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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.



ning of each regular issue of the PCT Gazette. N (54) Title: COWPOSI TI ONS
AND METHODS FOR EVALUATI NG VI RAL RECEPTCR/COhREgEP§CR UBQGE @ g | N-
H BI TORS OF VI RUS ENTRY USI NG RECOVBI NANT VI RUSZASERYETRFT 06 {3‘ 7) Abstract:
The invention provides a nmethod for identifying whether a conmpound inhibits
entry of WOA24¥383 nto a cell which ' '7 conprises: (apCObsoiswreig nucl ei c
acid encoding a viral envelope protein froma patient infected by the
virus; (b) co-transfecting into a first cell (i) the nucleic acid of step
(a), and (ii) a viral expression vector which lacks a nucleic acid encoding
an envel ope protein, and which conprises an indicator nucleic acid which
pr oduce r avft gl sverdailon such that the first cell produces vital
particles conprising the envel ope protein encoded by the nucleic acid
obtained fromthe patient; (c) contacting the viral particles produced in
step (blc¥bidimyisecandisekh objddie gfF edendavehtidie conmomnde wherein the
second cel| _expresses, a cell surface receptor to-which the virus binds;

(d) neas@Pitg t HERghbiifR oPhengRPLIPr odF8Y byt he "€BEBHRE cdit®in order to
determp A f I Vit f . the_vjnal,. i gkesi, 4ANd (&) conparing the
anount 0 S%%%ﬁ%ﬂjﬁggsﬁﬁé%‘ﬁﬁu§tgg {%ghkﬁﬁﬁggtﬁe aﬁ%%nt g signal produced in
t he absence of the conmpound, wherein a reduced anount of signal neasured

in the presence of . the congound i ndi cates that ng conpound, i nhibits entry
of the 2vEylhemnPBltte HebdRdiEENtioP4 1RV AFEV 15608 Y62 83

i
PCTI USQ Cfﬂfg ER ; I {RAL,
RECEPTd% %OJJR%% A%ég\% m}%S 031 e\%lvgﬁgé%@%ﬂUSI NG:L RECOVBI NANT
VI RUS ASSAYSpEhmaoghbntg dditisredpfilronad i vaxiatyr icdusopubds catd ditse ar e
referenced by author and date within the text. Full citations, for these
pUbI | ot GHEFCLER [GURELE | S6s CARpIEIBEEREal i 7P arCRREEHE D1 t he
speci fi i j L  pRe i hg clains. Al patents, patent
applicd%ﬁ%ﬁ%ﬂghgggg%g??%é?f%%sggﬁ%iékéég%éin, irhether supra or infra, are
hereby incorporated by reference it their entirety. The disclosures of
t hese publications it fheir entireties are hereg% incprﬁogated byr ef erence
into t MRCEH ICIELENOF ntBF JEIVeRG Tt FUIRYY dESc APoE*Phe"stdt e of the art
as k“PV‘(Fladé%:t hese akkh! ethddiepei ik ofst hapdate ot t heckpyeyion _
descri bed and cl ai nmed herein. Background of the Invention, Virus entry is
an att rgetiers -dewived getgrfegrt sapncodingenviedepengaees and about 10 drugs that
are designed to block virus attachnent or nenbrane fusion are currently
being evaluated in preclinical or clinical studies' (R chman, 1998;

PhRVA, 2 199%: Sshensan, tHO 9Piverfeivel aped-anprgidd ralspso-safe

vector that represents most of the HIV-1 viral genome, but

amancst avlt dfhlee

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.



attach to and enter the host cell via the interaction of viral proteins in
the virion nenbrane (envel ope proteins) and cell, surface p ins (virus
receptors). Receptor recognition and binding a%g ﬁga€3§8 %§b§he surface
envel ope protein. 24 Novenber 2005 WD 02/099383 -2 Summa of the invention
PCTI USO2 /18078 Accordingly, it is fan object of the invention to provide a
rapi d, sensitive phenotypic assay to neasure the susceptibility of a virus
to inhibitors of viral entry. A further object of the inventionis to

provi de Thesst rand r akheyecbpecsysinem blratagiviegdededwi thess paeséent es

contai ning viral . envelo roteins derived froma variety of sources and
t he idéﬁﬁ??“fﬁ?ﬁgﬁ'oﬁ Eggbg?!%%g f?ﬁﬁtﬁﬁﬁﬁP§$§%€FpﬁF ?eEE%P%V@?and_ are
per m ssiMifArsvieh@kyr 8pld Gath@n 1 nABokLheg1 phiecth %fomF?_@sédeF%f onis to
provi de an expression vector for viral envelope thalt 1s capable of

accept i mptadatingntugdeivedcidgrenrdirpcadivngadéneelrepepgepesteimot her obj ect
of the invention.i.s %e' ode bjo -safe vector that represents nost of
: o]

W PalPogens O}R%ﬁ? €a$¥i e YU s EOTEPBREEFCHENE in pl ace of

the HI V-1 Vviral* geno

the envelepea FegioOmeld (U thRY nobiect Lfidt Be Laventonahg to;f he
phenotypi ¢ assay which reduces the |ikelihood of form ng reconbinant
i nf ect i GuFikRY-$xpysgspewaditay whidly dhckx pr eswilenc etidoenthdtng carri es a

del etion i nscriptional, r | atory.region, (the 3' copy,of U3) of the
HIV--1 %Qngﬁg?iéﬁ%?ﬁgﬁgﬁbjégﬁ Hggﬁhéx?ﬁ%éﬁ?gdﬂlﬁggf%ﬁﬁ?b6¥ﬁigaﬁ assay
capabl e zefidi ¢deidh fpticafcants deH@I-FRPLO0s 1 RREPT QhbK OrHACRPLOE r4# OPi SM  whi ch

qui ckly and accurately identifies patients that are infected with strains
of a tr&flé RFedyses241 Nl @ApéicPOD T anp3iFhes ehendnoelge pbpeeis may be

ach! ovednBYald %" E38 uctdlLO Uk 8" Bl Ad™HIR! 2" LAR0LL] Vi g9 whether
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 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



inhibits entry of a virus into a cell which conprises: (a) obtaining

nucl eic acid encoding a viral envel ope protein frgma pati b i nfected by
the virus: (b) co-transfecting into a first ceff @f’ye grng@ ic acid of
step (a), and (ii) a viral expression vector which lacks a nucleic acid
encodi ng an envel ope protein, and3which 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 obtHiheeklflr sitrfaee paciephor ¢xprescedt byt ting ¢did \disr dloupdr bicl es
produced.in step ( wi.th a second cell in the presence of the conpound;
wher ei n T he Vlsrélgbng?l%%?kfy e%flgég-‘éjsnga Ice%r}s%gacfeec%eﬁe&tofoa%i ch the
virus bimslsig 66hndress uké ng dReugsmuntreefi &i gralhdrQdyced by the second
cell in order to determne the infectivity of the viral particles; and (e)
conparing the amount of signal neasured in step (d) with the anount of

si gnal pFoddeethsh aphectabséhee Bivephéor omyouidss waereétha r éduced anount
of signal i presenc f the.conpound indicates that the
comounglﬁeﬁ?g?%@deﬁ%%ﬂgf K ear%r}:llr%ﬁ’gyi 1} gllfjht sEEINd “'tefl YIFH® anot her

aspect, irhe iaveellonhpehvidepraseet hqd) f ebtaiden i hubngi @ geby surface
receptor which is bound by a virus wupon infection of a cell by the virus
whi ch cfsPrRses: a (Bralosngekear PrcEain phran @ estiwit hindeepedsky (i) a viral
nucl ei ¢ yaci g and (&) an.iodi r._nucleic agid whi produces a

det ect abl & s‘fqg]ﬁlgl'; (IPl:))) C‘(fj:bor’% gg%ife%ﬁggceﬁnltov\hal che¥pr&sses 'y EBFI surface

recept omuwilehctfieidviofaktpar 1d)G! esdl (@M si epifaa) expadsk i) veeasyring the
anount of detectable si %nal produced within the cell, wherein production
of the gRAI13FItH CatEsloic NRishisEodbUb By envhéope| prajgihacend ecept or

expressegd . el |, i ! he, virus, thereby identifying the cell
surface%?lég%ptkglﬁp%gesbea?lnglqbwggﬁgg%yk%ﬁleel\ﬁ ralfslduﬁ‘%‘ﬁcgnpéeglil%er? ot the cell.

| n anot hietcasqidet ,sifghelj ngaaki eRapr ohé desrsr neiNoGhdRiices dentif yi ng whet her
an antibody inhibits entry of a virus into a cell which conprises: (a)

obt ai ni REFhISS cCARI S1BACIdiengevatioral rRIPFeLbpensrdedi Y rohe a pati ent

infectedyRYeic 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 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



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

step (a), and (ii) a viral expression vector mggcgg%ae%ﬁ%ragﬂggl eic acid
[ (e

encodi ng an envel ope protein, and which conpr S nucl ei c
acid which produces a detectable signal, such that the first cell produces
viral particles conprising the enygl ope 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 Ygmsosecdndhceldckexpr assdsia celid semd@tiegr eseptemrelopanhi ch t he

virus binds; . (d suring the anmount of signal produced by the second.
cell in FB?‘%@F“I ogﬁ@%ﬁilnggw*ﬁf 8Bt TSR TeF PHelels ratd phith cl es; and

(e) comadanged he aa@%ﬁta@flesigi@ameasﬁwhedtm theP £d)seM Loy f he amount of
signal produced in the absence o he conpound, wherein a reduced anount

of signalrodeassir edrah pahwiplesermoepoisirige timd i kkodylomei pabesin hat t he

anti body inhibjts entry of the virus into the second cell. |In another
aspect , W@g?ﬁvéﬁt B3 B%%Jsﬁl(‘fesacédné’gﬁ%tp?dorfroﬂbtté‘rem%tﬁﬁn’éhsé%)pti bility of

a virus d@taceamgoound Maqhgaireb&fgst,_ Sorbdhidbd Cehl sBES I Yo oly, conprises: (a)

obt ai ni ng nucl eic acid encoding a viral envel ope protein froma patient

i nf ect edegpndhectkir is; s wesenamsbpéctiheg dampouadf i wheresl | thdi) the
nucl ei ¢ _aci ddof fée(g a), and ,(glé a viral )g%prﬁssion 24,|\fgvenber 2005 - 3b
vect or Vi EH* | deks EIMIETEP c “adtd” efibbt Ty i Bh0EI 6Be “Iprdt BN, and which
conpri sesrad bishsat Q) meekertnpcind Wabeh: BFf oduees .dehessable signal,

such that the first cell produces viral particles conprisingthe envel ope
pr ot ei nthensededl welihénnorde doacketevirs rtbd finbestivetgabiethe (c)

contactin he virt articles, produced in step (b) with a. second cell in
the pr eé’ég%é gfari:f’i‘giecsgrrpﬁﬁ%d,(e\)\hecfoé‘ipﬁrflﬁ% t§‘8coﬂ'§f‘)§§l I?gx[?ﬁ%%%]es a cell
surf acemegs&RIDrirt Osttd Cfa)t RA thVithyS aRbRES; of A1 JHRaS WrbRGcdde; amount of
signal produced by the second cell in order to determne the infectivity

of the therabsparei efesheanmpeyndonpheiaig theraduead afiowitgnaf neasured
in step w th the amoungt, of si r%:e |%rfodt ced in the ,absence of the

.d
corrpoung,ggl)\}\%lérI&??ﬁs%efjed]d%e?ean%ﬁ ¢ 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



signal measured in the presence of the conpound indicates that the virus
is susceptible to the conmpound. |In another aspect, the |nvention provides a
method for determining resistance of a virus té%aNegRPEERd<RAPCch inhibits
viral entry into a cell which conprises: (a) determning susceptibility of
a virus to a conpound descri bed _hgeei,_n, wherein a nucl eic 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 4 heompolm®i cthet d iehtlodisngvitel venaty envel apecpXrbt ehfich s obt ai ned
fromthe patient at a |later K second tinme; and (c) conparing the

suscept i BIEPES’  (RY FTHFRININ dtepduCariandctd)sedsarei AT atiecr ease in
susCepti Bl ach £BERLIoS48ANG: LhIPLLIGL cal eay eslatange opf the Virus
to the conpound. In another aspect, the 1 nvention ‘provides a nethod for

i dent i f yilreg varpat aiflornthen campourus t(hat obonfremg wesistansesicaazd Novenber
2005 - 3c conpound that inhibits viral entry into a cell which

conpri se¥? t%ﬁ) Cg@f' ¥ nit iy 49E TR EhscackiGuénidd HRIUERES GFi no aci d
sequencerf ahffo VAdiUS sREhMcd Qrapye treatiet Bf,st Jhiﬁoré{'gtlég \M(v}h the
conmpound; (b) obtaining 'a virus resistant to the conpound; (c) determ ning
t he nuclagidc {dti compegivgcehemucihec arino sagushseguenibe afinbhect@si st ant

virus fromstep (b); .and ( conparing the nucleic acid sequence or the
ami no adi§<8¢ eﬁ%esStcﬁpsstg%s ’g§ a7 ( 5eSBees pEEt vefy, 3S0 R to

i denti f)idbﬁ%iﬁ%t@{e' eltafidDenVLAIS,LRAL (ROPT &L S8SLSLANCGRCL O, t he
conpound. 24 venber 2005 WO 02/099383 -4 Brief Description o? t he

Dr awi ng$hPCToyga2¥18078 The file of this patent contains at |east one
drawing executed in color. Copies of this patent with color draw ng(s)
wi ||l be provided by the Patent and Trademark O fice upon request and
paynment of the necessary fee.



Figure 1A. Structure of envel ope expression and viral expression vectors.
The H V envel ope expression vector (pH Wenv) is_nodified to cept
envel ope sequences. that have been anplified frgg?gﬁgFﬁgﬁf 5P§ ma sanpl es-
The designations a/b and c/d, refer to restriction endonucl ease sites

posi ti oneWORROMPEE 5° and 3' end of the H V-1 envel opePGRVSHPHITRI n (gpl160).
The H'V expression vector (pH VI ucAU3) encodes all H'V proteins except

t he envel ope pol yprotein. A portion of the envel ope gene has been del eted
to accommpdate a indicator gene casgette, in this case, "Firefly
Luciferase"” that is used to nonitor the ability of the virus to replicate
in the presedeSeNriakssncsdr dhARkLeyyhdal drugs. The 3" U3 region has been
partially deleted to prevent transcription fromthe 5 LTR in infected
cells. Virus produced in this systemis [imted to a single round of
replication, Bigur e Bey0e! o fiased ROLLYASSAY DhUY, SUzeePbibiddd Y,
co-recept or troplsn1an5 vir &S Cheut Tl T Zati on t 88 Thg Are perTdrhed by
co-transf esdeicnged Hwstoler! W tbpidd Vesv @i pohMme AW th Thseidiost cel |
produces HV particles_that are pseudo-typed with HV 24 Novenber 2005 WO
021099383 drayipgff] | 321/ Pegrrovifed dye WwguRatedy dend vBuadersank he t est
virus or L ept Y/ . Gl de(-4B h) after
transfect?%%agﬁdu ?@nﬁﬁﬁ‘S¥;5#§fé§¥*%ﬁ§r§§t9%§|§§?%§%§?§e§%?éss H Vv
receptors (e.g. D4) and co-receptors (e.g.- C XCR4, CCR5). After infection
(-72 h) the target cells are lysed and luciferase activity is neasures'.

H V nust et dRoneStiusiivdeof of etiedoprsn ¢eREEESst anfly Tifadct t he
target host.__c¢ roduce luciferase activity. If the virus is unable
to enter Fﬁgr?g%%% r]‘5(;:£3ec{?-'lc’,gl‘uciferase 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
expr essi ofheyEdVopavelope expression vector (pHIUVenv) is modified to

accept envelope sequences. that have been amplified from
patient plasma samples. The designations a/b and c/d, refer
to restriction endonuclease sites positioned at the 5’ and
3’ end of the HIV-1 envelope polyprotein {(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 indicator geﬁe
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



H V envel ope sequences are anplified frompatient sanples and inserted

i nto expression vectors using restriction endoaﬁﬁhgase sitgﬁ §5' a/b and
3'c/d) Envelope transcription is driven by the“i JFaPEresarl gene
pronmoter of human cytonegalovirus (G V,V) . Envelope RNA is

pol yadenyW@&9%8%i ng an simian virus 40 (SV40  pol yadeeEUseenssm si gnal
sequence (A+). An intron |ocated between the CW pronoter and the HV
envel ope sequences is designed to-sacrease envel ope NMRNA | evels in
transfected cells. FL- express full-length envel ope proteins (gpl 20
gp4l) CT-o:fiiles RAUSheRe dEBlwekinFrogPiRe, tgp?l yitwaekbngpat funtC-t er mi nal
cytoplasmc tail dommin of gp4l+CT- express envelope proteins (gpl20,
gp4 contsEmWify aVésHst aprrtigesdefrRedeYpiEctedt oérégm' Bt Aft¥omai n gp120-

expr ess ins_derjved fr ie e j a const ant
pre-define ]n%%?[i?{%%%"a %’geprdes\ég %é, cig{n%%gﬁtf %r Mé- Q%inlggg%tagp%%%z% Novenber
2005 WO Q2ri098883tdrsPCE.gdS027k) 807 8ndl 0get herepticds gdlg .praxeras deri ved
fromthe patient. Figure 3A Co-receﬁ'{or Tropi sm Screeni ng Assay. .In this

figure, tdRSssapfits?pirfestisd ds7Aght bt dlarIrtneslis ofes cbysed ine

expresses g 5 « S1,Xs | aTh I presses CD4
and CXCRZPH%})I??%%’I]%%%X a%%%gﬂ%.lg%%gsgég%y ?{snf)té“p%%r Eng\lgﬁ%%/t?ﬁ?rg%ti ng cells
Wi th' a | arg@ednuibespliafatienonbi aardesdfnidy simides dewel vedgér dmatel | s
transfected with pH Venv and pH VI uc?U3 vectors. Tihe exanpl e shown

r epr esenteellhangd opere Biciderore (AGLVEEY matifebs Vi e 1Rl AP at e

I nfectio PeLd QL | G 11h€ 18RS LOCROLHIPE NG dhiglsndd. I N the
presence%o%f %glgﬁﬁu‘gﬁét %3?8%? eélaeirle'ntliﬂgﬁy- |enhicbi ts iﬁei ther RS ?ropi c (CCR _
i nhi bi t orphier sydtém opirc beCXERA tad rehidiuboe ) swsaapgd i 1Cbyr boegtory t ropi smi s
assessed by. conparing the anmount of |uciferase activit roduced in each

: p
cel | typdnPESiRorR: t KECEPERENEEarfP AFSERERTY of TAPLE™ (s 88T FTHIHR 3B for

interpre 901952858y results). Figure 3B. Determining co-receptor
tropismtnl%ﬁil ?Ells fi gure, the results of the assay are interpreted by

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



conparing the ability of each sanple virus to infect (produce |uciferase

activity) in cells expressing CD4/CCR5 (R5 cells) or cells ressing
CD4/ CXCR4 (X4 cells). The ability of a CCRS or 2ExBRHSTBREL2I0P ¢ o
specifically block "infection (inhibit luciferase activity) is also

eval uat edWOXd0%B%pi ¢  viruses (green panel s)- infect XACTES0REBOFUt not R5
cells. Infection of X4 cells is blocked by the CXCR4 inhibitor . RS 24
Novenber 2005 WO 02/ 099383 PCT/ USGZ-/ 18078 -7 tropic viruses (blue panels)

- infect R5 cells but not X4 cells. Infection of R5 cells is blocked by

t he CCRSogstilidy math Ooél nucspins odepidyeRSEInPRt Uheatyehntow panel s)-- infect
X4 and R5 cells. Infection of R5 cells is blocked by the CCRS inhibitor and
infection of X4 cells is blocked by the CXCR4 inhibitor. Non-viable
viruses (red panels)- do not replicate in either X4 or R5 cells. Figure
4A. Measuring Entry Inhibitor Susceptibility: Fusion Inhibitor. In this
figure, Figesrepid bi |da-yrecoptde Tropien $orudiiigr AFs2P. is denonstrated. 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 loglo scale). The

per cent tinki Dy tdi0fre0f tié ra%s_agepé | S EORbYa st iR det e ned by
conparing the anount of |uciferase produced in infected cells in. the
presenceorsf cBl20linet deprarsent Cf dniciCCBFaseoproidupedeilnl t heTheabsence of

T-20. RS i 4. tropi d | tropj i tested. Dr
Suscapt RBTER Go it Erpresran, CoA el Pl HREEES AN BRERUT of T 30
requi r eGrye0 akkBhY bid p@Q@on@édh‘biyr ﬂ:fé&ﬁhgcaéilcm Wik €59, 15ewWAuaseverti cal

dashed lines). Viruses wt ower |C5 val ues are nore susceptible to
T-20 t len neqombdnantt ity eiockes0eyavestrau 42e31s hspnsgectiett eri zed X4

tropic strain F:a\éﬁilé}g&?raérizd R5 t LC tr'n%} 005. 11: R5
tropic St ot A A f ufg NY'Ia—Fesffjf% Reégg?c%}%%n@ﬁ?e eclg’(%}]ce Reagent
Proogram BBht s FUHT 23absis Ak st tORILes EX4RREréSAnakesobiained fromthe
Nl H ARRRP. 92HT599.24 X4 tropic isolate obtained fromthe N H

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



24 Novenber 2005 WO 021099383 -8 ARRRP. PCT/ US0211 8078 Figure 4B.
Measuring Entry Inhibitor Susceptibility: Drug _Resistance Miutations. In
this figure, reduced susceptibility to the fusigf NPHRPBELorYP220 conferred
by specific drug resistance nutations in the gp4l envelope proteinis
denonst r aWOP2/099%883 | s expressing CD4, CCR5 and CXCR4 vermisopisetd ed in the
absence of T-20 and over a wi de _kange of T-20 concentrations (x-axis |ogl0
scale) . The percent inhibition of viral replication (-y-.axis)..-.was

det er i cbWi%%ri(muEh%a ot - n Qe Ul fIage pytr dicag in infected
cells in“the presence of --20 to the anobunt of l|uciferase produced in the

absenom=idfs. T- 2hfeksdgenicf VRF useslsornifai hiaakeghebpr theo G&fRCific

mut ations.i.n the 4] trapsnenbr apne envel ope protei n wer t est ed
( hi ghligHed Fn ngli FEPRES £ PR U 35ed‘8ﬁ‘&)“.‘-'g5r8 eﬁi%ce?m ity is

quant i firedcbys AL HE BLNGs ! har¢EBERM I3t R8NcePfs Tre?B10EMAM QA O i nhi bit
500 of viral replication (1050, shown as vertical dashed |i'nes). Viruses
Wit h |twerCOrRE5Anhibites ard imfeet $os ceptIblcelils Ts2Dlodkad i ruses with

hi gher | C50 val yes. .No nutatiqn (w | dtype sequence): G Si ngl e nutations:
av, OB Cép%f %%Oﬁnt ?ﬁ‘d’ﬁé?ﬁh‘ﬁ;r Ie@l? E—‘_i‘r{;el)]wsé" ‘g‘%.no':lveasuri ng Entry
I nhi biton sedeeephi &idHdy xaCoR®d Rlabistor In this figure, susceptibility to
a CCR5 i nhibitor (merck WO 02/099383 -9 conpound) is denonstrated. Cells
expressing C4 and CCR5 (R5 cells) were infected in the absence of the
CCR5 inhibitor and over a wi de range of CCR5 inhibitor concentrations
(x-axis 10gl0 scale). The percent inhibition of viral replication (y-axis)
was determ ned by conparing the anount of |uciferase produced in infected
cells in the presence of

Figure 4A. Measuring Entxyy Inhibitor Susceptibility: Fusion

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



CCR5 inhibitor to the amount of | uciferase produced in the absence of
CCRS inhibitor. R5 tropic, X4 tropic and dual tropic viruses were tested.
Drug susceptibility is quantified by deternini®#§ NREEEFLerP3ti on of CCR5
inhibitor required to inhibit 500 of viral replication (1CSO shown as
verti cal - w@e2/#9383 i nes). Viruses. wirh | ower |C50 val urcT/Bsee/18onor e
susceptible to the CCP= inhibitor than viruses with higher |1C50.val ues .
The X4 tropic virus did not infect the R5 cells. NL4-3: well-characterized
X4 tropic strain JRCSF: well-characgerized R5 tropic strain 92HT593. 1: Dual
tropic (X4R5) isol ate obtained fromthe NTH ARRRP. Fi gure 5B. Nbasurlng
Entry | nhighpipor Susceptibility: CXCR4 Inhibitor. In this figure,
susceptibility to a CXCR4 inhibitor (AVD3100) is denonstrated. Cells
expressing CD4 and CXCR4 (X4 ceIIs) mere infected in the absence of the

CXCR4 i ibitor n e ngﬁ Iyt ntrations
(x-axis Jcﬂ‘}rda s%a?% a8 H‘ggperce %g‘ b%t?rl on ocfe%l r§11 1Py I | c ion (y-axis)
was detem@gagdaﬁwéqaﬁﬁ@ﬁbﬁg_the anDunt of luciferase produced in infected
cells in the presence of CXCR4 inhibitor to the anmount of |uciferase

produced in the absence of CXCR4 inhibitor. RS tropic, X4 tropic and dual
tropic rusgs wer.e tested Ex g suscept.i bi y IS antified b

determ n#rhg%‘%h co%en‘tr atd on g CXERA r}i_’hl%i: ‘L' rg%i'llu re%lst S nhl bit 50i
of 24 Novembpit2P05r V0 02609838831 PAJy U%%c/l£8678dnl@ wégadtarepl i cation

(1C50 , shown as vertical dashed lines). -Viruses with |ower 1C50 values
are nore"RGaEEPES bie fthet P4 ICCREYeA9PEs RYit e Bt qsfwf@erﬂortwwdea |'s. NL4-3:

2flggﬁhg§%$§erl%§§E%§?qgtr(nm ?k% 4%5? Egggate o) taln P?ghft eREILrZEk%P

Fi gure 6abEkshéey dMiT-Dotod Sweeeptwidd irhyige FoSiT20I ebhbehiorathiuns fi gure.
denonstrates that the anplicons corresponding- -to the full Iength
envel ope (ZegtitfcaCai0c\coprPasm cThai Pegept ednhibition 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 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



envel ope sequence are generated. The | ane nunbers correspond to the
co-receptor tropi smshown next to each nunber on.the rjght_aof the gels.
Figure 7. Reduced Susceptibility: Fusion Inhibi?érNggﬁpng 5ﬁ8§s are shown
which indicate the results fromFACS (fluorescence activated cell sorting)
assays usM{P2aMB$podi es against either CCRS or CXCR4 PEHUMR1R8 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 binds
nost strongly with the cells which epr%és the corresponding co-receptor,
CXCR-4. Figure 8:-E try,IaBibitor Sugceptibilit - CCRS | nhi bitor

I nhibition | SERRRK ol FEWPREERRASPS: r atF T & Spipdptld 2nthi&doni st s.
24 Novenber 2005.W0 07/099383¢shdy BEVAHSORIAAAT8s FhOWcksdinkbihr

i nhi bitor susceptibility: CXCR4 | nhibitor Mp and am no acid sequence is
shown for a peptideenhiachwide mmgenhobHi CORS ofinhabibor bebweent wa tdiare

menbr ane and cel | nbrane._ Figure 10. |nhibition by. Co-Receptor

Ant agoni sts B GFE 11T 05RRS st andBE MREEEEBhs lﬁ?‘dm 19 of gty ng
Entry | nhi bi Q8 1Resl $68NER MR § 90 e k@i h84 lby - clupiirdRg! Phé bidfne?epti des
Tire invention'in its particular features can beconge nore apparent. from

t he fol |l ow ngpfdétai fedaske goridprednic dndiedbrddceli s tim totepeaeends afhe

i l.es. The. fpl]ow.ng d iption di th
moane and metdrgs ira BRERF B0 iR RECHREeh: LT HvEtARen RRRr e iy S e 1
phenot ypi ¢ aggagnkel afi 0erE 01ty i NGsangopYEl aka eptdyic idie udiag for

exanple to the present invention, HV-1 and entry. evaluating inhibitors
of and not &gomiki nvizuses iwdrebi testedo HI \Prug/j sagsceptibility is

gquantified by determining the concentration of CCR5 inhibitor

required to inhibit 50% of viral replication (IC50, shown as
ﬁertical-dashed lines).  Viruges wirth 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



24 Novenber 2005 WD 02/ 099383 -12 Detail ed Description of the Invention
PCTI US02/ 18078 This invention provides a nethod . for identifying whether a
conpound inhibits entry of a virus into a cell i Jpve ﬁﬁr?é@g: (a)
obt ai ni ng nucl eic acid encoding a viral envelope protein froma patient
infected WP ®RAY3B rus; (b) co-transfecting into a firBET/GWRUSYE ) t he
nucleic acid of step (a), and (ii) a viral expression vector which |acks a
nucl eic acid encodi ng an envel ope protein, :end which conprises an

i ndi cator nucleic acid which produt®&s a detectable signal, such that the
first cell produces-viral particles conprising. the envel ope protein
encoded Wiralherenliciagienadiidsobt Hhaved asf vemtinalpdecked ; 1ingslcont acting t he

viral pagticles prod ce% [ e b% with a second e## in ,the presence of
t he corrpa{’)%”(fesv\hert%i ELOV (3 E%SE%n&l((:‘S | FT RS SHECRPEAPIe STt 1A% receptor to

whi ch t hecrs BuBibi Pl ;thahd)yi FRGSU KLY Hikperatosntvalfues. gnahe |educed by the
second cell in order to determne the infectivity of the viral particles;
and (e) eapdar VAgushdidimintindpctigwaX4negadd®ed in step (d) with the
anmount si gnal, 4pr Nt absenc f sthe conpound, wherein a
reducedﬁéﬁﬁihf&b §%%%§?g%%5¥ﬁ?§é p?°:¥ﬁéﬂﬁﬁééence of the compound

i ndi cat gacg¢iatwdlle ceappoevett zddREbttspeNtatyradh the virus into the second
cell. In one enbodinent of this inventjion, the indicator nucleic acid
conpr i s83HEHP] ridi EPdr t§eReS [HREotRetaehiriiiaiend dromt iy ¥Hention, the
i ndi cat gene is a luciferase gene. In one enbodi ment of this invention,
the cell"surface receptor is CD4. In one enbodinent of this invention, the
cell surface receptor is a chenokine receptor. In one enbodinent of this
invention, the cell surface receptor is 24 Novenber 2005 WO 02/099383 -13
CXCR4 Bigwrrs$ . EperyUipbibitmyygusceptibility: 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 enbodi nent of this invention, the patient is infected wth the

H V-1 virus, a hepatitis virus (such as the HCY,or. HBV vi aé, or any
other virus. I'n one embodiment of this inventiof? FﬂgeﬁﬁﬁFeéﬁ cid of step
(a) conprises DNA encoding gpl20 and gp4l . In one enbodinent of this

i nvent i onWOORBINE3r al expression vector conprises H V HRUSSKE80zci 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
expression vector conprises DNA encodrhy-vif, vpr, tat, rev, vpu, and

nef. in one enbodinent of this invention, the first cell is a nmammlian
cell. in onerFeghodi frentEmfryt hhsibitentsuanept Hel Ineymatkare cEihibiscxr hunman
cell. In one enbodinent of this invention, the human cell is a human

enbryoni ¢ ki YABy2BE| ATLRN A5He EREBRAIRMES SHOFR| So7 R @TEtéAe whichuban
enbryoni c k|§$m§hﬁ§%ﬂt0&sog 2931 Ge et weln00e, oqugg%szﬁBglg &nyntlon,

the second ce I's a human T cell. 1n one enbodi nent I'S rnventi on,

t he second cehdmbrsmree.24 Novenber 2005 WO 02/099383 14 human T cel

| eukemi a cell line. PCTIUS02/18078 |In one enbodinment of this invention,
the second cell is a peripheral blood nononuclear cell. In one enbodi nent
of this invegihbne 101 $660PL: £l byl oiReodSIdOGtoRBLELL . 111" -One

enbodi ment of this invention, .the"astrogli'oma cell”1s a U387 cell. in one
enbodi ment of this invention, the second cell is a hunman osteosarconma
cell. In one_enbodient %f thjs invention, the human osteosarcoma cell is
an. HT4 cel|Figure 11. T20 Resistance Mutations

.Figqure 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.




in one enbodi ment of this invention, the conpound binds to the cel

surface receptor. In one enbodi ment of this invention, the conmpound is a
ligand of the cell surface receptor. In one enB8dNRERILEE £RAPS i nventi on,
t he conpound conprises an antibody. In one enbodi nent of this invention,

t he conpoW@d2i09Bi3bi t s nenbrane fusion. In one enbodi NEEW/USBE/1%0MS S

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

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

t he conpound binds the viral envelppe protein. This invention provides for
a nethod for nmaking a conposition which conprises. adm xi ng the conpound

i dent i fi gdeabVed M4 iNoverhor 2R05, V0024099383 PCTI US02 /18078 - 15

screening nethod (nmethod for 1dentitfying a conpound) described herein with
a carrier. In one enbodinent of this invention, the carrier is saline,

pol yet hy . f: sol ut i t.ar i.c sol vent.
The inve?ﬁ?gn%?f%ejilﬁg or lgéﬁefghﬁg%h%(ghr }ﬁézr%{%ie?‘ g?ﬁg&é&(@gﬂ%&gr ace
recept or aduipciunds boliicidsy antay usfuponvipfectingd od calgelwhivh the virus
whi ch conprises: (a),obtaining viral _particles which conprise (i) a vira
nucl ei ¢ &AWTE5ESEi i §3) aRPFRUFOG FUMRLCei 2HE T BRGRRERS pRod(ERL a

det ect ablg,,2hgpal proddiy CERbACL NG @reellribi &N (X REESSES, 8, Chl)l surface
receptor with the viral particlees fromstep (a)"; and c? measuring the
anount - ofccdétrectébteingi gl gpriddetedeniit Hih the vetleiaheriel rof producti on

of the signal indicates.the cell _surface receptor expressed by the cell is
bound by & &Y usah h(z.JrJe)by"L Vid&rht FF?F?@S%%V%EFP%HQ%&?%& or as being

or a Mt haa ot or ot (T har e B o T O 0 o Vi rus
into a celhprises an indicator nucleic acid which produces a
detectable signél, such that the first cell produces viral
particles comprising the envelope protein encoded kﬁr the
nucleic acid obtained from the patient; (c) contazcing the
viral part%cles 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) measﬁring 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



whi ch conprises: (a) obtaining nucleic acid encoding a viral envel ope
protein froma patient infected by the virus; (h) .co-transfecting into a
first cell (i) the nucleic acid of step (a), akd FPVEMREVi fEP expressi on
vector which | acks a nucleic acid encoding an envel ope protein, and which
conpri sesWAP2OMAcat or nucl ei c acid which produces a BeEMRAR signal ,
such that the first cell produces viral ©particles conprising the envel ope
protein encoded by the nucleic acididbtained fromthe patient; (c)
contacting the viral particles produced in step (b) with a second cell in
t be presentecraf orh€CRHIt i body, wherein. the second cell expresses a cell
surface receptor to which the virus binds; (d) neasuring the anmount of
signal produced by the second <cell in order to determne the infectivity
of the vickal I-ak &Sy COMRAL | e j asured
in step.(g? aﬁfﬁ%%ﬁgh§%%5§?g5$g§ignal 6?%8&%2% In #ﬁglg%sgﬁgga%ﬁﬁﬁbvenber
2005 WO 0241090388 PO USOI2ub80%8hers idfi st ieres nizownid aswhbeel@V o educed
anount of _signal asured in.the presence of the antibody indicates that
the antib VFﬁHgEit%réﬂp?ﬁtBFrtﬁ Yi'rus into the second cell. The
invention provides for a nethod for determning susceptibility of a virus
to a conmpound which inhibits viral cell entry which conprises: (a)

obt ai ni ngInuweicobadivente pdothbyg mventadn el spelerotasid PEosher pati ent
infected by the virus; )..co-transfecting in a first cell (i) the

nucl ei ¢ acﬁ% SPTEtep°T 6{31\,?}?551&0(1??? %P]\?:br ﬁflge%irlg'ssi on vector which |acks a
nucl ei ¢ acid encodi ng an envel ope protein, and which conprises an

i ndi cator nucleic acid which produces a detectable signal, such that the
first celInppagueakodiment farthid dnvesspensi RSt Hérahy eKBPRSPFBL ei n
encoded by _the_ nucleic i.d -obt ai ned-f;romthe patient; (c) 'contacting
the- vi ra%eﬁgﬁfi 8#@% lpsreosggiggdn}lgig Cega%(l ) with a second cell in the
presence of the conpound, wherein -the second cell expresses a cel
surface receptor to which the virus binds; (dé measuri ng the anmount of
signal prieluced Bybedinagdcord tied |inviengiger FHed¥EERM REPFRBSI®H ectivity

of the V'%%Etor 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



particles; and (e) conparing the amount of signal measured in step (d)
mﬁthdthedannunt of signal produced in the absengg'@of %ge cgaaﬁgnd, wher ei n
a reduced amount of signal nmeasured in the presénC8V&F the ound
indicates that the virus is susceptible to the conpound. The invention
provi des WOV for determ ning resistance of a vireess2/asezompound
which inhibits viral entry into a cell which conprises:(a) determ ning
ggscaﬁtlblllty of avirus to a coﬁﬁ%ﬁnd according to the nmethod of claim

: erejn a nucleic. acid encqoding a viral envel ope protein is obtained
froma palteat hicgl ﬁﬁgﬁeW+§n£éigb§lg%ternining susceptibility of the
V|rrs.to the conpound according to the method of claim33, wherein the
nucl ei ¢ g¢i 4, encodi g the ¥t enﬁg[ pr i Q] bt ained.fromthe
patient at afl ater sgbondotiréﬁsan cgggéngggi%8b§ﬂ§ é%%ge%%i ilities
det er ni neBe¥iPRERs Rlgpdanenqycleakefelh: a decrease in susceptibility at
t he I?ter second tinme indicates resistance 24 Novenber 2005 WO 02/ 099383
-17 of the virus to.the co nd. .PCTI USO2 /18078 The i.nyention_provides
for a metRod Por PRGHITEY 1Ty B oiPaT PR S TSN SE LEokPerE r esi st ance
to a conpastcbgtivme iceBilbits viral entry into a cell which conprises: (a)
determ ning the nucleic acid sequence or the amno acid sequence of the
virus prior t [ i : i ni
 ViTuS FespREaRTiITERE eI o et PR FEP L R B Bhci d
sequence @rugheceldni no acid sequence of the resistant virus fromstep (b);
and (d) conparing the nucleic acid sequence or the amno acid sequences
of stepﬁééa) gpgwég%é§reggggtégglya 526%§ toﬁaidentif% t%g%nutation in the
virus t (] PRE aPle et 1D FHERdRPound® FRCBHE €Rbbdifefit of this
i nvent i oMpurdie ddtdesagbbad nedli.n step (b) is the virus of .step (a) grown
in the presence of the conpound -until resistance is devel oped. |In one

enbodi ment of this invention, the virus obtained in
Iin one embodiment of this invention, the human osteosarcoma

cell is an HT4 céll.

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



step (b) is isolated froma patient which has been undergoi ng
with the conmpound. In a preferred enbodi nent, this invention ﬁrOVIdeS a

nmeans

~susceptibility of HHV-1 to virus entry inhibitors.
enbodi menW0 €289%383 nventi on al so provides
and reproduci bly neasuring H V-1 co-receptor tropism

and method for accurately and reprodu0|b?§ fegenPrhg<PHe

treat nent

I n anot her preferred
a nmeans and Pet/bissd/18008 accurately
in a preferred

embodi ment, this invention provides a means and nmethod for accurately and

reproduci bly measuring anti body

di ated neutralization of HV-1. 24

Novenber_ 2005. WO OZQgggg %nggé&BO /18Q§P§ﬁa%8 in a preferred, enbodi nent,

this |n§§ﬁF38ﬁn$urT%

FEthod® f STemOYEN er i ng,

opt i ni zidegcahded dievedat withkiagramniel. or new drugs that target various
defined and as yet undefined steps in the virus attachnent and entry

process, In a preferred enbodi nent, this 'invention further provides a
FBoraPe: st e

means arfdl Gh&t nénv%rb‘ﬂc?ﬂ'zﬁ]?& SAHTifharHRddRgiing H V-1

fope

vacci nepolgetinglens eybnidit,i v buffdheseetiian;) & hatatet gebrvani ous defined
and as %ggaﬁggg&hgggt steps in the virus attachnent and entry process.

preferre
I dentifying amno acid substitutions/ mutations

ment, ‘this invention provides a mean is and nethod for
in H V-1 envel ope proteins

In a

(9p41TMhear1dwgﬁ&261$L&>roth._ dHdrels meUBEEPELDI idér&titﬂgrm higbickons of virus

entry

d
o PRF Rt GeEpb ey STRE, TR houid by an¥ifts 2BeBt sxtesach MRy, "

envel ope ha&é o ¢MEu§ﬁenBryhnnh|bmeW1saﬁxscéﬁt|¢bﬂaun¢nglwmaqﬂreferred

enbodi

”BQI:néi’léé vﬁﬂ\é?lmcbglﬁrié@tmr PrAvEeRua1 e [BAUNS ANGhaTRYRGd for

determihing H V-1 envel gpé am no . acid substltutlons/nutatlons that are

frequent?”Fy”%ﬂﬁéf:%dm%etlﬁe?cmalw&‘&@hci‘?rqdr‘l“:@ﬁn%l‘#’&ﬁ‘%ﬁb ¢ i ¥dses t hat
exhi bi t(bal tesitetbtisigsacpséibivhity &prdstes ental)l isnRfbté Ofeeptor

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



In a preferred enbodi nent, this invention' provides a neans. and nethod

for identifying. amno acid substitutions/mutations in H V-1 envel ope
proteins (gp4l1TM and gpl20SU) that alter receptdr Ng¥eRBEFeddfPor tropi sm
24 Novenber 2005 WD 02/099383 PCTI1JS02 /18078 -19 In a preferred

enbodi menWO M98831 nventi on provides a neans and net haeCTeso2/apeznti fyi ng the
affect that specific nutations in H V-1 envel ope have receptor or
co-receptor tropism In a preferred enbodinment, this invention further
provides a neans and nethod for id&htifying H V-1 envel ope amino acid

substituti ni{nutations that are frequently observed, either alone or in
combi nat i Vn, then COMPRs  WRSTSEX IR Befucek@meust olbcRgmadomeaselrdr tropi sm
In a prefiaf reg erbsehidenit, thhi ant et iiadipsted desita th@asst g, net hod for
i denti fying. .am.no ' [ i ions. in H-W-1 envel ope proteins
(gp41T™M l%%‘ﬁ?ﬁ%ﬁ%%ﬂ%’aﬁ% %g%uggﬁ%t{g;tgg\% %%c 5t & l>1iéutral I zation. In a
preferred enbodi nent, this invention provides a neans and nethod for

quantifyrng t bevaidiest phatigpecifbe nut atdtoms  kbrH Yelespyel.Qpe have on
ant i body madlagag.ﬂetutr%l|zat|on.t in qaﬁref rred enp d%%pnt,_t IS invention
further providss a T HeShis®ahtF Hethod FIPTGETHTSE Mg lPvEe ¥ ope am no
acid substlilt uepbris whicht icompribes : arle) f rabqaéntihy obsdmied,a®id her al one
or in connatingna YDy rUSRS Jpla r@{@iﬁ”tffyﬂ”ab%giieﬁﬁdiﬁ?é Jirus
neutralization. in a preferred enbodinment, this invention further provides
a neans BIhdPReVREE t d D) dERT FFSRHERGHEGi 488¢ iatf igeé Fréduéht I5RS observed in
patient samrflkés wtidiES sthpt (ay £ apablie ofviratusxpldsaing thotd: I n a

eSOt s N B PO cR 0, NETE, 2000
Vi ruses m@éphr§qmp¥%ses an indicator nucleic acid which produces a '
detectable signal, such that the first cell produces viral
particles comprising the envelope protein =ncoded by the
nucleic atidhobtainedufrom the patient; (c¢) contacting the.
viral particles produced in step (b} with a second cell in
the presence of the compound, wherein the second cell
expresses a cell surface receptor to which the virus binds;
{d) measuring the amount of signal produced by the second
cell in order to determine the Infectivity of the viral
particles; and (e) comparing the amount of signal measured
in step (d) with the amount of signal produced in the absence
of the compound, wherein a reduced amount of signal measured
in the presence of the compound indicates that the virus is
susceptible to the compound.

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



CD4 binding for infection. In a preferred enbodi ment, this invention
further provides a nmeans and nethod for the |dent|f|cat|on of viruses that
do not require CD4 binding for infection. In a?fr8P&EFPE§TerBBai nent, this
invention also provides a neans and nmethod for identifying the incidence
of pati enwO02a¥3es that exhi bit CD4 i ndependent i nfecerécmuseisersa preferred
enbodi ment, this invention further provides a neans and. method for

i dentification of viruses that requi-re binding for infection. In a
preferred enbodi nent, this invention arst provi des a neans and net hod for

identifyi ng t € i.nci dencetof l8at| ent %{r ruses that exhibit CDB dependent
i nfection. e erHEd Fenb 0% SERPU hi s i nvention further provides the
means and rret hod for the identification of viruses that require the CXCR4

chenoki ne reggpt ormbérrto!rdw %@worc@ema&rﬁedreeeptmenlmghﬂ
ei ther CXCR4 or CCR5 bhind |n dual trop g fe Jnfection. In a referred

enbodi ment, R IR dh “lﬁ”tshéfnabr‘é Er’?'eg&ﬁ’é‘cﬁnﬂon%t feuPeigRd
identifying titeati deihdeties oirai remseg idthata ced wmﬂhe:dﬁ)ﬁ@ﬁ?éeeherrmor ne.

receptor bi ndée(q%ug]tlr;ﬁng@ﬁ} cﬁecri% i n% rgces%tqﬁ gr ngl ”gch er\‘f%otohe£01 CR4 or

CCR5 bi ndi ng tr for rafrecti-on a pre Fertod 50di e , this
i nvention furggmliensiodidddieg ViguRopeitiert@ 0y WOGENEDY388 HET| US0Rt 1807S

-21 nmeans andgied hgdafwmpdsjeﬂtl fiyi Nngpt Vritlg enweilz@eex@ew@axaﬁl@b the
substitutions /Wtu?\tjfs §F£ are fre gentl o serve ei ther _al qxge or in
conbi nat i on, G4 SRMTHRE (RS PP SSIPFBET 190 TOF vi r us
entry inhibi tarsoe @bidmma GCRbe r:&r»lrﬂ@aptmrusr dprenstegndb] ¢) amdt i body

medi cated vi ggs caﬁgsffﬁat;zeﬁéq@uczésrc 2R 8f ebbRdnesbadi POt amidy Sabayention
provides a neans s'entry inhibitor susceptibility

using vir e{)
to guide thEqFERGEENtCTf SEERE | (2) naddp Ekler HEFPERbOURRENt 5Ot FSs YRivent i on

further proviideRsitidy the mutation in the virus that confers resistance
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.



means , and. nethod- -far ---using virus entry inhiitor susceptibility to

guide the treatnent of patients failing antiretroviral drugotreatnent. I n

a preferred enbodi nent, this invention further pfoVPuesPethelfeans and
met hods for using virus entry inhibitor susceptibility to guide the

t r eat ment We¥029a838ent s- newly infected with H V-1. | n eCposstesoed
enbodi nent, this invention provides a neans and nethod for using H V-1
co-receptor tropismto guide the _{geatnment of HIV--1 or to guide the
treatment of patients failing antiretroviral drug treatnent. In a
preferred E i TRRY, editicl bR N QN (EUELDES, ROV Sorbhfad®ans and net ho
for using RIV-1 co-receptor tropismto guide the treatnent of patients
new y i nieoied wnth kie¥hbd | ifaxr préfsvovedisgbodigenizihgs iandnti on
further provides,a neans, and nethod for neasuring anti bag%( nmedi at ed 24

Nov enberC S tHE H190 89888 BCRPUSHD IS s taggehotaTigurs ettt HIV-1 to

moni tor the aisnng&%na%rf%e&tée/@ps 3Rt L RO e S RO @R QWi Nghasdcci nation. 1 n
a preferred enbodinent, this invention further provides a neans and net hod

for measwragegsanti body nmedi ated neutralization of HV-1 to nonitor the
initial therapeutic antibody response follow ng vaccination. In a
preferred enbodinent,- this invention further provides a neans and net hod
for meagyri NG Stir-bgdymuidnahed tieutihgbhZadd o @hell Yrdvoyes dinme to
nmonitor the durability of a protective antibody response follow ng

vacci natmezgms | nand pr eesheéd dvyodi dbseoverhing, i naaitirdsifigr t lerd provi des a

t hod. f [ ti body, nedi at ed tralizati f HV-1
Lo devel B it SopEH i 26 Wadci NAFFORES pr [R50 PEURBLNI B ¢ 1A i i ze

vacci natiyRRpeteny tAe talyedbihiions BorimxaERhcas iyt hadeasedf H V-1, the
SU protein ( gpl20-SU) is tightly associated with the transnmenbrane

envel opeterst ennthe gpapsTRFtabbmenthener snEhe BoMssSx to the virus nenbr ane.

In a preferred emhodiment, this invention provides a means
and methoed 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.



suscept i@ meyhodrferel deni By 1Rg| I 254S 5P

The envel ope proteins gpl20 and gp4l are derived by cleavage of gpl60, the
uncl eaved precursor product of the envel ope geg&ﬁ The ind%ggiof HV-1to
its cellular receptor (CD4) and co-receptor (effh&pY To CR4)
pronotes conformational changes in the TMprotein resulting in the fusion
of the vi¥00#3¥el | ul ar nenbrane and entry of the viPOFUBRMNBITBNtO t he
cytopl asm (Retroviruses, 1997). Although the new H'V entry inhibitors
target either viral envelope prot®lns (gpl 20/ gp4l) or host proteins (CM4,
CCR5, CXCR4), the majority of resistance-associated nutations in HV-1 are
24 Novenber 2005 WD 02/099383 PCTI US0O2 /18078 -23 expected to be located in
the viral en : . ne i V] 1 gh lve is to
shift cggr%Cé%%gg§r%fﬁ%§§§%ﬁ%ﬁg'E%?%%Kﬁ+5%%%¥g %%%§?§?€ﬂg %eﬁﬁgel cl ass of
anti- refdvictdol fhrugsantaifyihherlpotadfboal tHarr speodfi @ctututtipnsagai nst
current multi-drug resistant H V-1 variants is high. Anong the class of

pot ent i din WIVall eRVelons derer 5P G SoRO-TRERRFiForgopism.
r-eceptor/co--receptor antagoni sts and vacci nes. Nonet hel ess, inhibitors of
viral entry are likely to generate drug resistant viruses (through

mut at i ofn of grefeeneel apmdigente) , thirudnoenploe aiuimpepaprent deseat nent

simlar to that @observed for_protease inhibitor (PRI) and reyerse

t r anscr isEase and mehbed t Y (RERFiEYeaE nBRY - GOVEILYPS| ATERRL ASIEDA appr oval

of any NeWAtHget Gl i aeksnd il BOLIHrdiche1y SMdRIAC EKRbYati on of
resi stancé data. need for a 'diagnostlc asSay that measures

suscept iddidniet Vo1t G rericipindt dekerin hasruseen thatusshibilt | AXCRe oase of the
fusion inhibitor T-20. Viruses exhibiting reduced susceptibility to T-20
have beé&¢REeporreacRitettfRs88ge in vitro in the presence of the drug. At
this time, convenient phenotypic assays that are capable of neasuring
susceptibility to drugs that block viral entry are not avail able.
Consequedt & yprohystai anbodiihénspothbe fraced ivnt proédehakl magesof tail oring

therapy in the absence_of the tools nece sa&¥.to addr%;s drug
A e LeRF/ATEAy Hons

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



measures susceptibility to drugs that inhibit viral entry fron1infected
patients would be extrenely val uable. For exaanﬁD recent vg Heal t h
Organi zation estimates indicate that worl dw de NeV il I i on peopl e
are infected with HV-1, the causative agent for the AIDS pandem c.
Near |y on®Of{09%3%n people are infected in the 24 NovenPeRUSROH7SNO 02/ 099383
PCTI USO2 /18078 -24 United States and 300,000 are currently receiving
anti-viral therapy (CDC, 1999; 1999). Conbating Al DS has becone the
common goal of an unprecedented ef ort of governnental agenci es, acadenic
Iaboratorles har ut /b| og ndustr Fourt een
anti-vi raes d?% smeﬁ:g‘ﬁ/od %een‘hL ep% \}58 tqne%g glf‘realfergeuﬁ[yr Cof HIV-1
InfeCtIQﬁm-blnﬁlﬁ@ﬂ@ﬁﬂhafegtléﬂ_ 2000) and nore than 20 additional drugs
are currently being evaluated in clinical trials. (PHRVA 1999). -The
approved drugs inhibit HV-1- replication by interfering with the enzymatic
activities of se (PR S 0 RT) . PR
i nhi bi tof < €5ﬁfg§£é}gl (ﬁﬁgéﬁ%l%r&&é% ?orénngct\il%(%ln%bl%‘Eﬁ §a§r&%l%(s)e1%e%ns t hat

.are. neeessany-metinsd idrushenfiaeht ilicatasd_of replusad ivae @il e RT
|nh|b|tors (RTI's) block the virus from copying its genetic material. Due
to sub- &pti HeAUG SRdy binding ity PRESCLEGTH RTIs are nost often used in
conbination to suppress viral replication (Carpenter et al., 2000). Wat
is desired, therefore, is to provide a rapid, accurate- safe viral assay
capabl erofa eypéimtriaty) erdddimaat acthys t ynwdntioh kiltser prefridesak attachment
and entry (including fusion, receptor and co-receptor |nh|b|tors) 34.
receptoﬂﬁé@sréE%pW%Fh%@r%ﬂrt¥4ﬂﬂﬁ§ﬁyﬂ%9f%k?I+Q%&QﬁnQﬂrQﬁ RAEERL| nhi bi t or

drug de e dr. ceptibility of patient
%P%‘ll nh.*f) AR o aclgia@ Ofert flé@twl

Vi ruses Itors o t an ntry; and 36. viral neutralizing
activity generated in response to 24 hbvenber 2005

In a preferred embodiment, this invention further provides a
means and. method for identification of wiruses thalt requizre

¢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



WO 02/ 099383 PCT/ U502118078 -25 vaccination using viral envel ope protein
antigens. The nethods of this invention can be ysed for_any_viral disease
that may be responsive to a viral entry inhibitéﬁ E\ §¥3ogﬁti-viral
drug susceptibility and resistance to a viral entry inhibitor is a concern
i ncl udi ngWOB9%8%anpl e, including, but not limited toPOTABN2/1IBEAL Vi ruses
(e.g. HV- 2), other retroviruses (e.g. HILV-1 and 2), hepadnaviruses-
(e.g.. human hepatitis B virus), thaviviruses (e.g. human hepatitis C
virus) and herpesviruses (e.g. human cytonegalovirus) . .Entry. bl ockers

consti t Ukdynd 410 Qlet@bds 8opf ideritfying’ BIV01 Mivalope GRMYS, saRE the
potential for broad activity against current nulti-drug resistant H V--1

var i ant ssubstiitgit ioppbmif athene | ted agk Poremmtdy obsetvesht ejtbeockers are
fusion inhibitors receptor/co-receptor antagonists d ccines. Fusion

| nhi bi t S o FodRdEGeT ﬁ8ﬂ*f%188ﬁ§§??t§ gxﬂﬁﬁ?Bi%Htﬁé'eES f or mat i ona
change Cgus%td_%iﬂgﬁﬁt@ﬂ Vig%is08nt AP HHiQiSors A Bo PR IgEhibREors of HI V-1
replication. Although their activity has been denonstrated both in cel

cul t ur e sySemePtogndtHpris.i nfedt et pattindibedy Wietlitatald | vi®e8; Judice et
al ., 1997;tKiIb% et al., 1998), no fusion inhibitor has yet been approved
for theIF%%éﬁ%é £ 6P"H V-1 infection in the 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 Imh&bpPrefsrresienboddmentt ebhif \Auvenis op4 pevadber a2065n%0 02/ 099383
PCTI US02 /,180 =26 interacted with its .receptors, eff.orts _are in progress
to dev@ﬁgpmgggag:&ﬁéﬁspP%vgﬁﬁuﬁﬂﬁg?fyf%Qﬁﬁ|#%E£r%%???ﬁf%§#%%t © or either
of its igiader thei paéateRnieegphovsy, The ability of such reagents to inhibit
H V-1 infection has been

In a preferred embodiment, this invention further provides- a-

meang  .and. method. for ...using.- virus entry -inhibitér-

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



denonstrated in cell culture systens and ani mal nodels. Lead conpounds
targeting either gpl20, CD4, the CCR5 co-receptqr used. by g%%rophage
1

tropic viruses (R5), or the CXCR4' -co- receptor “4sBaVEPLFIc&lPt r opi ¢
viruses (X4) have been- identified (Allaway et al., 1993; Reinmann et al.,
1995; BabWO®09%9383 , 1999; Bridger et al., 1999). CurretuA8p2/18888 cO-r ecept or
ant agoni sts are approved for the -treatnent .of H V-1 i nfeocion --in the

U.S. Drugs within these. «classes, such as PRO 542 (Progenics Inc., USA),
5a8 (Tanox, USA), TAK-779 (Taked&2-nc., Japan), and AVD- 3100 ( Anor ned
Inc., Canada), are the subjects of preclinical or early stage clinical

i nvest i gatkpasizdterefol ¢jIVanl assapniapabibe oinitidehtpforiengiard det er m ni ng
receptor/co-receptor tropism . which quickhy and accurately identifies

pati ent §thla?dlér€esRQﬂS€cEEilwit‘W JRFSHR_ Y a tropic virus (e.g. HIV-1),
would facilitate viral entry inhibitor drug design and treatnent. Vacci nes
Vacci nes have al so proven to be an effective strategy in the fight against
pat hogemi & pirederred esthodhsentn Hiwiansnvemidions dusthér vspiidescandi dates to
prevent HI V-1 infection are in clinical _devel op t. The .envel ope proteins
gpl120 aR&2§p4l am%re“@ﬁ%p%DsFOBva%ﬁ§u5éﬂaidé?%%ggﬁythgm &ﬁ?e search for

an H Vi1 vage fgy s ANGaaRy - of £ b heordide tactenencangi dalasdeutiel i ni cal
eval uation are envel ope-based (PhRVA, 1999) It is generally thought that

an ef f eahtieodnved sppmseatol hewimgy vaekivktiohe generati on of neutralizing
anti bodi és that bl ock 24 Novenber 2005 -WO 02/099383 PCT/ USC2118078 -27
viral infection (Mascola et al., 2000), Therefore, a sensitive

hi gh-t i pugRpEEe ASS@riBatnmé@ | *BhY MRAsM &S ithethet fprayieel asuch
neutral 1 zing anti bodi es and does not require prolonged cultivation of

virus i seangentdnd newsdeliod Suéhran messyngoulartsbgayf i deastiaFesi d the search
for an effectjyve .ALDS.v ihe. This iIs_ parti.cula . i dering that
Iate-st&ﬁ%t%ﬁi%ﬁﬁﬁﬁontPfaﬁg&éhéﬁr at%mFaﬁgém%gtggngh%d%%%g?ﬂgﬁgsnunbering in
the thoysandsyoidiGeenaut [Bbdy irt@poaBti boll @ mheoukdingtsment successf ul
i nfection of target ‘
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



cells, a envel ope receptor assay would be beneficial to serve as a virus
neutralization assay. -Unfortunately,,. nost-of these, drug-conbinations
are effective-: for only a linited time in | argé Pavemgae £8%he energence
of . drug resistant -viruses. The |lack of proofreading functions inherent
to RT andwidNopedsynerise |11, coupled with high |evel, perusnagrone
replication allows viruses such as H V-1 to nutate readily (Coffin,

1995).. This high nutation frqugggy contributes to the ability of H V-1
to evade successful long-termdrtg therapy, resulting in viral |oad

rebound. Resi stance-associ ated tati ons i |1 of the_1 roved drugs
as wel Ie’&%ectt(‘?%ngﬁ@‘? ?1]\?5& Fgaf'floﬂ]zef vclgr?‘goﬁ%gsfo ave Heel 'lglésgl??bed ( Schi nazi
at al.,14999) . wPNeLauaiY | Might Uy vl Uk resi shaft HoVrkceptbants pose an
increasing “problemin the care of infected patients. To achieve |ong- term

clini caltPemetion. Bty blikeys| eonsrisorecd NONG3ecHreRyLL EREL - maxi mal |y
suppress viral replication and,avoid the_dr i ient's. virus
i s-resirsef%?‘rﬁvj(rﬂllﬂ-ls%mﬂfooﬁn‘%o% £ tpeoﬁtﬁngé?gt illk'g’?l:s %%%%(@rgl%gggggrug

resi st ange f@stardiat neahi-grigedphysisl Mv-iLnvael £edd ig bighoost effective
drugs dgainst the patient's virus. The need for resistance testing has .
been affmomeedhenclassedf gotertiadeyirrbrntiy PHPek¢DHAEEe I¥sfB%enber 2005 WO

02/ 099383 PCT/ US02 /18078 28 2000 ' st tests b
ot 1 neh 3P SR R TRt R TP URACT T SAPURL heR | KT & = SARER51 1 bi 61 Ly Tests

can al so assist in the devel opnent of -new drugs that target resistant
viruses. A recent FDA advisory comrttee (Novenber 7.999) recomrended that
r esi st Hosethalstsisngipeihigedsi alt heraldepervprent 681Yev? &RASX@Fal drugs for

H V-1. | .St i.es--h ' h f
ant 1 vi (O (P SEEp L BTPEEy . (EBaPy PR TECTE Rhal Jae o TSP rons in the

underlxgéﬂb)QUnggtEgﬁp§g@agﬂngxpaaﬁegeneiggumentamdndﬂhenmb thaacorrel ate
these rutations with drug resistance  (Rodriguez-Rosado et al., 1999;
Schi nazbsstrvgid, 1099) ProvRaas , imeibidiogti ofhilp, bBRReeFSY§ERGt ype- and

EEgggmt}/lpaeﬂs_c_rii%t_asgO.:Lngl'la.%t%rp (ril{%t.[)e%%!eétymérm e efed, and fbhe results of
FDA approval of any new drug that blocks viral entry will
require the evaluation of resistance data. The need for a
diagnostic assay that measures susceptibility to entry
blockers has been documented in the case of the fusion
inhibitor T-20. Viruses exhibiting reduced susceptibility .
to T-20 have been reported after passage in vitro in the
presence of the drug. At this time, convenient phenotypic
assays that are capable of measuring susceptibility to drugs
that block vifal entry are not available. Consequently
physicians will soon be faced'with the challenge of tailoring
therapy in the absence of the tools necessary to address drug
susceptibility. Therefore, a reliable assay that accurately
measures susceptibility to drugs that inhibit 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



-tests are not quantitative. The use of genotypic drug susceptibility data
requires interpretation either by experts (Baxter -et al., 1999) or
conputer algorithms and are not al ways predi ct i®te NOVerPEEt rERP out cone
(Piketty et al., 1999). Phenotypic drug susceptibility assays directly
measure aMPPIBBEIify the ability of viruses to replicaceuswishie presence
of drug. Early phenotypic tests required prolonged virus cultivation and
consequently were slow, |abor intensive, and not easily automated for high
t hroughput (Japour et al., 1993)-24As a result, these early phenotypic
tests were considered inpractical for patient nmanagenent. The

- devel opmitedoftaes @ridnane . AA0 ave aowapatiBhrecmidrivgl aotH;virkd97; Hert ogs

et al., _1998). sj ifiLed. n ic testin i.ncreased throughput.
However ,t%’grﬁ% ot%’ségggh%eg%gﬁt‘he_ %&a&&ggya/‘gfb% has gﬁﬁ?r?’ﬁ/ §r naround tine
of 4-8 weeken Mps£l becaﬁlm?f&féaaht@@n@f\fbws FESSg¥seamaleen devel oped
and 24 Novenber 2005 WD 021099383 PCT/ US02 /18078 "-29 others that are

capabl eagfenr@ehslri ng driRfeuseept i babergtoddeisng a simdl e robed of
replication (Zennou et .al...1998; .Petropoul et al., 200Q), .resulting in
a dramafl rrrnéc u%nrfll%anl} qlﬁk?ﬁl?rhoglrc’@ynanﬁ?%g 0 ggféﬁﬁ?sé.ntﬁaﬁl&ﬁtls failing
anti - rakig¥i hatet besRMpriarelepelite fimMpRenREYPhEnASSANEV-BUCh assays
are attractive tools for patient managenent because they provide- a direct
and rapiofaehseRe Graxpenger. stisc&pti bi 2999). . affe -Hwesay Wfan hi2§ i nventi on
can be | 0 vj.ral. . inf Lons arising frominfections due to

ot her v%ggggé\éﬁ%mlt#ﬂ%st haegrge CPE%?WS bz?sl %F‘Ikrg!dlslg%?éra o ic%leéﬁagns ari sing
.troin. t¥iauSegPHRMA, otilhep) . . ViTha -apprbaetll i@sgs! momedit imyv-1; the- drug-
susceptibility and resistance test of this' invention' is useful for

scr eeni AgPHHratEisHp S datepfeniag Witk atheliaeygasics setiificliest ®ére is no

currentLy vl baBLe.LOCBRY - oINGILIUC! UbEns LS LU GeANd ggRetic el ements
of the viruses Ich could be fésted in the drug susceptibility and
resi st apgridbBsdrof (ERIs) i Mierki othawprdpbe kiwwmattienonef ofviral
proteins that ..are necessary. - for wvirus infection- and-.
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



ordinary skill in the art. It is useful to the practice of this invention,
for exanple, to understand the life cycle of a retrovirus,zas wel |l as the
viral genes required for retrovirus rescue and?fnPe¥EmeELy2URatrovirally

~infected cells shed a nmenbrane virus containing a diploid RNA genone. The

virus, stwoessss h an envel ope gl ycoprotein (which secvasotedet erm ne
the host range of infectivity), attaches to a cellular xeceptor in the

pl asma menbrane of _ the cell-to_ gg i nfected. After receptor binding, the
virus is internalized and uncoai®d as it passes through the cytoplasm of
t he host cell.vgitiggtfwlits ey, tg t he fucleus or, in the nucleus, the
reverse transcliptase ol Setfes Fadi FBNE 7RF O S4NGUELSEIS 2005 WO

02/ 099383 PCTI [ TS02118078 -30 viral core drive the synthesis of the
doubl e-stranded DNA provirus, a synthesis that is prinmed by the binding of
a t RNAThenplegbgies ©f tHdsgenvencionr genRia T¥wsl dbeml engt vamddd DNA

provirus, i S _su quent integrated in the genqone of the host . cell, where
it can-é&ﬁg?geagﬁéitﬁa n%%rf?ﬁqo ﬁéyeikﬁnﬁlX%Eéﬁhﬁﬁ%rgo%ﬂh+ﬁﬁﬁ3§ @ﬁéoqing viral
prot ei Ngheaied iti-GArGENQAFG RNBcepthb£hi W | inderpackagrd ivtoaviral core
particles. On their way out. of the infected cell, core particles nove

t hr oughvitee eyrophababiten tisclh contheni he¢bediofy .t Hompleasmaleenbr ane of the

new y i.nfect.ed cell d -bud King,wi.th themtracts, of rane

Cont i g cERas: Par e Aebibet i aroBs JPyESEI SR, <gne B oauct . Thi s
cycle ofy i nfteeld eorrbeVeiSE: 1(aRSChrivLlONand i)r,ar}&fcgadatavwasesﬂansl ation, -
v-i.riior assenbly, . and- budding- repeats itself over and over again as

i nf ectiGngsprioams Menabitisgl BRNAraad, fdagivésuses tRedprbuivral DNA encode

several_ci s- i ng-el that. are vital. to the successful _conpletion of
the vi PEPRiREey e THEOT (| SRR e Bhe VIS d - pr BHBER ar its 3
end. Rephtbgath¥evaerpbatics place the viral pronoter at the 5 end of the

proviral genome as the genone is reverse. transcribed. Just 31 to the _5
retroviral LTR lies the viral packaging site. The retroviral Ilifecycle

requi res the praseace. atbovLial Ly gsededdd aeasting taghers,. The
viral - —dependent pol yherase
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



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

is vital tothe viral life cycle inthat it is_résponsible_faor the
conversion of the genomic.RNA to the integrativ¢éd NREEFRES 408°pr oviral
DNA. . The. viral - envelope glycoprotein, env,. is required for viral

attachmenWQ /08938 uni nfected cell and for viral spreapcT/i$weusrare al so
transcriptional trans-activating factors, so called transactivators, that
can serve to nodul ate the |level of 24 Novenber 2005 WD 021099383 PCT/ US02
/18078 -31 transcription of the rRéegrated parental provirus. Typically,
replication-conpetent (non-defective) viruses are self- contained in that
t hey entwderatiedfwithedbst ransptamts neffoattonse Theprodetestioe

counterparts are not  se]f-contai In the case of, a DNA virus, such as a
hepadna Y%i?p r§?‘3+m§’%%veirﬁe?ﬁe'&f” & ?W’P el“%r‘?ﬁaﬁ%"ﬁg %s&?tgqui red for
infectign ds-pisebul idp tnqble?rﬂ&ﬁgdlc@o-ﬁcép%aﬁsi NVeRY iz9A1itheos process of

HBV entry has not been we defined. Replication .of HBV uses an RNA
i nter meglicit e reapénttse. Hon timhibAtectd¥-lcelihfedts éir shast epeém replication

is the conversion.of th asymetric relaxed cirgle (rc- ) to
Coval erfiPiaesd in krrh SLERRR, SYgtenerRgg cninth R 483 T ch occur s
t Ni t hi nedejsbur@echabseding BieaeedgdiMer cpel | She idee® vesreegpteti on of the

DNA positive-strand synthesis and ligation of the DNA ends. In the second
step, tumedcePNAatecphegasErPbed Mirudes hoRd) RN Pt yERERSecPo generate a

3.5 kB RNA tenpl at e, (the pregenone)..  This. preg i.S_complexed with
prot ei FIFERAE VIFES %greﬁcegllﬁe FHRAE SY%]E)U|eﬁvoﬁggget%gesy%?%§'si s of the
first negatirvesesEl strand hyseppyd@gnbher pEgenewisG Biausing the
virally encoded P protein reverse transcriptase The P protein also serves
as the gfi rids stlP8Ad BINAgSET REralFi nl9% - 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 oligoner of viral RNA as

pri mer curA&er PF eoRNAB rabsptbr anscdddigstaRlAe hpproted naper tiéruct ur al

core pHgLQQQ%thtggl.J%:%ngnggggyggﬁin-the U.S8. 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 virue (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



37) Construction of an _ ExpressionVecto for a Viral nveJone Protein That
-1s Ccce tiny Patient 24 Novenber 2005 WO 02/099383 PCTI USQ2/ 18078 - 32
eriv Segments- Encodin the Envel ope Protein. |R4oNevERB&di rEAP, an

envel ope expression vector capable of expressing H V-1 envel ope proteins
in transfwotoedsssl | s was constructed. Simlar expressponuseaswgs have been
described, including a plasm d (pAnphoEnv) constructed to express
anmphotropic nmurine |eukem a virugs(A- MV) envel ope protein as described
in US. Patent No. 5,837,464 and (Petropoulos et al., 2000). The

PATPOERY; ECk R cLE 8n  NEiakBBEL! ale LA | va08ene PTeRBI oA, hyman
cytonegal ovirus (.CW) and the SV40 polyadenlyation signal sequence to
pr oduc esérMM venvdlghp e hroRilouitn assaps teat edetidllsy rEkeupArphhEnv plasmid is

nodi fied_ _by deleting the A-NLV envel ope gene _and introducinng -
restri c?#%ﬁ%é’?fz?ﬁes‘tq%e&\%bﬁa@zﬁﬁg qwogags deepneet (5eSERoNn of viral

envel Opﬁrglro@a@zeg/&aléme/% IO Ay & %’ﬂﬁeg?iyi QLALES, shdphags HIV-1. In

the case of, "HIV-1, the envel ope open ré&ading frane spans approxi mately
2,600 ammdveatowdds siphidncodieky tdiel arheelsepecholfppr eieieffegpi@. The. gpl b0
polyprotein is cleaved by a cellular furin-1ike rotease to Eroduce t wo
subuni t&P%7AC15fd g%ﬂé 1’F|I1'\’f"-‘r1tlcé1r]|9‘ér§5p1ér‘é§<'pr irriBgt 56h&tcan be

const ructed diB st agesi fiall 0l {08 s (adndRlAE NO1hh& A MiY; FRvel o ucl ences
fromthe Envel Ope Expression Vector (pAmphoEnv w t"a Miltiple C oning

Site Pgiopulakéondheurbetivicenvetiopehouskeds . acthoeqeencediannge del et ed
from the restrict ne, di gestion. The digested

hoE t b i
vect or a(?&rjrb% q}fgéocﬁ%é‘é -;rxforrfé(ﬁ}llliy SPFE)%??‘LO"?r'Pt gﬂgé’cm et oFPg8Rkc! eot i de

pol yl i ndan scontaivilnge! siteptdirOii€say) RbEIAMe HRSEF 1D Sikese(a, b, ¢, d)
for insertion of 24 venber 2005
as a virus neutralization assay.

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,



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 can 4fe Noy&Moefi €8 %nd
confirmed by restriction mappi ng and DNA sequencing, respectively. The

i nt roduct WeH28P93841 ti pl e uni que cloning sites into theCWEsIRASI7EaN
facilitate the insertion of HV-1 envel ope sequences. Restriction sites
wi thin the polylinker can be chod®n based on their infrequent occurrence
in HV-1 ?nvel ope sequences (LANL HI V-1 database, ww.lanl.gov). This
vect or 49! pe TREPEISEY NP0 tHRE progistRace Ukrttisomal rbytbhelhaisqdCX vect or can
be demypshy hseht i e gen i.ndi.cat or_ nycl ei ¢ acid,
such as fi rg%lggt%iﬂ?gfgsjé%ci%ﬁ?oggﬁ%%{tspcxﬁﬁ%{ |tpl?°é‘ctfif:%n§€ffg:ssi te--and

neasur icxy alsei gemistf ianthe hdevdlngineat 06f M arbgaCiEaOrcdRRRrter gene
activity iin_transfected cells.- As used herein, "indicator nucleic acid"
r ef er s TE6LEEATE I BTUS5E; 0P SFRGINEPA VEERT Y, CIIA toeeR Movanbaict ur e- t hat
ei t her jdiggct u i gi L to nmeasyr abl e or
not i ceé%‘sggsiﬂﬁgﬁ?e%%@ %%r{“%%ﬁ%a?%ﬁt %? §ﬁ%gs§rga5ﬁsggmé\5‘eﬁ:2ﬁgt h, or

gener adieyrlopmants pET inkiwc ant DNALxr] BMAgst farcmve1ysed as an i ndi cat or which
could be anplified using any one of a nunber of quantitative
anplification assays. (b) Insertin Viral Ev la e 5e ence into he pCX

Envel Qe XD ASHARi YeChove bEINT I AACC BId RIS J L, PRI i1 cati on,

viral envelope fragnments are gener hat contarn two unique restriction
sites @atibimal drug, sespeptihidliyy.adjactypito tBetsi ndddlatzieon and

term natjon, codons_of, for_example, the H V-1 envel ope open reading frame.
Intr odﬂgt?t@noriﬁ lP\ABh%ﬁﬁn&ﬁElerr&%Fé??Wes PEELenfe e RENIBRRFBE -t he envel ope

open rQﬁ@“a&g:e%lﬂntN@cyQigi%lg@@Qhesmn@@éiﬂ%%’é%Mrggogé‘%:&%%%ce -34 frame can

i mprove chances of cloning H V-1 envel ope fragnment oring internal
restri ¢RpédniguazRopgdoamt ope. of 1988; duhyjmesif tindalp tsesnul tiple cloning

site Oltio%rfp eP,C)éll.\ée%éféﬁiiQnship .between. genotype. and -phenotype-is

complex and not easily interpreted, and the results of these
‘tests are not quantitative. The use of genotypic drug
susceptibility data requires interpretation either by experts
(Baxter et al., 1999) or computer algorithms and are not
always predictive of treatment outcome (Piketty et al.,

1999) .

Phenotypic drug susceptibility assays directly measure and
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 .



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 CSf W%Vﬂ’ﬁﬁ?rséﬂ%’ti um

i nduci ng, madrophage-tropic, primary isolate) can be used as-tenplate for
PCR anpl i Womandssss. The 2,600 nucl eotide anplificati orrqurusizrcios can be
digested with two restriction enzynes (each enzyne cl eaving at one end of
the fragnent; e.g. a and c or ,b amrd-d) and subsequently
inserted.-into-the pCX vector. by ligation and-transformation of

Escheri catbhe0s| khavbheeulcapalonet neasariglibke swpepbeibiaieyenvel ope
sequencesg can be identified.b restriction mapping and confirmed by DNA
sequenci AgFHHhe® F etirﬁﬁnﬁlégrﬁ?félcﬁﬂPgﬁn&Z?NL%:?}: ghd: pHPYBnv (Jk- CSF),
can  be teerbiduiexPeessl H YoboPuAlaResRE OLe N arkilal {ABRkECE P, COI 1S

(Figure 1A). The functionality of the envel ope- expression vec?ors, such as
t he pH Venmvtyeeaopend chimehdo dertdnsitavat.ed Intimmasufabingr ahtgavel ope

synt hesis_in .trgng{lect ed ceIlLs (f\r/]_gi&ern lot), and by their ability to
pseudot ype EhVerope aetic F8ht Pt oy i F e ¥B1C 1 3SARYSi-t ePUchi r us” st ocks
usi ng t hesduirmnmenytreniei i dney 2 ¥3-Cpht 1 bhPenalasnRgen,degpnst r at ed
(Petropoul os et al., 2000), however the present I'nvention IS not
restrictidePy o PHoSEeld | diment Guier sapidbl eexmide | ioles dseg as a first
cel | fo'rsﬁécge%rﬁ?ﬁ%;:gn of nucleic acid...-obtained fromthe patient
encodi ng  a vi‘ral "eénvél ope protein include, by way an exanple and not as
limtation to the present invention, 5.25; HOX;, Ue7; M2 ; PM; CEM etc.
The cell line optimally will be engineered to express one or nore
co-receptdr 355gY RéveRBEr ipgostianD ¢l 009 388ePCTLUSORtNBO78iraB5 (c) Modif

in e CX.yect. . .rI. lmar..v t Efficiency.of oning Viral Envel o a Sequences
. To irrpj;{l%g ttlﬁégcl%‘]rﬁsﬁége °Ci e‘“ﬁl?%%fl O%Fr(a%ueen L) OPET £ VARRERTS, the pCX

expr essivdithiactthieseafahel pasli 44 ety ad Neprdl Nrechasher halskhd!l er gene
cassette (e.g:. control of cell death b gen. (ccdB) or.a nenber of the
hok- - ki %6 JeRBSeE ok |9PPenvira k- Heimdgriesol Iofaddidiesehehpchiyas . Coli -lac

‘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 wmembrane of-the cell .to
bé infected. After receptor binding, the virus 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



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 killefdgbrE¥emberegPBssed-in
bacterial strains that express . the laciq repressor, such as. ,JML09.

Thi s --o0: WO-®it993%83qui val ent strain can be used to propapgctesophsmsari ds
carrying he ccdB killer gene that are under the control of the |ac
pronoter. Conversely, in this sysbem bacterial strains that do not
overexpress the laciqg repressor, such as, DH56 and Topl O cannot naintain
pl asm Wsrzhatoexpigiss thieccgBthents ofrinsfdsurme-steanabe kkil ed due to the
ccdB activity. DHS9 ~and Topl O.cells can be purchased from several .vendors
(Life pﬁ%‘@rﬁ%l’oai%QltgrestﬁvWarto@@rﬁr.”@éi By e pisdirgtafve tR¥hing approach,
t he parendallLHy sl ol p LR a_.lacig.b erial strain.
The vector is di gestegeem&tﬁﬁé?&mjbfﬁr %@gf?g%g%dgr}fy%%apﬁ%i @@%h renove the
ccdB geravigassis taubsegnentin inhegreated bh tHeVgdnoss e ampahsdl e With the

i nserti of, Hl V-.é envel ope sequences (a, b, c, d). Following ligation of
t he ve%‘%){c}r' AMFEnIE GpR FF & tyaggenintiopnadakempiate | feking laciq is

t 1 ansTRsure diRABN eBcba 8RS v OFIE Gror BAGL ea{ﬂ'cfﬁ viGaQtal @kgﬁq-g'ﬁa@' ds in which
the viral envelope inserts havé replaced the cCdB R &r Jg€ne can grow.
Bact erfi GontidilnPrgrapkased dsitchatirabt eadre mantdeanst i outendhe ccdB kil ler

gene Gg ryvive. _In this y, the popul ation of transforned 24
Novenb@ 9%5§P\%80ﬁ6%‘%ﬁgC&@?G@ﬁ?l&%&?@ﬂes-%v%é&ré’ﬂﬂ% e enri ched for
pl asmid@obhaim cotath 8 e CAVRIORE thdI$ARESs BiHbSel BEKiHO in the
parental vector containing the ccdB gené. The construction of the pCXccdB
vect o3 yndirfegss@neprdl, f ordt hed sucdeiswy ofigbhastesn tofadtsi sofor oj ect, but it
s ex kg ficantly.improve the efficiency of cloning H V-1
envel %%@ng%%gc@gg%@ﬁg& %%36 AFPERTed SqnfeRe JlyRERroteidt probability

of naigehai pretctheThietgiogensei nfeet i Iakbyve SEHUSRERS rif8IL e | nproved. The
structure -of the pCXccdB vector can be confirmed by restriction mapping

and DNA2BEGLERICIOTy- Yr@rsilaséesi nylnional2sEavkblypeasigueddios-i nt o t he pCXccdB

repeats itself over and over again as infectien 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



3xpression Vector:- The functionality. of the pCXccdB vector can be

eval uated by setting up ligation reactions containing viral envel ope
sequences and i nconpl etely di gested pCXccdB- veéfoNoBREPETFSPP8wi ng
bacterial transformation, plasm d DNA can be prepared from i ndividual

bact eri al Welw0#883and anal yzed by restriction di gesti opci/osoadees presence of
viral envel ope fragnents and the absence of ccdB sequences. The '
feasibility of this approach is tested by anplifying the envel ope region
froma total of 13 available H V-]13glones (pCRII--91U5005. 11 ,

pCRI | -91046. 10, pCRII-92135657.1, pCRI1-9205711.14, pCRII- 91US712. 4,

PCRI | - 92FAEr1pt PERIE- D1dTHER2 g%fe 16438 : CRL1-Q1HT651. 1A,
PCRI | - - 92HT593, 1, pCRI | - 92HT593.}°15%)€,do ‘%‘F%%% Q%Eﬁﬁ‘“& YHT599. 24)
obt ai naePliispsdgn -corpstleDS  feseatatiectivepgentruseker gase Juggr am (ARRRP) .,

Rockvi | | ryl and.,  .Each .fragnent can _be inserted into pCXccdB and the
struct urcgyngﬁlg'/?ﬁé ras U nlg;btﬁlﬁ VRIRPIEX frids sPontResa ok sawsmrdidngconf i rmed by

rest i cisenomppiing :angt ol IWALSERUERELAD o Theo: Gt Lonali Ly, of each
f

pH Venv vector can be denonstrated by 24 Novenbe 099383
PCTI US02/ 18078 -37 measuring H V-1 envel ope protein synthesis in
their ability to pseudotype

t ransf e ce ( ter Blot), and b
envel ogfe:rg dceéfhleci Jé%l?er\eé%fo%i :bd‘?‘ vEtt s, Sﬁfxcoﬁfst AuckerAA5TV iaBise- saf e Viral
Expr essafeYeeandifprpid SiiFe |cg@§.63"aﬁ& bl pi Q:ér%é%pir%qﬁirz}egl age of the

r

Regi on -Encoding the Envel ope Protein. A bio-Safe vit vector is

const r udPEECEECRVES uttefulnhbbthersraaficei odl thhd rimantdiodi.nghto si il ar
nmeans a ribed,-in U S. _Patent . 5,837,464 and

Pet ropog %%ée{%? IH%% eg\g%g hu@sse&b%:o.ge%’e/é’f% g g?‘?ﬁﬁ pikBHicasipupr - and RT.'
The' - vi.oAl HBV uexpr esSkum iecd@ied®brbheeRbRaQNt dnveRt 19 capgbe co-
transfected into. cells together with the envel ope expression vectors

(descri Bt v ERTED BreRidce repghcatiar 1H the stwoksiionSeEhtherus st ocks
ncl udi A T B i S S TER Rk e PG SRt PRy FAORRG cace of
HIV-l,—¢¢ané¢BNA¢(cchNALr-This-processf which occurs within-the:
nucleus of infected liver cells, involves completion of the
DNA positive-strand synthesis and ligation of the DNA =nds.
In the second step, the cccDNA is transcribed by'the host RNA
polymerase to generate a 3.5 kB RNA template {the pregenome).
This pregenome is complexed with protein in the viral core.
The third step involves the synthesis of the first
negativesense DNA strand by copying the pregenomic RNA using
the virally encoded P protein 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-




E

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

i nfectious nolecular clone of HHV--1. The 5° long termnal repeat (LTR)
which controls viral gene expression can be nodif NeygeggerhalOfranscription
of the viral genes in transfected cells is driven by the CW imedi ate

ear |y prowotognssgdsiavi aux et al., 1996). Mst of the enveltmezisg®ne can be
del eted, but inportant control elenents such as the rev responsive el enent
(RRE) and accessory protein coding-3gegions, (..rev, tat,) axg retained

In place .of the.. deleted envel ope sequences, an indicator nucleic acid,

such as a fidesfi her e ErkenOhd eFh gapsebi& d:hat is under the
control of CM pronoter-enhancer sequences I gures and 3) is inserted.
Virus infection can be nonitored by nmeasuring 24 Novenber 2005 WO

02/ 0993 R USB2d 8 .- if tivity in infected I1s. It i
concei vglgl? ec,g-é al t hcﬁéﬁgéhl ?ﬂll(eﬁ%;){eﬁghgteégﬁlfeﬁs?ﬁn\ééﬁ%&g?e‘lé%ni?f’g?clt?gtquﬁ bZt weenI >

t he retrexpraksveg tHIV-andnvéspepadRkens t e @ﬂn\ég@\étggma# 2 I
-1. In

transfected cell seéinay |ead to the generation of infectious
effort tGCRBREMELSE -a” BiBEkite evRRassion| vRetothsc brva bash deveribedyenetic

al teratigpsii;fsthe Hi daone., For example, deletion of nost
of the envel opJé gene, ¥\}\g|§'ﬁg&’mr{§%§%ﬂ?ﬁﬁv t hSDP%]B‘FWEBntWresg@quence,
RRE, - andmphstropiet etuimeoflethenid ansald p-onel epbansRy mefuspces in the

U3 regqi og gf thg}éB' LTR of the vettor (Figure 2) can be acconplished.

During tA8 FepFTtid ol & S-heakert. e + 4. 83dnéie, andhFetyPpregiosn | ocated at

the 3' egd of ., theoyi r uge0 r --the tenplate for --the -' 3
-region of the 5" LTR of ?Egs gﬁgvﬁ\%gﬁgoﬁﬁlsﬁﬁf& el&"%ggf‘zlﬂ‘s? S5 provi ruses
| ack t hegsne opgongranuiferheicanest ohagdher s e@ivm ahdt bge5'svk§R and thus

are unablf%rﬁé’o uce retroviral RNA in infected cells. This
sel f - - | PRTYRATTHRG TESENF 988 + af eFEIREs troabrefiss RudBds shiriellppef or sever al

retrovi rana 86l QiaSyBe@BR cbits U0 kM de{dMana ;8T ; 8l 50,1992, Myoshi et
al, 1998). In the assay of —ct he pr g%eﬁlﬂnﬁ%%r%ti‘o%,%m\%:érﬁsfa“ggﬁgg%r ession is
not reqy edldketingf eched 3eld kewalseevi gesei nhest iotrogureagured by a

det ect abl e . si:gnal _pr oduced 'b¥ t he ‘i ndi_cat or _nucl ei ¢ aci d, such
restrition” 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, gplé0. 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



as the production of luciferase activity, driven by its own separate
pronmoter (Figure 1B). Deletion of envel ope sequences apd th

transcripti onal enhancer region (U3) can be acggnBPiv§ﬁ‘g’8rb§%Qt5andard

nol ecul ar cloning procedures, and each deletion can be verified by DNA
sequence WO2P89383 Functionality of this vector, for erenp$e/smsthe case of
H VvV 1, designated pH VIucAU3, can be denonstrated by co transfection of 293
cells with the pH Venv vector desctii-bed above. Efficient '
transcoggll enentation of viral proteins 24 Novenber 2005 WD 02/099383

PCTI 11S62VE18878 Sequerrasr-od el Iipabooh ventioom iqar he tysmasfect ed cel s
Virus particles can he

can | ea ti,an of _viral particles.

har vest gﬁgﬁrs(g%?{ﬂhgg%#ﬁh as%ﬁéf natant anngl9es eyntasgsimer n- bl ot ti ng.
Virus tiher scepredie guaylidiairedsbyd.md i g | jgatlops of eifher p24
ELI SA, quantitative PCR or _TagNgnéfuassays.gnl ?3%08&%1%%{:%% ? saﬁn&? to produce a
sel f - i nSPREVEPPRg R r Aestaipréesi omprdator ahd CoAY Sajudrd oy, esent

i nventi < is si;rable to i nprove_assay reproducibility and
bi osaf et 5?!’%’*%"&%&& f i’I?:]%t RSP A B TBLF IO st v ﬂi%@@gegs

Recept osstendirfe theepédicr a6 SHPPPItatd ke thsei€fdy gryoyf ferent
manmmal i an cell |ines that have been described previously @and™are known to

suppor t SRR RS SRIBEReESHar Reetirietion sisesavithénevhd usdpd.inkerdi scussed -
her ei n ; i t.r in o HV -1, the assay can be perforned
S8 0 EnoR RIS i r%é? Ere’%?éﬁquﬁnﬁl PYEHRA eBGRd PHE VG AU3,

by (a) co-transftecting a C (b)

har vestemg lrpeuseaidreest (BE] eV 0dadabhstsihieh . 000 ¥bIUS Qi Nfect a
second' cel |l , botg in the presence and absence of virus eniry inhibitors,
and (d)VSEEEUFPRGPE refisrredate aprfduct Tha fendtfectiddycelrl sheTable 1 |ists

I epr eseii:at i e o eX I l,.Ji,nes . evaluated for H V-1 infection,
i ncl udﬁ{% tﬁegggl Ié‘&lpikﬁez d%&gﬁ??%a&%ég CirArSH- P éh TP E G SFeBEBROr . Sever al

of these daldichtarsiucdiaicbacobl abu dkr SMOEDY i16:c Gl ckePOgLLOr i €s. Viral

particles hérve ted.fromtransfected 293 cell” cul tures
the »CX multiple cloning site.and measuring a. eignal from the-

indicator fucleic 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



H V-1, the pH M ucAU3 vector contains deletions_in_ the envel gpe gene and
the U3 pronoter-enhancer as described 24 Novenbéf DBHEMCHH §9ﬁ899383

PCTI USO2 /18078 -40 above, therefore infection of a perm ssive cell line
W th virweopassdscl es produced by this vector is restrepciesi2zuga single
round of replication. This includes (a) virus attachnment and entry,

nmedi ated by the viral envel ope prdteins, produced in trans by the pH Venv
vector as described, (b) the conversion of single stranded viral RNA into
doubl efsamansed inpiévbychihceanst (Loniing agratli envelops Falagh®es nt o t he host
cell genone (provirus fornmati ong.---Th,e active transcription of viral

genes BFFRRIAIPD| yREFRER! | FeeRaCicmmatitpsockanr sap% Ongf &t eliheel | s

fol |l ow i kgt [ : i Ctled ' essenti al
viral \A%I?o t&g\rfﬁl-dew?\iﬁa!rlligetfe&r i}ﬁj.&gg%ﬁégn%gggl%&%\lﬁehés Elg{llpﬁu?%‘fggﬁ'ect or.

However, this restriction. can not interfere wth luciferase
gene--expression in infected- cells since this gene i s driven independently
of Vi 1 B g E BB LN G ENP P CPAT RN L CRNRBLGRET CEPRRF e ], B) . The
amount o of xiic] fefas il Mi fyeRiRAUCed Eﬂé'&w&%ﬂeng%ﬁu Ofreah Dbe used as
a neasure of viral infectivity. H V-1 attachnent "and entry 1nto host cells
requi r és symiyiaotipdusing - &-pelhdmpriecepiioor{iciy) samdioheaind sever al
c_o-recmgrps,, rmst_ofterH-.CCR5 (gr CXCR4, Cell lines can be, screened that
are know-to & prEsEYREF oS LEON bt MBRECRS I OPEERS PAHTR EXCR4.

Speci figaldie) eahl nkitess lsstegpidtelablepcd ddyati f6RESSS . (adnLD4 plus CCRS,
(b) CD4 plus CXCR4, and (C) CD4 plus CCR5 plus CXCR4 are eval uated. Cell
| i nes 2 a0 rexpeessde npddficatipt prodhiohe, can b Wigesthd €ORB or CXCR4
co-receptor al ane, maé serve %s sef ul conlérol.s ang can be. used to

eval uat'® HSET 41Co R 8RR T8 Nof FEhui 7 9 BFndPfigS® hat use

co- r ecapt oa;@&%; t8ag. CERAnaned QXCRY. and hg) PehACisRBLeglhibh€IyON for
judging cell Tine suitability can be infectivity as nmeasured by |uciferase
pr oduciiissr {ehintgs theepEX.i Yeotidry by dhgation |andaddiansdnrmegbion| i nes can be

24 hkn@%gb%iségg¥§chia Coli. - Moiecular 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
transfectiorn of nucleic acid...cbtainad f£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.



WD 021099383 PCTI US02/ 18078 -41 eval uated based on growth rates,
viability, stability and other paraneters as deened necess%r . Cell lines
can be selected that are easy to maintain and £8r NeYSRPEE, B?séduce | ar ge
amounts of luciferase activity followi ng infection, which can be inf the
ected by WXREPBEY envel ope receptor tropisnms, e.g. CBA/CNORDIEAN

CD4/ CCR5. Additional well- characterized cell™ lines that support, for
exanple, H'V replication and express the H V-1 receptor and co-receptors
(e.g. CEM NKr-CCRS,; rel ease cat egoﬁ?“a) are avail abl e through public

. . 2 . € .
repositorjes %lccﬂfaslnt hE! ARR@ Vu e_r ‘..‘ Ines can be enhanced using
st andard pr'oc )

S SO YA g, gacydgdift i on, of
-pol ybrene -t @lon€gl! i £F00E16be HBegnehQ8). For exanple, in the case of
H'V, other potential cell Iines can be rdentified foi use with the
present invention by infection with H'V--1 | aboratory strains and

conparing.the r nbi pant virus infectivity titers to_those obtained with
Cnfeoti olS Hﬁ\‘}‘-p%?’g& E@et r SR i r‘?&fésr-?%gif di PectYirali t erwraoper al
expr essi drapiasbk(ds tdes gdbetkieRiBn R oSCY, 'nngb%%ogifyesd ppgducti on.

Accumul ation of viral transcripts-.can be checked by usi'ng a q‘t’lantitative
RT- PCR d8657tipg|# Pa¢ieyriadi kibler fasmeottheretie usesy camnheoidentified in

a simlar n The esent..k nvention,can gptjm ze -assay condi tions and
al | ow " f OQFqu %ﬁggﬂr%@%{ ut(c{}gjsak i 7 DIIREFeRt Shephde Ridilfg gaR€ onat i on.
Sanpl e pEepalqli amdet heRls yALPe1oRdd Mged dapshitigLently capture viral
genonm c and envel ope R&Tas. . RT-PCR condi tisong%gﬁg%er%égtﬁ mfé)ctéd to enabl e
anpl i fi cREPBACSE 114 i it migtiipdd vlominemideopeheeqyentes, 180ch as H V-1
envel ope C (2..2,600 b pairs) at lowviral |oads (-.500 copies
per m). B%%ﬂ%@eg %rcalbﬁg%'ogfg§393§§r UsH2at 180¥8°3 142 4Thienonstrati on
of the Unb8ifijedhethor AssderEiesdtid idy pokaLbE. aS%,a%ﬁ 3 P regent
invention is denonstrated by the resul Ps gchi eve rs%frlr‘}lb %gtgéti ng for
the .ccdB killer gene 1s repressged in bacterial strains that

AL

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 laci? 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



dose-dependent inhibition of viral entry in the presence of

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

i nhibition of infection in the presence of well24cHaveePeri 280°Hi v- 1
neutralizing antibodies. The followi ng applications for the virus entry
assay of Woe2/098sent invention were evaluated: i) detecruswgasmbi bition of
H V-1 replication by inhibitors of virus attachnent and entry-(including
fusion, receptor and co-receptor iqgipitors); ii) measuring changes in
susceptibility to HV-I attachnent &nhd entry inhibitors; and iii)

detectin | i zaLl ivity of. antjbodies. , geperated in response to
vacci nesgtél g?g%{'%di %53%%&@&%%- Ryae so%éaﬁr?ﬂn&?ﬁg.‘”ﬁ?]a SBVELEPE ed
enbodi methsetbe, &ﬁﬁﬁﬁscﬂbmﬁgp@ﬁfﬂ{&%@rgﬁtéﬁ)\recﬁgitémiﬁ'ﬁggng?é‘ first cell

wi th pH Venv and pHI VI ucAU3 vectors, (b) harvesting virus after
appr oxi nEfePy9gBeh aflber corplafigtden @f the-pCistdl, vedier visusot to i nfect

a second - i resence and ahbsence of virus entry inhibitors
and (d) ﬁl%%%ﬁ%lg :ucittlgréah{s.%e%rsoaﬁc?i%% gpﬁ?o%’rﬁat%%%@??“h} . after
infectiohs Ressdegendentsignhfbidnony ofimphded thepldeatdignLan,pe eval uat ed

agai nst a_wi de range of virus 24 Novenber 2005 WO 02/099383 PCTI US02I 18078
--43- enFH9RiTHhi BIYOrL c6R¥RIPRGt iSReienseAg devbage| [frbur npatidhe

appropri cen i on.kang he.deterp ned enpiri.cally . for each
i nhi bi to%h & fat %hg%h bé“j‘% Ofxgrgog‘%évgﬁtl Eg peQEcen‘Palri‘r%ﬁrﬁinﬁ ontBF -

| uci f er alset ewdganiditw sof dviigaloneeibhaés Okafhl 0970} mpabdednal yghs can be
perfornmed using conputer software. Inhibition curves are used to determ ne
500 i nhFBrirircorffenthat iHRCqAECSORCERE spriti fiec ¢rufsroed doyi bodi es
(Figure l-ap i i froma variety of well- characterized
H V-1 i slg%sattlgs@ﬁgpgl g‘\é} #ﬁﬁafg&%ugﬁ%gggﬁf%c V"Aectors constructed as descri bed
above. To.define envelope. .co-receptor tropism in the case of H V-1,

i nfection_using - . )
{d} Ingerting Viral FEnvelope 8Se nees dinto the pCXcecdB

Zxpregsion Veltor:-

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

]



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

descri bed above. A wide variety of conpounds that are known to inhibit

HI V-1 entry (Table 2), including non-specific afeNP¥eBHER &89sul f onat ed
pol yani ons (dextran sulfate and heparin) can be used with the assay of the
present i|iwodn$9383. Chenoki nes such as Rantes and' SDF- gCcT/AUBR/1801&t Ur Al

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

Al khatib et al., 1996; Bl eul etfhg ., 1996) are also suitable for use with
the present invention. Further i'rTus entry inhibitors such as T-20 and

T1249 S rogenlc .5a8 (Tanox) were used to
evaluaté;%& Hr¢nfhéhgss%5§ é i ﬁvéﬁtlEﬁﬁnquR}ﬂ§OX|C|ty in

targetce®lsd s meetemal BabeH, Ushagpst %@Q@E‘rd ab\i'l“}@g éetﬁi’o Q}roox' city assays
(e.g-. dye exclusion, MIS. ATP). H V-1 mutant |t|ng educed
suscepitRidner ded iEhent seorovimhi pectrrsi20 ( Ri msky et al ., 1998) and the
genetic 24 Novenber 2005 WO 02/099383 PCTI US02/ 18078 -44 determ nants
(mutations) that enable these viruses to replicate in the presence of drug
map wWithin the envel ope protein (gp4l -TM have been described. To
denDnstrate that the assay of the present |nvent|on i s capabl e of

nmeasur? RERE = f-Bigcaafs 2 xs | Eicamee), (a) pH Venv

vectcnd5@yfasgﬁge&g? aéggrhﬁﬁéﬁg_ih%fe gggant egvilope genes (b) first
cells™are co- pHI vect or,
(c) v@mgg@gﬂng_lgn_@ggnggbgggg envel ope proteins are harvested, and (d)
the viruses are tested for infectivity in the presence of T20. Reduced
drug susceptibility to T20 is eval uated by conparing the 1CBO of viruses
beari g Ut .0 teins_to thos that ack he. defi ned drug
reslsgangg %%%%Eﬁ%ﬁ%lg%cgbgu§%§ons ?F%ﬁ efive %%‘EdF@EQFEQIﬁAth dr ug

resi siodnceiralt atntons sefoRkitidito Si@ier | Fhhy abi@SnbbRdayi Luses bearing
envel gpe proteins that |ack drug resistance nutations, i.e. inhibition can

requi F8SCEIPRYHET UdFugPrlteNPr o181, GéémmﬁhlP@hropgubtaﬁmtpaésent ed in
Fi gur %O%b' ugéﬂg t'b?%v%tlﬂgﬁg %E%i@&reaﬁ l%? an r-ﬁ'gycegh!angrgral

expression vector of the present invention can be co-

transfected into cells together with the envelope expression
-vectors (described abcve) to produce high titer virus stocks.
Such virus stocks can be evaluated for susceptibility to
inhibitors of wvirus entry, including antiviral drugs and -
neutralizing antibodies. In the case of HIV-1, the. viral
expression vector can be generated from 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 promote:t' (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) are 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



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

nmut agenesi s techni ques according to standard protocols (Petropoul os et
al ., 2000; Ziermann et al., 2000) It is widely §éc§8ﬁ€3b?ﬁa@08$fective
vaccines that protect .against H V-1 infection should elicit a strong
hunor al | Wume9938esponse characterized by broadly crosgeresriisome
neutralizing antibodies. Consequently, the serum of vacci nated

individuals is routinely evaluated for the presence of high titer
neutralizing-antibodi es targeted agﬁﬁﬁst t he i munogen. Mbost recently,
using th Lkhllsini i,munodef i ci ency virus méSIV) chimeric virus nmacaque

H
nodel (Sﬁﬁﬁ‘, em%%o"ll%njé’ﬁ&y o 1eHgeEedhgsblshowhtt hat cpBSSI VA Igansfer of
h &) i7kodi | ) i : f Novenb
suc neﬁ&&ﬁbh%h NGnRItd190dit8s Qgté?&%ﬁfg‘?ﬁ%d r\é'clbﬁl%ﬁgg?ﬂo@ E%eze% venber

2005 WD 02/099383 PCT[ US0211807 mucosa enge scola et al.,
2000) . Thheasstiowfralheecpresedt, £ovemanpiecarhdHVedvt seqgpids and

reliably, determnin thﬁF\;i ral _neytrali zi ng activity of antibodies

gener at ed®i WS ﬁ?g tol VR &N &83E o Q dtien§ReRAN i ofahbf @iouss uch HI V- 1

envel opengpti gens, e%%rexeapit é’tlelta&‘ae 228384a Rl VR esgpobiMaNt] on can (a)
~tha

generate pH Venv vectors express a variety of we -characteri zed
envel opect prastatiads gepghic eltteansiond ira therBIV agidomesicay bdedsevectors and

the pHI VLUCAU3 _vect or c) haryest viruses and incubate wth serial

di I uzion O*pfixgﬁP?‘f)bﬁéjp%%%’d} acfﬁlolﬁ%sroro altRT eV Rim et etikemese
viruses {@faidfRft bMét YuBreafeCUMtr68! |seddrbde; aNgySi Snganghd G O
determ nations can be perfornmed ,a.s described previ ousfly and 1 n the
literatudeletipn 8¢ theetranfcipiibnali exisesaramehuesekeciedtso Uepr esent

different HV- 1 _genetic,back rognds (e.g. clgde A B_C D E F ,
di fferent®FET 8Bhd W& rdcept® ©Fr dftSsn¥etiricr SFREWE? O@RS, canT ke

cel | / CXCR&)omAndndif fefank eﬂé/%leg;;ﬁggw&?r | Bfie (Jﬁé/ﬂ(}(r\cwiirgﬂlgrf et

non-syncyti um i nduci ng, |aborato apted growt prima PS/ I Sol ate)
(Tabl e 29he B cegide loeatbtidcamltieo3prend pdr ehetwickss eknandefémad titer from

each virus to optimze assay .k ... . - .
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 is measured bv 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 clbning 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



sensitivity and reproducibility by using a virus input of approximtely
20- 100 TCl Dso/wel | and maki ng adj ustnments as necessary. Anti%ody
preparati ons can be sel ected based on previousty N¥GRBAREed®Aautralization
properties, either functional, such as their ability to neutralize primary
i sol at es, WéY02{890383 cal , such as their ability to bind spetiukizaseigpl20 or

gp4l epitopes (Table 2). The performance of the assay of - the present.-
~_nvention can be judged against thegactivity of these well -characterized
anti body reagents in conventional virus neutralization assays as descri bed
in the ebaptdd 16y |udey r f d representative group
of HI V- 1§i nf ect ed}gllr ndit?i gﬁg‘{%scgﬁ Egéuéslg%qs?gg{ég?aén%ﬁilgh 23 ﬁﬁ@‘gnjb%r 2005 WO
02/ 099388hPCPIrOE02tAI8078 vikkl graxapplept i avernangerefcsay waipditi ons t hat
can maxi §1 ze, gés%ay sensjtivi t%/l, llyet m nimze cytotoxicity. Cytoxicity can
be eval udFBECHEThg FPENdRY GPEBHTS ¢ FUBRTRYEIGKi endy anadvapd (eyg. dye
excl usi oResM S -HAHD-indhe O Wk xanphes nresented to further
illustrate and explai% tH%B%%eégﬁ§r§nven%%oﬁgéﬁﬁﬁéﬁggl%yng?u%ﬁp?aken as
lim ti ngabhliest kasgaraf. cEXMPIIRd EESAUT qognPhendiepiper DbUoTSusaept i bi lity
to Inhibitors of H V-1 Entry This exanple provides a neans and net hod for
accur at et A repr oduci bly measuring susceptibility to inhibitors of

H V-1 attachnent and entry (heretofore collectively referred to as entry)

. Based on this exanple, the neans and nethod for neasuring susceptibility
to inhi bf% 0d§ dTOtH Nedesswnyy arpbeducadaptsed £t bnadtieratiinguSesrali ncl udi ng,
but not |limted to other lentiviruses (e.g. HV-2), other retroviruses
(e.g. HITWTSHEE IFCtREpRAMRFYUSEE FReRrFIfaatrveRt BPwi rloi it

flavi vi risesedivamar_Repahbids ngbgzuEépm&% ATy EH§OS; od IHIERN

cytonegal ovirus) . This exanple further provides neans an 't hod for
nmeasuring alterations (increases and decreases) in susceptibility to entry

I nhlbltgﬂs. Identification of Suitable Cell Lines Which Express

Receptors and Co-regeptors and Support Viral Ianfectiom - -

Different mammalian cell lines that have been described
previously and are known to support infection of a particular
virus can be evaluated. As discussed herein for one
embodiment relating to HIV-1, the assay can be performed by
(2) co-transfecting a first cell with pHIVenv and pHIV1ucAU3,
{b) harvesting virus after transfectidn, {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



Measurenents of entry inhibitor susceptibility are carried out using
adapt ati ons of the neans and net hods for phenotypic r ptibility
and resistance tests described in US Patent Nu eNO§e§§% 4%36%
(I'nternational Publication Nunber WO 97/27319) which is hereby

i ncor por aW&248993%3ef er ence. 24 Novenber 2005 WO 02/ 099B8RURMAWWIS02/ 1807 8
-47 One vector, an exanple of the envel ope expression vector, (pH Venv)

i s designed to express the envel_g polyproteln (gpl60) encoded by
patient derived HV envel ope sequence (Figure 1). G160 is subsequently

cl eave a ase t ener ate the surface (gpl20SU ) and
transrrgb ?%heEﬁla éuf NFIRP& S 2 gan THST e 4 ehvid dpictprot ei n on

t he suifrasep@fti-diMﬂ piddugepably ¢hes. v@bté@cﬁ"‘dr%%&tl%r da armle of the
viral expression vector, (either pRVluc or lif) SI ghed to

expr esSIREHONTOWRA] efihg@rdricat ioni r al TRARS Jamhaiels HI(%) pl‘\Qit:r.&is’lS except the

ot | erfEipe! 948 dhex ) HESE Y B Phie “Ruh A OF e 8-(- 2. 5 kB) of
t he HipkdderéeliaperapolbyproeebRrvdapL80toand RRLeIRE, el e a) envel ope’

sequences anplified by the reverse transcription-polynerase chain
react | FPYRAHGR PRTSPege lﬁﬁﬁ?@d@ﬁr’&irﬂ\lﬁlﬂsgmpedohbbm stwransedderi ved from

H V-i n | $ envel.q derived from nol ecul ar
cl onesrﬁbg?tb‘lidl\a/‘-rid% aggzo ira( spec:g%/ vcupﬁn Bﬁggﬂg %?’Fo}d%’éd: site

di r ectgechamst agenesims cﬁox&hamabﬁmt al 1Rl el ofQNeLlyR 83' 'o\f NL4-3) .

| sol ation of viral RNA was IE)ﬁerformed using standard procedures. (e.g.

RNAg et afot SEPGNLY sBNAL PedyResaes 11 ptbrbgacriadigomclirer iRNAZOl |
T epa Mtectll SR %Odfcﬁqml?ghn%mv Cﬁs J?Itg%é(y%&ﬁ’@r slé’\fé‘ngte %Iell nto two

st eps. Aretrowra reverse CrT1

(I nvi treagedctedf oy Téehadlngi esjselblaney MV pe¥gESE: 14 aRseki-Pt ase (Rociie
Mol ecul ar Systens, Inc., Branchburg, NJ), or avian nmnyel oblastosis virus

( AW-FERUEBFER . 4 AhS e PHAKRU3( el -ngBewetamn ltdilm résidiiaapalis, IN)] was
;§§?|%%éd9?% ?ﬁ%ﬁ?ﬁ§gg§wi9ﬁOiuéffé§gsétééggjé%%@és51ggeiﬁ:1 ectea-then

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



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 Mbl ecul ar System!\/gﬁnélpye@§%chﬁﬁgg, NJ) ,
PrimeZynme (isolated from Thermus brockianus, Bionetra, Gottingen, ,
Ger many) | WO20838onbi nati on of thernostabl e pol yneri se®Ca¥s@288w081 bed f or
the performance of "long PCR' (Barnes, WM,, (1994) Proc. Natl. Acad.
Sci, USA 91, 2216-2220) [e.g. Expand Hyggh Fidelity PCR System (Taq + Pwo),
(Boehringer Mannheim Indianapolis, IN OR GeneAnp XL PCR kit (Tth +

Vent), (ROC@@alﬁEﬁ@@UbééeéWéﬁeggowEHCratgg?ngbg%qfhtr,)?tggyfi@%agﬁkg’

(Cl oneTech) . Adigo-dT was uséd for. reverse transcription -of viral
into, - firsthetr padavEh¥rs EavelepBe®CRepessranys, f oelWhr dipesnmean X/ Pin

and reverse.prinmer. Mu/ Xba (Table. ,) we.e used to anplify the
pati ent - der?%%cgeedgrﬁa}?ﬁts.ar?nt?%yp?zpné?%n%‘él aPes itgHeBXEBPHhp| P¥YMAe -. 2.5

kB | £80okh I, 1 ki e
envel ope; gene amsaﬂt@g EAF.ucQE(]:@Qs@U‘é@l:?*??typokéfﬁcﬂ%ﬁgf il dé%tfmt% PCR

i ntroducing Xho I and Pi recognition sites at t
anplificationiclprogucbe and Whe lecird Xya difSetest atntvdboRl eackmfod he PCR

anplification product. Patignt rjved,se nts (2.5 kB envel ope sequence
anpl i fi catio S&ﬁict?‘%}ergs%ﬁggfgieda?ﬂt 8%%?9@15env i 1oBRpr etgdlilon
vect or s usidihiR&leriGRONLNdonugt £as8 @i 8% o, ADA L hon ang
bacterial transformation nmethods as dgscri be% in US Pateg%?&)klghber

5, 837, 464 (demigrasdtiiopnand  Pubrésat than HNHie rew®p83s 2784 9y o - e ddpituzor

adapt ations,_ The -2 k mlificati on product was digested with either
Xho | or Piia B! Fg]é %ﬂgﬁﬁeinﬁs%icﬁjfﬁgoﬂyuah B ﬁﬁﬁlﬁa%%e tHEougk  eng.
The resul tifighidicgesbbaint OF DI Gz IvBEerhe g@dgeh, using DNA ligase, into the
5" Xho ' I/Pin Al and 3" Mu I/ Xba | sites 24 Novenber 2005 WO 021099383

PCTI US02118078 -49 of nodified pCXAS or pCXAT expression vectors. The

Constructi(gafgke%bgc_ f%ngggcﬁﬁ?ﬁgTeX§§éégé;uggggl§¥gﬁdard procedures, .
such as promoting infection by-the addition: of -polybrene to-
cells (Porter et al., 1998). For example, in the case of HIV,
other potential cell lines 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).



described (in the CPT of base patent, | believe it was exanple 6 US Patent
Nunmber 5,837,464 (International Publication Nunber. WO 97/27319)), Modified
PCXAS and pCXAT vectors contain a Pin Al rest fictPdfmErte<PH addi tion to
the Xho I, Mu: and Xba | restriction sites that exist in pCXAS and
pCXAT. ThWORRM9M3 site was i ntroduced between the Xho pdT/esegiidoal T sites by
site directed nutagenesis such that the four sites are located 5 to 3'.
in the following order; Xho |, P& Al, Mu |l and Xba S. In a preferred
enbodi ment, the 2.5 kB anplification products were digested with Pin Al
and Mu..1 and. Upated into the- S-. Pin Al site and- the. 3 -Mu - |-

site ofy thg, i.llLed. pC Xpr.ession vector, Ligation reaction products
wer e qu)ed o PekEatids .t%' L1 —Hrg=—as 36 h incubation period at

30-37 C, the expression -‘vector-pl asm d DNA was purified fromthe E. col i

cultures. To_ensure that expression vector preparations adequately

r epr eséift sUtReIHY v Quaditespeesars pfestm ipresbetseinwentfion. igi ven patient,
many i epde E i transformnts e _pool ed and used for the
(fem%tﬂ?g%kﬁ% Ehe ng‘ﬂéS AR et toPs (At LAPOIIE el ed [ n thi s

preparations o env  plasmd

nmannerddser- dependpnt Phsies ifi oc@X BE €6 5+-41 Mﬂf&tn \WiHaUSrdeLh Y& d,envel ope
proteins_are collectively referred to as pH Venv (Figures 1 and 3). The

genom"elir ¢hakpriesisiang vakdbisonsl winde thad (DH dAac@R3far edoskesi gned t o
transgiingakhyY 98 ] {Ca I wbgenomic nNRNAs - and to express all HV
pr ot ei r?? gx%“épt tﬂgmetﬁlve opfcaa1 1’5%%%%/6?% éflntklﬁi JUrES1E) .Ogn‘”‘ﬂ'ﬂe‘se vectors, a
porti ehaphctéeizahvbvope ngetea 118 ribeait dBb@iar to accommpdate a functional

i ndi cator gene cassette, in this case, "Firefly Luciferase" 24 Novenber

2005 WO 02/ 099383 PCT/ US02/ 18078 -50 that is used to nonitor the ability of
t he vippds Sphd C : Ao ce .. _absence of anti-wviral drugs. In
ThES £591 5 ﬂkd{ﬁﬂﬁda{ﬁﬁ%ﬁ% P{ﬁstekpe %ﬁl’uﬁa%n%ggnaﬁ%?%t the or

pH Ml uc@J3, a portion o regi on S) event
t ransprepennnimofentioal wBKAsefalupcele 5° LTR in infected cells.

i) detecting inhibition of HIV-1 xeplication 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:



Susceptibility assays for HV-1 entry inhibitors were perfornmed using
packagi ng host cells consisting of the human enbr%onic ki dney cell |ine
293 (Cell Culture Facility, UC San Franci sco, eXFTRRd ?Qﬁaet host
cells consisting of a human osteosarcoma (HOS) cell |ine expressing Ch4
(HT4) pl ud00QER383 and CXCR4, or astrocytoma (U 87) cel»Ciusoessoeskpr essi ng
either CD4 and CCR5 or -CD4 and -CXCR4. - Drug susceptibility testing was
performed using pH Venv and pH VIuc agzpH VI ucU3. Pseudotyped H V
particles containing envel ope proteins encoded by the patient derived

segnent wer eenfyodiHEsi byr t EansdRekitnend Packadi 590t fiﬁm o HEK,293) with
resistance test vector DNA. Virus particles were collecte ?-48 rl?) after
transf ect i orRRRFPPILELEsCEPtral ken naaggetan bel dafgrirfiaeGCRED ACRA 1 yor

U- 87/ CD4/ CX r..Us [ CCR that express.H V receptors (i.e. CD4)
and co-recep%%é:r s?%ﬁn. Jél.%ﬂ %&54, )A.]a%ﬁf F%‘E R PEOEEEY ?§7"2h?1)1°5t(1i‘r‘€nttar get
cells are |iysfdbiaddnl wdi fBiGFRragkl WY viiSy MRS UIRg Fﬂ:é/né@&ﬁéra&%ﬂ' ete
one round of replication to successfully in¥ect t he target ost cell and

produce | uci fléasde actiafet yanalysignoean be peyépfredsesing Wdnputetrect ed in
the infecte I isu . . a direct measure of- "infectivity" (Figure 1
and- 2) . I%Oﬁé‘Jﬁ%ghy rzggjé%ﬁ%%qng. FRER® of TThE®s prtonr:giﬁggr?‘é’&%plsgr‘ or co-
receptor, inhibibtiesyydraghaaitratiynsneptagdl i Zorg apétbedy Hhpdl ng), the
virus is unable to enter the target cell, luciferase activity is

di mi ni shed. aptdgodiiseeffiignxe 6y -is 24 Novenber 2005 WO 02/099383

PCT/ US02/ 18078 -51 assessed by conparing the infectivity in the absence
of drug to infectivity in the presence of drug. Relative drug

suscept i bi | 'rawe@aﬁebepgua@ixiléi ede PYvEDMPEFINY 4 hevasuseept LR | ijotiof the
“test" virus to the susceptibility of a well-characterized reference virus
(Wi | dtype) cbrreefefiznfl BIYol eéabdates opre ofviliaded f aisiegami@enid- 3 or

X2 Fackauyngaleel osalla ot geagieulh Yoot 9 ATelet ol s and, e
Transf ect i ops-weeepper ffopadmysing the eakei oM Phosphalier LA RhesisRinhat i on
procedure. Igglgeléxpressing 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



culture nedia containing-the DNA precipitate was replaced wth
fresh.medium fromone tc 24 hours, after trans%?c%i on. Ce%[# gulture medi a
containing viral particles was typically harveste 05618%35 9 r
transfection and was passed through a 0.45-mmfilter. Before infection,
target ceWOMHPMBE plated in cell culture nedia. EntryPGCEURORII0H drugs were
typically added to target cells at the tinme of infection (one day prior

- to infection on occasion). Typically, 3 days after infection target cells
wer e assayed for luciferase activity u‘éf*‘ﬁg the Steady-G o reagent

(Promega) an m_nonmeter. in one enpodi nen t he susceptibility to a

f usi on i nhi b#ieft—'?)érllmLi F&%S( T?’ﬁb?a%oé"ﬁ?regg?if eoer{a%ﬂ&s BERE98: WHTURSS s toResear ch
Triangl e ParapINGs ceas rdamendrcat e ( 5k 94485 Olap TR GeL 3

(HT4/ CCR5/ CXCR4) expressing g)f CCIe?S and %(CR%P mer%ginn?tg%lt ec VEilr?Ptehe
absence of RIG-edad (EP4R-BMhi khve degpe desdrR@ed.coMoedemanstonse xtaxi s | 0g10

scal e). The r L. Jjnhibition of viral replicatio -axi s) was

det er i ned t?;’/jeeco%%gp)i r?g 'lt% & PRRETAt H?vqnﬁ&ﬂgef"ﬁs‘éalﬁ?%c%ﬁj FGRFUFES ed

cel I's in thehapyesensaitly Fu2bedtaineramun, 9ésié@ric%r)?s?ap&%gﬂfe ¢ in the
absence of T-20. R5 tropic (JRCSF, 91US005.11), X4 tropic 24 'Novenber 2005

WO 02/ 099383 PEPFEISERe tBgrgated Thal gagry SREFEMMt andetopd demeipi, C
(92HT593. 1) Niyr r t e ug susceptibility is quantified by
det er mi ni ng (F)Heﬁ%%ﬁ\é\%ﬁ =t ?%‘% o?'t%af%ff'ggﬁgrlé%ll?% t?}ilﬁﬁeoiv SFerSl 5
replicationtnay SOOVIIET, wdwrwr,as(ver visadesdapbesidd Negebd Riugune 6) -

Viruses with lower |1 C50 values are nore susceptible to T-20 than viruses
wi th hi gher eP¥56°R8| BEsteins sire| hpuvesiead.entistli it she systepes bty to a

w de varie e 0. Bl C be neasured. es j.nhibitors

i ncl ude, buE: %g?édﬁ%l%f Illplr%'g2 t% Ilég{r%%t %Tnhgﬂarﬁﬁesseanr?& O%oﬁ%@ﬂngqqci eé‘g dH9Tabl e 4
(anti-HV dsugcepbilejlitn-to sEoond eaodabedt by Stsgepting kihky 1o, arCCR5

i nhi bitor bel ongi ng to the 4-(piperidin-1-yl) butane class of conpounds
(Dorn, C.P.Verusfs L3y MtpRkesnpefopePrakeing 2o ihhosevihelk, 1wekt Poi nt,

PA) i s demopaLr aiadyekar g8l CELL Sorldhe 8 Th XY IGRRD) YRLESSL NG SR gNd CORS

(R5 cells) were Infecte
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 CCR5 inhibitor and over a wi de range of CCR5

i nhibitor concentrations (x-axis |10gl0 scale). ZQéNOB%;&%ent Z'bagi bition of
viral replication (y-axis) was determ ned by cdnparing the“amdunt of

| uci ferase produced in infected cells in the presence of CCR5 inhibitor to
the anoulO%P9%B%ici f erase produced in the absence of OBRBUSIMHTHI tor. R5
tropic (JRCSF), X4 tropic (NL4-3) and dual tropic viruses (92HT593.1) were
tested. Drug susceptibility was quantijfied by determ ning the
concentration of CCR5 inhibitor required to viral replication by 501s

(1C50, showngy@ssaveltit S jnesy ity Fi 8). r s wth. .| ower
| C50 val ues are nore ?82%2%% E\?%Atdc}at %E criC]:lCF\SSq)‘lLb:({ﬁi)E)i tg%{ét ﬁ%%ay Vcl’él’ LE]?S wth

hi gher | C50 megassd. Theextdian opho Wie ussed d teot rapidiaet ablle +&1343R4/ CCRS
target cells, 24.Novenber 2005 WO 02/099383 PCTIUS02/18078 -53 In a third
enbodi ment, SHSETREBF ?‘B’? (o TR LCRERET R hHF IS FCtiVANVDR 19h; anHdIaEeE was

denonst r at edgepkak@el cehl sr@tggogé CI¥Y CXRA) nexpr g?% i%dwgg%lgxcm wer e

infected in the absence of e CXCR4 inhibitor an ver rgﬁ:"ge of
CXCR4 i nhi Hnttdwepsncsmchatiling ervekdse lag,igenscal dor Theanpaks ete
i nhi bition of_ viral rgglication (y,-axis% was determ ned by conparing the

amount of | RITRr & PPEAEEEFPh iHVERELN cERPs (Bh 19RRSFEESe §MVCXCR4

i nhi bi tor taddteranudy 2ab UC @8 a i ; ench CXCR4
inhibitor. R5.. tropic ‘(%&EF?, X4atro%?c&£ %E%g‘%aa%d&%ﬁal?g?r opi &gi’e

(92HT593. | ) prptedses Wel ecq-dsmapgfebk ug Busdepellbi heiygi shepmntackioed by

determ ni ng _t n at. of CXCR4 inhibitor required.to. inhibit
viral . replica it%%_ %g%%‘%%ﬁf@@zoghom %W@F?i Eérgs?ﬁs INHEELEn Figure
9). Viruses wiithh depel WE3Acyahsiest BRLLIBEHE SHSERRiIBhE 12 AR CRRS

i nhi bitor than viruses with higher IC50 values. The R5 tropic virus did
not infect tkEuny(gy/ cBsLtCKiRset ariyapeeelfps. igfiechprity| ity at zegoGBY

LS (5t A Rl o R T S 7

r3- 87/ CDA/ CEB5 fes€x{lies Py iC41Nh O @hebtRe £ ELLEPI Ol $HaABARE |

I nfect ed 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



in the absence of the CD4 inhibitor drug and over a wde range of CM
i nhi bitor drug concentrations (x-axis |0gl0 gl e% ‘grragejp_e%s t inhibition
of viral replication (y-axis) can be determ ne by conpari g the armount of
| uci ferase produced in infected cells in the presence of CD4 inhibitor to-
t he anounWOJR/0P3383 f er ase produced in the absence of - CBgr/upmhBiyetor. R5
tropic (e.g. JRCSF), X4 tropic (e.g. NL4-3) and dual tropic (e.qg.

92HT593. 1) viruses can be tested. Drug-a&usceptibility can be quantified by
determning the concentration of CD4 inhibitor required to inhibit viral
24 Novenber 280Sppl€p024 Q9935 CH BRI WiAheiond EEBLI CBH Q00N 0%
(1C50) . Viruses with | ower 0O values are nore susceptibleto t

i nhi bitor théﬁS%Yrag@%lfWthhY:hufghemlhltﬁi}ze/ast}ttE&oxEWLE 2 Chcogdvety,
optlmzatlon nd,.characteri zati on of. ne \ i nhi bitors of virus
entry. In onegenggdle EPaE?‘i u?’/}r}%smé‘?ﬁ%vafad;‘%’ﬁg’ géﬁybgru%&oflém%l‘éﬁti fy
new conpoundgssapdn caly.eaybt &8st idial | ﬂl@gblgﬂs_/t)l rus entry. Target cells
(e.g. HT4/ CCR5/ CXCR4, U-87/ CD4/ CXCR4, /' CD4/ CCR5) expressi ng CD4 and
one or both co-recept ors can be i nfect ed in the presence of a..ndi VI dual .
menbers. éaﬁgﬁo eIl G %brarl es rou pu screenl ng, HTS).

The abil i ty Fta corrpoluﬁd txgmp RF bt vP ?ﬁ %ﬂ: t(?a 5 idjpetiakan be
determined byndQmRAGAG: k) Or1amRY! 3 Hfendits) Eﬁaaéz%ﬂ&%%e@e' Bakofegd ed
target cells in the presence of a specific conpound to the anount of

| uci ferase &U@k?ciéw ipnapfieregsyshce of the conpound. In a further

enbodi ment, the virus entry assay can be used to optimze the antiviral
activity of |ead compounds identi f| ed &?HTS Chem cal nodified
derivatives of |lead conpounds can ed to identify specific
derivati ves pdduriiaveneaba is Lt QLY Tar get
cells (e.g. HT4/ 5/ 83024%%18%:%%4?%% tlﬂhl?}%?’%ﬁ?&g}%gﬁé expressi ng
CD4 and one XV-Ho@BtEY-receptors can be infected in the abs-nce of the

i nhi bi tor candi date and over a w de

This example provides a means andlmethod 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.



ranlge of i1 nhibitor candi date concentrations (x-axis |0gl0 scale). The
percent inhibition of viral replication (y-axis), gan be de i ned by
conparing the anmount of |uciferase produced inkﬁn 83?@§eﬁe%§ég}n t he
presence of the candidate 24 Novenber 2005 WD 02/099383 PCT/ US02118078

- 55 i nhi bWOd#/0%9883t he anmount of | uciferase produced in rdTUsabwersce of
candidate inhibitor. Drug susceptibility can be quantified by determ ning
the concentration of inhibitor candjgate required to inhibit viral
replication by 500 (1C58). Derivatized conpounds with | ower |1C50 val ues
are nore @od efdctidd)i Rint @kSmPie VLEUSHENL v er_antiviral
activity) than derivatives m?t% hi gher Ié%%#%%%l%gg&g?%l3%tv3?¥%ﬁther
enbodi ment {(PHEeNy)r Us deeignedshy emprdms timednvelepar p@lgp}gtee_{me

mechani sm Q‘-{Pﬁ%i %%c%‘:i geiév virus ent inhibitor drug candi dates, and the
antiviral SeUivity g7 n8¥ BAEHRR: rdrmigrecy HiYs eavehape * paguendder in
suscept i bi {#ilghre -1)Tar i s@eliless 5@ %}]4 (;(312 XCR4, - -

87/ CDA/ CXCRA.~ or U 87/ CD4/ CCRB) ‘expr essrri c@f ang{ %ﬁfe %r"é#o]o‘E]rFr

co- r ecept TPteanebeo igeherate tilre tshefabs efpa 206U1 hevd @WaneRbfyr-4nhi bi t or
drug candi dat ET 2d ‘%/er.ta %de range of entry _inhibitor drug

concent r at %6 ?‘ - TG g B3 P isen Ehe pikvedivbei REPbELT on dfhevi r al
replicati emrifrcaxicy) manibey;.det esmingd coppacli t anmpunt__of

| uci f erase, produced in infected 1f[gel I's |e%t heﬂgr%gscgﬁgem%fc“%w étit ry

i nhi bi t or exgmpRe olnbmivisfall explesasen pradueed (Epthde psERge f the new
entry i nQi.bi . tropic. (e.g. JRCSF), X4 tropic (e.g. NL4-3) and dua
tropic (eggEbggéﬁggg.ff ??%é&ﬁéﬂﬁﬂwQ§?I%§§t889°T%%9PH%L@MQQanmuq ty can be
quanti fi egiby1derigndan ahAg 41t wAPCeRLEALHON LOf i phi bi required to
inhibit viral replication by 50%(?’(:50) 1" TG deter mtﬁ% bR mew
entry i nhpblyproteis (BygbteskimdlBlt.he 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/ CDA/ EXCRA:6ehbs1idatbh t baBs: fe RRMIVLHS sLBRESL LA & Ak Noyenber 2005
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




WD 02/ 099383 PCTt US02/ 18078 -56 indicative of CCR5 co- receptor antagoni sm

and conversely, inhibition of X4 virus infect ;ég i s_indi caéﬁ(g of CxCR4
co- receptor antagonism Inhibition of RS and WPTE vt e n my be

i ndi cative of either CD4 antagonismor the inhibition of nmenbrane fusion.
To char acWerie¥3f3he acti-v-ity of a new inhibitor agai WWUSK¥isises t hat
exhi bit resistance, or have reduced susceptibility, to other virus entry
inhibitors of t he sane class, or diffigfeat-class, selected panels of drug
resistant viruses can be tested in the virus entry assay using the new

entry inhi bi trafmbdtugsiddes RaRemoBBYb] N PNAISo VifdSES Wil yidng.l evel s- of
susceptibi ility -to CCRS inhibitors, CXC?,g?l-%flnhl bi }t,rgr'g,' % wn%hﬁ tors,
and nenbr ane MdscydarnhfpEtens. Inke, paBednghipzionc| Nde, vi Ttises(midHe one or

nore specifi ' that are associated with reduced .

suscepti bil i tqwfllrggé?;s ancarg: OPC'Or Wﬁ@ﬁ?‘r YinhPhiteREe tiepkateds

i dentifying Havel OherAdsNBréckthndiehs Bt bndthtd ORBAMILAELO .ﬁl%é, A Ler
Susceptibility to Virus Entry Inhibitors. This exarr%l 2' B(?%ﬂ\:/l s)]aélr]r:eans and
met hod for i defCPPYPABLoRUeRL thrreoshable/-Holomeskepe thatlesonifesd rfeguced

suscepti bili resi oO.NMi§ e y i.0hibitors. Thi exanpl e al so
prov ides a %%ngﬁggg%n%?%%do{or%} At yi(%ar?‘ﬁ%' ‘ge"@‘r'ee&ogfg‘?‘r)e Fo&d
susceptibilitptlo extady. i abibi ers siconberd-ekhdey Sp@@'g_fi ExBANG! GASH -
~.-.utations, ,ﬁnvel ope sequences derived from'patient sanpl'es, or

i ndi vi dual cFoABELEEr PF8d FYHifipat Tasht +sas) es, (Rechsringespdlanedmences
engi neered b i qrect I St ont ai 4 venper, 2005 WO
027 006363 PCAT TG /lf%g?gﬂ) ”%"*7%%%%5?# X %ucgagfgngr,t%hr”gl%?%‘[srﬁed(ﬁ% he entry
assay to quaMblégulalr uGystieaspt i tid.i,t yBbasetwmy,a Weh | - charantsyd-zed

reference st( gll?éugec(h%.-g. NL4- 3, HXB2).

' 0ligo-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



in one enbodi ment, susceptibility to | ongitudinal patient sanples (viruses
collected fromthe sanme patient at different tiJyepoint Q 50%%aluated. For
exanpl e, susceptibility to entry inhibitors is SUT ebrior to
initiating therapy, before or-after changes in drug treatnent, or before
or after WOHARYEE in virol ogic (RNA copy nunber), i nmuPCl/os§eso(sCD4 T-
cells), or clinical (opportunistic infection) markers of disease
progressi on. Genotypic anal ysis of paghggt H V sanpl es Envel ope sequences
representing patient sanple pools, or | ones derived from patient pools,

can be anal yzed broadly ayai l DNA sequenci ng net hods. I n one

enbodi nent é? tﬂéd%eednti on, Spaﬁren_p%f%@ sEIE9dEGueNEEECEF e dERRr ni ned

using viral &sprrdtfionatodn,chdl/ PERAANANEI deNUGLEOLI-&l€ has CHALYD

t erm nat or sequenpugf chem stry and capillary gel electrophoresis (Applied
t

Bi osyst ens, FoRFEYPRS t{in cye CRRvefohasseqasavbs df heitieyet it rwss pool s or
clones are ggo £d go f S nces er. . patjent sapples, or to
a sanpl e obtained from tqi E%afr%%gtat ?@ﬁ'ﬁe%ri 8?%@46|4ni té@tti%ﬁaggo?%rapy, i f
avai | abl e. Theblgenttippeinberex@nongd73ny) )sequeacesed hrixaar andi HEgLent from
the reference or -pre-treatnent sequence and correlated to differences in
entry inhi bi YT-EFsEEPtaTt 13 £y Ehtyeptirantinn Gdtsuse epddigiiont goothsit e

directed mit:ad &, RRet 3 Guhangg . COLE t i th.changes .in. fitness
are eval uated. by constructing e%v%?%%g;leo%pr%gélgo%aye@tx&rsg ﬁ% %%%Wber 2005
WD 02/ 099383RCHWIB02118B%8Pin -A8 sieHwHenvdtvahickidnbegwtbe SRECKHd C

mut ati on on def]ned, dru susceptibl e, genetic background (e.g. NL4-3
ref erence S'T? Féﬁ%nwu I\flnsé[%?gn@’ Fay CheLTSREGFpBriRastes i 8 neSuard LBRE | phe

conbi nati on puulh s9L 88T RINR0B8 §hat, ae ihh%@ofl%ﬁﬂguggﬁgr- the, entry
i nhibitor susceptibility. Envelope nmutations are introduced 1hto pH Venv
vectors usirfdg &Ay BI, tie Gr ead| ¥ba avai |Imbheprefdints] fetibodihentlj riged ed

nmut agenesi s diment _of this i nveg{i on the mega-prinmer

o | ] PCR
met hod for %is?ggg%l% é%alih}f’ﬁg%’ﬁ%@f%tq yepecdiyeehata itk PapABuaRkr

Mlu, I and. ligated into the-5!.Pin AI site and the 3. .Mlu-3I -
site of the modified pCXAS expression vector. Ligation
reaction products were uééd to transform E. coli. Following
a 24-36 h incubation period at 30-37° C, the expression
vector plasmid DNA was purified from the E. coli cultures.
To ensure that expression vector preparations 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”



S.S., 1990). A pH Venv vector containing a specific envelope nutation or
group of nutations are tested using the virus entr d kibed in
Exanple 1. Drug susceptibility of the virus co%#a#ﬁ?ﬁg‘%éﬁvgﬁg& mut at i ons
is conpared to-the- drug susceptibility of a genetically defined drug
suscept i bP@ 0269985 t hat | acks the specific nutations uPCRUSORUsEIRIAt i on.
bsexved <changes in entry inhibitor susceptibility are attributed to the
specific mutations introduced into the__pH Venv vector. in one enbodi nent
of the invention, reduced susceptibil F?Q’ to the fusion inhibitor T-20

conferred by ecific dru resi stanc tations in the gp4l _envel ope
protein is E}Z%Dr%ést F‘lgfegdt FPRLYE Ef?‘? r'nﬁé"yei? r e VAgUS i repdiratand

CXCR4 were |nheafird ipRebbfcaboeNCERIncE 20rang,QQueh » 81 Wl o ange of T-20
concentrations (x-axis 1ogl0 scale) . The percent 1 nhibition of viral
replicati on PHIGKIEAUaS paettmiafedhey 3¢opareaipt hesateant deletedi f er ase
produced in _infecte ells in the presenc T-20 to the anmpunt  of

| uci f er ase pt?(lt’) ]geev Ilgjtncﬁ%aél SSHERHSE o 'f‘r-%i %&%eﬁf’ﬁm viteses LEdntdi ni ng
one or two spefddde® Bdtiaki ons in the gp4l transmenbr ane envel ope protein
were tested (highlighted in red in the figure | egend; R nsky et al., J.
Virol. 72: 986 24 Novenber 2005 WO 02/099383 PCTI LI S02/18078 -.59 993).

Dr td Didd ) 11sS | f.ied d i Ni th trati f T-20
eauired Lo TRTIT AR R D, P T oat Pebo T ERORAT R VERT cal

dashed | i negerfoYmedsesing phckiiey hb@éocalawe,@nawtm%%ﬁ%eeﬁﬁ&ﬂe to
T-20 than viruses wth higher 1C50 values. In one enbodinent,- drug _r-es

tan: & - nutSHRyRBiC eldney rekly ddne P niCelhetultamar BreidkiityedUC- S " tropic

"(NL -3) an 0NI Cor( J F). Vi : ptibility was. :measured
usi ng t he \%@glgtlsg%f r;gths?g;? %‘I&?QE%&% hé{%’g %%f%ec%oannsgleSt@%@) °|an F-20
suscep abi IHumgnf o5t esdravinautHgS)Waelllel efidnigxgatebyinglictadi(aga ) hgiud C50 of

the test virus by the 1C50 of .the '~ XB strain of HV-.. T-20
sensitivit GFR2si FAT| GXGRL nOF Afttrpicvticea &1-83). ceil lignest pxpreadbed nent

viruses wi.th;epe,mhatlon mkhin the GlVexors, . .

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



motif of gp4 |1 (DV, GM SIV) were |ess susceptible to T20 than the
w |l dtype virus'(AV) otif (DM SIM DTV) were S ptihhke to T20
than viruses with one, or no mutations in the égvﬁ%’é%@(é&%gﬁ%e 11). In
anot her enbodi nent, mutations that may confer reduced (or increased)
suscept i bwOiRHP9988 t he entry inhibitor are identified PyT/BSQUENMEI ng t he
envel ope genes of the sensitive and resistant viruses. The deduced am no
acid sequences of the sensitive and rgsistant viruses are conpared to
identify candidate drug resistance nutations. The ability of a specific

mutation to gon e - LOj L4 -1.S...confirnmed ar .di sproved
by i ntroducing Is%éd%:{’a{l r?q]&ﬂ o%g(ig‘%ﬁpis‘!élntgﬁlvgh%i r e%ﬁdogegjé‘ﬁﬁi ng the
suscepti bi | ity bfifédteivimyt ait vheUpreseddie ¥ErdsugDl r yrabsditre | dride
exanple represented here, a short stretch of am no acid sequences 24
Novenmber 20F3SAEP62Pdo4R83 <80 PdA ustEntisded wibphi ncemearingst Hept ad

For vi ruses EXRPBI LT AT SPent 00 AneRest 1ot I s er iy 15 | O

for viruses ex Iting different suscep I-gur

Hi ghl i ght ed samchd- cltids-teepred erd farenat i wiruisk fenhdt po€o et veaedbsed
susceptibility to T-20. Simlar ghenott)s/cg c and_ genot yfi c anal yses can be
used-to i dEnTPEGCRIREl DSEeaRinE 1Yet d ¥ EEAEREE (Fet -2 -q@afXBRl t er /i nf | uence
susceptibility to CCR5, or CXCR4 inhibitors-,- (b) specify X4, R5 and dual
tropism and (c) elicit neutralizing antibodies.. In one --enbodinent;
-reduced sufeepadging ihopt. cél< merecepided it QORTm-GXaGRYY et Riichief 0sisd
conferred by specific _envelope amino acid seguyences/nutations is

denonst r at e@eTEn ARG EEREP e RBEiIGRN AL LREd RISH 18Es dWits RPHEYeAY (2nd ecept or

Sequences] oAt ae T S HNeNFat car BARRLE Y Berer RERFRGNEY i
Co- r ecept or zarchlRéompplossghaiE stw-precipitation procedure. The cell
culture media containing the DNA precipitate was replaced
with fresh.medium, from one tc 24 hours, after transfection.-
Cell culture media containing viral particles was typically
harvested 2 days after transfection and was passed through
a 0.45-mm filter. 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



Thi s exanpl e provides a means and nethod for determining H V- i co-receptor
tropism This exanple al so provides a neans an t hod. for erm ni ng

H V-1 receptor tropism in one enbodi nent, vi rugégﬁpﬁaef“b&é‘ﬂeztgﬁé CCR5
co-receptor are identified. In a related enbodi nent, viruses that use the
CXCR4 co-WOdRpYHs are identified. In a further rel at edeCTAIRORtHOTRENt , Vi r uses
that use CCR5 and CXCR4 are identified. 1In a further related enbodi nent,
viruses that use co 24 Novenber 2005 WD 02/099383 PCTIUS02 /18078 -61
receptors other than CCR5 or CXCR4 are®ddentified. In another enbodinment,

viruses that, use the CD4 receptor are identified. in a related enbodi ment,
viruses that Ni€e3cp82H % -24endnd M@l FFORLY (PRREROY - avdgusasoirment ,

viruses —thaleddaaobrte isbepCil 0fyCHE {OuldibeEh 6P Idet A ns AL Tl ed. 11

this enbodi nent, the assay 1's per ng two Nnes: e cell line
expresses Chbngensr@CRMn (di 37L2CD4LQA0RTEY, tal sthilsfertiedlt pepdiddc @l s in
this application. The other cell |ine expresses CD4 and CXCR4 (U

87/ CD4/ CXCRPY a1%0 (H&kar BBEYR 038 sVt Al slashedhiinesphn i Biawem.6)The vi r us
entry assay yj; f Qrped i _f-ect i i ndi vi dual Ll.culture jth

r econbi nant v\}?ﬁﬁggs%gﬁsl%é iq:\(/:g"dTvlfarﬁ]'g'ransc%‘%I srhot%ar?‘slggg?iéég\i/\ﬁattﬁop i4env and
pH V l'uc or thaHl ViuoBkls wisctt bt shepHAAMerralueegt ors contain patient 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

cultured ins96 yeli; pka}eﬁer(Ein_gaafm%ﬂtswpé&@é‘é\geiiﬁﬁl?iegd 25t gelil sy are

pl ated one day ©prior to infection. Infection each virus stock is
per f or ned i marhetmbsehcenttydr ighiidodsugyani rbd heepeagsedce dfhdgehi bitory

concentrati Qn?l,gf, a drug that preferenti al Ig .inhibits R5 tropic viruses
(CCR i nhi bi £8A*PEGES al‘gqlﬂ’glﬁ'dibﬁt BYFF BAtahe™tidifhditid)EReaFugs 31l presence

ropi ¢ vi rucePr et o et d 6 An S e oy T
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
as vertical dashed lines in Figure 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.



tropismis assessed by conparing the amount of luciferase activity
produced in each cell type, both in the presence an absen f drug. in
this enbodinment, the results of the assay are %ﬁ‘t é\gﬁfreg?@& gﬁog’onpari ng the
ability of each virus 24 Novenber 2005 WD 02/099383 PCT/US02 /18078 -62 to
pr ef er ent Wel 02499388 ect (produce luciferase activity) R5PCTedo/s80Ty X4 cel |l s,
or both X4 and R5 cells if the virus is dual tropic. The ability of the
CCR5 or CXCR4 inhibitor to specifi cal_ég bl ock infection (inhibit

| uci ferase activity) is also evaluated”(Figure 3B). In this enbodi nent, X4

tropi i i X4 cells but not R5.cell d infection of X4 cell
5%l bcked bitt ReCPRE SEEmeR b PACeREARBOT0) £ | CHiRes LBARBAERBNt FD

tropic viruseaMbrier: Rhcembbs baé @ehonXdrs@ld s anghigptecidia s bygane
conpound). in this enbodinent, dual tropic, or mxtures of X4 and R5

tropic viru8@CD4/{RERA) pexproariagdCRS @l X CRedwené ebtfieonedf iR5thecel I's is
bl ocked by t ™ol oL Rtar and.infection of X4 . cells is blacked by the
CXCR4 i nhi bi ‘lti'lgsr I nth?IEé teEr)r{g%éi Jfrlgln f‘goﬂoarlq f’gﬁrea\)'ﬁq%s&n% FolZ+8bl i cat e
in either XdignikFaelddceptust {i@iaS-arehi Vod,y SN0t Pradusgddent N

anot her enbodi nent, the assay is perforned using three or nore cell lines.
One cel | |inEithitdoie £ICHirphi serddRation dy+TpisICORE) desbroinediebyed to as

R5 cells in this .agpljication. T, i CD4. and CXCR4
(U571 Con ST APEEhe Sy 74 3uBL PGl blrobl i BIELRESERATER R

- Addi tional catl dheneprex@i@ass ofDACyUR4s ehhebitc®andicdatiee HaMoudt of-

co-receptors, including, but not limted to, BONZO, BOB, etc. See Table 1.
These addi tidiafss@se Prreuced it d4¢ aPRerce ankli GiRé dahibilepr or sRSbut do

not express Fr&at R x4 T MILT JeNeN g S i fQr y.{ nfecting
i ndi vi dual cell gu?tur es 'V\nXt h rg\é'gnbkjlﬁlr'\gn%tt) éﬁaus S é%ﬁgﬂ d@r‘zlﬁggagf}}om cells

transf ect ed wiirtusepHwdery tantedpH \Drudc sasceptiM Ui} 3 s vaaheisied pbi Venv
vectors contain patient virus derived sequences and express H V-I envel ope

proteins ( Rigg A5PRVFonCERE Fatiione fb o fRén L PPk Taauizedl tat ed
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



24 Novenber 2005 WO 021099383 PCTI US02118078 -63 in using cells cultured
in 96 well plates. Infection with each virus stzgtéggifsmggrfalb din R5
cells-, X4 cells and the cell lines expressing pFus thé&”¢andi dat e
co-receptors. Co-receptor tropismis assessed by conparing the anount of

| uci f er as®OLR09%8% y produced in each cell type. In thiRCT/gSepagdrarent, the
results of the assay are interpreted by conparing the ability of each
virus to preferentially infect (produsc_r'% | uci ferase activity) R5 cells or

S

X4 cells, or the cell line that expressSes the candidate co-receptor. In

this enbodi ; 26k | Eai S ipfect X4,cells but not RS <cells. In
thi s enbodi rreq%?hCR%&f%%?cge/{r{}s%sé ‘i nY EHSSBsVE |1 5OWeE £ CoYabuesc&kPs. .., I n
this enbodi newtredsalscbpbible Cto @he WDt WHBIHiLhr . tﬂ.’én‘%&&lug’ﬁs‘h& Ri C.
viruses, infecgt both X4 and R5 <cells. In this enbodinent, t

cel | lines &xBPEEstTry ¥@f&Enati ve candi date co-receptors (neither CCR5 or
CXCR4) is attributed to tropismfor the alternative co- receptor. In this
enbodi ment, non-viable viruses do not replicate in either X4 or R5 cells.

I n anot her enbodi nent, the assay isggafbgsmed using four cell lines. one
cell line expresses CD4 plus CCR5 (U 87/CD4/CCR5), also referred to as RS
cells in thi 15%&)‘iﬁrp’ca‘?ﬁ”gﬁ‘.lzﬂ\t§‘é‘écﬁﬂﬁ shpercteriratione ofx pee sses nekdl and
CXCR4 (U 87/ SRR KR4 odl “;Qn[@féyﬁ’z%q to as X4 cells in this. application. A
third cell line expresses CD8 plus CCR5 (U 87/ CD8/CCR5), also referred to
as CDB/R5 cells in this application. A fourth cell |line expresses CD8 and
CXCR4 (U 87 X r r to as CD8/ X4 cells in this

appl i cati on. i%ﬁ% %3%%%&,6@%% ‘?Jé ﬁer‘?’}s)cﬂfecfsﬁﬁyi P thhg*=¢hdFRi dual
cell culturesdenttifyr sew ndbnmhdel/ EHEmSEOC kot 1 de8s ek riomieek! sidgansfected
with pH Venv and pH V luc or__pH VIucDU3 vectors. pH Venv vectors contain
patient vir 2% -No/aTEeF 2005 (® D2/HBYTER5/ FXSHASOR/STI0D8 /CXER4 der i ved

sequences andl- xRy 288y Adc¥s 1 &%s%&ﬁgpé&lt &h8%ne or both co-receptors

can be infected in the presence of individual members 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

e intection of -



(gpl 20SU , gp41TM . in this enbodi ment viruses are evaluated .in using
cells cultured in 96 well plates. Infection vm'tg 'ﬁach wrug ﬁgock IS
performed in R5 cells, X4 cells, CDB/R5 cells AdNePEIRE P )
Co-receptor tropismis assessed by conparing the anmount of |uciferase
activity pOdaO®ss in each cell type. -in this enbodi nBeXSwhs78 esul ts of
the assay are interpreted by conparing the ability of each virus to
preferentially infect (produce luciferase activity) RS cells, X4 cells,
CD8/R5 cells, or CD8/ X4 cells. In this enbodinment, CD4 tropic viruses

infect X4 collayandlote Rhceahbsu b 1Mo uDollaRALy CREI ORLE i ruses

infect CDS/R5 cells and/or I'S enbo € dual .
tropi c- (CD4f anthndidate r éaokiiticoruse) mﬂgse&éﬁ@bﬂ(&tgel J:anan]dé or RS
cells plus CD8/ X d/ or /RS cells, In this enbodinent, the infection
of cell liné& é?g FUEDABE &b °§’HC§%1F¥¢tb’théd°¥01€D8b%%@épt or

tropism In galﬂdq_d%@godfé@gmdn 5 egﬁﬂl}nﬁov"rwéfs r%%l&'%t{&?l |b(§,at g?J n either

X4 or R5 cells. In af di ment g assay iS’pertornmed
using two clld,).i nBsriGrs zedl totpamdexpi els SemeDACH| wsl UdeRaranglor &XCRA
(HT4/ CCRS CXCR4;?&R ile%&nd cell line exgr esses CD8 plus CCR5 and CXCR4
( HOS/ CD8/ CCRSIME a OFFr G TR eat¥yy | §VﬁeEF8PFr%H BYtikiE’t i ng

i ndi vi dual Ca@tllv%ysUEﬁénvaéﬂvam@g%@ﬁtmﬁhé 185 apks,dler i ved from cells

transfected with pH Venv and pH V vectors. pH Venv
vectors contain patient virus derived sequences and express H V-1
In_this enbodi nent viruses are

envel ope proteins U,
eval ua!toedpl ﬁnuéﬁeﬁg(ag;ul g ef| gﬁ?%%me??tQG Shel I"erFa’?’éErYIW%%Xl‘EﬁPvﬁ’Q h each
virus stockysgeaPebl @haRdctBri 8l AHLRRIGEGREnCEE! scangh gon:l %\B?é CXCR4

cells. Co- receptor tropismis assessed by conparing: the anount o 24
Novenber 20@5trWOlLiiiigicess88rRGT¢4I8DR1a18678and 65he oitfieriasd activity

B e i mter pr 86BEEG  BomPRFERENR hehbi PHTSFSH ot viG 1BLEFEH erht | al 1y
infect (produeeptsisiiprpse agligad Yieillg/ QeRY. O%FY) @Y ox@Ra, -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 replication (y-axis) can be
determined by comparing the amount of luciferase produced in
infected cells in the presence of new entry inhibitor to the
amount of luciferase produced in the absence of the new entry
inhibitor. 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 CD4 inhibitor required to inhibit wviral

replication by 50% (ICs).

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

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



HOS/ CD8/ CCR5/ CXCR4 cells. In this enbodi nent, CD4 tropic viruses infect
HT4/ CCR5/ CXCR4 cel l's, but not HOS/ CD8/ CCR5/ Cxcgél'Q ells, In bpés

enbodi nent, CD8 tropic viruses infect HOS/ CD8/ PERERS cg but not
HT$/ CCR5/ CXCR4 cells. In this enbodi ment, dual tropic (CD4 and CD8

recept or WO Uses i nfect both HT4/ CCR5/ CXCR4 cel | 8CHlith2/18078

HOS/ CD8/ CCR5/ CXCR4 cells. In this enbodinent, the infection of..cell lines
expressing CD8 but not CD4 is attribu_ts%q to CD8 receptor tropism --Iln
this enbodi ment, - non= viable viruses do not replicate in either X4 or R5
cells. In ang}hel,efxhodi the as I.s_performed using two cell |ines.
One cell line exp? essegéfCTEgé%? ué;g%%%éﬁﬁ &%ﬁomﬁlﬁ'ﬁ TRERE)Y A second
cel ' line exphisitsonCERS5xandiriaXGRéebtonots GREiek: SR8 §HEHRERELCXCRY) .

The virus entr assay is performed by infecting individual cell cultures
with recombFFEFRIOF AHS2SHHERS dErhibagier oif &S| ABA t¥avsfreet onfamittibn pH Venv

and pH V luc, ¢ hH;V Eﬂg%é’ f env,.vectors _contajn patient virus
deri ved sequ]g%%es an expresﬁ%@ﬁ&eye%r?ge 85%9%1}10%"&%‘598‘5& tigpal TV .
In this enbodf memtbravier iresormr e eval uated in using cells cultured in 96
well plates. Infection with each virus stock is performed in

HT4/ CCRS/ CXCR4 cel |l s and HOS/ CCR5/ CXCR4 cells. CD4 and CD8 i ndependent
infection ispassgssack Y LONPaA | £, nt-of ~luci.ferase activity
| AT T R B, PR o b

produced in each cell type. Int assay

are interpretiahdes cohpari rhtibet abiddstiytahc€ach o#i r usat® prefigeeatially
infect (produce luciferase activity) HT4/ CCR5/ CXCR4 cells or 24 Novenber

2005 WD 02/VEFEBSLBEF 1SS0l Pifes Vips 1sosrwcRBhExCrars «iff £he| aawngi s

enbodi nent, degengend g i nf / CXCR4 cel |l s,  but not
HOS/ CCRS/ Cxccgé%%séellg?s. I r?rtex_llltsgzg %d%ﬁg%%t%ﬁ eﬁgn BW SASHEEREY nf ect
bot h HOS/ CCREAGHERACae Hes tastedi4/ CRRGHIRMERenEEY |assayn By resbadinent,
the infection of Qe! l,.l.ines that lack CD4 _expression is attributed to CD4
i ndependent SAFECEPEAPIFRT ERYS- enboRti PARRL Woh-\icdmide wilruses wbthot

replicate i@ax%ﬁh@e§e¥élgfofEEuéégﬂﬁibility to CCRS 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



EXAMPLE 5 Identifying H V-1 Envel ope Am no Acid Substitutions/Mitations
that Alter Co-receptor and Receptor Tropism This,exanpl rovi.des a neans
and nmethod for identifying HV- | envel ope am n24a§9g&§'§88e%gg t hat
specify, or alter, co- receptor tropism (X4 vs. R5 vs. dual X4/R5). This
exanpl e WPIH0YBvi des a neans and net hod for identifyyomgsp/Ne® envel ope
am no aci d sequences that specify co-receptor usage other than CXCR4 or
CCR5. The exanpl e al so provides a maags _and method for identifying H V-1
envel ope sequences that specific, or %cept or tropism (CD4 vs. CD8).
Envel ope sequences derived from patient .sanples, or_ _individual c¢lones
derived front %C[Qll%éﬁt mlé%aerlloggj aoﬁepgﬁgf%p@ L8e e edseagitPe GraRtbiY si t e
directed nut@genesistepiBONityi Bassfesh fd GeTut ahdANG e ket 8skefehde t he
entry assay to determ ne co-receptor tropismas described in Exanple 4. In
one enbodi neandEr G deedt d4-PopHERRbf | ongi tudi nal patient sanples
(viruses collected fromthe sane patient at different tinmepoints) is
eval uated. For exanple, co-receptor tropismis evaluated prior to

initiating therepy, elieddimene; 24sbeyeidharit00s 1W05920899383pREGTEAS02/ 18078
-67- after changes in drug treatnent, or before or after changes in

vi rol ogi ¢ ( RGPSy (Wiser) colleeiindl bepm theDaame patiedt atodiffenéntal

(oppor tuni stic ipf:ection f disease rogression,. In. .anaot her

embodi nent , dcloqqé eé‘gl% 2)r "%rg%%isﬂ%tseié; e\(j%%uaetxea&‘pﬁgr‘ SE%?%%%%H]J&% e froma

| ar ge nunbererafrydiififiébenbrpal & endssurtdll pfidkt her iaabogdt BNt theLagEcept or
tropismis evaluated for sanples collected froma |arge nunber of patients
repr esent i nPFCFRePEMRILErreRATGSs patdeit tpepmenti ops . blipzle opagfesn

popul ati ons q@g C 3 1 87 et I m - ipnfe atients,
chronically-1n ctge%ill.ilfj‘?lﬁ"g?# ﬁ?s, pacicédgr%éﬁga%?h 33‘?}?&%885% g%]ggel? and
pati ent s- und#lgei) ng orantliimdcadVvi odpoi-ben fgyi Or ihfgationt hedsaRersSush Vi r us
popul ati ons may include, byt are not limted to, viruses with distinct
geneti c chatdERaEESPIRE S 8%e A B, 'C, D, E F, O,

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




viruses susceptible to antiretroviral drugs, viruses with reduced
susceptibility/resistance to antiretroviral drugs...Genotypi nal ysi s of
pati ent H V sanpl es Envel ope sequences represeng?nﬁoﬁﬁfﬁg%t E@g | e pool s,
or clones derived frompatient pools, can be analyzed by any broadly

avai | abl ewDNR0%asguenci ng net hods. I n one enbodi nent afcTiusez/issent i on,
patient H 'V sanple sequences are determned wusing viral RNA purification,
RT/ PCR and di deoxynucl eotide chain tg%grj nat or sequenci ng chem stry and
capillary gel electrophoresis (Applied Biosystens, Poster Cty, CA).

Envel ope seq s_of ti.ent vi,rus popls or, clones are.canpared to
reference. s quen%‘é_g,ccg éLFlB%ﬁ}éentSpg‘é Colutaiqr, og %a‘?‘qu%élegbt FHed from
the same patd@idep®ibQe,t Ogehiid atdaehgebutdier apyy.. iNLqavai kabkgendde
genotype is 24 Novenber 2005 WO 02/099383 PCT/US02 /18078 -68 exam ned
for sequenceSmEHEY -ar ek pnshtngy ope t hacewiaradede alomeprand/iogat irent
sequence and cor d.to differepces in .eptry inhibitqr susceptibility.
Co-r ecept or “an 1&%%%%1?6\;& rSE?%r?r]m(L)lE agle i itggplaﬁ/gecﬁg?%%?%%ioz@&auggﬁ%ses
Envel ope anighe askdyseanimioes biategoisialiale - eovd RGP REatLERPI S¥B are

eval uated by constructing envel ope expression vectors (pH Venv) contai ning
a speci fic mtaddgsedn lataePHANENY gepeEors basiagr aamd gfe. ghe Negoadly or X4
tropi sm JRGIE ;f 5 LS t] .. J.ncotporated al one
and/or in con Jil(r%gjglgorﬁne\t}:\nillgﬁgo?hgr M%?a??%%%@a@ﬁ-agrege%gwhtﬁ1 oghn%dul ate
COO0. - r ecept embusagent by elinpe iAueRt il megh brols 'PorefletRb® £4H Venv
vectors using any of the broadly available _nethods for site-directed

nut agenesi s S1tH-BAESEHPO IPREFHCTSELE d@As usphy dFRTERE t He- ndidd- PRIPRl. PCR

nmet hod for sit.e-di t ed LS . { k . , S.S.,
1990). A pal' éhvi%%@t'or%%‘gelgﬁ?ﬁ%aisog ?;S’gg.g |1§%2%v%#%§ef1%fq‘gt§¥o %r group
| of nut ati onsuake ibasbedgusipgof heutdtidmserirky tasgay udesgribedvirudxanpl e
1. Co-receptor tropismof the virus_ containing envel ope nutations is

| Conpared—toeFﬁ§YC%5$%ﬁkﬂﬁQﬁrlbed in Example 1. rug susceptibility of

the virus containing envelope mutations is compared to-the.

+ : drug susceptibility of a genetically defined drug susceptible-
virus that lacks the specific mutations under evaluation.
Observed changes in entry inhibitor susceptibility are
attributed to the specific mutations introduced into the

pHIVenv vector.

In one embodiment of the invention, reduced susceptibility
to the fusion inhibitor T-20 conferred by specific drug
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-



Eg tropismof a genetically defined virus that |acks the specific nmutations

| under evaluation. The ability of a specific rm% tion %ﬁ cog 85 altered
co-receptor tropismis confirmed or disproved 3 NRYPBEGE he nutation

into well- characterized reference virus and eval uating the co-receptor

tropi sm oWotRest ant virus in the virus entry assay anCT/dkeg/esorsdoed in

Exanpl e 4. (bserved changes in co-receptor tropismare attributed to the

specific mutations introduced into the5 H Venv vector. in one enbodi nent

E -

of the invention, genetic determinants ©of 24 Novenber 2005 WO 02/ 099383
PCTI US02118078 ..,69- . R5 tropism.are,identified by eyal yafing. amno, acid
sequences w‘9§ﬁi)n t%?ﬂ/fﬂ%&ﬁ’@ésl?h@ dﬁl%a%ﬁﬁ’#)laefg\égnag%ﬁgl%% &% The
am no aci d seguesgesatindelorevabyatiqn raters daMitiicediby1 soFPASHAGNt he

am no acid sequences of |arge nunbers of X4 tropic and R5 tropic viruses.

~ Consi stent dibvf EPEnEES. bethpwanast erbicagndassd ikigess - ar ¥iseset twadhf or

eval uation. l.sogeni vivruses based on arf'well--characterized X4 parental

‘. clone (e. &Dﬂgﬁ- 3?5%&%% “Ton eai%qrﬁgsgﬁ%%ﬁt\fll\%ée"ﬁ ?éggi F2"VHIEEEi ons in
the V3 | oop efithheigt?Gpvweliope.protein are constructed by site directed
mut agenesi s and tested for co-receptor tropism as described in Exanple 4.

Cells expressing C4 plus CCR5- (e.g. U 87/CD4JCCR5) or CD4_plus CXCR4

U- 87/ CD4/ CXCR4 e —ed' 0. L -of ~ an .
( (peperidi ngﬁl %?@‘e%ﬁdg@%ggf_? C(#T_%Sﬁﬁﬁd §%%g{a§<§ t?iﬁ\?ﬁ%%%(f)e i'arllﬁf%qu[cgfl and in

the presenceiato welibthatycttamnerit-rot i-orspief BLAE Xdndrwg tropic -
concentrations. 'Am no aci-d substijtutions that change the X4 tropic virus
to an R5 trdPRESKN rIFUERE - chBF AcTWerEdb bkl tye WatS ‘ReasuEedi pRinEs tbe R5
tropism In a,relat enhaodi t o e ipventi.on, .geneti det i.nants of
X4 tropism ar r?édgérﬁ%%fyi g%sgif@m’; Fiﬁg a’l%jlnyenonft °1ggi?.gggauéﬁ%}esl%%{f%n the V3
| oop of the gpda&siwiiace reNuRlOPRipitrishdeTomatdd®yaal ¢ishgranees under
evaluation are identified by conparing the am no acid sequences of |arge
nunbers of XACEP oifi Ehante™s witypi oY wiheudes0 afohbesiEiv stadpfineredEds bet ween

the X4 and R?.Vi SRS ﬁr?siﬁ:%q:%gfg%éigéimiiﬁr. -rﬁutant viruries has been

reported in the scientific literature (Rimsky et al.,). In_

this g':}rn_bodiment', viruses with one mutation wiﬁhih..the GIV
- motif of gp41 (DIV, GIM, SIV) were less susceptible to T20
than the wil&t;}pe virus (GIV) (Flgure 11-) Viruses wit two
mutations within the GIV motif (DIM, SIM, DIV) were less
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) . .sus‘ceptibility 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 .susce'ptiini.l.ity 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



eval uation. |sogenic viruses based on an well-characterized R5 parental
clone (e:g JRCSF) containing specific "X4- candi,date" tati in the V3

| oop of the gpl20 envelope protein are construggeh°8§ggﬁfeh§ﬁgected

mut agenesis and tested for co-receptor tropismas described in Exanple 4.
Cel | s expWOIRHMISICD4 pl us CCR5 (e.g. U 87/ CD4/ CCR5) orr@DEso2esodovenber 2005
WD 021099383 PCTI US02118078 -70 plus CXCR4 (U-87/CD4/ CXCR4) are infected
in the absence of an R5 (peperidin- I_)élo_but ane conpound) and X4 ( AVD3100)
inhibitor and in the presence of inhibitory concentrations of R5 and X4

drug concent r‘Eﬁ%ﬁn%heA@i@%ta%EgtgégE%%%%#%i QAg-11t hat Eﬁé!’]%'\ft—tﬂergéﬂlt ropic

. w
virus to an h roprc virus ar rrzed as genetic dete nants of

R5 tropi sm tiAnameebadmsd enbetbpentsotefint his i mldghedn; fgenetirmses

determ nants of X4 or R5 tropismare identified béeval uating _am no acid
sequences wekhihithegedifferansl 20 Hur f geecephidiigpeiepr dFdpnreI Ald- . ... rez
ated. -.enbgdipent..-.0of -the -jnvention-.-geneti 1 N f X4 or
R5 tropism Eit%quﬁ%lh‘ﬁdr iTd By Egpfﬁﬁen%nrﬂl ﬁcéettéé’fﬁa }grg%ﬁ%rr?coe?%vt{ln%te inthe

gp4l transnpphnabe Sy RRSiPIE} @i T-ba.a rel ated embodi ment of the
invention, genetic determ nants that specify the use of co-receptors other

than CCRS and CXCR4 are identified by evaluating amno acid sequences

ithin the Y3 1 _the g f - i - ' id
Sequences. uNUBH B0aPIEPPEH A €70 BT IFLA. By LGamor (10 The Astna aci d

sequences ofg¥htuses draliopee ablitid 0 mepdi caterruenceel | stitdtat -d@)not
express CXCR4 or CCR5, but do express other candidate co-receptors.
Consi st ent - dit¢efEHdaencs auwserRPtddiidis¥qhecd K8t eRt 1LG¥Sn- X4, non

RS viruses g the “g R5 o ryses are sekesied, fangevabpatdon.;d sogenic
Vi ruses -bazg O%p%%g‘f I fJ"(_:haracfieri zeag' X4 ?gg.' NL4-3) or R5 (e.g. JRCSF)
parental clgagteaMiainy pgtipedidd c "non- X4, non-R5 candi date" nutations in
the V3 |l oop of the gpl20 envel ope protein are

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



constructed by site directed nut agenesi s and tested for co 24 Novenber 2005

WO 02/ 099383 PCT1US02118078 -71 receptor tropi '@s de c%::)gsg i n Exanpl e

4. Cells expressing CD4 plus CCR5 (e.g. U 87/ / 5“{,%@ Pus CXCR4 (U
87/ CD4/ CXCR4), and CD4 plus other candidate co-receptors (U 87/CD4/ X) are
i nfected WO wA¥W3gIbsence of an RS (peperidin-lyl butaneCuusepesongl) and X4

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

of tropismfQr the specific.co- r ptor. In a re|lated enbodi nents of the
i nventi on, ggﬁnggorge?%@?%tﬁ'ﬁ‘Fangngﬁ (Forér Are s endifdedeo- receptors are
identifi d _. by evaluating am no acid sequences within the entire gp!20

surface envel ope protein. In a rel ated enbodi ment of the invention,
genetic det éRnrPRAFRST ciiboddpertn Mirusehdthadousectid 6Il arceeptientafd ed by

eval uating am Ld.seqguences wi.t hin the. I _transmenprane envel ope
protein. In ?ﬁ%ﬁﬁg?hgﬁbodli%neantregftfﬁee‘f‘%@%ﬁ%pr@n, VGEHEEP cCoRt 18R fefft s that
specify the uze QHeGDBf{éd. adth td OfuttherOlrd1RsbBadmBEa: hdH), a5 A d&ELept or
for HV-1 are identified by evaluating anino acid sequences wthin the V3

| oop of the §B220 4Qur Mede Teqddieop€Dpr ot §D8Theo aninfecdci dekbsjuences under

evaluation. age,identdfied by conparing the amino acid sequences of
viruses that are.. -able to- replicate in cells that- do not express Ch4,

but do express CD8. Consistent differences in amino acid sequences between
these CD4 tropic viruses and CD8 tropic viruses are sel ected for
eval uati on. TRobRhf coRPedideat, pibadaspanni feper Epimesk tusiinge dweDeeflilopi ¢

(5,8, 2850, 2edovemer 205, DAL, PRS2

| oop of the &pkIa /ACRS) ppeapsot etdFedtredconst rdgt eRs  cells in  this
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



by site directed nutagenesis and tested for CD38 receptor tropismas
described in Exanple 4. Cells expressing CH4 plys . CCR5 %e. .

U- 87/ CD4/ CCR5), CD4 plus CXCR4 (U-87/ CD4/ CXCR4)<* BPESBPHE 2pps (e.g.

U- 87/ CD8/ CCR5), CD8 plus CXCR4 (U 87/ CD8/ CXCR4) are infected. Amino acid
substi t utwonzowisat enable replication in cells that euusssis€®B but not
CD4 are characterized as genetic determnants of CD8 tropism In a rel ated
enbodi mrents of the invention, geneti Qszget erm nants of .CD8.tropism.are
identified by evaluating am no acid--Sequences within--the entire- gpl20 .

ur ace envel operé%%g%%.%l%nﬁfggggﬁgg?ggg)&oﬂﬁggr% t@%tii@iﬁgﬂ @R, genetic

det er ni nant 5°0f el rer. eval uati ng mno acid

sequences Wobhis dhexgR4l1b! ans BEEH atte eAVRE OREl 1pridt difre VEXCANPLE 6
Measuring H V-1 Antibody Neutralization. This exaévgqle provi des a neans and
met hod for dval vkrtdmig. aBlee Il ifydpAt B (fEBEr aF | CEtR D tiR4ber Eoal so

referred to_ as.,vir neutrali.zation | n. this: i i Thiss, . npl e
al so provi d@?eﬁlﬁb%‘#g‘yaﬁ’go Et ﬁ%ge(f%%oriev ﬁ%@éﬁfﬁﬁ%ﬁﬂlﬁ% aér?elﬁctl‘r% I'i zati on

activity of janii hodigsumidi@ifié '3r) .i nfreched epidiesnns, Thitrapianpl e al so
provi des a neans and nethod for evaluating the virus neutralizing activity
of anti bodi esrused hinferndi4 icdldbsbet nati RAl eeMdcepralviediion tHferdpeuti c

vacci nes and cci ne candi.dates., Thi s I, I G\ 4 enber
2005 WO 02?66@%8%5 FRses2PY 8058 Pﬁ%gﬁﬁﬂ%@éﬁéf’%iﬁ%ﬁe?ﬁ%%% 'eyg uati ng
the virus neytgabhgbdiGrendCt RYI L¥oPic amithbed eafatt MM celdiyitualmotor

animals vaccinated with protective (preventative or prophylactic vacci ne
and vacci nexXéardilatayl IFfiectdganpfeRil §61kF oV RELCKEI @M T FREt hod for

eval uating the,virus neutral.i.zin act i Vi ation f ific
nonocl onal 6Pgb}8+'§lcﬁ onHPeAAFT Bo les.ﬁ%%/&e o%@“‘ Ee)gﬁgaées dgrr?ve%%%?om

patient. sappb&8imét, iR@NVitddlics! erenidearyedof r it pati &% twanples, or
envel ope viruses, infect both X4 and R5 cells and infection of RS
cells is blocked by the CCR5 inhibitor and infection of O
cells is blocked by 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



sequences engi neered by site directed nutagenesis to contain specific
mut ati ons, are tested in the entry, assay-to ev%luate

an_tibod"y ..nediated .neutralizationn-. In oneZénD8YFREARE, 28APi body
nmedi ated neutralization is .evaluated in |ongitudinal patient sanples
(viruses VOIWE¥EEd fromthe sane patient at-differentPCigm2/points) is
eval uated. For exanple, virus neutralization is evaluated prior to
vacci nation, during a course of vaCC|ngt|on and at increnental tinme
poi nt's after the course of vaccinati oneis conpleted In a rel ated

enbodi nent, fhe sera of .ani ncl d n b not limted to, mce, rats,
r abbi ![S pi g Y Sirdfect il"‘ére(g/ ?IeHgH I%J)Jlt'a'ie(? i no—LE’lfFSFP-Sﬁ Wr?]h

candi dat e Ve ReSusdyEbLHY i ia@k'féﬁnéﬁ ineReateth 4 Nogulahh@nand _
increnmental time points after the course of inocul ation is conp eted in
one enbodi nerrll Viings expreafinntdDénpilys thel q@m@cﬂaft@r qur—eeeapﬁ@rse

vacci nes and, vaccin candldates

neut ral i zat i Oh 1% BV uSF EBLFH e taﬁé?ﬁﬁﬁ‘ﬁlt%% Wcﬁr&gg ttlhﬁ QWB?%%rOf
enbodi ment, Midiveraest ki zaty Oproducdalivatad del1sanples collegigd froma

| ar ge number of different patients. 24 Novenber 2005 021099383

PCT/ Usozllsmodlmnpn é‘-hfeurlteﬁiélllténﬁédltri’!@ntasaﬁyr u%rmewt@mwadorb‘fs
eval uated for a | ar nurrb of,

representi ng% Ip%? pa |l§'(rjilt'$popu |‘6:hrsu%% i ee“?‘aei}l 61313( ﬁgfec‘:
popul ati ons.¢ '&B@&lbentluﬁﬁlﬁufﬁé ergiviey) kel duias it xsae1ng) bknikhed to,
new y i nfect ed patients, chronicall infected patients, patients with

advanced H VEALDELHR sitrte eXDpaSsas emﬁllffilff%?f‘}ledcﬁr%i‘é%ét%r ogiBsEhbn,
P e o chwghtent! 2285¢ BLO0 PRAIAUNL (MRS Y WAL Luaspd Ong term

non- progressors), patl ergolng anti FetroviTa
i muno-t her agy1ée. gin m’mtlerémdameﬂt @5 ekbpic am&eaesﬁfecwascwm@d and
unvacci nat ed i ndi vi dual s. Vi rus popul ati ons” . include, but are

not i nited®us, I%)C?’~'ru§és SRA - di sTR néblsg@ﬁ@PﬁémeEﬁa@é}é e-Ipastices @md
geogr aphi cal,; 50018l NS¢ x4 {a%'daﬁg -%ffb&:él-é?’m?usgs, Einfe ctG (§>t‘ﬁ' g&sﬁﬁd RS

susceptible-"to antiretrovira viruses wt
suscepti bi | ickl/isesi stmnckisoembodiment, the 1nfectlon 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



antiretroviral drugs, prinary isolates; 'isolates.adapted for growh
in-cell culture (often referred to as | ab-adapt %% VI rﬁlﬂ%es)zoﬁéncyti a

i nducing (SI) viruses, non-syncytia inducing ( I Ses crophage (M
tropic viruses, T-cell (T) tropic viruses and dual tropic (Mand T)
viruses. ERAR/AWHri zati on of Patient Antibody (patientPGVISIHGER vVsS.
standard virus panel) In this enbodi nent, the assay is perfornmed using a
target <cell line. that expresses the H V-1 receptor Cb4 plus the H V-1
co-receptors CCR5 and CXCR4 (HT4/ CCR5/"é§(CR4) Such a cell line is capable

of eval uati ng the, neutral i zing ac IVI té of anti bodies for boLh. R5 and X4
tropic. viruSEEtVed| Seduencef PRBNtHLI He SEXEYOPY EOF6AREd using

two target izdmne 290@) celrn {:h£'§ énHdaepeRs RV -CRA
(U-87/ CD4/ CCR and i ?pused to test R5 tropic viruses. 1Anot helruacefil l'ine

expresses mﬂppﬁénﬁmﬁ( @%’Zﬂ@ﬂ/m(w)weﬂ. N@aemer DOt iWe 626099383

PCT/ US02/ 18078 J5 s Ufed t%f)evacliuat ;ﬁ_opl c Vir es Ze Vi rus
entry assay SR per orma8 BytY REETOFRGS Hai St argete CD8¢RBur es

wi th reconbi pants drdisDsyRE kee ey .i ved- fé@éﬁﬁlﬁ&&%ﬁ R9m M%ss%%'s'e& by
transfected with pH Venv and pH VI uc or | Viuc vectors. In this

embodi ment, BPIRANHRIy EBE ORROWHN PA| hlc:eiwesgp@ctsne\q{mp@dee¢p@ceach

Il -ch t HV- 1 I t
(ap12080, - eSS B EnBOPERE  Rfe eniiRutF ot HEREREF ¢ (see

above descri@ftemaﬁedw byiS coppRiled | @RE. SAMmLybust nehcdl lvirdseaggnabl e
exanpl es of viruses that may constitute a standard- panel are listed in

Tabl e 4,. AWisreRESAY l}élfﬁ%eﬂpméuggehlcnxf@remtewthb Rfewerasi zi ng
anti bOdy aCtXé"cte\ilgf éﬁéﬁzs CQP{é‘I %?dC]B OVG’E%EX di f I‘ie[t?llgfe%b(%qlglﬁflt

. patients-and/-or, mal s -(see-- escription

popul at i on) .coa tu:bpscemmrhermmhfew rmse&laé earel/Aruabede Lisd NY Thatpes cells
cultured in 96 well plates. Typically, target cells are plated at 5,000
cel I's per \VEMOHFENET4COBREFONERAVHFISS 0oT asd] ICD8I&S welllsf gpd/ox

U, - 87/ CD4/ C%‘% A3 cth 84/ an{ %@B“e%@daﬂ@htpr RGO L ECHAN anaPELET - LO

target cell 1 nfection, virus sto
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



that is being evaluated. The sera or anti body pre arations ghe tested

. . . ’ vEem ef:2{) .
undiluted and at increnentally greater dilutiohs @?yplca |y four to five
serial 10-fold dilutions). infection of target cells with each virus stock
is also p¥PPFPIEE i n t he absence of antibody (no antiREIAEP2/180T8 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 tﬁe assay are interpreted by

conparing t £ .1 f i to preferentiall block jnpfection
of target cgﬁ gpé%féd%c%cgrgggﬁ ﬁﬁ%‘g@gg&} uct feaecrhasceeqLaLct%iW{et'y) .ﬂ\‘ﬁF 1S
neutral i zat i ebatienitt y the 24dNoventasr 2005:3421024,099888 REHHd302%,18078 - 76

guantified by noti,ng the hi,ghest anti body dilution (nost dilute) that is
abl e to bl odfOMRAGEE tht |1ahidiErtPhreach yirendo prefeeantdialivi onfedlt is

abl e to redugg-dhed U%ng@?aes&af%t\ii"ﬁﬁ%?ioﬁgﬁgﬁ?cgggﬁgb%ﬁe o%zaanti body

by Sot). Characterization o i ent --%t afidar d
anti body par®slg/dDs/ CCRE SCRORIOdiaiaRt., .Ir hehias sapodisepe) f @varedrosiag a.
target cell #ine that expresses the HI V-1 receptor CD4 plus the H V-1
co- r ecept or &I 5and @%—% ( HTHFE Suet1#. cel buki ne »et capabl e

of eval uati @ﬁ)st/@gp@@ﬁgp&c@lngbe%%tsi Vi ty, t‘ﬁisé%tm@bBBﬂL&?t, foLs bgtg?ﬁS and X4
I 0 : ert ot ied

tropic viruses. Ina related e diment, : the -assay is. p

us.ing.twenvtianges. defecti ne80s s AXRG /LROR: expredsizes. KM plase CCRS
(U-87/Ch4./ IS used._to test RS tropi¢c viruses. Another cell Iine
expr esses c%%%?’&@ggsé@? (3@5%&7/ C[ﬁ?(%@?AF“‘gSﬂH“?@'uéié‘élp EreRHf ubtlé X4
tropic viruses dite ¥ddito@niial) asseks sREELET BBEH DyirhibeeljogAdi Vi dual
target cell-- cultures with reconbi nant virus stocks derive rom packagi ng

host cel|ls teadhsfand SPSACDH/GIRVERCRANdepH M o il MnidodéeRt, viged ors. | n

thi s enbodi me%t, EHl Venv veiﬁ;ois contain patient virus derived envel ope
sequences and SQB R85 O AF n w%eexpre sing CD8 bub not CD4 is

attributed. to CD8 receptor traopism. --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



protelns (gplZOSU gp4|T“@ In this enbodi ment, viruses from different
patient popul ati ons (see above description of ggt entmgogu£@6éon) and/ or
different virus popul ations (see above descrip or-VT rus popul ati on)
are used to construct pH Venv vectors. Pseudotyped HIV derived from
pH Venv Weorewissare evaluated in the virus entry assaBCT/So2/thetser m ne i f
they are susceptible to neutralization by a panel of specific,
wel | -characterized anti body preparatiqﬁg; Such antibodi es represent a

t

"standard antibody panel ". Sone, but all, reasonable exanples of
anti bodi es t % g 20 WD 02/ CT1_ US02/ 180 -77
constitute aH S %%g%el arg i s¥edHf %3$enF # %ggﬁﬁ B hent

Vi rus neutrabiiuﬁesaﬁnﬁ&cﬁvﬁt4wﬂcﬂi/aﬁtﬂﬂ daNget pueehbs ﬁdﬁ/@%@@?ck@$?6 vel |
pl at es. Typlcally, target cells are plated at 5, 000 cell’s per for

HT4/ CCR5/ CXCrat bt - 10t 000 - émbgdpentve|qD4f dndepsriam/deREeandntect
U-87/ CDA/ CXCGR4. %%/ééiés 4 c81i”fag%{ hg%:@#@m%ga Izg?_“tﬁg Each

patient derrtved vifus § incu Ht i body

pr epar at i onsefodinealtl, y mé Jmlﬂasctfbﬂ hesstandar dingnt icbady mpanel epgdhe sera
or antibody preparations are tested wundiluted and at various dilutions
(typical |y fERIGIFIFyEs SEFFaputsl ftel 4041 Lodeprrdent dnderkdonof Imrget

Cougy Ul R YR ALACK hoh isRiBON0LIRD I LG ahssfee.df fiug (o

drug) . virus nejxt-raliz,- ion s assessed. conparin “Yount of
| uci f erase aﬁiUhﬂrtw4pbndRBembimt.target ceIIs,'both in the presence and
absence of antibody. In this enbodinent, the results of the assay are
interpreted by conparing the ability of" each antibody to preferentially
bl ock infection of target cells (rﬁi%ﬁft Pk elimnate luciferase activity).
Virus neutralization activity is quan |f|e3 by. noting the highest antibody
di luti on (nustendiFyirg HIVal Eﬂweﬂ@be kmnﬂﬁ aekd sursgdtuetdhs/Miutaeiben (e. g.
he |uciferase activity

t he hi ghest dilu i S reduce
produced-ir}ﬁaﬁg égggﬁcg oﬁec FbSH %) &E%ﬁNﬁEE 7-1dentifying H V-1

Envel ope Am no Acid Sequences that EI|C|t

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 eequences that specify co-receptor usage

.other than CXCR4 or CCR5. The example also provides a means
and method for identifying HIV-1 envelope sequences that

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

Envelope sequences derived from patient samples, or
individual clones derived from patient samples, or envelope
- sequences engineered by site directed mutagenesis to eontain
.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



Alter, or Prevent Neutralizing Antibody Responses This exanpl e provides a
means and nethod for identifying HV- 1 envelopgéagino %cid ﬁg uences t hat
elicit/pronote, or alter, or prevent antibody diSrEFCREUE i zation of
H V-1 infection (also referred. to as virus neutralization in this 24
Novenber WOWI3/0986$302/ 099383 PCT/ US02/ 18078 -78 appl i car¢Crugeidam,/ el ope
sequences derived from patient sanples, or individual clones derived from
pati ent sanples, or envel ope sequences%ﬁngineered by site directed

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

to determn : fropismas_described ip Exanple 6. In one

enbodi nent , %\%b%%%gﬁé% a}%?—’#@g}?gﬂ% "oﬁr?]geg%‘?ﬁal ateder nchanrgps udi nal
pati ent sanplis (iricluges caivhessief mles | hemfaim oakl Qehs 2t diffgrent time
points) is evaluated, _For exanple, virus neutraliZation is evaluat'ed prior
to vaccinati Gf Gitiifla CRBEEUSLsYhe cingedtoen). -markegmd gf adiséaer enent al
tinme points. .af <khg,course of vaccination is conpleted. In one

enbodi ment, virds neutralization is evaluated for preventative vacci nes.

I n anot her enbodi nent, virus neutralization is evaluated for therapeutic
vacci nes. In another enbodi ment, virus neutralization is evaluated for

sanpl es col | &€ 8RO RYm ANOLLBEN hungRr esEPHPT f BrQuiistpdtsi emabuatdd) &oxf ur t her

enbodi nent ,. v Hal-k-Zat } IS r,sanples col]ected froma
arge namber arPast renie orel Eath o 1K8 ey PPl iRRRE fitie
popul ati ons. !8ushfurpdeireamb@iimenal | @SByt dNehrodesm il AL8uR0Lq ldJH ted to,
newly infected E?ti ents,_ chronically infected patients, patients with
advanced di s&8%RIeHat PRI ECtAHerfoithg @ antakdst r GRS t Indr amptorent s

i mruno-t her apyyr¥aG64aiinat gd sangd gzTetol individuals. . Such vjrus
popul ati ons- ma§r i ncl ude, it r:Jatrrngq}réh?):t%%l ?%&S@egdht%cqft é?’ ﬁgggl%ﬁh é“‘é"?‘l nct
genetic charpetéenist posulat iates AayB,inGluBe, Ebub, aBp, ndtr USasS tegUseepti bl e

to antiret ro¥i rg}l{ dr%gs ﬁ;ruse_s with reduced _susceptibility/resistance to
antiretrovi r BFYHY ugeehF erta kP 4 RSy erffiondgpbly  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



WO 02/ 099383 PCT/ US02118078 --79 isolates or isolates adapted for growth
incell culture (often referred to as Iab-adapE d vi rﬁ{ﬁes)z égncytla

i nducing (SI) viruses or non-syncytia inducing % Vi ruses macr ophage
(M tropic viruses, T-cell (T) tropic viruses and dual tropic (Mand T)
viruses. @OW0M8_3c anal ysis of patient-H V sanpl es EnvBECDpst2asgsiences
representing patient sanple pools, or clones derived from patient pools,
can be analyzed by any broadly avail able DNA sequenci ng nethods. In one

enbodi mrent of the invention, patient V sanpl e sequences are determ nes

using viral RNA i [ PCR and ugcl eot.i.de hai n

term nator-, seaggﬁc?%ga%ﬁgggm th%R ar%a%rﬁe %7@ § the re%gffence

el ect r ophor eai pricAppiciaeteft %aqslteﬁ&&, afl@stefr&ddned @6) AifEB¥EhOPE sgquences
of patient virus pools or clones are conpared to reference sequences,

other pati efEtEANpPRE3LiEer SugcaPEHphliYobt ai ned from the same patient prior
to initiation of therapy, if available. The genotype- is exam ned for

sequences that are different fram-the reference or pre-treatnent sequence

and corr el atedrégeptds haNRESeptBr ©YYikn BRI @éﬁﬁlcﬁyffeﬁid@ckb§¥ze4\ntl body
nmedi ated neutralization of genetically characterized viruses Envelope

am no aci d ¥&gU8REes that correlate with virus neutralization are

eval uat ed bgngenspeuckiing epyel %B%ueﬁé@ée%ﬁhenc%§%9£@e(Qt" ¥88¥% gont ai ni ng
(0]

a specific mitation on a defined genetic background ( r X4
tropi sm JRCSPLEWr aRE teﬁébu@trﬁ)d thnmmwigbematop@oeapﬁds@ime
and/or in conbé nat i ﬁ:’ﬁl\é‘ th ot h mut ations t Fe f hought _to nodul ate
virus neutrartzati o R (5:5’8 ?‘r’cﬁ%ﬁq &GnSPEY lq FUFBEREE S At 6ehips@ny

vectors usi ggnétc ®BicKdieunlr pad y 4 -Boyerbesr 2008 snV\OsRR5P9P38% s

PCT/ US02/ 18078 -80 avail abl e methods for -site-di rectéd nutfagenesis. In one

enbodi nent ‘érOPh$?§ | nvéiﬁtﬁbmnmenmseglae pLhaerr®CR atetdiothef grmd Ain eiwdi r ect ed

mut agenesi s I%b Saréﬁldther mrkatlons Ehat .are thought to modulate

co-receptor usage. Envelope mutations ara_Lntroduced 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



S.S., 1990). A pHI Venv vector containing a specific envelope nutation or
group of mutations are tested using the virus Nt LY,as a¥ 98?%” bed in
Exanpl e 6. Specific antibody preparations-- - ?: e. “YPWeIT “¢haract eri zed
nonocl onal of ol ycl onal anti body preparations), serumfromH V infected
patients, “&“zé’@g‘ﬁi’m from vacci nated individual s can be"PCHE$024303%1 t 0 conpare
neutralizing activity. Antibody neutralization of the virus containing
envel ope mutations is conpared to antibody neutralization of a-genetically
defined virus that=".lacks: the -speci®fic--nutations unde;  eval uation.
The ability of a specific mutation to confer, alter, or prevent antibody
neutralizatidn F&° PF Retdeht idiieg: by &yapyating Endagcaaid t9RSUsIERSi on i nt o
wel | - char act gi pizad thef 65 oft E4 iy SWAleAL! A diigaptobaty FRE At o
neutralization of the nutant virus~n the virus entry assay as scri bed
in Exanpl e 6ninbseridd sehargessi nnder uevabuitriald zate ofdaneifadd rbbuted to
the specific nutatjons _introduced,into the pH Venv vector. In one

enbodi nent  of STRRF I &S FPINGe REtfc SEeERGRs&ft d38Ee Popberaenfr Bti zati on
are identifiedob aual Mating:an N,QRG! d cequence s Wbl dg. a3 Lgop of
the gpl 20 surface envel ope “protein. The am no aci d sequences under

eval uati on atke H4dendi R} editysenmrar sabedted dornevatuat sequarogendé | ar ge
nunbers of viruses éhat_ can, Ofr.. cagﬁl‘gt be n,eu%ral i zed by_. various

wel | - char act SHPEE 8RP5hSHy 2B ¥pbistrbretergapi it pageptal srlaer 4= gom

vacci nat ed iggi v, dughs) Lnsishapt spLlsfher eﬁ@%%dd&dé@e"q]q& A8 24! d
sequences between viruses that Can, or cannot be neutralized are selected
for 24 Novenbzs V20080M\@021@098830 REFUSHE 1080 EE n- 8te evalataticted bgogeni c

[ b d. |l - teri tal cl .g NL4-3, HXB2,
JRCS1), cont o WG S BELT [ LRounPaL® (oWt FBFF St CORRRT Sk HEPAERoNS | n
the V3 100p & addei9Ru20reRuaRERE Bf OLLIT) AL-RaRThEUEhEdohY, SEbRs i rect ed

mut agenesi s and tested for antibody nediate eutralrzatio as descri bed
in Exanpl e 6{e.@l Us82xprLA%IRY] OD4CPL UsiuBCRECRY (U-87/CD4/CXCR4) are

“infected  in” the™ abs&fice of 'an "R% "'(peperidin-1lyl "bhiitiie
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 virus are characteérized 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



(e.g. U-87/CD4/CCR5) _, CD4 plus C_XCR4 (U -87/CD4/ CXCR4), or CD4 plus CCRS5
and CXCR4 (HT4/CCR5 /CXCR4) are infected. -Am ng, ﬁ§ EgpSébééjtl ons, that
change that elicit, alter, or prevent antibody neu TP7atton are deemed
inportant to virus neutralization. In, a --related ' enbodi nent: _

- of - - - t heWOIROWBR3I on, gen-eb.c deter M nants of virus PEUEINBation are
identified by evaluating am no acid sequences within the entire gpl20
surface envel ope protein. In a relatedgibodi nent of the invention, genetic
determ nants of virus neutralization are identified by evaluating am no

acid sequencesuw hifst he- %4/@Eﬁﬁﬁeﬁﬁ_ﬁge%¥§| ?Regﬁé aél%e?”‘r gaf’) e

Measuring Susceptibility to Vir rtors nt
Deci si ons Thiag e&%r’rﬁlpepprmrdesyla belzne aschpeirdddd 404 o ngamoswe) entry
i nhi bitor susc }3 |I|t idt. the treatnment .of HV- 1. This exanple
further provi- Bg‘g AR REESFBFe UsiMPLPiEQLY eRPRGER I ONSY

susceptibiliby k9 £hd d@ HBﬁg éé&?érfﬁ%heﬁs Patd,ARLS AEhat @%qu%‘i%h‘éed

previous antiretroviral treatnment. wth a virus entry | This 24
Novenber 20051‘1&?\0311211@@9!3&8 HCTMIPa2/ ¥80TS to & iR/ emtdmie fwintulgerrpr ovi des

t he neans and, net hods. f using ., virus entry inhibitor susceptibility to
gui de the t rgg?ﬁ%ﬁerl&e &P %ﬁ‘?%tlt%éitﬂﬁﬁ\l}én‘fx&ﬁs C&c 8PvEHOB+ &1 ous treat ment
with a virus entry inhibitor. in one enbodiment, the susceptibility of
patient's viruses to virus entry inhibitors is used to gui de the treatment
of patient sllﬂal Ri ngedated etemhndlaientegl gEnsthéat inverd itde—or@neticnor e

Vi rus entry, 4 bltos failure . (al,so efe red to as virologic.
failure) is ge eranlan At %{gdoggﬁ (FAPPLEP 13Fe EIS%IP%'S{:LI an*‘i’%}r"}a&lmgr eat nent
resul ting i namiet a@:Labé@;deaw@hswmm\ﬂ EH@erMi‘r@hgﬂ)@d sél%:@abéyer{%%ﬁ&w in

the patient. plasm) .. dance may i ncl ude: but is. not, limted

to, (a) clarP¥etesiti-on of aval I abI e drug treat rrent

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-



options, (b.) selection of nore active treatnent reginens, (c)
clarification of the etiology of rising viral ngdN Bbpeat edgspatients
(i.e. poor adherence, drug resistance), and (d)- gug%?on ?n t he use of

i nactive and otentially toxic drugs. in this enbodlnent resi stance test
vectors aV&%8¥P%ed from a patient virus sanples and RCISOY 1905
susceptiblllty to wvarious virus entry inhibitors using the phenotyplc
virus entry assay. Virus entry inhibi_ 8rs may include, but are not
limited to, fusion inhibitors (e.g. T- T-1249), co- receptors
antagonlsts AVDB664, TAK779, PROG42, and pe r|d|n | yl butane
conpounds) an‘ay%% ANt a8 6ATsTS d(eﬁ/ﬁﬁlb%qul)“ Eﬁﬁ’ﬁ?ﬁ ‘ialcé f SAERSFE188ci si ons

are based ongbhe pligsuttrs ofietde ¥LgHATRANEYR 5SS Bh4( guyr.e 4B) and
additional relevant informati o@n Iabo/?:at ory tZst résﬁ?ts a@%@ KI{]CEH In

anot her enbo@7 AEPR/CHIRE) s usne@ sTDbDL s ;otdferpaanémaiaa cokretsasdr@® (ULUs entry
inhibitors i @”5%§“5 UId c@e 24 er 2005 WO 02/099383
PCT/ US02/ 180 CPES HERETEF Wt &N PRSI Of 7% ot P%%%Dewéusl y

treated W thugshé r ebhpyindl ERQI mnsmbdjbahobmclﬂﬂﬁb‘iesr ?D £ VERYS entry
inhibitors. Quidance may include, but is not limted to, (a) clarification

of avai | abl PHRIRPIF e néﬁhlbmqwnsconqebl):rsehenﬁl ofi &5 rorde ¥t Hyeg
treatnment -rg cl ar, |cat|o of the, baseline. susceptibility to
virus entry hﬂ% E tolg%sand @ﬁf oﬁ PR 0Se O1eY ngoRESES and
potential |y texbisniritgs.a Beheky] m&gnlsa%@-lreeeﬁ@éﬁe&fé Ripalrber 0@ Y4 T US
entry inhibitors in treatnent naive patients is inportant for two reasons.

First, the rﬁeﬁuﬁ‘é@e%{%céﬁf-?iﬁmﬂaﬁﬁs off virapsiewm tforenthy spddbitorsoean vary
mﬁdely (e .0, é%ﬁﬁ Eigure 4A). Second, the increased use of virus entry
inhibitors---w -undoubtedly--result in the generation c ..-drug
resistant variants that can be transmtted to newy infected individuals.

In this embodi nent, resistance test vectors are derived froma patient
Virus sanplé§‘aﬁ% t@g&qgfq(nembodiments of the invention, genetic

determinants-of -txropism for other COJreceptors are identifieq -
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)



susceptibility to various virus entry inhibitors using the phenotypic
virus entry assay. Virus entry inhibitors may égﬁ\iude but not limted
to, fusion inhibitors (e.g. T- 20,.T-1249), Y%[Pk% an%agonl sts.
(AVMD3100, AMDB664, TAK779, PRQSAZ, and peperldl n- IyI but ane conpounds) and
CD4 ant ayjonk/ew3ss( MAb 5A8). Appropriate treatnment deciPSiTase2®se® based on
the results of the virus entry assay and additional relevant |aboratory
test results and clinical infornmation. XAMPLE 9 Measuring HI V-1
Co-receptor Tropismto CGuide Treatnment Decisions This exarrpl e provides a
means and nmethednt dShes "' 5 CRR ) opismto
guide the treatnent of H V éﬂn¥a%n?sge§>%%%§?%9f l}égt hern%%\%qﬁe é s and
net hod for 24%1}@%@0@90& HAG @meega&&ajaﬁl LSR8 coBdrMuirag H V-1

co-recept or Fb|0pl to % *&Eﬁ the treatment of patients failing
antiretroviral drug tT'8&t t TURgRRes iR, SR cFr?SF;t?rFit Her &%lmpttbe nmeans
and net hods febpush NG k¥ iL&P-5LHE 91%1%{ t,r o uide th at ment of
patients new ypl nf ect ed erth 1"n Eﬁ |54ex§!rer% e p %\?Fﬁé@ s and

met hod for uSCRH (/e-rngUHBW;!CHM,tEER‘EQQEFID@FpIdsDWJX@RM @Ugyvﬂ@gy@@r gat ment of
H V-1. This ﬁg e further provi des a neans and nethod for using H V-1
co-receptor £ G dE tHe Pr @B GRE(CCBE) patqDéntBluEhaCXCMVdUFecel ved

previ ous ant Bﬁﬁ@ﬁ@}/@}{c@h)t Leat BRRL V4 ha?ﬁ?‘\ih{)u%oégr}éé r@itﬁ{j'@t OrHIt@a'ihl ia

invention furt provi des t he nmeans

-recept or tr@m@rﬁ wepligat dm -inheells tulmat srpitesd cpat bﬂﬂtﬁoﬂ hats Raxe not
recei ved pre ouas ttrea ment wth a virus, entry inhibitor. In one

enbodi nment , co-r e€&Pt BF S%WSFeﬁmH&qt@nPESCD%#{@%@ .used to guide
t he treatrrent of a patient failing antiretroviral reginens that include
one or nore. co-receptor antagonists. Treatnent failure (also referred to
as virologiEnf &t | urehaties g@rmodhmyndeflméd e palrvealtiyn, SUBRhEESE VE

antiviral trgaétmantnar sul %8 &tdetectable | evels of virus, which is
typically meas Ut ed ﬁ the D ropism._.are identified by evaluatlng

- amino acid-sequences within-the entire gpl20 surface envelope ™

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
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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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Went wor t h, ‘ponN@gpgﬁgsggﬁf) patients undergoing ant1retrov1ral therapy

or immuno-therapy (e.g. interleukin-2, or other cytokines),
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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Qf antibodies.fo; both R5 and Xa tropic viruses. In a
..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 ageéz_to-determing_"

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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ser1a1 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 (also referred to as virus neutralization in this
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Intl. Anti V,I_vrréaiuate\gs in longl(éudlnal patient samples (viruses collected

from the same patient at different time points) is evaluated.
For .example, virus neutralization 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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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
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



OU NCA XEp.p, 40N -4V?2auPU 0 X u4P )On ~7 XcrsC, .
000000000C ) C)0C700 1 ,.itrYAAVM rrYY 0000000C)G7C7CTOA Xxxxx0><x>X0C * A
C) 0C) 0C) x0C) 0_r 0/ xJO x; a; a; axEn~31 4~- A i sVYY 6T SBEEFz G URE7 XXX- CNX

cn0CACAMQa
WO 02/099383 PCT/US02/18078

_80_

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
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evaluation. Isogenic viruses based on an well-characterized
parental clone (e.g NL4-3, HXB2, JRCSF) containing specific
"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 CCRS -and CXCR4 (HT47/CCRS/CXCR4) are infected. - Amino
acid substitutions. that change that elicit, alter, or prevent

antibody neutralization are deemed important to virus

neutralization.

2005 WO

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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of patients that have not received previous treatment with

a virus entry inhibitor.

In one embodiment, the susceptibility of patient's viruses

to virus entry inhibitors is used to guide .the treatment of .
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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poEentially toxic drugs. Determining baseline susceptibility
of virus entry inhibitors in treatment naive patients is
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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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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patient’ virus samples and tested for susceptibility to
various co-receptor antagonists using the phenotypic virus
entry -assa :;;eo—reeeptor‘antagonists may include, but are
not limited to, - AMD3100, AMD8664, TAK779, PRO542, and
peperidin-1yl -butane compounds. Appropriate treatment
decisions are based-en the results of the virus entry assay
“{e.g. sge'Figure 4B). and additional relevant laboratory test

results and clinical information.

In another embodiment, co-receptor tropism of a patient's
virus is used to guide the treatment of patients that have
not been previously treated with antiretroviral 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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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

SUBSTITUTE SHEET (RULE 26}
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"Rantes 9-68 (CCRS)
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butane class .
u-—lmmunnkine~NNSDS CCR5 GXCR d-cobratoxin
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Merek Reseamhl.aboralones

“cyoic peplide p7 mimc | (see PNAS 95; 96488891 Qosey
: _t_Achelion Pharmaceuticals _

1 Ci-1012
S A B
SP1093V (BBNH Fe+3 derivative)

FDA appruved d.rugs are shown in baldface;ed d:scontinued development blue not sure about development status
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{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
:lgmivudine,.3TC -Epivir Glaxo Welloome:..,” .. Novermbet.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 96 -
indinavir, IDV' Crixivan Merck & Co., Inc, March 86
'newrapme NVP Viramurie ‘Boebringeringelheim- - Jine 98
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. ZDV+3TC Combivir- Glaxo Wellcome September 97.
efavirehz, EFV Sustiva DuPgrit Pharmacetiticals ~ Septeimber9s:
abacavir, ABC Ziagen _ _Glaxio Wellcome February 98
‘amprenavir Agdenerasé Glaxo Wellcome Aprit9g =
* lopinavirfritonavir Kaletra ‘Abbott - September 2000
ZDV+3TC+ABC Trizivir GlaxsSmithKiine - Noveriber2600
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7684 1438 44 30 44 3037843840 65330142841302905632 36 54 Pl ate Repeat End
tinmeStart tenp End tenp. BarCode 3 16:44:06 PM21.621.6 VA Q.5 CPS (CPS) 16
18590184306239025386 3092489432660 8698148341408428898%%53268620467616
3010252354238172 34842303244 2823963702826 66172322228 64378448223228
246188570V SMRAP38%628622628 30383838 - 44 385240702068 1RIZGRDLIRASL07650
32507038243138 53670130881046083238 Plate Repeat End tine Start tenp End
tenp. BarCode 4 1 6:46:20 PM21.7 21.8 NNA 0.5 CPS (CPS) 24 19926 46 5086
27182 5550 26 704 974 32 862 SUBSPETUTE SHEET (RULE 26) 24 Novenber 2005 WD
021099383. PCT/ US02/ 18078 105 1121415842 1588230262694295626205294
56114263252 8227052814364064 322916556 423064242382436 7232207618
36382412211 R4B87S TOG 32882emMBERE2H1BERO5634 323840 8844862386544956137250
223440 34982754398683607M 4654P83449"1WAat e Repeat End timeStart tenp End tenp-
Bar Cpde 518, 48: 35 PM21.921.9 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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223852404226345020036 36805240364052542240 Pl at &2 REJESERA Start tenp
End tenp. Bar Code 616:50:50 PM21.821.9. NA 0.5 CPS (CPS) 30
26284034498938%3%136 4228321068114382246. 302268 3635@5@@@&@¢@3ﬂ8830 3456
281665628184018383234 32114573232423438345034 36223640302030264240
46.2426326028324012036 32585832244050361238 SUBSTI TUTE SHEET (RULE 26) 24
November 2005 WD 02/ 099383 PCT/ USO®518078 106 11230488 747460 973632 5238
40. 32 4428 4224 3836 82 27748 6786 40 9654

11214 158 42 15882 3026 2694 2956 26 20 5294
56 11426 3252 82 270 52 814 36 40 64
32 2916 - 556 42 30 64 242 38 24 36
72 3220 7618 36 38 44 12112 10878 32 248
32 48 22 30 28 24 136 30 58 34
32 38 40 8844 86 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/A
0.5 CPS{CPS)
38
38 28 40 30 38 234 46 30 46 30
26 . 20 32 976 190 58 46 24 28 2298
42 3260 420 50 36 34 102 26 34 24
28 a78 88 32 - 34 32 40 42 54 25
36 62 11890 38 44 3z 42 42 26 36
48 22 44 38 58 32 38 30 32 36
22 38 52 40 42 26 34 50 200 36
36 30 52 40 36 40 52 54 22 40

Plate Repeal  End time Start temp End tlemp. BarCode

6 1 6:50:50 PM 218 21.9 N/A
0.5 CPS (CPS)

30

26 28 40 34 40 50 38 44 34 - 36
42 28 32 1068 114 38 22 46 .30 2268
36 3508 656 48 40 34 88 30. . 34 56
28 166 56 28 18 40 18 38 32 34
32 114 5732 32 42 34 38 34 50 34
36 22 36 40 30 20 30 26 42 40
48 24 26 32 60 28 32 40 120 36
32 58 58 32 24 40 50 36 12 38
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5032 44 21176 SUBSTI TUTE SHEET (RULE 26) 24 Novenber 2005 WD 02/099383
PCTI 1JS02118078 107 4906 44 6906 32 42 40 32 424Noygmperog08%18 3422

129026

WO 02/099383 PCT/US02/18078
106

112 30488
7474 60
9736 32
52 38
40 . 32
44 28
42 24
38 36
82 27748
6786 40
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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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 time Start tenp. End tenp. Bar €4d8oYembsr 7059 g NIA 0.5
CPS (CPS) 32 21586 28 4034 36 52 42088 40 24 14218 56 730 48 326 28 12022

1288 7198WEP30993834 71276 44 792 180 50 PCT/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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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 1882Q 6268 5012 170 3546 504

8164 22214 3420 934 344 5330 6710 1880 338 4286-21Y9V%66°344Y82 5344 318

302 40414322052 580 1018 516 Plate Repeat End tine Start tenp. End tenp.
Bar Code 2WP W% 9 21. 9 NA 0.5 CPS (CPS) 22 3942 24 BGI/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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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 1007% % 22 128 3526
354 168 20 89520 10042 5564 470 17964 40 78 17378 ¥8U?EC 58449922 4160 318

7550 28660 4118 638 336 4110 3624 1892 188 3494 2066 484

t WO 02/099383 PCT/US02/18078
109 |
24 46 118 34 26 40 34 26 26 50
132 116 84_ 34 34 48 34 38 30 a8
32 30 32 28 . 26 40 46 28 12 26
34 84 12036 94 38 34 44 24 38 86
24 28 42 44 24 28 40 26 48 32
62 24 58 32 66 26 28 44 32 22
44 80 60 28 40 28 28 34 32 36
Plate Repeat Endtiime Starttemp.End temp. BarCode
) 1 HEHERHE 22 22 NIA
0.5 CPS (CPS)
34
38 11132 26 6696 34 3960 44 40 28548 40
762 48 39888 88 40 30 36 8416 1262 4098
52058 ~ 8050 2524 60 450 ° 168 32 340 22410 534
1086 2080 172 170 38 38 30 444 7478 2458
30 46 16428 25792 4240 45094 2092 630 334 17130
2498 732 358 5044 3236 . 202 2124 292 4806 13736
280 30 3986 866 4584 240 110 940 1286 162
456 816 438 294 260 44 524 40 34 22
Piate Repeat  Endlime Starl temp. End temp. BarCode
6 1 IHHHHEHE 22 221 NiA
0.5 CPS (CPS}
32
40 13240 38 7756 38 3368 24 40 36836 48
914 34 44702 64 50 20 24 8048 996 3826
50234 9110 1574 46 536 270 20 382 21124 424
200 1888 240 108 28 46 30 288 9302 21584
46 28 17532 29872 5846 31810 2346 a38 286 22146
3048 862 208 5668 3686 166 2092 214 4384 16762
390 64 3518 926 4362 318 176 1032 924 156

672 810 314 242 252 26 378 30 20 34
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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 ( 36 36 38 28
283828364211440 32 34 80 26163630182630 126 106 4N$?§ﬁ$§§2§§§%58 26 46 42
38342018342436 28 146 15756 763226425236106 34 50 20 24321838183638 38 38
28 368050%ZAX3IB 40 30 38 30242238363436 Pl at eRepeat PHHUIRMMTEL art tenp.
End tenp. BarCode 4 1 21.922 N A 0.8 CPS (CPS) 16 24 70 30 26 26
4018326630. SUBSTI TUTE SHEET (RULE 26) 24 November 2005 WD 02/ 099383

PCTI US02/ 18078 109 24 46 118 34 26 40 34 26 26 50 132 116 84 34 34 48 34

43332 38
4314 17856
35672 424

16106 23794

548 3376

15148 19592

7752 4078
48 42

45846 26
4480 14374
2422 408
11888 24960

478 3182

19740 13822

9188 4136
38 50
60 46
48 80

8 28
100 60
34 24
50 58
30 28
22 26

60 34



38 30 38 32 30 32 28 26 40 46 28 12 26 34 84 12036 94 38 34 44 24 38 86 24

28 42 44 24 28 40 26 48 32 62 24 58 32 66 26 28 44 32 22 442%860
28402828343236 Plate RepeatEnd tineStart tenp. BAdVPERBEPeBarelde 512222 NI A

WO 62/699383 PCT/US02/18078
111 :

36 56

36 28

48 58

36 36

30 150

30 28

8 28
30628 . 34
1598 12372
1046 512
10024 15470
388 2730
13012 12386
6768 2204
38 20
30382 36
1714 11588
804 682
14254 16620
612 3346
14404 12586
6956 2938

50 38



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%(21'22410 534 %%%56 2080 172
170 38 38 30 , November 2

WO 02/092383 PCT/US02/18078
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444 7478 2458 106 46 16428 25792 4240 45094 2092 630 334 17130 30 732 358
5044 3236 . 202 2124 292 4806 13736 2498 30 3986 886 4584 240 110 940 1286
162 290 816438294260445244034. 22 456 Pl ate Repe&’EAPEHRESt £°0% enp. End
tenp. BarCode 612222.1 NI A

WO 02/099383 _ _ PCT/US02/18078
113 : ‘
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 {a), 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



0.5 CPS (CPS) 32 40132403877563833682132332223362702038221124424
01434447026450202480489963826 5023491
200188824010828463028893022154 4628175322987258465 19V63E4E03859622146
3048862206566836861662092214438415762 39064351892643623181761- 032924156
672810314 P43B8378302034 SUBSTI TUTE SHEET (RULE 26) PCI/SEaster 2005 WO
02/ 099383 PCTI US02/ 18078 110 43332438 4314 17856 3572 424 16106 23794 548
3376 15146 19592 7752 4078 4842 4584626 448014374 2422408 1188824960

4783152 1974013822 91384136n38nQ, 698 rein 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.

2. The method of claim 1, wherein the indicator nucleic

acid comprises an indicator gene.

3. The method of c¢laim 2, wherein the indicator gene is

a luciferase gene.

4. -The method of claim 1, wherein the cell surface

~-receptor, is Ch4.

5. The method of claim 1, wherein the cell surface

receptor is a chemokine receptor.

6. The method of claim 1, wherein the cell surface

receptor is CXCR4 or CCRS.

7. The method of claim 1, wherein the patient is

infected with the HIV-1 virusg.

8. The method of claim 1, wherein the nucleic acid of

step (a) comprises DNA encoding gplzo and gp4l.

9. The method of claim 1, wherein the viral expression

vector comprises HIV nucleic acid.

1a0. The method of claim 9, wherein the viral expression

vector comprises an HIV gag-pol gene.



4880 828 10060 3424 5058 3028 2226 60 34 24 Novenber 2005 WO 02/ 099383

PCT/ US02/ 18078 i |

36 56 36 28 46 58 36 36 30 150 30 28 1828 30628. 34

159812372 1046512 1002415470 3882730 1301212386%67885582¢%5328030392 36

1714 11588 804 682
WO 02/099383

11.

lz2.

13.

14.

15.

16,

17.

18.

19.

20.

21.

22.

23.

14254 16620 612 3346
PCT/US02/18078

115

The method of claim 9, wherein the viral expression

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

The method of claim 1, wherein the first cell is a

mammalian cell.

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



14404 12586 6956 2938 50 38 24 Novenber 2005 WO 02/099383 112 34 | 26.471
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A nethod for identifying whether a conpound inhibits

entry of a viyus intg a cell i.ch canprises: (&) obtaining nucleic acid
7 t}b%%?oéfic FRmY PSR ithee GE®BYSt HE \A r us;

is clained is:

encodi ng a vitdl envelopt:
(b) co-transfecting }igandacfi st wdlll sirfatdereuepkeirc acid of step (a), and

25.

26.

27.

28.

29.

30.

31.

(a)

(b)

{c)

n

The method of «claim 23, wherein the compound

comprises an antibody.

The method of ~laim 1, wherein the compound inhibits

membrane fusion.

The method of claim 1, wherein the compound is a
peptide, a peptidomimetic, an organic molecule, or a
synthetic compound.

The method of claim 1, wherein the compound bindé the
viral envelope protein.

A method for making a compositioh which comprises
admixing the compound identified by claim 1 with a

carrier.

The method of c¢laim 29, wherein the carrier is
saline, polyethylene glycol, a buffer solution, a
starch, or an organic solvent.

A wethod for identifying a cell surface receptor
which is bound by a virus upon infection of a cell by

the virus which comprises:
obtaining viral particles which comprise (i) a viral
nucleic acid and (ii) an indicator nucleic acid which

produces a detectable signal;

contacting a cell which expresses a cell surface
receptor with the viral particles from step (a); and

measuring the amount of detectable signal produced




(i1) a viral expression vector which | a*ks a nucleic acid encoding an

envel ope protein, and which conprises an indicgtor nucl ei c @@Id whi ch
produces a detectabl e signal, such that the fir<f FOVEMBFEdalEs vira
-particles rising the envelope protein encoded by the nucleic acid
obt ai ned WP&W%’? patient; (c) contacting the viral paPEWe0¥E0H oduced in
step (b) wth a second ceII in the Qresence of the conpound, wherein the
second cell expresses a cell sur f acd receptor to which the virus binds;

(d) measuring the anmount of signal produced by the second «cell in order to
deterni ne the infectwithinothe heelli rnetepeint ipplcdlsictaod 6€) thenpaghay t he

amount of signal  easyacdhids ShERdr) ouirhit LIgagBUTLgleangl, ppgduced

in the absence of 24 hg% 2002 MD 02/ 099383 t he
conpound, wherein a Fetdtctd Yobheigials. rbgsabedidentifyipgetbace of

t he conpound indicateslltharfaME:nnnﬁmUﬁdasnhebngsbeﬂhﬁybpfth@evﬁkﬁﬁs into

t he second cel |. %?%gmﬁhﬂg@18£ gfq#%% wherein the indicator nucleic

acid conprises an in tor gene ce’ltlhod of claim2, wherein the
i ndicator gene is a luciferase gene. 4. The nethod of cIa|n11 wherein the

cel | surface 32 ecephaisthcd w 1d5nt'i’fgelﬂ@me€h@£ &l %hﬂﬂ@d})’“l‘i‘h@.bﬂtéhe cel |
surface receptor is ﬁké§l ki ne ree§3%§ The. et ho claimi,

wherein the cell surface Tefeptors éRﬁe%} G?mp?ﬁﬁeﬁethod of claim
1, wherein the patient is infected with the HV-1 virus. 8. The nethod of

claim1, whereiaf heowusl g anicdedt seligP diodPTd 68 DNARNEPELE9 9p120

and gp4| The nethod of Qla|¥11 wherein the_viral” expression
rom 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



vector conprises H'V nucleic acid. 10. The nethod of claim9, wherein the
viral expression vector conprises an HV gag-pol ‘gene.. 24 Novenber 2005
WD 02/ 099383 PCTI US02/ 18078 115 11. The net hod 24f Newgikes. 208ferei n t he
viral expression vector conprises DNA encoding vif, vpr, tat, rev, vpu,
and nef. WD.02¥¥9383net hod of claim 1, wherein the first weEinisor/ssoze nammal i an
cell. 13. The method of claim 12, wherein the mammalian cell is a human
cell. 14. The nmethod of claim 13, wh&rein the hunan cell is a human
enbryoni ¢ kidney cell, 15. The method of claim 14, wherein the hunman
enbryoni ¢ ki dney cekhatsthe 283t dsddy. ihfRibite smiRodrofcel aiimud, iwherein
the second cell is athQuéF@ébﬁ%l%llll' 17. The nethod of claim1, wherein the
second cell is a hunan cerll eukem a cell line. 18. The nethod of claim
1, wherein the second cell is a peripheral blood nononuclear cell. 19. The

method of clasm 1, whefeiHbd Her s@aenraissid sju%cé‘?tik?ﬁtiﬁ:?ngf%i%lsl t020. The
nmet hod of claim 19, Wn%rogani n té‘ew st rogjlf'éokrrr% cel IS %_U87 cell. 21. The
method of claim1, wiheraROrhe Y8tohd BRI %S Wralynghl bsFRLSAr ¥Bhahcel | .
22. The nethod of clapmeRisagierein the human osteosarcoma cell is an HTA4.
cell. 23. The nethod of-claim11, wherein the conpound binds to 24 Novenber
2005 WO 02/ 0993&?3 PCT/ USO02/ 18078 _ 116 the cell surface receptor. 24. The
met hod of clai m'3! TETH RS L O RISurftfids gpcoding a viral  envelope

protein from a patient infected by the virus;
{(b) co-transfecting into a first cell
(i) the nucleic acid of step {(a), and

(i1) a viral expression vector which lacks a 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.



|l i gand of the cell surface receptor. 25. The nethod of claim 23, wherein

t he conpound conprises an antibody. 26. The nethod of clai . Wherein the
conpound inhibits menbrane fusion. 27. The net#gd%-vgﬁ% Fﬁg?$5wherein t he
conpound is a peptide, a peptidomnetic , an organic nolecule, or a

synt het i cWOSAPEEHd. 28. The nmethod of claim 1, wherei PPEIREFHEPound bi nds
the viral envelope protein,. 29. A nethod for naking a conposition which:
conprises adm xing the conpound idéhtified by claim1 with a carrier. 30.
The nethod of claim?29, wherein the "carrier is saline, polyethylene
glycol, a bgifer sgl i Qr_an_organi c solvent. 31. A nethod
for identifying a cerlhl%&gj% ffgé‘ea%g%g&%rblr g ﬁﬁfﬁ%@‘?@:%&fn& ByrdSvieus upon

i nfection of a cel FOlRP whigh ieh vioaprimtey: ifn) akidilnivAgewi ral
particles which coopmmsaegi:) a viral nucleic acid and (ii) an indicator
nucl eic acid which produces a detectable signal; (b) contacting a cell

whi ch expresses a cell surface receptor with the viral particles fromstep
(a); and (c) masu?q)ngdﬁﬁérﬁmim shsdepeidtidbke ssfnal pradiiced 24 Novenber

2005 WO 02/ 099383 PCTkbhp82id 89¢8orailk/ W LthLN ell, erein :
production of the si gnah §iendi cat eir%l#é (1::}31 Fgéurrn glg%&rcé%e'ﬁr%rm e%?pr essed by
the cell is bound by PABTTH FsPUEfeteRfif Raveiipeny il eslélene f ace

receptor as being boundrbyeimeiwishtsineponrbmf gcphoneaf ey cells, 32. A

met hod for identifyingeyhether an antibody inhibits entry of a 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 ﬁﬂlldetermining 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




(1) the nucleic acid of step (a), and (ii) a viral expression vector whi ch
| acks a nucleic acid encoding an envel ope protein, and which _conprises an
i ndi cator nucl eic acid which produces a detect &fl &%isghar, 290ch that the

first cell produces viral particles conprising the envel ope protein _
encoded bW4R&3%cl ei c acid obtained fromthe patient PCEJ02e89m act i ng t he
viral particles produced in step (b) wth a second cell in the presence of

the anti body, wherein the second d@0| expresses a cell surface receptor
to which the virus binds; (d) neasuring the anmobunt of signal produced by
the second cell in oedéstamredebetii neomdrainianf ectivity of the viral
particles; and (e) conparing the anount of signal neasured in step (d)

with the armug%i of si gnal produced in the absence of the conpound, wherein
a reduced anmoufit of SPGMEEThoReRk Fladmi 35 + whepear dritse votus hubtanhisRogly

i ndi cat es 24 Novenbest2p03bW0i02/t3R9383-2CTAY SAREL8QZ$ 9ﬁ:ll.%@mt gﬁ{ Lhe
-antibody inhibits en§£,¥s%g E;thgfvitr us into the second cell. 337 Anethod
for deternining suschptrbiiity of 3 viePHROERY a SBRbburkPSHFCERCRNhiI t S
viral cell entry whi @8vekenggri ses: (a) obtaining nucleic acid encoding a
viral envelope protein froma patient infected by the virus; (b)
co-transfecti into,a first cell (i) the nucleic acid of step (a), and
(ii). a vi ral—’fw‘expre‘gl%‘? (ﬂ‘?t?}'é@to?r c&vig’ﬁ"?:k?ﬁ'a(‘f’k@r%”hlfé‘leeV%:ru%(ﬂb@aéneddimg an
envel ope protein, angtemhi Gh isodpolsess afirdmi GRItAENRUGHEER R Gpadl ch
produces a detect abl i t hat first cell _produces viral
particles conprisi nglfér%%g%ge%%%mgggt ‘érlg'gge%%eoféjﬁlpwn?he nucl ei ¢ acid
obtained fromthe patient; ' -



(c) contacting the viral particles produced in step (b) wth a second cel
in the presence of the conpound, wherein the s%c0§d c%hl eégr sses a cel
surface receptor to which the virus binds; (d) QUFMRE "t hE O2nount  of
signal produced by the second cell in order to determne the infectivity
of the vWMO¥*¥48%icles; and (e) conparing the anpunt BET/ES03A¥IS neasured in
step (d) wth the anobunt of signal produced in the absence of the
conpound, wherein a reduced anmount of signal neasured in the presence of

t he conpound indicates that thegggﬁﬂﬁcﬁsuﬁﬂﬁﬁ@ptib|e to the conpound. 24
Novenber 2005 WO 02/ 099383 PCT/ US02/ 18078 119 34. A nethod for determn ning
resi stanc a .Q a onpound which inhibits viral entry into a cel
whi ch co%%?é%egﬁl%gﬁgggfeF%§hing susceptibility of a virus to a conpound
according to the nmethod of claim33, wherein_a nucleic acid encoding a
viral envé%%§§§§§9Mﬂ9§FWIP§S&ﬂFﬁﬁﬁ%ﬁb?$dﬁﬁ% ALUBRING VIRA RECEPTORE: ~ (b)
det ermi ni RY" S BERFEyAY) REEBITPRS Qf WIRES ENFROIHRINECBEEGMRENt 0 t he
met hod of AET H{TREBASEAZFein the nucleic acid encoding the viral envel ope
protein is obtained fromthe patient at a |later second tinme; and (c)
compari ng<1iire- seseepcbhebprd®es determined. in steps (a) and (b), wherein a
decrease in susceptibility at the later second tine indicates resistance
of the vitds t@d/Rescanpounsh/238, g% method for identifying a nutation in a
virus that confers resistance to a conpound that inhibits viral entry
into a cel],whi chsqopprises: (a) determning the nucleic acid sequence or
the am no acid sequence of the virus prior to any treatnent of

<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
<2i3> RT Primer for HIV Envelope
<400> 2

ttecagtcav accteaggta c
21

Page 1




the virus with the conpound; (b) obtaining a virus resistant to the
conpound; (c) determ ning the nucleic acid sequ%g(:e or the gino aci d
sequence of the resistant virus fromstep (b); nHOC’(?}“b&’fn% PPng t he

nucl eic acid sequence or the amno acid sequences of steps (a) and (c),
respecti VEPY10ME3as to identify the nutation in the MUIESOVIBATS confers 24
Novenber 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 presence of the conpound until resistance
is devel gpgsl. 37. Thenmethad of claim 35, wherein the virus obtained in
step (b) is isolated froma patient which has been undergoing treatnent
with the ﬁ%gﬂpugg. 24 Novenber 2005 WO 02/099383 PCTI US02118078 SEQUENCE
LI STI NG <110> ViroLogic, Inc. <120> COVPCSI TI ONS AND METHODS FOR EVALUATI NG

VI RAL RE TOR/ E8OHRECEPTCR USAGE AND | NHI BI TORS OF VI RUS ENTRY USI NG
RECOMBI N < VPROS ASSAYS <130>2793/ 65166APCT <140>09/ 874, 475, 60/ 295, 871
<141>2001- 06- 04 <160>16 <170>Patentln version 3.1 <210>1 <211>26 <212>DNA
<213>RT Prd¥fer s REoPrHRer e B e Er¥®IPE ggagcattta caagcagcaa cacagc

<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
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26 <210> 2 <211> 21 <212> DNA <213> RT Prinmer for H'V Envel ope <400> 2
ttccagtcav acctcaggta ¢ 21 Page 1 24 Novenber 20 WO 02/ 0 3

PCTI US02/ 18078 <210> 3 <211> 19 <212> DNA <2%§£%ﬁfeﬁ?‘1eﬁe%§5§r HI vV

Envel ope <400> 3 agaccaatga cttayaagg 19 <210> 4 <211> 35 <212> DNA
<213> PCRWO®RM¥P83<400> 4 gggct cgaga ccggt cagt g gcaat gabERUNYAME 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
<212> DNA

<213> PCR Primer

<400> &

gggctegaga ccggtgagea gaagacagtyg geaatg
36

<210> 7

<211> 35

<212> DNA

<213> PCR Primer

<400> 7

gggtctagaa cgegttgcoeca cccatcttat ageaa
35

<210> B8

<21l> 38

<212> DNA

<213> PCR Primer

<400> 8

gggtctagaa cgcgtcecact tgecacccat bttatage
38 '

<210> 9

<211> 34

<212> DNA

<21i3> PCR Primer
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<213> PCR Prinmer <400> 6 gggctcgaga ccggtgagca gaagacagtg gcaatg 36 <213>

PCR Prinmer <400> 7 gggtctagaa cgcgttgcca cccatc ta%\] ggg g? 5210> 8
<211> 38 <212> DNA <213> PCR Priner <400> 8 gg§tctayii c§cgPcact
tgccacccat bttatagc 38 <210> <211> 34 <212> DNA <213> PCR Pri ner

PCT/ US021%80378%¥3ge 3 24 Novenber 2005 WO 02/ 099383 PUWUBY®IIBO78 <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 at i on 5400> 1

gaggtctagaa cgcgtcocact tgecacccat 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
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Gn Leu Leu Ser Ay Ile val A@n Gn Gn 15 10 <210> 12 <211> 10 <212>
PRT <213> Viral Entry Inhibitor Resistance Mita | <4 0> é%ogage 4 24
Noverber 2005 WO 02/099383 PCT/ 1JS02118078 d n Eeu Ile Met dAn
Gndn 15 10 <210> 13 <211> 10 <212> PRT <213> V'raI Entry | nhi bitor
Resi st ancWORP%EPBon <220> <221> M SC FEATURE <222> (BET/US02(1®)78 <223> \Nher e
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 1 5 10 <210> 14 <211> 10

' <212> PRE1g2i82x Mu derbErmiety 1l ahndi taan Besi §tance Mut ation Page 5 24

Novenber 12005 WO 02/ 099383 <400> 14 A n Leygleu Ser Asp Ile Val Gn d@n Gn
15 10 <210> 15

<210> 13
<211l> 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



<211> 10 <212> PRT <213> Viral Entry Inhibitor Resistance Miutation <220>
<221> M SC FEATURE <222> (5) - - (5) <223> Wer = G or D 00> 15 @n
Cou e Ser xaa Ile val GinGin Gn 1510 pOrPAsNSEENRE. 29080 16  <o11>
36 <212> PRT <213> Fusion Inhibitor Peptide - <400> 16 Tyr Thr Ser Leu Ile
Hs Ser LRQPM3% u Gu Ser Gn An Gn GL n 5 10 15 PREESBINovenber 2005
WO 02/ 099383 PCT/ US02/ 18078 A u Lys Asn Qu A@n GQu Leu Leu A u Leu Asp Lys
Trp Ala Ser Le u 20 25 Trp Asn Trp Phe 35 30 Page 7

<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 Lieu Ser Xaa Ile Val Gln Gln Gin
1 ' 5 10
<210> 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
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24 November 2005

WO 02/099383 PCT/US02/18678

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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