10 a
[ %iwnbyawn | @1 900 100

SUBSTITUTE SHEET (RULE 26)



SUBSTITUTE SHEET (RULE 26)

3 ® m o ¢
S B E
T ~ T WO AN O
W c o N~ -
L @ © oo (92]
— «—1 00 O < N L e]
T —OANL mu O C
O M~MNNO CO o LW
ONOMN~NON O (o))
e@420t9;m984 m.
FOodadw OcANAdY
¥ 00 m = OO O
LD - >O0OMNO -
- DI m o< m N O O
© ORH 0 M 2 NZONM o
— ~e& v N NN
TI898, I8R87
— e
<28 ob B aREHR
© 00 — O < O 0
%LWZB (2%%8.|
AN © +—
NDONO cNUWLNNO
26220E@L684d
M . BHOAN JANM S
OAONO o~ Xoonmll
%WMHW%S(% %&v\&/mn £ Sv 15 oy ot
. 1 &g 69 ve
o0 HO<YT Q0O @en. %= ost 5p £C &z 15 s¢ &g 12 ve mmm.w mmm.w mw, mm,.. Mmm mm" mmw P D A
N JoNQ  Woowrs &0 8¢ L8 8z vE 14 ¥y 6¢ or 44 13 28¥'Zs  BOLEL BRIVl GEEF  ESZ o torr awe o o o
owm D <O DM Bre 5 Pt et on o or oo wee o ot e Dosel eriv BOMZ bl lOPR osE's  29¢ B4 BT
MO WD T o oy D6, o8 by oy sz 4 had o 2 o b e, X, g6L OIE  peL 6122 ZSV'EP YOS ZE0'MZ  0BE'EL 4% 8g
dodNmOZh ELo £ or e jod bt o pod o ol e = a0 ML 0BT 068 8%F  of v e 6tl 802 v gst
<t <t~ - N <O ®BY) ez 62 se ve ay N . R L L 81z £6¥ 5 6v0'2  085'B  8¥iLS
: 25 zZo'h e ¥e ve 086'HE 859 LBE'E  6ZE'L  2EZ'R Of 5E S "
% Y % w M c® _.__WL M.o R,un% %n@ = o L zr AN ze oy 8z ze se 0I5'0E b zsl'se  op e 3o’ mm wmw.h wmw = wm_..ﬁ me
- = © Ny
<StOON~ O d OO M oy
— — 00M N -1 -0 10
o © 00 %_/ — <t &t &, BT e BIO'SE 180T BEL'SS  DEE'T 195 65 43 2 i 0z 3 ) :
NMMOO® o N OO 08 ez ews 85 zeer i zese o & oe B oo o o w s e B m @
M OMON .0 NCF <fr 6o i rE 8 iz e 52 v s vE vor  op o roow It 05
DOONMM— MmN 4MA MM_ €€ 062's 0S1's  rE (5 ] 0z2's  2o5'e a9 oe 5t wm mm Mm Mm Mm pog - . o &
© T N 000N w — %0 Mwm.w e Mm mm Wz se 82 sg tor 999 of 8 b2 ' o ” i o2 MM mm 86881 S1L tE
@ MOANMO ™ z X 828 ey 122 oa L4682 seB'0h ©F 4 ez 8r i€ e € e 8¢ &2
oUgSs oo W Lo 88 g8t sivs  ee £e 950°c  B16'T  £96'C  Se6'vk  ee 51 996'5 Bg zy or 82 [£4 MM & e e ol o s
M.o M % M (92] M & m Mnﬂ%_m R4%9 [3: 23 ge Lo vig 24 999'S  Zy5'5Z  969'r 2§ 852'64 or 09 s¢ 06 i®£ X4 wm .._mm Wm Mm mm MM
OONTNOTHOW OO : 8 o8
"
<t ANMANOON < <N
RLTIQB ISR = & ewan zovn wste aiwe g e 6o g€ wo & S 2 & @w e e 0 ;
3 m.oo nA/_._ ogY < 3 wl Mm wwm:. nmmm mm ' mmm.n wmv ME_a W o o Loy - siva st 6202  0ed'e €92 9u8"t  060'8 hmm.v %“.v Mwm wmm
oo O .. — © . ) ¥ ar oF 20491 EyPLl LBV'SZ £98°2 Lip efe'e 964 4 g s
M OO0 OWON— ot MW ww. Mm mmm 02 98 6 oF 8e ISY'8  B0Z'F  L0M PEZ'E €4S Sl Oy GYES  PSEE £ELME Mm.m wmm.mn me‘! Mwh Mw\.n
O NN  ONCEN G b SEE 19 & 1] 899 OIEE 6e L8V L66CL 06T BTOHL vz gy 9 ze .
TTNMEPY O O LEN ogiss &F £e e PB  5E e ix PEE'Y  U20'ZL 89 8lF 662 28 BELSVE e ey e o
S OO wHm <t D Fon oY ssen oz 8 POZS  OEE'r  BPEE  SILEL Bl 9zt Z0I8L  BMBL  48E'Y  Sis  Bemt Lt e bZ 853 D9 9L ZE6'ML  REELO
O NS O O D B 50y 654 o ez e e WL vrrEe 660’5 o6 s b e, ww«.mv ww“ [T veC -1 :m_. GRE'Z9 &bl Ze5'y
o o 7w M~ NS .. Brug oN oL 886 Of 66912 oy 0ri'pl bE
3m.91 00 U2858 v fnigon
TN IS8 ECSRY =
< - © 2m o™ @ NN O ©
o< < o .HhHO
0w MUOON —LODMANA LD
M <IN TLOOMANM
< @COANLMMAMLO MO [}
1 L0 O ON< OT
o N N~ .29444@
< m9010 m.0001004
[e0] O - OLw AT MM o
O._ 0O NOOD~MNNOON ©
N MOANMoNOLMmANMD




38 382840303823446304630 262032976190584624282298 423260420503634102263424
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46. 2426326028324012036 32585832244050361238 SUBSTI TUTE SHEET (RULE 26) 24
Novenber 2005 WD 02/ 099383 PCT/ USP2/ 18078 106 11230488 747460 973632 5238
40. 32 4428 4224 3836 82 27748 6786 40 9654

Plate Repeat  End time Start temp End temp. BarCode

1 1 6:39:36 PM 216 21.7 N/A
0.5 CPS (CPS)
18
26648 54 6970 37406 7158 38 1386 8930 100 1184
19248 262 72 18972 3478 3946 5010 46 14 11004
106 9038 4002 32 238 26 8976 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 3380 57858 12620 126186 68 34
Plate Repeat Endlime Start temp End temp. BarCode
z - 1 64151PM 215 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 2g 8346 142 3468 30 7684 1438 44
36 54 30 3784 3840 65330 14284 130290 56 .32
Plate Repeat Endlime 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 23002 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
Piate Repeat  End lime 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
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30 52 30 22 24 46 48 34 42 4634 4823382 284232 761634 3626 3424 6234 4232

5032 44 21176 SUBSTI TUTE SHEET (RULE 26) 24 hbvggber 2005 g@ 2/ 099383
PCTI 1JS02118078 107 4906 44 6906 32 42 40 32 42%2M0%gmRgrogU5%218 3422
129026 '
‘WO 02/099383 PCT/US02/18678
105
11214 158 42 15882 3026 2694 2956 26 20 5294
56 114286 3252 82 270 52 814 36 40 64
32 2916 " B5p 42 a0 64 242 38 24 36
72 3220 7618 36 38 44 12112 10878 3z 245
32 48 22 30 28 24 136 30 56 34
32 38 40 8844 88 2386 54 4956 1372 50
22 34 40 3498 2754 59808 11014 65428 34 40
Plate Repeal  End time Start temp End temp. BarCode
5 1 6:48:35 FM 219 21.9 N/IA
0.5 CPS{CPS)
38
38 28 40 30 38 234 46 30 46 30
25 . 20 32 g76 190 58 46 24 28 2298
42 3260 420 50 36 34 102 26 34 24
28 378 88 32 - 34 32 40 42 a4 26
g 36 62 11690 a3 44 32 42 42 26 36
‘ 48 22 44 38 53 32 38 30 32 a6
E 29 38 52 40 42 26 34 50 200 36
’ 36 80 52 40 36 40 52 54 22 40
Plate Repeal  End time Start temp End tlemp. BarCode
6 1 650:50 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 as 22 46 . 30 2268
.36 3508 656 48 40 24 88 30. 34 56
28 166 56 28 18 40 18 38 32 34
32 114 5732 32 42 31 38 34 50 34
36 22 a6 40 30 20 30 26 42 40
486 24 26 32 60 28 32 40 120 36
32 58 ;) 3z 24 40 50 36 12 as
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4024 3048 4642 3812 3436 4236 4040 128040 3036 2632 3852 2636 2036 4018
SUBSTI TUTE SHEET (RULE 26) 24 Novenber 2005 WO 02/099383 PCTI US02/ 18078 108

Plate Repeal End tine Start tenp. End tenp. Bar G4d&orerber, 298P 8 NIA 0.5
CPS (CPS) 32 21586 28 4034 36 52 42088 40 24 14218 56 730 48 326 28 12022

1288 7198WAA38993831 71276 44 792 180 50 PCT/US02/18078
106

112 30488
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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182 25292 718 69452 15306 4008 128 44 66 30 900 11984 3194 72 3922 546
40438 4882 105946 8466 4934 470 20386 30 88 18820 6268 5012 170 3546 504
8164 22214 3420 934 344 5330 6710 1880 338 4286<3119VAE6°544V82 5344 318
302 40414322052 580 1018 516 Plate Repeat End tine Start tenp. End tenp.
Bar Code 2WQ0B09938 9 21.9 N'A 0.5 CPS (CPS) 22 3942 24 MG/US02/18078

107

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
28 32
38 52
26 36
20 36
40 18
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42324 50 44 14062 36 21726 32 242 172 10576 1258 7552 4324 124 63502 492 44
282 56 172 24186 506 66204 14658 3568 56 524 54 60 528 10074 2622 128 3526
354 168 20 89520 10042 5564 470 17964 40 78 17378 Y8uy?BP585449952 4160 318

7550 28660 4118 638 336 4110 3624 1892 188 3494 2066 484
WO 02/099383 PCT/US02/18078 |

108

Plate Repeat Endfime Starttemp.End temp. BarCode

J
|
|
|
|
|
i
y 1 i 217 21.8 NiA |
0.5 CPS {CPS) i
32 i
24 14218 56 21586 28 4034 36 52 42088 4
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 30 200 11984 3194 |
30 . 88 18820 403438 4882 105946 8466 4934 470 20385 5
3420 934 344 G268 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 j
]
Plate Repeat Endtime Start temp. End temp. BarCode |
2 1 #HHELH 219 21.9 WA
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 88520 10042 5564 470 17964 1
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
Piate Repeat Endtime Starttemp.Endtemp. BarCode ' - J
3 1 JHHHBEEH 21.9 22 NIA :
0.5 CPS (CP3)
38
36 38 2B 28 38 28 36 42 114 40
32 34 80 26 16 36 30 18 26 ag
126 106 34 42 30 48 22 26 32 58
26 46 42 38 34 20 18 34 24 36
28 . 146 15756 76 32 26 42 52 3B . 16
34 50 20 24 32 18 38 18 36 38
as 38 28 36 80 50 38 44 34 38
410 30 38 30 24 22 38 36 34 36
Plate Repeat Endtime Starttemp.End temp. BarCode
-4 1 IEHHHHE 219 22 NIA
0.5 CPS (CPS)
16

24 70 30 26 26 40 18 32 66 30
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438 114 3554 3384 5470 38472362438 440 940 466 282 292 Pl ate Repeat End

time Start tenp. End tenp. BarCode 3 1 21.922 NNA Q.5 CPS
283828364211440 32 34 80 26163630182630 126 106234N255BRE3

5565550 26 46 42

38342018342436 28 146 15756 763226425236106 34 50 20 24321838183638 38 38
28 36805099438%W3B 40 30 38 30242238363436 Pl at eRepeat RGFAUSOPHITSt art tenp.
. CPS (CPS) 16 24 70 30 26 26
4018326630. SUBSTI TUTE SHEET (RULE 26) 24 Novenber 2005 WO 02/ 099383

PCTI US02/ 18078 109 24 46 118 34 26 40 34 26 26 50 132 116 84 34 34 48 34

End tenp

Bar Code 4 1 21.922 N A 0y

24 48 118 34 2B 40
132 116 84 34 34 48
32 30 32 28 . 2% 40
34 84 12036 94 38 34
24 28 42 44 24 28
62 24 58 32 66 26
44 80 60 28 40 28
Plate Repeat Endtiime Starttemp.End temp. BarCode
-5 1 HHHEHEHA 22 22 NIA
0.5 CPS (CPS)
34
38 11132 26 6696 34 3860
762 48 39888 88 40 30
52058 8050 2624 60 450 168
108 2080 172 170 as 3s
30 46 16428 25792 4240 45094
2498 732 388 5044 3236 . 202
290 30 3986 866 4584 240
456 816 438 294 260 44
Piate Repeat  Endlime Starl temp. End temp. BarCode
6 1 HEHHEHR 22 22.1 NIA
0.5 CPS {CPS)
32
40 13240 38 7756 38 3368
914 34 44702 64 50 20
50234 9110 1574 46 536 270
200 1888 240 108 28 46
46 28 17532 29872 5846 31810
3048 862 208 5668 3686 166
390 64 3518 926 4362 318
672 810 314 242 252 26

34
34
46
44
40
28
28

44
36
32
30
2092
2124
110
524

24
24
20
30
2346
2092
176
378
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26
38
28
24
26
44
34

40
8416
340

630
292
940

40

40
8048
382
288
a38
214
1032
30

26
30
12
38
48
32
32

26548
1262
22410
7478
334
4806
1286
34

36636
996
21124
0302
286
4384
924
20

50
38
26
86
32
22
36

40
4096
534
2458
17130
13736
162
22

48
3826
424
2154
22146
15762
156
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
28402828343236 Pl ate RepeatEnd tinmeStart tenp.

WO 02/099383

43332
4314
35672

16106

548

15148

7752
48

45846
4480
2422

11888

478

19740

9188
38

60
48

100

34

50
30
22

60

110

38
17856
424
23794
3376
19592
4078
42

26
14374
408
24960
3182
13822
4136
50

46
80
28
60
24
58
28
26

34

%%(9%’2 512222 NI A

Oé’ Ba
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0.5 CPS (CPS) 34 11132 26 6696 34 3960 44 40 29548 40 38 48 39888 88 40 30

36 8416 1262 4096 762 8050 2524 60 450 168 32 3

170 38 38 30
WO 02/699383

36
36
48
36
30
30
8

30628 .

1598
1046
10024
388
13012
6768
38

30382
1714
804
14254
612
14404
6956
50

56
28
58
36
150
28
28

34
12372
512
15470
2730
12386
2204
20

36
11588
682
16620
3346
12586
2938
38

111

0 22410 534 %%056 2080 172
November 5
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444 7478 2458 106 46 16428 25792 4240 45094 2092 630 334 17130 30 732 358
886 4584 2 10 940 1286
§f4 ENG erfnﬁﬁﬁ égto 45t enp. End

5044 3236

. 202 2124 292 4806 13736 2498 30 398
162 290 816438294260445244034. 22 456 Pl ate Repe

tenp. BarCode 612222.1 NI A
WO 02/099383

112

PCT/US02/18078

000] 25709)  ootr  os7) ool 128s5] o020 o004l epese] oo4| 45aes] 000}
o0z4] o066} 93506] o003 0o 007 o02f 21728 63€sf  cefl  cex] avaze] CXCR4
907 47 1.25] 0386 o] 560) nos| s3] 7egs7| 1360l 031] 1342 CCRS
151 0.67 §.17 % ; 013]  1587] 61272]  &7.63] 26897} 71697 DUAL or MIXED

o33 002 2 14] 103308] 13533 3370 1w 635 026 1205] 15248] 1655 116.57 ; ¥
o423l 1638 1619l 12067 115.7:_1’; 3pd)  5004] 12000 101.83] 865.39] 38762 ]
1504 150 8 04nf  £800 prs 692" c41l 1zl wipsl 22303
15.45] 16590 14.88]  0.08]  0.08] _000] 003 000 R CW IR bk e




0.5 CPS (CPS) 32 401324038775638336824403683648
91434447026450202480489963826 5023491101574465362702038221124424
200188824010828463028893022154 4628175322987258485 MoMsrbss03893622146
3048862206566836861662092214438415762 39064351892643623181761- 032924156
672810314¥28938378302034 SUBSTI TUTE SHEET (RULE 26) PaI/bssweseiser 2005 WO
02/ 099383 PCTI US02/ 18078 110 43332188 4314 17856 3572 424 16106 23794 548
3376 15146 19592 7752 4078 4842 4584626 448014374 2422408 1188824960
4783152 1974013822 91984136 3850 6046

What is claimed is:

1. A method for identifying whether a compound 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 (aj, and
(ii) a viral expression vector which lazks 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
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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.

The method of claim 1, wherein the indicator nucleic

acid comprises an indicator gene.

The method of claim 2, wherein the indicator gene is

a luciferase gene.

-The method of claim 1, wherein the cell surface

~-receptor, is Ch4.

The method of claim 1, wherein the cell surface

receptor is a chemokine receptor.

The method of claim 1, wherein the cell surface

receptor is CXCR4 or CCRS.

The method of claim 1, wherein the patient dis

infected with the HIV-1 virusg.

The method of claim 1, wherein the nucleic acid of

step (a) comprises DNA encoding gpl20 and gpél.

The method of c¢laim 1, wherein the viral expression

vector comprises HIV nucleic acid.

The method of claim 9, wherein the viral expression

vector comprises an HIV gag-pol gene.
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(b) co-transfecting into a first cell
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13.

14.

15.

16,

17.

18.

19.

20.

21.

22.

23.

A ne

od for |dent

The method of claim 1, wherein the first cell is a
mammalian celli.

The method of claim 12, wherein the mammalian cell is
a human cell.

The method of claim 13, wherein the human cell is a

human embryonic kidney cell.

The method of claim 14, wherein the human embryonic

~kidney cell is a 293 cell.

The method of claim 1, wherein the seconéd cell is a

human T cell.

The method of claim 1, wherein the second cell is a

human T cell leukemia cell line.

The method of claim 1, wherein the second cell is a
peripheral blood mononuclear cell.

The method of claim 1, wherein the second cell is an

astroglioma cell.

The method of claim 19, wherein the astroglioma cell
is a UB7 cell.

- The method of claim 1, wherein the second cell is a

human osteosarcoma cell.

The method of claim 2, wherein the human osteosarcoma
cell is an HT4 cell.

The method of-claim_l, wherein the compound binds to

h i fying whet her, _a conpound inhibits
At e FPMRAT 2FS CW%r?%‘?é%dfm?a)Vlébt FRF-ndatucl®Eve aci d

i nfected by the virus;
(i) the nucleic acid of step (a),

and



(i1) a viral expression vector which | a*ks a nucleic acid encoding an
envel ope protein, and which conprises an indicator nucleic acid which
produces a detectable signal, such that the fir§%<§9Waﬁ%%H65@@ vi ral
-particles conprising the envel ope protein encoded by the nucleic acid
obt ai ned WP patient; (c) contacting the viral paRGTES0FBP oduced in

step (b) wth a second cell in the presence of the conpound, wherein the
second cell expresses a cell surflde receptor to which the virus binds;
(d) measuring the anmount of signal produced by the second <cell in order to

det erni ne the infectt®s t5eldf suhkace/inegepparticl es; and (e) conparing the
anmount of signal neasured in step (d) wth the amount of signal produced

in the absen of 24_.Novenher. 2005 WO 02/ 099383 PCT/ US02 /18078 114 the
conpound, V\hgz;%‘e'i n aﬁ%%u'&%%‘o%o%gtc%msilgnﬁherﬁé&s&h@d G9rPeHEdpAgsence of

t he conpound i ndi cateiganchaf tire adipeuntadehiduiepsoentry of the virus into
the second cell. 2. The nethod of claimi , wherein the indicator nucleic

acid conprises an inq{cator g&ne. 3. _.The nethod of claim2, wherein the
i ndi cator gerfé-is dAUci™EPSe PYen&ladm TR nethsgisr &hai nedupawnsd ein t he

cell surface .receptampriisesCGi¥.antibdlie. met hod of claim 1, wherein the cel
surface receptor is a chenokine receptor. 6. The nethod of claimi,
wherein the cell surface receptor is CXCR4 or CCR5 7. The nmethod of claim
1, wherein tRE&-pati dfe methedfafcdaimil,h whgweth \tHe wompeund. idtidoinet hod of
claim1l1, wherein theaetehatc AFidnof step (a) conpri ses DNA encodi ng gpl20
and gp4l. The nethod of claim1, wherein the viral expression

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 compositioh which comprises
admixing the compound identified by claim 1 with a

carrier.

30. The method of c¢laim 29, wherein the carrier is
saline, polyethylene glycol, a buffer solution, a
starch, or an organic solvent.

31. A wethod 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 wviral
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




vector conprises HV nucleic acid. 10. The nethod of claim9, wherein the
viral expression vector conprises an H 'V gag-paql gene., 24 enber 2005
WO 02/ 099383 PCTI US02/ 18078 115 11. The net hod%éf OVEMRES. ?%@éerei n the
viral expression vector conprises DNA encoding vif, vpr, tat, rev, vpu,
and nef. W9 02883 pt hod of claim 1, wherein the first REVPSRAS0B pmanmal i an
cell. 13. The.nethod of claim 12, wherein the mammalian cell is a human
cell. 14. The method of claim 13, Wérein the human cell is a human
enbryoni c kidney cell, 15. The nethod of claim 14, wherein the human
embryoni ¢ ki dney ceWithinatk@3cell | . whdeithenmeukodonf of| ahen Eignherein
the second cell is ajndumnsl 68! be11l burEh Lol e ghal Dl in the
S oo g ieel iEhS

second cell is a humag T, ceilgol | eukem a ce . et claim
1, wherein the seconfetdlisieupd E@r?%e?’éq“%l SbgrABnotirItddyingl Fhe19. The
met hod of claim 1, whelki autfmceseasargpteel lbsi bedng ®511180bYOFBeCOilus20. The

met hod of claim 19, eirﬂf goﬁs(t)f 39'1&:-' 1ceI | is a Ud7 cell. 21. The
met hod of claiml1, erein the second cel iS a hunman osteosarcoma cell.
22. The nethod of claim?2, wherein the hunan osteosarcoma cell is an HT4.

cel |. 23. Thesaet hodaaietticdl fbd ,idehel Bfind MBeEREP U ANPE S, tidnds; Navenber
2005 WD 02/ 099383 PCT/US02/18078 116 the cell surface receptor. 24. The
r

method of claiml, Wherel it Re tHRpoUN® fsCgll 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,

guch 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 of
the compound, wherein a reduced amount of gignal
measured in the presence of the antibody indicates



ligand of the cell surface receptor. 25. The nethod of claim 23, wherein
the conmpound conprises an anti body. 26. The nethod of claim1l, wherein the
conpound inhibits menbrane fusion. 27. The net BddNevealgrm2f0onherein the
conpound is a peptide, a peptidom netic , an organic nolecule, or a
synt het i cWodRP¥a83d. 28. The nethod of claim 1, whereine¢imesez/msspound bi nds
the viral envelope protein,. 29. A nethod for naking a conposition which
conprises adm xing the conmpound identified by claiml1l with a carrier. 30.
The nethod of claim29, wherein the "carrier is saline, polyethylene
glycol, a buffer sol uhabntha astisely, iahiBitOrgaihC c¥oltmeNt i rdd. iAcset hod
for identifying a cekl surface J.8geptor which is bound by a virus upon
infection of a cell by the virus which conprises: (a) obtaining viral
particles which conprise (i) a viral nucleic acid and (ii) an indicator
%gﬂ ﬁi c acid which ﬂr@@hlﬁ?ﬁfarcﬁlﬁ%&n@@iﬁg _%iuﬁe tiﬁi@itgneka&ﬁdiﬁﬁsa%se”

ich expresses a cell surfac eceptor.with the wvir particles fromstep
(a); and (c) measurifg CPHBO‘(%‘%%UHEHS? a%lﬁjek@ttagol‘élgqlgn‘é‘?i]pr‘BHEFé}édW?ﬁcmovenber
2005 WD 02/ 099383 POTMIFSEEE18078 117 within the cell, wherein
production of the signal indicates the cell surface receptor expressed by
the cell is boxng by the virus, thereby jdentifying the cell surface
receptor as bei ng’ boTRP T EheP T8 affoh $MIEEBord oVirak g8VEloBe. A
met hod for identifyimpgpteiiet héromna ardtikady ihpditid oy eher yisfsa virus into
a cell which conprises: (a) obtaining nucleic acid encoding a viral

envel ope protein froma patient infected by the virus; (b) co-transfecting
into a first celp) co-transfecting into a first cell

(i) the nucleic acid of step {(a), and

(i1) a viral expression vector which lacks a nucieic
acid encoding an envelope protein, and which
comprises an indicator nucleic acid which
produces a detectable signal,

such that the first cell produces wviral particles
comprising the envelope protein encoded by the
nucleic acid obtained from the patient;

(¢} 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 wvirus binds;

(d) measuring'the amount of sigmal 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.



(i) the nucleic acid of step (a), and (ii) a viral expression vector which
| acks a nucleic acid encoding an envel ope protein, and whi conpri ses an
i ndi cator nucleic acid which produces a detectgéI§Q¥ﬁ$mﬁr,%§8éh that the
first cell produces viral particles conprising the envel ope protein
encoded bYOWRE"Hycl eic acid obtained fromthe pati entBCEP2EROTH acti ng t he
viral particles produced in step (b) wth a second cell in the presence of
the antibody, wherein the second cél9 expresses a cell surface receptor

to which the virus binds; (d) neasuri.ng the anount of signal produced by
the second zgell ip R&dgyg td 1ne the infectivity of the wviral
particles; and (e) conparing_tﬁéeéﬁ%ihﬁygqfeif%ﬁﬁﬂc Gr &4TRA 8% ep (d)

with the amount of SYIRSEL BRich dalibhts vérabsatey ohtotdiesdaompauagd, wherein

a reduced anount ofomprgmels: nmeasured in the presence of the antibody

i ndi cates 24 Novenber 2005 WO 02/099383 PCTAJS02/ 18078 118 that the
anti body inhibits entry of the virus into the second cell. 33. A nethod
for determ ning suStepCeberminying susrepsitidits cahpaung: whi choi nhi bits
viral cell entry whi chcog@BBAd SESHok -aLfLn el id encoding a
viral envelope protein f?on1a at'éﬁ%g?g%eggédgﬁgﬂ§%eovi$ﬁéﬁm(%ﬂ'
co-transfecting into a"PFFet? Ge pct?z)c #Fed Rndcdingazivinefl stegldm), and
(ii). aviral, expresspunteertos obixmelagksmaa NystEdier ACid £ncqding an
envel ope protein, and whheh conprises an indicator nucleic acid which
produces a detectable signal, such that the first cell produces vira
particles conprising the envel ope protein encoded by the nucleic acid

obt ai ned fr(HﬂhNﬁedpaEkﬂﬂﬁing susceptibility of the virus to the
compound éccording to the method of claim 33, wherein
the nucleic acid encoding the viral envelope protein
is cbtained from the patient at a later second time;
and

{¢) 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 thét
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;

{¢) 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




(c) contacting the viral particles produced in step (b) wth a second cell
in the presence of the conpound, wherein the second cell expresses a cell
surface receptor to which the virus binds; (d) 4fed$VSHhGH K€% nount of
signal produced by the second cell in order to determne the infectivity
of the vMO2PE8Xicles; and (e) conparing the amount BET/BSOgmErs measured in
step (d) wth the anobunt of signal produced in the absence of the
conpound, wherein a reduced anount 18 signal nmeasured in the presence of

t he conpound indicates that the virus is susceptible to the conpound. 24
Novermber 2005 WO 02/ 3©838BaET LUSORE IdingbuhE? 34. A nethod for determning
resistance of a virus to a conpound which inhibits viral entry into a cell
whi ch conprisﬁs: (al)q det erm_ni ng susceptibility of a virus to a conpound
according to the net FB8 BTheRPncIgin herdiemedn ihe wiruaciktadneading a
viral envelope protetapi 9bpbtiai ned fyamsa satkegh ak) agijoﬁvﬁt ié{ i pg. (b)
‘determ ni ng suscepti&kéj‘s&;{ceof %he\}ﬁ/jal rus to the conpound according to the
met hod of claim 33, fherein the Tticl EPEPIERY endBBihg Xafd strRgR ebwel ope
protein is obtai nedi¢Y®karede patient at a later second time; and (c)
conparing the susceptibilities determned. in steps- (a) and (b), wherein a
decrease in ssufcepti ilit _aé fgh? | ater second tinme indicates resistance
of the virus to the %rﬂ%&ﬁ O3B AN net-h FHF BN itenvirtys wptainedathon in a

virus that confers sk stiande teozataipiroid & hattibAbi Phish i@l pe &t Y
into a cell which cqmé@%?h?(@z)eaq%te%mﬁr]mg%the nucl ei.c acid sequence or

the amino acid sequence of thé vVirus prior B SUPPPRGt nent of



the virus with the conpound; (b) obtaining a virus resistant to the
conmpound; (c) determ ning the nucleic acid sequence or the ino acid
sequence of the resistant virus fromstep (b); %gngo §?£€5n%§bing t he

nucl eic acid sequence or the amno acid sequences of steps (a) and (c),
respectiv@@%?mgg&bs to identify the mutation in the vPETESORHYF8 confers 24
Novenmber 2005 WO 02/ 099383 PCTI US02/ 18078 120 resi stance to the conpound.
36. The nethod of claim 35, wherein the virus obtained in step (b) is the

virus of step (a) grown in the pEEsEREE HBistirig conpound until resistance
is developed. 37. Thenethad of claim 35, wherein the virus obtained in

step (b) is-jsolat I:Qm atient which has been undergoing treatnent
with the égﬁ%ﬁuﬁgé§%fgﬁgve %? 2005 WO 02/ 099383 PCTI US02118078 SEQUENCE

LI STI NG <110> Vig L%%iéc |nc, <120> COVPOSI TI ONS AND METHODS FOR EVALUATI NG
FEORE RO

VI RAL RECEPTUR/ NEEEORD HFIGERAFOREINGE VARRAUSRERERTORS| NG
RECOVBI N CANFEQHTRIGE KEARK N FABHBIBPRE, 106 ABRYS <ENTRY0 I/ NG, REGOMBIN 295, 871
<141>2001285-\0RUE #GSRES<170>Pat ent I n version 3.1 <210>1 <211>26 <212>DNA
<213>RT Primers for HV envel ope <400>1 ggagcattta caagcagcaa cacagc

<130> 2793/65166APCT

<140> 09/874,475, 60/295;871

<141> 2001-06-04

<160> 16

<1f0> PatentIn version 3.1

<210> 1
<211l 26
<212> DNA

<213> RT Primers for HIV envelope

<400> 1

ggagcattta caagcagcaa cacagc
26

<210> 2

<21i> 21

<212> DNA

<213> RT Primer for HIV Envelope
<400> 2

ttecagtcav accteaggta c
21

Page 1



26 <210> 2 <211> 21 <212> DNA <213> RT Primer for H 'V Envel ope <400> 2

ttccagtcav acctcaggta ¢ 21 Page 1 24 Novenber 2005 WO 02/ 03%2)83
PCTI US02/ 18078 <210> 3 <211> 19 <212> DNA <2t4>NR¥eBPeredor HI v

Envel ope <400> 3 agaccaatga cttayaagg 19 <210> 4 <211> 35 <212> DNA
<213> PCRVP02/PA2383<400> 4 gggctcgaga ccggtcagt g gcaat gR§IEeYwaEy 35 <210> 5
<211> 37 <212> DNA <213> PCR Primer <400> 5 gggctcgaga ccggtgagca
gaagacagtg gcaatga 37 <210> 6 <211> 36 Page 2 24 Novenber 2005 WO

02/ 099383 <212> DNA
<210> 3

<211> 18

<212> DNA

<213> RT Primer for HIV Envelope

<400> 3

agaccaatga cttayaagg
19

<210> 4

<211> 35

- <212> DNA

«213> PCR Primer

<400> 4

gggctegaga ceggtcagbg geoaatgagag tgaag
35

<210> 5

<21l> 37

<212> DNA

<213> PCR Primer

<400> 5

gggctcgaga cocggtgagea gaagacagtg gcaatga
37

<210> &

<211> 36

Page 2



<213> PCR Primer <400> 6 gggctcgaga ccggtgagca gaagacagtg gcaatg 36 <213>
PCR Primer <400> 7 gggtctagaa cgcgttgcca cccath{ ét% 210> 8

<211> 38 <212> DNA <213> PCR Primer <400> 8 ggg cta c&c (9 act
tgccacccat bttatagc 38 <210> <211> 34 <212> DNA <213> PCR Pri ner

PCT/ US021 Y8289 ge 3 24 Novenber 2005 WO 02/ 099383 PCRET/URYMIIBO78 <400> 9
gggt ct agaa cgcgtccact tgccacccat btta 34 <210> 10 <211> 38 <212> DNA
<213> PCR Primer <400> 10 gatggtctaa. gacgctgttc aatatccctg cctaactc 38
<210> 11 <211> 10 <212> PRT <213> Viral Entry Inhibitor Resistance

Mut ati on <§JZ_I9:Q>

<213 PCR Primer

<400> 6

gggctocgaga ccggtgagea gaagacagty gcaatg
36

<210> 7

<211> 35

<212> DNA

<213> PCR Primer

<400> 7

gggtctagaa cgegttgcoeca cccatcttat ageaa
35

<210> 8

<211> 38

<212> DNA

«<213> PCR Primer

<400> 8

gggtctagaa cgcgtcecact tgecacccat bttatage
38 '

<210> 9
<211l> 34
<212> DNA

<21i3> PCR Primer

Page 3



E

Gn Leu Leu Ser Ay Ile Val Gn Gn Gn 15 10 <210> 12 <211> 10 <212>

PRT <213> Viral Entry Inhibitor Resistance Mit a? on <4 0> éé lgage 4 24
Novenmber 2005 WD 02/ 099383 PCT/ 11502118078 G n Féu' L PorITe Met A n
Gndn 15 10 <210> 13 <211> 10 <212> PRT <213> Vi raI Entry I nhi bitor -
Resi st ancWONeA®B$3on <220> <221> M SC FEATURE <222> (HJI/US02/(89]8 <223> \Where
X= Gor S <220> <221> M SC FEATURE <222> (7)..(7) <223> Where X= V or M
<400> 13 G n Leu Leu Ser Xaa Ile Xaa Gn Gn @n 15 10 <210> 14 <211> 10
<212> PRT <213> Viral Entry Inhibitor Resistance Miutation Page 5 24
Novenber gggé WQ 02/ 099383 <400> 14 A n Leu Leu Ser Asp Ile Val @n @n An

1510 <2%ggt agaa cgcgtccact tgccacccat btta

34
<210> 10
<211> 38
<212> DNA

<213> PCR Primer

<400> 10

gatggtctaa gacgctgtte aatatccetg cctaacte
38

<210> 11

<211> 10

<212> PRT

<213> Viral Entry Inhibitor Resistance Mutation

<400> 11

Gln Leu Leu Ser Gly Ile Val Gln Gln Gln

1 5 106
<210> 12

<211> 10

<212 PRT

<213> Viral Entry Inhibitor Resistance Mutation

<400> 12

Page 4



<211> 10 <212> PRT <213> Viral Entry Inhibitor Resistance Mutation <220>
<221> M SC FEATURE <222> (5) - - (5) <223> VMe?g gz G@%r D20§ 00> 15 @n
Leu Leu Ser Xaa Ile val Gn Gn Gn 15 10 PCTfUS02VTB078. “<Z10> 16 <211>
36 <212> PRT <213> Fusion Inhibitor Peptide <400> 16 Tyr Thr Ser Leu Ile
Hs Ser LYQ®PE3B u Gu Ser An An An GL n 5 10 15 PaBel/gs248a®yvenber 2005
WO 02/ 099383 PCT/ US02/ 18078 G u Lys Asn Qu A@n GQu Leu Leu Au Leu Asp Lys

Trp Ala Ser Le u 20 25 Trp Asn Trp Phe 35 30 Page 7

Gln Leu Leu Ser Ser Ile Met Gln Gln Gln
1 5 10
<210> 13

«<211> 10

<212> PRT

<213> Viral Entry Inhibitor Resistance Mutation

220>

<221> MISC _FEATURE
<222> (5)..(5)

<223> Where X= G or S
;220>

<221> MISC_FEATURE
<222> (7)..{(7)

<223> Where X= V or M
<400> 13

Gln Leu Leu Ser Xaa Ile ¥aa Gln Gln Gln

1 5 10
<210> 14

<211l> 10

<212> FPRT

<213> Viral Entry Inhibitor Resistance Mutation

Page 5
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<400> 14

Gln Leu Leu Ser Asp Ile Val Gln Gln Gln

1 5 10
<210> 15

<211> 10

<212> PRT

<213> Viral Entry Inhibitor Resistance Mutation
<220> |

<22i> MISC FEATURE

<222>  (5)..(5)

<223> Where X= G or D

<400> 15

Gln Leu Leu Ser Xaa Ile Val Gln Gln &ln

1 5 10
<216> 16

<211>= 36

<212 PRT

- <213> Fusion Inhibitor Peptide

<400> 16

Tyr Thr Ser Leu Ile His Ser Leu Ile Glu Glu Ser Gln Asn Gln Gl

n
1 5 10 15

Page 6
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Glu Lys Asn Glu Gln Glu Leu Leu Glu Leu Asp Lys Trp Ala Ser Le
u .
S 20 25 30

Trp Asn Trp Phe
35
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