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VI RAL  RECEPTOR/ CO- RECEPTOR USAGE AND | NHI BI TORS OF VI RUS ENTRY USI NG
RECOVBI NAND 08loRIgSs ASSAYS Thr oughout this application, varipoonguspsisrgati ons
are referenced by author and date 5 within the text. Full citations for

t hese publications may be found |isted al phabetically at the end of the
specification imedi ately preceding the clains. Al patents, patent
applications and publications cited herein, whether supra or infra, are
hereby incorporated by reference in their entirety. The disclosures of
these publicati opeMIFOSITIONSEAND METHODY FOR EVAWATING VIRALL ed by
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measur € hﬁte&ﬂl seaptas knd»wﬁ tp thdse akilled therein@s ofthe date of the dfventionakesceibedand A
further {eng %;en]f he present invention is to provide a retroviral vector
system t h§ efgl produces virus particles containing viral envel ope proteins
derived froma variety of sources and the identification of cell lines

that expr g CRERVUNS OFPTAEINVENTON perm ssive for viral replication.
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receptors). Receptor recognition and binding are mediated by the surface envelope protein.
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SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention to provide a rapid, sensitive
phenotypic assay to measure the susceptibility of a virus to inhibitors of viral entry.
A further object of the present invention is to provide a retroviral vector system that
25 produces virus particles containing viral envelope proteins derived from a variety of sources
and the identification of cell lines that express viral receptors and are permissive for viral
replication.
Another object of the present invention is to provide an expression vector for viral
‘ envelope that is capable of accepting patient-derived segments encoding envelope genes.
30 Another object of this invention is to provide a bio-safe vector that represents most
of the HIV-1 viral genome, but carries a luciferase reporter gene in place of the envelope
region.
A further object of the present invention is to the phenotypic assay which reduces

the likelihood of forming recombinant infectious HIV-1, by providing a viral expression
35



WD 03/ 070985 PCT/ US03/ 04373 2 vector that carries a deletion in a
transcriptional regulatory region (the 3" copy of U3) of the H V-1 genone.
Anot her oWpast7@Bsthe present invention is to provide an @s3aRosey3abl e of
identifying and determ ning receptor2co-receptor tropism which quickly
and accurately identifies 5 patients that are infected with strains of a
tropic virus. These and other objects nay be achi eved by the present

i nvention by a nethod for determ ning whether a virus has an altered
susceptibility to a conpound, said nmethod conprising: (a) contacting a
host cel | veittithitiarrieapdetivo, in wirenseiiptianhlgeguiaery ceglidn (GerdHedpyef U3) of the
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the

provide ng wh onpoun nhibits entry of a
virus 25 iagkvtyan Iabseﬂﬁﬁ Q,fﬁhecWﬁiﬁ’PF@eg‘d“’etﬁﬁ thahhe,yigHs hgs ﬁl&!ﬁeéﬁdé“’?f@i’tl?ﬂghcodl ng a
viral envaeb@RRompéingi n froma pat lent infected by the virus; (b)

t fect t f ' I : d
ot e by S ke oL o B a2,
envel ope qnccmlﬂrglarv,lrahprdtewmndla virelngxpiession &ntor whick backs theyourdlei¢ acidiericadingni ch
produces g, cd\q{a?ﬁlro%m &d%lg&aéog}pn§é§%ﬁ ifdit@or hiteid %ﬁé%ﬁ%ﬁ E}odﬁf]eg dueeSand 1 al

partlcles co rotein enco e nucleic acid
obt ai neff fsr&ahh gl ﬂ}@h‘thp &irt celf rerydl@em wiedl particle pampyising|t qo\afaé profedenspdsduced i n

step (b) b\ytm@samaqua@ik |a01ti nThéﬂﬁrspdeﬁ%aﬂmoﬁifacttamnﬁa@muardeu wherein the
second cel | ? sses.a .cel surfﬁﬁe rece vi rus bi nds;

t
(d) neasursFHEPE A0S FElR “l‘)"fpr%gf’%fﬁz?f FB‘B%’Q "? H‘S s%“é’ﬁ%ﬁ‘g RIS R or der to
det er m ne ceheurfabd Redptotitd Whish thehgralpartidle fadst m«:bm&mb@dnhe@e Yhe present

invention provides a method for identifying whether a compound inhibits entry of a virus
25 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
30 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
35



conparing the amount of signal nmeasured in step (d) with the amount of
signal produced in 35 WO 03/070985 PCT/ US03/ 04373 3 the absence of the
conpound, wolsneisms a reduced amount of signal neasured in toa/goessnsge of

t he conpound indicates that the conpoand inhibits entry of the virus into
the second cell. In another aspect, a first cell conprises a virus-derived
nucl eic acid encoding a viral protein and a viral expression vector which

| acks the nucleic acid encoding the viral protein, 5 such that the first
cell produces a viral particle conmprising the viral protein encoded by the
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pr epar at i patienhinfesteddy atviteg the developmertof am aniibgdywsnopirapiblasfitlosk®g r esponse
to the 26hayiibRbomp@i: () 6RABhEa Bést BIOSI BY attibbeEhbgfationTroan@e her
enbodi nment , rov or detecting wthin a

.th t d t hod. f
patient i H?@&’i&g{?@sﬁgﬁﬁ {]F!lec?’wlgggeé\%élpf}%ﬁgﬁgg‘&%ﬁggﬁ iBYE) R BSnse capabl e
of bl d&kipaipnt aidentihdicater angleitc sdid ghichpyoduceansikechble gignakt (b) medsiningtheel | (i) a
o ; . i poc ' snani .. Y
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and whi ch sigashmreasnsed insstep divdtithr amepnt of siengkpradused inghgrbsense akthe  det ect abl e
signal, sygdboli{plepiriionl Wheérbin @ dducdd REBUEESE sibnblaheafitéd inGhefreAdeufitel ng t he
viral protein_  encoded by the nyclej.c Clqd qbt gl ne ‘bf Lom toheet§%%e' ent; (b)
cont act i ng"{hedy Bﬁep%lrf‘t‘??d?‘i{?aéefséléat Hﬁ?&%‘ég%f Exelaped gn gutibody tegponse 0 1he 1oy
pr eparé?c(X ofralfpratein ichgbleal blecking infcticont acting the viral particles and
antibody prepaf 3 Hlnodih, ol in RndSGRBAIGS! el Blilldne Second

e sur%’acc—? tor to I ch t

cell 30 expresses a c . recep ) e virus binds; (d)
measur i ng within zpadienttinfosted yea vinws thedleulpranest efrps antibogdy trsaense §arable oS econd cel |
in order tbR)Cﬁiﬂé §HEEEBE cosRising! @FiraniekiinghtotaMst cell (i) a nucleic acid encoding a

viral protein from the patient, and (ii) a viral expression vector which lacks a nucleic acid

25 encoding the viral protein, and which comprises an indicator nucleic acid which produces a
detectable signal, such that the first cell produces viral particles comprising the viral protein
encoded by the nucleic acid obtained from the patient; (b) contacting the viral particles
produced in step (a) with an antibody preparation from the patient; () contacting the viral
particles and antibody preparation of step (b) with a second cell, wherein the second cell

30 expresses a cell surface receptor to which the virus binds; (d) measuring the amount of the
detectable 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 antibody preparation, wherein a reduced amount of
signal measured in the presence of the antibody preparation indicates that the patient has

35 developed an antibody response to the viral protein capable of blocking infection.



viral particles; and (e) conparing the anount of signal nmeasured in step
(d) with the amount of signal produced in the absence of the anti body
pr epar at iwn,03wh®@s£i n a reduced anount of signal neasuredpPca/usogo43resence
of the antibody preparation indicates4that the patient has 35 devel oped an
anti body response to the viral protein capable of blocking infection. WO
03/ 070985 PCT/US03/04373 4 In another enbodi nent, the present invention
provi des a nethod for detecting within a patient infected by a virus the
devel opment of an anti body response capabl e of blocking infection
conpri sing: ( gy atdtidrembediment, thepesent fnvertion padvide$ b methodfad defectingowithimncodi ng
a viral rotei.n fr t he the 1) A ' yector which
| acks a n Pﬂ%&“ nfﬁ?:tf"gg%a %‘Hbsg (l'rlleé' %ﬁ%&@ﬂ?éﬁ Mpgr%yeﬁe{??:h%eucﬁz{bﬁcgf[b R_)Fﬁ\ggfi rst cell
produces infection @arprisinge(e) ransfecting intg atfing cell (i) amuclpioacid encedipgdeimlby t he
nucl ei ¢ agi d. ' - . ' - ' idal particles
pr oduced ﬁgﬁﬁglsqqgéﬁ?t}{aé%qﬁnﬁ’_%ﬂg&Bg‘n‘?ﬁ%gggm?g‘%gtroggﬁ%ﬁqéfc%g%nﬁégégc,?’ﬁi ent; (c)
cont ac®i nepcodipgtheiviral preteing sush that the firsheall iservses riehpartiglesAoMpASBE WS (b) with a
aﬁsloﬂd ﬁ elikal pmib&{cgdéd}gr dthesﬂfémcﬁﬂir?kai%ﬂ’foﬁﬁﬁﬁpat&nﬁ ith)l coftaéting Ui vlilab_ep'([j or to
ich the virus nds, an erein t second ¢ 0 i ndi cat or
nucl ei ¢ aPaHFIGHAr ciff’&ff?@é “Qﬂ‘oaé‘taa%l?ogﬁ P&epgff‘%?{'ar}?‘?m ?&paﬁ%na,s@rc;%ﬁtéc e anount
of the detheoiralparicks gindbintipodychrepneatioy of step (brwisina sesend callawherdiaithet 0 det er i ne
the infectjvi f V] (o ; | ha.anount of
si gnal n%’ﬁ%ntffraéggf‘?{ggsg Seap ezlgkﬁ%%tr%&%}h@gnh%glﬁé ?%us??f&lf]g{lid g?%%‘ﬁg’é’d in the
absencdOofeconvescel woinprisey an indispiar acleinpcid Whishopraduces ég‘?}ﬁ"é‘éi’l%%@ht of signal

measur ed {4 nleh@iriRE B GROENtQF tHeliRteatable BERHY prloduddd®p Micetdhid ceMili edr&s that the
patient has deve

oped an anti hody respo to the viral protei capabl e of
bl ocki ng ﬂ%?rgﬁqqtawn?qcrf\“&y ﬂaﬁfe@ﬂ?{%ﬁ s, a"t%f{g) R?P}P&P%‘)"SP@PH‘RP%I envel ope
pr ot ﬁi n. ir?te)asgftdﬁmﬁép (dﬁmimdiermnmmg df lnignal ipralcquirin thei abscnse of thagdibellypr ot ei n. I n
anot her enbodi nent, t. C etecting
o hin oBOR Ehe b abiohi Sl Aol Ot e T dnbocy® 10

respondé prpaition indicdtdsdlut thegati¢nt hasaleveloped anrprtibopy pspqnsg to the iBhPIOWE: a fir st

cell conpgl.Si 1hekirfb ilkElig. ¢ acid encoding a viral protein fromthe
pati ent, gdr?g&?ugf% a l%lr al expression vector_ which |agks nucleic acid

encodi ng t he \poag embastiment, the vigal prpteinis @ Aelape grotin MACRELr nucl ei ¢ aci d

whi ch pr oglys@Bment, tHeViea paRliRiss @psd prognch that the first cell produces

viral particl comprising the viral.prqtein - eic acid
obt ai ned frome[?‘ﬁgo tefni’ﬂfh,%m(%ﬁe@ﬁeﬁ g Vflﬁlé’ By Floe‘gc\?els'?a eg%?&??%éf%@% ‘%Pglbjuced in
step (&P wpitientinfeated bp e diyusthe gevelopinen of amantibpdy fesponsernapabiegf bioskingct i ng t he

viral  pa ntfgcagféo@}gieﬁlnéab ReebaRg Qﬁ@f&hiceapﬂimgeﬁpmfcmc Wid dhesigeeond cel |

wherein the secon expresses a_ cell surtace r,qgle tor tq which the
virus bi n¥isal protgin femdhe patignt #nd EhdVird expressign et BEFLIATKS 2 PG PO oduced by
t he seconghce@ing thelviral st6teint Shdd@ttie dbimipeisds g indifaee hisléit weid fwhich @roduces a

detectable signal, such that the first cell produces viral particles comprising the viral protein
25 encoded by the nucleic acid obtained from the patient; (b) contacting the viral particles
produced in step (a) with an antibody preparation from the patient; (c) contacting the viral
particles and antibody preparation of step (b) with a second cell, wherein the second cell
expresses a cell surface receptor to which the virus binds; (d) measuring the amount of the

detectable signal produced by the second cell in order to determine the infectivity of the
30 viral particles; and (¢) comparing the amount of signal measured in step (d) with the amount
of signal produced in the absence of the antibody preparation, wherein a reduced amount of
signal measured in the presence of the antibody preparation indicates that the patient has
developed an antibody response to the viral protein capable of blocking infection. In one
embodiment, the nucleic acid of (i) is part of the viral expression vector of (ii). In another
35 embodiment, the nucleic acid of (i) is integrated into the genome of the first cell. In another



30 viral particles; and (e) conparing the anount of signal neasured in step
(d) with the amount of signal produced in the absence of the anti body

pr epar at iwn,03wh®@s£i n a reduced anount of signal neasuredpPca/usogo43resence
of the antibody preparation indicatessthat the patient has devel oped an
anti body response to the viral protein capable of blocking infection. In
one enbodinent, the nucleic acid of (i) is part of the viral expression
vector of (ii). In another 35 enbodinent, the nucleic acid of (i) is
integrated into the genome of the first cell. In another WO 03/ 070985
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anot her an envel ope protein. 5 BRI EF
DESCRI PTI %@@ﬁ"ﬁ&k&ﬁﬂé@@ anﬁe{ngélgf)erbr tt%lrnuct ure of envel ope expression and
vi ral preSS| on vectors The HI V envel ope expression vector (pH Venv) is

modi fi ed pRIEFGESCRIMEONOGF HEE PRUSYRGSSt hat have been anplified from
patient plasma sanples. The designations a/b and c¢/d, refer to restriction

endonucl ease sites positioned at the 5 and 3 end of the HV-1 envel ope
pol ypr ot eifigukgPA:68fructutdief erdvilopgxpassiomnandwinal exprefsiil WctoesAU3) encodes all HI'V

prot et s excepind By SIERORGAREY HAKSbA A APLbHA0 W acklf el 0P® gone

1 cator’ gene casset his case,
"Fi ref | 1P lseaviencss thathave hegn amplifiedfiom patient plasma sgmpleheTlaﬁariqsngtlgﬁom a/piged virus to

L epl Ib cate c’d"'{etfé}ﬁo {%%tgi%ml dSfucRRRANES to@i{uoﬁéatdt théisr ald 3déddg>me Hiver 3' 33_ regi on
as been partia ele en r.anscri in

i nfect ed CBYSlepe WYYP{??"}‘:){%%QZ:QHP tFPESUQILYeEtRY &%ﬁ? ‘%3 l e round
of repli C@tdtﬁﬁs excEptgwreavelﬁbe IﬁglpkotBﬂSA(iaoEimhromhAsijpa(geﬁarmg beensleleretli bility,
co-recept a n‘ d by

ot anoy SRS EPickr e RRNLIY ARULATAERL H SRS ol HBARPC

pr oduce® mnomtpathc ﬂb]“ﬁ'@f thhaztru%ﬁoe‘cnmetg drothe ymcwltalbsqqmpfeqwéd"@bkuﬁequences

derived frﬂEﬂs U R glof Bhs Bebh Hﬁuﬂfy dRRkddD breS et RhRcripfioh YfonP@E 51 CTFem ar e

collected (-48 h) "after transfeéction an ar e { target cells
t hat expr é%f§°tf41 “631? e X pspducedsinghis sysggm is HHte@B’ “}%'Eggep‘t"ﬂ i tI(r %ﬁa“‘sz CXCR4,

CCR5). After infection (-72 h) the target cells are |lysed and | uciferase

activity i st conpl ete one round of replication to
successf ul F@?We@?lwﬁgﬁgﬁfsa%ost cel | and produce luciferase activity.
| f the 20 rus i Drugsaigeptitility sovtrecepidn gopismged vios|neytrdliggiondestisgareact i vity is
01 D1 She Gertddled b U3 Bl Phost Bl RpIENRhY HIPHIVRERDS! hé Adstodio ent Ty

i nhi bi tor rece receptor Ism "and virus neutralization.
produces partlcles that are pseudo-typed with envelope sequences derived from

the test virus or patient sample. Virus particles are collected (-48 h) after transfection and
are used to infect target cells that express HIV receptors (e.g., CD4) and co-receptors (e.g.,
25 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. If the virus is unable to enter the target cell, luciferase
activity is diminished. This system can be used to evaluate susceptibility to entry inhibitors,
receptor and co-receptor tropism, and virus neutralization.

30
Figure 2: HIV Envelope Expression Vectors

HIV envelope sequences are ampﬁﬁed from patient samples and inserted into

expression vectors using restriction endonuclease sites (5' a/b and 3'c/d). Envelope
transcription is driven by the immediate early gene promoter of human cytomegalovirus

35 (CMYV). Envelope RNA is polyadenylated using an simian virus 40 (SV40)



30 Figure 2: HV Envel ope Expression Vectors H 'V envel ope sequences are
anplified frompatient sanples and inserted into expression vectors using
restrictiwoosnddsiicl ease sites (5 a/b and 3'c/d). Envel opeT/u0amses i ption
is driven by the inmediate early geneépronoter of human cytonegal ovirus 35
(CW). Envel ope RNA is pol yadenyl ated using an siman virus 40 (Sv40 WO
03/ 070985 PCT/ US03/ 04373 6 pol yadenyl ati on signal sequence (A+). An intron
| ocat ed between the CW pronoter and the H V envel ope sequences is
designed to increase envelope nRNA levels in transfected cells. FL express
f ul | - I engpslysdenghtignesignandequense (@g@%;u@p%chtedbeﬁéeﬁ&é%pmmﬁﬁtﬁ
proterns 21 ) | acki. R nm mai n of
gp4l; +CT h&)@h%ge’gg&gp s)e‘\;e géep%rsl eedrt%égc Sﬁ%loéyw con salrnnr""rrlrS ecgl%constant
pre- def i nedISgﬁhlexmysscfplﬂ—maih@nvmne prtd@ma‘igplmgm@mk@)‘fmrwg enpeO® pr ot ei ns
derived fpopid megpamacmgﬁre%erenmhmreg@ggeﬂettﬁmommr & et ue@@xgesﬂsl gp4l

expres% a const % t her %ﬁ protein derived
fromtie Faeloppproteiws (eplglyep+h) pontaipng eeersfaarprfhd ed gpEcytapiasmis tildsay In this

figure, themah; ngpyzm ng@ gﬁm‘?ﬁbtﬁﬁd deﬁvéd/r@mﬁ ﬂiel ahéﬂﬂhﬁi“gethgl’vlﬁitkpﬁédnsthmne o
expresses top siXx ane t her ce eXpresses

and CXCR4P’(C(£§P%4 % nstap gre; gaﬁfi $P§2§ té?’r?é‘ﬁ’ 3?61 PAP®Et i ng cel | s
wi th a | adgevedfiolehe pdtienteconbi nant  vi rus stocks derived fromecells
transfected with pHEVenv and pH VliucOU3 vectors. The 15 exanpl e shown

represents the analysis of 96 viruses formatted in a 96 well plate

i nf ect i¥9nEiguee3A: feo-fesenterdlrppism Aereeiugohtsay of drug (no drug), or in the
prﬁsgntce of a Ermgﬁgmtth?sgf(%e eﬂﬁmﬁdl%syng;‘%lcbm lifese Onb 6411 rﬁiées;éwr@bst: (CCR

i nhi bi tor iC nhy bi Vi ruse or tropismis
assessed ﬁ‘réghsrq PRy urd‘ eI <G %?’a’é*‘és"-&&fq‘\ﬂgg?ﬁﬁ?‘*p 8% in each
cel | typeslxlpaiems)r Thd &xeayis pafonaal Wridfeathpsetiewilh ad?htg@u(rﬁ)eﬁ)ﬂfec@mbﬁla&B for 20

| nt er pr et ﬂi&-{rs‘%ﬂ)ci%% de?r%&%o%:%%r‘rﬂ &aﬁgfr t%Fd Wi ?}ﬁﬁ%nv e v‘é&o{seﬁ"gé’t or

troprsml ure, the resu assa are |n ret
conpar il gexan@l%f@pwn gspresents the Bnalysisrab 06 virses formattedrin 8 96 wel Pbtmefecthner ferase

g& } \é'x tcr&aﬂe 4&&%&&%95&%@% d-4r®), 63 tHeSrdsnce o 2 dR ugaeltl S 1gf><|oressr ng
ce 1.1.Qr 0
Spaci 11 CaPEpR el pib L OtenRs r?mrynr(‘ﬁ% 1@%@3&3&@%@?3& Jangtdton) o,

eval uat edvird$és. t(Ecemcepmm trapisasis assesaihy domipeadiig) the amdune df IXeifeest haivipt not R5

Vi ruses, (Bl e o 6 by fulpBinEptarkatfe o At BT 07 of e

cells 28 mtmenom«;fasmrm inhibitor. Dual tropic or X4/ R5 m xtures

Figure 3B: Determining co-receptor tropism
In this figure, the results of the assay are interpreted by comparing the ability of each
sample virus to infect (produce luciferase activity) in cells expressing CD4/CCRS (R5 cells)
25 or cells expressing CD4/CXCR4 (X4 cells). The ability of a CCRS or CXCR4 inhibitor to
specifically block infection (inhibit luciferase activity) is also evaluated. X4 tropic viruses
(green panels)- infect X4 cells but not RS cells. Infection of X4 cells is blocked by the
CXCR4 inhibitor. RS tropic viruses (blue panels)- infect RS cells but not X4 cells.
Infection of RS cells is blocked by the CCRS inhibitor. Dual tropic or X4/R5 mixtures
30 (yellow panels)infect X4 and R5 cells. Infection of RS cells is blocked by the CCR5
inhibitor and infection of X4 cells is blocked by the CXCR4 inhibitor. Non-viable viruses
(red panels) - do riot replicate in either X4 or R5 cells.

Figure 4A: Measuring Entry Inhibitor Susceptibility to Fusion Inhibitor
35



30 (yell ow panels)infect X4 and R5 cells. Infection of R5 cells is blocked
by the CCR5 inhibitor and infection of X4 cells is blocked by the CXCR4
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X4 or R5 cells. Figure 4A: Measuring Entry Inhibitor Susceptibility to
Fusion Inhibitor 35 WO 03/070985 PCT/US03/04373 7 In this figure,
susceptibility to the fusion inhibitor T-20 is denponstrated. Cells
expressing CD4, CCR5 and CXCR4 were infected in the absence of T-20 and
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concent r attropiessolate abtaised fogd the MIHIARRRP he percent inhibition of viral 20
replication (y-axis) was determ ned by conparing the amount of |uciferase
produced in infected cells in the presence of T-20 to the anount of
| uci f erlks &igwrartiicMdaspring BrirydbkibiterSusdeptibility (Vith Bogdiesistapeer Muteiong ont ai ni ng
one or two speghisGighd! @Rl Sustdpiibili®y @R fudibPARPREDT-20 onfeeadlyope protein
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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). Drug susceptibility is
quantified by determining the concentration of T-20 required to inhibit 50% of viral
25 replication (IC50, shown as vertical dashed lines). Viruses with lower IC50 values are more
susceptible to T-20 than viruses with higher IC50 values.
No mutation (wildtype sequence): GIV
Single mutations: GIV, DIM, SIV
Double mutations: DIM, SIM, DTV
30
Figure SA: Measuring Entry Inhibitor Susceptibility to CCRS5 Inhibitor
In this figure, susceptibility to a CCRS5 inhibitor (merck compound) is demonstrated.
Cells expressing CD4 and CCRS (RS5 cells) were infected in the absence of the CCR5
inhibitor and over a wide range of CCRS inhibitor concentrations (x-axis log10 scale). The
35 percent inhibition of viral replication (y-axis) was determined by comparing the amount of



30 Figure 5A: Measuring Entry Inhibitor Susceptibility to CCR5 Inhibitor In
this figure, susceptibility to a CCR5 inhibitor (merck conpound) is
denonst r awed3/07@98% | s expressing CD4 and CCR5 (R5 cells) wecanisod/esred in

t he absence of the CCR5 inhibitor and over a wi de range of CCR5 inhibitor
concentrations (x-axis |ogl0 scale). The 35 percent inhibition of viral
replication (y-axis) was determ ned by conparing the anount of WO 03/070985
PCT/ US03/ 04373 8 luciferase produced in infected cells in the presence of
CCR5 inhibitor to the amount of |uciferase produced in the absence of CCR5
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the full lc(canq : Q‘atlon of CXCR4 inhibitor required to inhibit 50% of viral replication (IC50, shown
20 as vertical dashed lines). Viruses with lower IC50 values are more susceptible to the CCR5
inhibitor than viruses with higher IC50 values. The R5 tropic virus did not infect the X4
cells.
NLA4-3: well-characterized X4 tropic strain
JRCSF: well-characterized RS tropic strain

25 92HT593.1: Dual tropic (X4R5) isolate obtained from the NIH ARRRP.

Figure 6: Envelope Sequence Amplification
This figure demonstrates that the amplicons corresponding to the full length
envelope sequence or cytoplasmic-tail deleted envelope sequence are generated. The lane
30 numbers correspond to the co-receptor tropism shown next to each number on the right of

the gels.

Figure 7: Target Cell Receptor and Co-Receptor Expression
Scatter plots are shown which indicate the results from FACS (fluorescence
35 activated cell sorting) assays using antibodies against either CCR5 or CXCR4 (shown on Y



envel ope sequence or cytoplasmc-tail del eted envel ope sequence are
generated. The lane 30 nunbers correspond to the co-receptor tropi smshown
next to ewolnspmwyser on the right of the gels. Figure 7: Pamgsns/Ceshs

Recept or and Co- Receptor Expression S@atter plots are shown which indicate
the results from FACS (fluorescence 35 activated cell sorting) assays using
anti bodi es agai nst either CCR5 or CXCR4 (shown on Y WO 03/070985

PCT/ US03/ 04373 9 axis). The cell lines express the co-receptors listed

bel ow the plots and the CD4 fluorescence is shown along the X-axis. The
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(X4 laboratory 20 strain), JRCSF (RS primary isolate). The present
i nvent i onFigwreil0s Noatralizatignaf Virebinfee@dtycan becone nore apparent fromthe
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20 strain), JRCSF (R3 primary isolate).

The present invention in its particular features can become more apparent from the
following detailed description considered with reference to the accompanying figures and
examples. The following description discusses the means and methods to carry out the

25 present invention pertaining to a phenotypic assay relating to identifying and evaluating
inhibitors of viral entry, including for example, and not as a limitation to the present
invention, HIV-l and inhibitors to HIV-1 viral entry.

DETAILED DESCRIPTION OF THE INVENTION
30 This invention provides a method for determining whether a virus has an altered
susceptibility to a compound, said method comprising: (a) contacting a host cell with the
compound, wherein the host cell comprises a virus-derived nucleic acid and an indicator
gene, the activity of the indicator gene is affected by the activity of the virus-derived nucleic
acid such that a change in the activity of the virus-derived nucleic acid results in a change in
35 the activity of the indicator gene, and the compound directly or indirectly targets the virus-



gene, the activity of the indicator gene is affected by the activity of the
virus-derived nucleic acid such that a change in the activity of the
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WO 03/ 070985 PCT/ US03/04373 10 derived nucleic acid or a protein it
encodes, and (b) detecting the activity of the indicator gene, wherein a
difference in the activity of the indicator gene in the host cell contacted
with the conpound relative to the activity in the absence of the conmpound,
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25 (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
and wherein the second cell comprises an indicator nucleic acid which produces a detectable
signal 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

30 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 embodiment of this invention, the indicator nucleic acid comprises an

indicator gene. In another embodiment of this invention, the indicator gene is a luciferase

35 gene.



wherein a reduced amobunt of signal neasured in the presence of the conpound
I ndi cates that the conpound inhibits entry of the virus into the second
cell. I n woasherwsenbodi ment of this invention, the indi catrer/usesbsrs acid
conprises an indicator gene. In anottter enbodi nent of this invention, the
I ndicator gene is a luciferase 35 gene. WD 03/070985 PCT/ US03/04373 11 In
one enbodi nent of this invention, the cell surface receptor is CD4. In one
enbodi ment of this invention, the cell surface receptor is a chenokine
receptor. In one enbodinment of this invention, the cell surface receptor

is CXCR4 or CGRYpe éxﬂbmﬁelﬁ%pﬁ?y lﬂﬁlﬂﬁorpihetcall Surf4a¥ fRakpterls CDheIlp@’fel ent is

infected with the V-1 vi.rus atiti,s viru gsu t he HCV or HBV

virus), ofmbgdiment HEW‘WPY%QO"’W?CE“%“ %G?Wﬂfaﬁl?em‘)?‘m LECFR lé 8%, the

mrjﬂ(::)l gl c a&hﬁﬁcﬁ}ﬁ%ﬁbﬁmldlﬁQCHﬁOﬂrmd cﬁﬂﬁurﬂw\reeqﬁads ¥R CCRAD gp4l . In one

enbodi nent o |S|vnt|o t.he vir I ses H YV
OCEXHB'B P ﬂzés r}{]vegfxox{ ﬂre Sp%ﬁgl{t?s ?fegtgd \{v?tﬁtﬂ% Hﬁprp H §

nucl ei ¢ aci d. Avent | on egvira exbreSS|on
vect or SCo)mamsse\anm(sublh ¥ e fiqyodr HEjé wigus),lon anyeshavibosli Inone emlpod@mq:rg of nventi on,
Lhe Vi ol W SXRGASAON NERIOIERUR) 5B AmphiS: BRACHEAMAE 1Y) tnd AL Tl T V.

vpu, and nventi on, H?Y |rs ?ﬁ‘r‘ginls a
mamal i anersladiment of thisdnventipn dhe sl expressipn vectas gemptisshHIY Aeeldig an cell is

ﬁ huminm(;&;el emﬂoﬂw%éi@oﬁﬂﬁ@ﬂeﬁ%t th@fvualtehggﬁzsﬂdhv\%&bf ﬂﬁnpris&bemlmmgag@e] | i rs1 a
uman enbryonic ki dne odi,ne t he
human enbg‘%)/’ﬁ °‘19|°8’r]i’8§m587 ?ftﬁmé{e’ﬁ@g grial eilgeﬁsmnc‘)'ﬁ%orenglgalger%ren of this

! nvent !10nencbﬂlﬂg9ﬂ',cvpn,daﬂ;&|vl vpusandnhf.lman T cell. In one enbodinent of this

| nventi on, t hey 366 QRLARLL: of hidin MR b (38! ot 4B HRIAAA. hicRe. |0 one
enbodlnent of I nvention, e second. cel S peri pher al ogd
mononucl eamb%bllntnt Of ﬂns mr@@mmﬂla@mﬂ H‘laé‘“ﬁﬁvéﬂl i 1B ne embodipent Rl cel | s

an ast r ogyiOifRertigh, |the ﬁdmamen is@Haa@h Qﬁﬁiyoﬁlf: kidakycelln Biedei edbodibieat afshis ogl i oma
cell is a U87 ceél r}gy ”blpﬁn g éhﬁg 20 invention, the second cell
i s a humafveiosy QPE'B%CIE gnic figney qell is 32 nt of this invention, the
human dst eosarhaneefibbddimest ofithisHiventen, the secondrrell srafwdian@eell.oln anhi s

i nvention he ¢ t II I e

enbodi nen?m%?ﬁ?ﬁrgnp&?ng\}gﬁ%%g%e ﬁ%%&lg geﬁ:g it ﬁildé ﬁg%ﬁ ]eUi( gg%lp{mee Il?:Igll%ln surface
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In one embodiment of this invention, the compound binds to the cell surface
receptor. In one embodiment of this invention, the compound is a ligand of the cell surface
receptor. In one embodiment of this invention, the compound comprises an antibody. In
25 one embodiment of this invention, the compound inhibits membrane fusion. 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

30 admixing the compound identified by the screening method (method for identifying a

compound) described herein with a carrier. In one embodiment of this invention, the carrier
is saline, polyethylene glycol, a buffer solution, a starch, or an organic solvent.

The present invention provides for a method for identifying a cell surface receptor
which is bound by a virus upon infection of a cell by the virus which comprises: (a)

35 obtaining viral particles which comprise (i) a viral nucleic acid and (ii) an indicator nucleic



This invention provides for a nethod for nmaking a conposition which
conprises 30 adm xing the conpound identified by the screening nethod
(et hod fwo 03deyss fying a conpound) described herein w tpca/usasoni3es. |n
one enbodi ment of this invention, thelcarrier is saline, polyethylene

gl ycol, a buffer solution, a starch, or an organic solvent. The present

I nvention provides for a nethod for identifying a cell surface receptor
whi ch is bound by a virus upon infection of a cell by the virus which
conprises: (a) 35 obtaining viral particles which conprise (i) a viral
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with the maﬂft%?tftg?ﬂsr]ﬁ QJITﬁCBE %1&'&690 }‘ﬁmhg e%ﬁﬁﬁﬁ\%s@ﬁaltr&%s&m% d, wherein

a reduced neasure e resence of t he ant.i 8
i ndi cat es (@hwith theyemest p lprpﬁlme%mtée%hﬁﬂc?o fhe corapapnd, pherein prediredsecond

cell. 20 ThGuRloeaRt mehdedtih &2 pksente d8me htibody iicheslthbrthe alaibedyri ni ng
nd which inhibits viral cell entry

susceptibility of r.us
whi ch cor’rﬂi‘h‘%‘é§ ‘%‘K%H{‘EHWPH& Sﬁif@ggﬁgj acid encoding a viral envel ope
prot ei 20fFr om aThw{iresemtmvemen:pwdldbg/for hmethod fos detém)ining susceptibiligcefiangrusi nto a

first cell, %(':c%m 0l1<l§d Qﬂﬁhg{ 1{'5"2/ e c%g Wé@mﬁgenv ﬂtaﬁ’hng udkic §%RT essi on

vector whi'® nuc el c acl | ope protein, and which
conpr i ses eagpdingdivirak esvelapropretein foum BIP*E@H‘V!MC@IHd by Bayires B cadrptecibE e si gnal ,

such that j§he fifd Eélt(t)ctﬁé hucli&é)&&w&sstew(é)aéndwﬂyat Vifill BfpresSiONREdtSH wigchi ks @anvel ope
protein errllﬁglglg acid enco (raxg ra]ulf gnv% o%e apfoltem anc} ai’llgl? gor%;ﬁr?s@% zgnhl%dlge%or nucfeic a(nﬁ)
25 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
30 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 present invention provides a method for determining whether a virus has an

35 increased resistance to a compound which inhibits viral entry into a cell compared to a



contacting the viral particles produced in step (b) with a second cell in
the presence of the conpound, wherein the second cell expresses a cel
surface rwoapbosi o which the virus binds; (d) neasuringpcirasasowsnt of
signal produced by the second cell in3order to determine 30 the infectivity
of the viral particles; and (e) conparing the anobunt of signal neasured in
step (d) with the anmobunt of signal produced in the absence of the conpound,
wherein a reduced anmount of signal mnmeasured in the presence of the
conpound i ndicates that the virus is susceptible to the conpound. The
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resi stance P.fg ‘#n one enbodi ment of this invention, the
virus obt &° Ef’rF*ﬂSt@‘tch’F Sonilpgu? e virus of step (a) grown in the presence
of the l:.’orrpoundn om:tdnibodwnmfamsmV¢1§10debheVm}§elbtmﬂeﬁ in¥iep Enisdes IOl of this

| nventi on, z,w ,gafageﬂ&dof't& ShfpBuridntil ﬁemstaﬁuea; @flelopsun a  patient which
has been unc? |ng t he coj o n ef.err errbodl ment ,
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bl tors. © 19, another B e et el STRRHMR s ihand MSIARRL SO provi des

a neans and rre ?.)Bre {)ro uci measuring H V-1
co-recep® oaccmmteplanmeptoduab]pmmhwedleémm pf HEVGl 0 YiF§ SREY ’(‘S‘H‘bﬁ?féw des a
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medi ated neutral t za R
for accurately and reprodu01b1y measunng 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.

25 In a preferred embodiment, this invention further provides a means and method for
discovering, optimizing and characterizing novel or new drugs that target various defined
and as yet undefined steps in the virus attachment and entry process.

In a preferred embodiment, this invention further provides a means and method for
discovering, optimizing and characterizing HIV-1 vaccines (either preventative or

30 therapeutic) that target various defined and as yet undefined steps in the virus attachment
and entry process.

In a preferred embodiment, this invention provides a means and method for
identifying amino acid substitutions/mutations in HIV-1 envelope proteins (gp41TM and
gp120SU) that alter susceptibility to inhibitors of virus entry.
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25 In a preferred enbodi nent, this invention further provides a neans and
nmet hod for discovering, optim zing and characterizing novel or new drugs
t hat targwo omarisesis defi ned and as yet undefined steps i RCTNESYD4305
attachnment and entry process. In a preferred enbodiment, this invention
further provides a neans and nethod for discovering, optimzing and
characterizing H V-1 vaccines (either preventative or 30 therapeutic) that
target various defined and as yet undefined steps in the virus attachment
and entry process. In a preferred enbodinent, this invention provides a
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In a preferre IS 1nvention further provides a nmeans and
met hod f oquantifising derafiestthatgpacifyoutations i sl epveloge hgvedeceptor or
substi t utipRedpiatidpisans that are frequently observed ei ther alone or i n

nbi t t
S prefor o elbadriERg embRfief Blsdpieafrnf puores itk iAo P 07 1"
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preferre ‘nvent i on provides a neans and for
quantifying t He a fefested embedimspfethisfinvention pipYidess meangpnd methodfer ope have on

anti body jiEgirahe SminBakils@stif@bhdARutations in HIV-1 envelope proteins (gp41TM and
gp120SU) that alter antibody mediated neutralization.
20 In a preferred embodiment, this invention provides a means and method for
quantifying the affect that specific mutations in HIV-1 envelope have on antibody mediated

neutralization.

In a preferred embodiment, this invention further provides a means and method for

identifying HIV-1 envelope amino acid substitutions/mutations that are frequently observed,
25 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
jdentify antibodies that are frequently observed in patient samples viruses that are capable
of neutralizing HIV-1.

30 In a preferred embodiment, this invention further provides a means and method for
identification of viruses that require CD4 binding for infection.

In a preferred embodiment, this invention further provides a means and method for
the identification of viruses that do not require CD4 binding for infection.

In a preferred embodiment, this invention also provides a means and method for

35 identifying the incidence of patient samples that exhibit CD4 independent infection.



In a preferred enbodi nent, this invention further provides a neans and
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that are capable of neutralizing HV-1. 30 In a preferred enbodi nent, this
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recept or IS’F tbrP'Wéthe"?lcé g Vit eﬁﬁ%mhgﬁ%tgée tor4 :E;ﬂ@]lqn rt&'eslth CXCR4 or
CCR5  bildihe@qRiLdkmbkingpiecsptdr binding @rc,e@th@rrCXCEM or GfrRt @P&@a ?’ft , this

i nvention; tf ther provides a neans and net hod for i dentifying the

i nci dence o ViTuses that require the CXCR4 che neeaglsec Q,E) pding, 10
the CCR5 chenpleiansefersdembsdingnt, fiitigvengpn Eﬁéﬁ |n8| ng (dual
tropic) f g{enuﬁyﬁfgqnw lcaﬁvelbpb aamﬁds adié subetﬂiumm/mhtamm thattdm ﬁeqmmlymbﬁfémedﬁ urt her
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substitutF her, al one or in
conbi nabi hibiiors, (H) CXERYS qrEQRSeme@ptor(reelsradapéﬁcwn%h?éwﬁfhicwc} Yit% to virus
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anti body nec

virus neutralization. @F l%refer ede o]_11 nt, this
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this invention éh '#9’ o eans2ild HethBd@ o I US
entry i nhi bitof® e "Fﬁt%sﬁhf’ on? rrent ot ait‘hl%ents failing
20 using virus entry 1nh1b1tor susceptibility to guide the treatment of patients failing
antiretroviral drug treatment.
In a preferred embodiment, this invention further provides the means and methods
for using virus entry inhibitor susceptibility to guide the treatment of patients newly infected
with HIV-1.
25 In a preferred embodiment, this invention provides a means and method for using
HIV-1 co-receptor tropism to guide the treatment of HIV-1 or to guide the treatment of

patients failing antiretroviral drug treatment.
In a preferred embodiment, this invention further provides the means and method for
using HIV-1 co-receptor tropism to guide the treatment of patients newly infected with
30 HIV-1.
Tn a preferred embodiment, this invention further provides a means and method for
measuring antibody mediated neutralization of HIV-1 to monitor the initial protective

antibody response following vaccination.
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antiretroviral drug treatnent. In a preferred enbodinent, this invention
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treatment. In a preferred enbodinent, this invention further provides the
means and method for using H V-1 co-receptor tropismto guide the
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20 utilization. Entry blockers constitute a novel class of anti-retroviral drugs, and the potential
for broad activity against current multi-drug resistant HIV-1 variants is high. Among the

class of potential viral entry blockers are fusion inhibitors, receptor/co-receptor antagonists

and vaccines.
Nonetheless, inhibitors of viral entry are likely to generate drug resistant viruses

25 (through mutation of the envelope gene), thus complicating patient treatment similar to that
observed for protease inhibitor (PRI) and reverse transcriptase inhibitor (RTI) treatment for
HIV. In fact, FDA approval of any new drug that blocks viral entry will require the
evaluation of resistance data. The need for a diagnostic assay that measures susceptibility to
entry blockers has been documented in the case of the fusion inhibitor T-20. Viruses

30 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 viral 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
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currently hej QEF&M&{ @}&qte}aa@l, pavog.al trials (PHRVA, 1999). The approved
drugs inhibit H V-1 replication by interferi ng wi th _the enzymat ilc £
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therefore, Is to provide a rapid, .accurate safe viral assay capabl e of

vaccination using viral envelope protein antigens.

The methods of this invention can be used for any viral disease that may be
responsive to a viral entry inhibitor and where anti-viral drug susceptibility and resistance to
25 a viral entry inhibitor is a concern including, for example, including, but not limited to other
lentiviruses (e.g., HIV-2), other retroviruses (e.g., HTLV-1 and 2), hepadnaviruses (e.g.,

human hepatitis B virus), flaviviruses (e.g., human hepatitis C virus) and herpesviruses

(e.g., human cytomegalovirus).
Entry blockers constitute a novel class of anti-retroviral drugs, and the potential for
30 broad activity against current multi-drug resistant HIV-1 variants is high. Among the class
of potential viral entry blockers are fusion inhibitors, receptor/co-receptor antagonists and

vaccines.
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eval uating: the activity of inhibitors of viral attachnent and entry

(i ncluding fusion, receptor and co-receptor inhibitors);
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Canada), are the subjects of preclinical or early stage clinical investigations. Therefore, an
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assay capable of identifying and determining receptor/co-receptor tropism, which quickly
and accurately identifies patients that are infected with strains of a tropic virus (e.g., HIV-1),
would facilitate viral entry inhibitor drug design and treatment.

25
Vaccines

Vaccines have also proven to be an effective strategy in the fight against pathogenic

viral infections in humans, and several vaccine candidates to prevent HIV-1 infection are in
clinical development. The envelope proteins gp120 and gp41 are the most obvious

30 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 viral infection (Mascola et al., 2000). Therefore, a sensitive
high-throughput assay that reliably measures the efficacy of such neutralizing antibodies

35 and does not require prolonged cultivation of virus is urgently needed. Such an assay could
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Several strategies have been applied to the assessment of antiviral drug

susceptibility. Genotypic tests analyze mutations in the underlying nucleotide sequence, or
25 genotype, and attempt to correlate these mutations with drug resistance (Rodriguez-Rosado
et al., 1999; Schinazi et al., 1999). However, the relationship between genotype and
phenotype is complex and not easily interpreted, and the results of these tests are not
quantitative. The use of genotypic drug susceptibility data requires interpretation either by
experts (Baxter et al., 1999) or computer algorithms and are not always predictive of
30 treatment outcome (Piketty et al., 1999).

Phenotypic drug susceptibility assays directly measure and quantify the ability of
viruses to replicate in the presence of drug. Early phenotypic tests required prolonged virus
cultivation and consequently were slow, labor intensive, and not easily automated for high
throughput (Japour et al., 1993). As a result, these early phenotypic tests were considered

35 impractical for patient management. The development of recombinant virus-assays (Shi
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t est ed i n uncoated as it passes through the cytoplasm of the host cell. Either on its way to the nucleus
or in the nucleus, the reverse transcriptase molecules resident in the viral core drive the
synthesis of the double-stranded DNA provirus, a synthesis that is primed by the binding of
25 atRNA molecule to the genomic viral RNA. The double-stranded DNA provirus is
subsequently integrated in the genome of the host cell, where it can serve as a
transcriptional template for both mRNAs encoding viral proteins and virion genomic RNA,
which will be packaged into viral core particles. On their way out of the infected cell, core
particles move through the cytoplasm, attach to the inside of the plasma membrane of the
30 newly infected cell, and bud, taking with them tracts of membrane containing the virally
encoded envelope glycoprotein gene product. This cycle of infection--reverse transcription,
transcription, translation, virion assembly, and budding -- repeats itself over and over again
as infection spreads.
The viral RNA and, as a result, the proviral DNA encode several cis-acting elements
35 that are vital to the successful completion of the viral lifecycle. The virion RNA carries the
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and an oligomer of viral RNA as primer. The pregenome also transcribes mRNA for the

major structural core proteins.

Design and Methods
30
(1)  Construction of an Expression Vector for a Viral Envelope Protein That Is
Capable of Accepting Patient-derived Segments Enceding the Envelope Protein
In one embodiment, an envelope expression vector capable of expressing HIV-1
envelope proteins in transfected cells was constructed. Similar expression vectors have
35 been described, including a plasmid (pAmphoEnv) constructed to express amphotropic
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The introduction of multiple unique cloning sites into the vector can facilitate the insertion

of HIV-1 envelope sequences. Restriction sites within the polylinker can be chosen based
on their infrequent occurrence in HIV-1 envelope sequences (LANL HIV-1 database,
www.lanl.gov). This vector can be referred to as pCX. The functionality of the PCX vector
25 can be demonstrated by inserting a reporter gene or indicator nucleic acid, such as firefly
luciferase, into the pCX multiple cloning site and measuring a signal from the indicator
nucleic acid or reporter gene activity in transfected cells. As used herein, “indicator nucleic
acid” refers to a nucleic acid encoding a protein, DNA or RNA structure that either directly
or through a reaction gives rise to a measurable or noticeable signal, e.g., color or light of
30 measurable wavelength, or generation of a specific DNA or RNA structure used as an
indicator which could be amplified using any one of a number of quantitative amplification

assays.

(b)  Imserting Viral Envelope Sequences into the pCX Envelope
35 Expression Vector
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include, by way an example and not as limitation to the present invention, 5.25; HOX; U817,
MT?2; PM1; CEM; etc. The cell line optimally will be engineered to express one or more

25 co-receptors.

()  Modifying the pCX hector to Improve the Efficiency of Cloning
Viral Envelope Sequences
To improve the cloning efficiency of viral envelope fragments, the PCX expression
30 vector can be modified by inserting a bacterial killer gene cassette (e.g., control of cell death
b gene (ccdB) or a member of the hok-killer gene family) under the control of the
Escherichia Coli lac promoter into the multiple cloning site (Gerdes et al., 1990; Bernard
and Couturier, 1992; Bernard et al., 1993). This modified vector is referred to as pCXccdB.
Transcription of the ccdB killer gene is repressed in bacterial strains that express the laci
35 repressor, such as JM109. This or an equivalent strain can be used to propagate plasmids



e.g., a and c or b and d) and subsequently inserted into the pCX vector by
| igation and transformation of Escherichia Coli. Molecular clones
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1 envel ope proteins in transfected cells (Figure 1A). The functionality of
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denonstrated by neasuring viral envelope synthesis in transfected cells
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DNA. Following bacterial transformation, plasmid DNA can be prepared from individual
bacterial clones and analyzed by restriction digestion for the presence of viral envelope
fragments and the absence of ccdB 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-21006.10, pCRI-92US657.1, pCRI-92US711.14,
pCRII91US712.4, pCRII-92US714.1, pcRI-91HT652.11, pCRII-92BR020.4,
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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
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the ccdB killer gene can grow. Bacteria containing plasmds that retain or
reconstitute the ccdB killer gene can not survive. In this way, the

popul at i owoaB/oreanst ormned bacteria is enriched for plasmpdI/usoad43cont ai n
viral envelope inserts, but is lacking in the parental vector containing
the ccdB gene. The construction of the pCXccdB vector is not essential 15
for the success of phase | of this project, but it is expected to
significantly inprove the efficiency of cloning BlV-1 envel ope sequences
derived from patient sanples; thus, the probability of maintaining the
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unlikely, that inter-plasmid recombination between the retroviral vector and, for example,
the pHIVenv sequences in transfected cells may lead to the generation of infectious HIV-1.
In effort to generate a biosafe vector, introduction of several genetic alterations in the HIV
25 genome can be done. For example, deletion of most of the envelope gene, while retaining
the important control sequence, RRE, and also deletion of the transcriptional enhancer
sequences in the U3 region of the 3' LTR of the vector (Figure 2) can be accomplished.
During the replication of the retroviral genome, the U3 region located at the 3' end of the
virus genome serves as the template for the U3 region of the 5' LTR of the provirus in
30 infected cells. Such proviruses lack the strong promoter element in the U3 region of the 5'
LTR and thus are unable to produce retroviral RNA in infected cells. This self-inactivating
(SIN) strategy has been used successfully for several retroviral vector systems, including
HIV-1 (Hwang ez al., 1997; Miyoshi et al, 1998). In the assay of the present invention, viral
gene expression is not required in infected cells because virus infection is measured by a
35 detectable signal produced by the indicator nucleic acid, such as the production of luciferase
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25 Viral particles harvested from transfected 293 cell cultures can be used to infect a
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variety of different cell lines. In the case of HIV-1, the pHIVIucAU3 vector contains
deletions in the envelope gene and the U3 promoter-enhancer as described above, therefore
infection of a permissive cell line with virus particles produced by this vector is restricted to
a single round of replication. This includes (a) virus attachment and entry, mediated by the
30 viral envelope proteins, produced in trans by the pHIVenv vector as described, (b) the
conversion of single stranded viral RNA into double stranded DNA by RT, and (c)
integration of viral DNA into the host cell genome (provirus formation). The active
transcription of viral genes by RNA polymerase II that normally occurs in infected cells
following proviral integration can be restricted by deleting essential viral promoter-enhancer
35 sequences in the pHIVIucAU3 vector. However, this restriction can not interfere with



be quantitated by routine applications of either p24 ELI SA, quantitative
PCR or TagMan 10 assays. It is not necessary to produce a self-inactivating
viral expwessiomysvector to carry out the present inventi ®CI/Us0s/043031 s
desirable to inprove assay reproducib!lity and biosafety. (3)
Identification of Suitable Cell Lines Which Express Receptors and 15
Co-receptors and Support Viral Infection Different mammalian cell Iines

t hat have been descri bed previously and are known to support infection of
a particular virus can be evaluated. As discussed herein for one
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co-transfecting a first cel uc rvesting
Vi rus af t 8ne CRHFSIOB BEipGHAN m("t‘,")al MB‘%W%&\% (SZIB%%P oal?cf!i‘llhjg?ﬁlg t)ersag%ond cel I,
both in thfiviRy &E&ﬁ@fcﬂl@dn@bﬁﬁ&ﬁﬁdaﬁbwgwss emeasyrel of virdiinfectivityand  ( d)
measuring | ucl 0 . Jists
representativ 8’3 rg iffgﬂ' "E’Et((-flhf’sre %égqqlérggmké%cugﬁ? tﬁa#—’fb@ i nfection,

i ncl udﬁngmbéptorc(ébh) dndmee afwvérslsogepbisamest ofter GRS 0f EXCRde Sl fipes Several  of
these cel] eé&é}g@egﬂﬁ 88 KRR PloG frels" JQH&@‘&Q}nbﬁnaﬁ&Js of COROSCROEAES. 25 V iral

particles “ar omtransfecte

cul t es C
i nfect a C¥X&RdeBpecifically.fcelblinssdisted in Tablelcihat express{a) ‘éB uéﬁ%,g%;\ﬁbgésg he

p1li VI uct gq'd@ X@Rﬁ%df( rt’sm ﬂﬁs CARb gluk @mwmné m@&uebemﬁn@eme@mst he U3
pr onot er h

ancer a nfect on erm e
Pl T 1 nethgitih ecpirealg awelr Mgt LS on ERE R rrteeplel pipé. B9 Bl & DPCd oo '
single lﬂoumm Giﬁntﬂ’o&pindeai beaused ﬂsmvsluataﬂlmewla(t@s)thandpmgt requiredtebindingd entry,
e Ve B8 &0 ol pBONRIASR PAR AR, ‘BIAHERH crfbrfoh it udiing e

pHI Venv v8 conversi singl e s ranged vi ral
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viral gene

|| f d cell
fol I o ngamérmmpt%fsé@”ﬁéq%%ﬁﬂe p gt sopbe AP Ay Bocent al
viral [Somainein mhmpﬁ@ﬁmangmnduntsbﬁmcﬁummnmomn@mfecmver
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(Figure 1 E’Qghceﬁ 1BR a & sts @b Hrval rfa&[n@s fhd RGEdepioky(e R, TV BKFCIR 5 vdleage
i nfection e used_as a neas vi.ral mf@; . FN-1 attachnent

and ent ry ¥R ﬁé?ta"élé"}bfesth’f%&‘h?‘ﬂ’ §rqpﬂ§"8flﬁscst“f’lbﬁs primary 5 receptor
(CD4) aoed one mfnhslevana{es eﬂrlfeesﬁhmi:ﬁif\s;ngrsnsdardbtweﬂmR&Cbas @EXeRihg Cel | |ines

and  OxcrmeEan 18 aafiich SRBNPeh? R (aRerPla, 900y A0 ARPL AR d
pl us CCR5 pf HIV, o®dpotential cell lines can be identified for use with the present invention by
infection with HIV-1 laboratory strains and comparing the recombinant virus infectivity
titers to those obtained with infectious HIV-1, or by transfecting cells directly with the viral
25 expression plasmids described herein, and scoring for virus production. Accumulation of
viral transcripts can be checked by using a quantitative RT-PCR assay. Cell lines suitable

for other viruses can be identified in a similar manner.
The present invention can optimize assay conditions and allow for high-throughput
testing of patient samples using automation. Sample preparation methods can be optimized
30 to efficiently capture viral genomic and envelope RNAs. RT-PCR conditions can be
optimized to enable amplification of patient-derived viral envelope sequences, such as
HIV-1 envelope sequences (-2,600 base pairs) at low viral loads (-500 copies per ml).
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plus CXCR4, and (c) CD4 plus CCRS plus CXCR4 are evaluated. Cell l|ines that
express the CD4 receptor alone, or either the CCR5 or CXCR4 co-receptor
al one, mawovsnvwsas 10 useful controls and can be used topreraleavas7H V- 1
i solates that do not require CD4 bindi8hg or that use co-receptors other

than CCR5 and CXCR4. The principal criterion for judging cell line
suitability can be infectivity as nmeasured by | uciferase production
(104-106 relative light units). In addition, cell |lines can be eval uated

based on growth rates, viability, stability and other paraneters as deened
necessar y&)% 08|Ijen{dn§ﬁ-§tl&?dhﬂguﬁ rdadshpt are easy to 15 maintain and for

exanpl e, oduce anount IUC|ferase
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present invention By i&&&ﬁﬁgmﬁlbvﬂcﬁafbfmw1Jreﬂ»1ahwnadyeﬁmbmsaﬂmsand conpari ng
t he reconbi nant virus inf ectl (ﬁ §h°§§c %dggq {h infectious
HI V-1, or by transfecti ﬁﬁ“’ll‘g? s l?rh expressi on

pl asm d8 descri bed her einhibitems)y] SCOI’I ng for VI rus productl on. Accunul ation

of | viral transcripgs Capdifiandeth Blcchihil HMAN e HdBlay R assay.

Cell lines suitablé’ for Flses ¢ Identified in a simlar
manner. The present i nvishibitews: @én optim ze assay conditions and allow for

hi gh-throughput tggti n@et&famgﬂéuuﬁman&amlvﬁysomnn@inwgtsmw itespbasep| e

preparation nethods can be Q t| mze ffi |ent scapture vi ral
genoni ¢ and envel ope RNES ‘E‘gai%'l” %‘S(Ie ROBEP'S ?II iri zed to enable

anplifildation of patient- derlved viral envel ope sequences, such as H V-1
envel ope sequences e pi es per
T 55 Wo 0dh g PRSEESSERRRRY T dak pfighbite LaRiRRbRIRRE, B8, U
of the AsedywilihgHIVeny andypFBVIucAY3 yessors, (BXhapveating Vi plter aprranimatsly 45h

denonst r ajed PQ:Y fécBGn (@ this ﬁﬁl@ ke £ feeBid Jeﬁ)bouﬁsatmeqsteg‘eﬁdse fMase- dependent
inhibition of viral entr¥ in th efcgresence of characteri

i nhi bi t or absenga @f YiRes epgy i 1338 rnewgag}fésgﬁﬁé’ﬁ‘fd“ﬁh% agp{olxgrha gY i nfection
5in the ps-esRRCHPinfeRb. -Ddrasdegndsnt mbibitidn\of HIVidutplhiian cag banvalbstadi es. The

I/vce) :, Ieovvie\r/l gf\%g{gt%\?nadte ir:?n%g of Vitus ten & 1\1/1111'5H§r cohidenatfns aéfngozf 95—@911 Rifge e NVeNtion
appropriate concentration range can be determined empirically for each inhibitor. The data
can be plotted as the percent inhibition of luciferase activity vs. drug concentration (logl0).
Data analysis can be performed using computer software. Inhibition curves are used to

25 determine 50% inhibitory concentrations (IC50) for specific drugs or antibodies (Figure 6).

Envelope proteins derived from a variety of well-characterized HIV-1 isolates are

evaluated using pHIVenv vectors constructed as described above. To define envelope
co-receptor tropism, in the case of HIV-1, infection using cells expressing CD4 plus
CXCR4 and CD4 plus CCRS5 is evaluated as described above. A wide variety of

30 compounds that are known to inhibit HIV-1 entry (Table 2), including non-specific agents
such as sulfonated polyanions (dextran sulfate and heparin) can be used with the assay of
the present invention. Chemokines such as Rantes and SDF-], the natural ligands for the
CCRS5 and CXCR4 chemokine receptors, respectively (see Alkhatib et al., 1996; Bleul e
al., 1996) are also suitable for use with the present invention. Further, virus entry inhibitors

35



1) detecting inhibition of HV-1 replication by inhibitors of virus
attachnment and entry- (including fusion, receptor and co-receptor 10

i nhi bi t orwp;o03ijorgessreasuri ng changes in susceptibility to HP¢TWwSsasvaschnent
and entry inhibitors; and iii) detec ng neutralization activity of

anti bodi es generated in response to vaccines targeted against H V-1

envel ope proteins. 15 In a preferred enbodi nent, the assay can be perforned
by (a) co-transfecting a first cell with pH Venv and pH V1ucAU3 vectors,
(b) harvesting virus after approximately 48 h after transfection, (c)
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sul f onat e@)ﬁlﬁlvy&w%es(“?ﬂ’efﬂ ‘F‘&ﬁ“@@l‘? g\"é"e&ﬁ‘ﬂ’ Hgﬁgq cgrfﬁ%& tgb Tt h the
assay of (ol178 iPévaraRrRk by byapdringthe ICB@MmmS:a&u@mutsntRavﬁlcgsd protifSDF- 1, t he

(Sco A cribrayhiiackine ot dfince ik (RS bl ERERbE prol BRPECT (1LY

Wi th tHé pitledmgtresistanesiniiationsfan exhéhit higher I@SOenf@iueythah Mirgses bﬁf@ﬂg yelpps
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542 (Proggnl cs), anox) were used t eval uate util |ué%l of the assay of
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20 et al., 2000).

Tt 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 vaccinated individuals is routinely
evaluated for the presence of high titer neutralizing antibodies targeted against the

25 jmmunogen. Most recently, using the HIV-1/simian immunodeficiency virus (SIV)
chimeric virus macaque model (SHIV), Mascola and colleagues have shown that passive
transfer of such neutralizing antibodies led to reduced viral load after mucosal challenge
(Mascola et al., 2000). The assay of the present invention can be used to rapidly and
reliably determine the viral neutralizing activity of antibodies generated in response to

30 vaccines targeting envelope antigens, such HIV-1 envelope antigens. For example, the
assay of the present invention can (a) generate pHIVenv vectors that express a variety of
well-characterized envelope proteins, (b) co-transfect a first cell using these vectors and the
pHIVIucAU3 vector, (c) harvest viruses and incubate with serial dilutions of antibody
preparations or vaccine serum (d) test these viruses for infectivity in a second cell. Data

35 analysis and IC50 determinations can be performed as described previously and in the




et al., 1998) and the genetic determ nants (mutations) that enable these
viruses to replicate in the presence of drug map within the envel ope
prot ei n (WpdkAHTl¥es have been described. To denonstrate thacTiuses/essny of
the present invention is capable of m®asuring changes in drug
susceptibility (i.e. resistance), (a) plHVenv vectors are generated that
carry these 10 nutant envel ope genes, (b) first cells are co-transfected
usi ng these vectors and the pHI V1ucAU3 vector, (c) viruses bearing these
mut ant envel ope proteins are harvested, and (d) the viruses are tested for
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assay of the present venti on can %a) gener at.e pH Venv vectors that
express a iRvgpiiqaand shouldpat pe taken asdimiting wangig@ope proteins, (b)
co-transfect a first cell using these vectors and the leVI uckEU3 vector,

(c) harve ne nti body
preparati ?ﬁ%‘@?ﬂ@cc . Vi r%‘gte%g?‘il ﬁf ectivity in a

second ¥el|. Data 35 ySi s ané) L ¥ i nati ons can be perforned as

descri bed pr eV‘I‘ﬁF\)(%nﬂ%;]iﬁ‘ohﬁestMCMQawﬁaﬁwﬁ?a@g{e%a/r&ﬁmmlﬁo literature.

In the case of ruses can sel ected to_ re resen’gé”‘eq#ferent H V-1
genetic [REEREING awe@"{)éﬂ)gto inkapitprp of HIV] atgachment pnd enfry (hgretplopeetlectively 5ng
CO- r ecept Qéfefréd |a§éﬂi\§r) .(B=med Qpﬂ@%&ﬁﬂaﬁhe thedie lahd 224668 Jor neadiridg f f er ent
envel ope Fs‘ZIrlscc): f)atlrbtll{t)(/a foi hlglt od E)f HR- ?ex%.ry can be adapted to other viruses, including, but not
25 limited to other lentiviruses (e.g., HIV-2), other retroviruses (e.g., HTLV-1 and 2),

hepadnaviruses (human hepatitis B virus), flaviviruses (human hepatitis C virus) and

'-'h‘

\

herpesviruses (human cytomegalovirus). This example further provides a means and
method for measuring alterations (increases and decreases) in susceptibility to entry
inhibitors.
30 Measurements of entry inhibitor susceptibility are carried out using adaptations of
the means and methods for phenotypic drug susceptibility and resistance tests described in
US Patent Number 5,837,464 (International Publication Number WO 97/27319) which is
hereby incorporated by reference.
One vector, an example of the envelope expression vector, (pHIVenv) is designed to
35 express the envelope polyprotein (gp160) encoded by patient derived HIV envelope



non-syncyti um i nduci ng, |aboratory adapted growth or primary isol ate)
(Table 2). It can be 5 beneficial to prepare stocks of a defined titer from
each viruwotos/oopPss m ze assay sensitivity and reproduci bi IPCryuSoy04333 ng a
virus input of approximately 20-100 Tl Dsdwel | and meki ng adjustnments as
necessary. Antibody preparations can be sel ected based on previously
docunent ed neutralization properties, either functional, such as their
ability to neutralize primary isolates, or physical, such as their ability
to bind specific gpl20 or gp4l epitopes 10 (Table 2). The perfornmance of
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but not 25 imted o ot | enti viruse

(. g HVIRpdeg Byypite d*ﬁ%&ﬁmgﬂﬁﬁ@é’éaeﬂm&ﬁnﬁwh Fkopgztsn%llww

flavi vi ruses (Isuham ofoial RNAwvaSpeiforey udnglstartiatdesostirss@. , RNAGRHts

cyt onegal S%t@m f nd , nethod for
measur i g%iter atlons IRCT earglélskH E\%}’%%ecr easgﬁ?“d ‘felglneé g PISSYP ¢ o entry
i nhi bi t rgX)S@h%'ﬁﬁﬂFemWF@V@Bd@medmemp@oA retoevitalsevdssd trangcriptase carri ed
out usingy

Suscept | bgﬂi?fswﬁm O TP DS Mt Y RS bl ol

5, 837, 464 Rt Ma'ectiapnvtermsylor s Bapehhyrandih ar avign myvelobiastosts viges @MY:  her eby
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expr essi og\west o ign ess the ‘envel ope
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PCT/ US /QWQV@tabiPl NAPpobmetase (el'& ,(Jiag éRdche Mgiereler Sﬁtmbklqumcﬂbyrg;Né)aved by a
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41T ubuni ts_that c rise the envél ope
(gp M grocllcllanus Biometra, (?ortT';Jp ngen, Germany)] or a conebmatlon of thermostable polymerases

as described for the performance of “long PCR” (Barnes, W.M., (1994) Proc. Natl. Acad.
Sci, USA 91, 2216-2220) [e.g., Expand High Fidelity PCR System (Taq + Pwo),
25 (Boehringer Mannheim. Indianapolis, IN) OR GeneAmp XL PCR kit (Tth + Vent), (Roche
Molecular Systems, Inc., Branchburg, NJ), Advantage-2, (CloneTech).
Oligo-dT was used for reverse transcription of viral RNA into first strand cDNA.

Envelope PCR primers, forward primer Xho/Pin and reverse primer Mlu/Xba (Table 3)

were used to amplify the patient-derived segments. These primers are designed to amplify
30 the ~2.5kB envelope gene encoding the gp160 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,

35 DNA ligation and bacterial transformation methods as described in US Patent Number



protein on the surface of H V-1 virus particles. A second vector, an
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03/ 070985 tRGEAbSAD/ Seh8ii: RINA and 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,
25 “Firefly Luciferase” that is used to monitor the ability of the virus to replicate in the
presence or absence of anti-viral drugs. In pHIVIucAUS3, a portion of the 3' U3 region has
been deleted to prevent transcription of viral RNAs from the 5' LTR in infected cells.
Susceptibility assays for HIV-1 entry inhibitors were performed using packaging
host cells consisting of the human embryonic kidney cell line 293 (Cell Culture Facility, UC
30 San Francisco, SF, CA) and target host cells consisting of a human osteosarcoma (HOS)
cell line expressing CD4 (HT4) plus CCRS, and CXCR4, or astrocytoma (U-87) cell lines
expressing either CD4 and CCR5 or CD4 and CXCR4.
Drug susceptibility testing was performed using pHIVenv and pHIVluc or
pHIVIucAU3. Pseudotyped HIV particles containing envelope proteins encoded by the
35 patient derived segment were produced by transfecting a packaging host cell (HEK 293)
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gg r3|) ved segrme nin one %%bg&melﬂcﬁe susXepttl'{)Ffrt]ys tfoe us1or9inﬁibﬂ@rcd§l?gg("[% MRS tersil! (HEK
25 (o as DP178; Trimeris, Research Triangle Park, NC) was demonstrated (Figure 6). Target
cells (HT4/CCR5/CXCR4) expressing CD4, CCR5 and CXCR4 were infected in the
absence of T-20 and over a wide range of T-20 concentrations (x-axis logy, 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
30 produced in the absence of T-20. R5 tropic (JRCSF, 91US005.11), X4 tropic (NL4-3,
92HT599.24) and dual tropic (92HT593.1) viruses were tested. Drug susceptibility is
quantified by determining the concentration of T-20 required to inhibit viral replication by
50% (ICs,, shown as vertical dashed lines in Figure 6). Viruses with lower ICs, values are

more susceptible to T-20 than viruses with higher IC, values.
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Figure 9). Viruses with lower IC, values are more susceptible to the CCRS inhibitor than
viruses with higher IC, values. The R5 tropic virus did not infect the U-87/CD4/CXCR4

@}

target cells.
Susceptibility to a CD4 inhibitor (e.g., murine monoclonal antibody 5A8; Tanox,

30 Houston, TX) can be measured. Target cells (e.g., HT4/CCR5/CXCR4,
U-87/CD4/CXCR4, or U-87/CD4/CCRS5) expressing CD4 and one or both co-receptors can
be infected in the absence of the CD4 inhibitor drug and over a wide range of CD4 inhibitor
drug concentrations (x-axis log,, scale). The percent inhibition of viral replication (y-axis)
can be determined by comparing the amount of Iuciferase produced in infected cells in the

35 presence of CD4 inhibitor to the amount of luciferase produced in the absence of CD4
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or both C&ﬁﬁéﬁ&&@fé) &?}stsmg CD4 and one or both co-receptors can be infected in the
absence 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

25 presence of the candidate inhibitor to the amount of luciferase produced in the absence of

candidate inhibitor. Drug susceptibility can be quantified by determining the concentration
of inhibitor candidate required to inhibit viral replication by 50% (ICy). Derivatized
compounds with lower ICs, values are more potent inhibitors of virus entry (have greater

antiviral activity) than derivatives with higher IC,, values.

30 In yet a further embodiment, the virus entry assay can be used to characterize the
mechanism of action of new virus entry inhibitor drug candidates, and the antiviral activity
against a spectrum of viruses that may differ in susceptibility. Target cells (e.g.,
HT4/CCR5/CXCR4, U87/CD4/CXCR4, or U-87/CD4/CCRS5) expressing CD4 and one or
both co-receptors can be infected in the absence of the new entry inhibitor drug candidate

35 and over a wide range of entry inhibitor drug concentrations (x-axis log,, scale). The
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EXAMPLE 3: IDENTIFYING ENVELOPE AMINO ACID SUBSTITUTIONS/
MUTATIONS THAT ALTER SUSCEPTIBILITY TO VIRUS
ENTRY INHIBITORS

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

25

susceptibility to entry inhibitors conferred by specific envelope mutations.

Envelope sequences derived from patient samples, or individual clones derived from
patient samples, or envelope sequences engineered by site directed mutagenesis to contain
specific mutations, are tested in the entry assay to quantify drug susceptibility based on a
well-characterized reference standard (e.g., NL4-3, HXB2).

In one embodiment, susceptibility to longitudinal patient samples (viruses collected
from the same patient at different timepoints) is evaluated. For example, susceptibility to

35 entry inhibitors is measured prior to initiating therapy, before or after changes in drug
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pHIVenv vectors using any of the broadly available methods for site-directed mutagenesis.
In one embodiment of this invention the mega-primer PCR method for site-directed
mutagenesis is used (Sarkar, G. and Summer, S.S., 1990). A pHIVenv vector containing a

25 specific envelope mutation or group of mutations are tested using the virus entry assay

U

described in Example 1. Drug susceptibility of the virus containing envelope mutations is
compared to the drug susceptibility of a genetically defined drug susceptible virus that lacks
the specific mutations under evaluation. Observed changes in entry inhibitor susceptibility
are attributed to the specific mutations introduced into the pHIVenv vector.

30 In one embodiment of the present invention, reduced susceptibility to the fusion
inhibitor T-20 conferred by specific drug resistance mutations in the gp41 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 log!” scale). The
percent inhibition of viral replication (y-axis) was determined by comparing the amount of

35 luciferase produced in infected cells in the presence of T-20 to the amount of luciferase
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an¥ virus in the virus entry assay. In the example represented here, a short stretch of
amino acid sequences within the first heptad repeat (HR-1) of the HIV-1 gp41
transmembrane envelope protein is aligned for viruses exhibiting different T-20
25 susceptibilities. Highlighted amino acids represent mutations known to confer reduced
susceptibility to T-20.
Similar phenotypic and genotypic analyses can be used to identify envelope amino
acid sequences that (a) alter/influence susceptibility to CCRS or CXCR4 inhibitors, (b)
specify X4, R5 and dual tropism, and (c) elicit neutralizing antibodies.
30 In one embodiment, reduced susceptibility to co-receptor (CCRS, CXCR4)
inhibitors conferred by specific envelope amino acid sequences/mutations is demonstrated.
In a further embodiment, reduced susceptibility to receptor (CD4) inhibitors
conferred by specific envelope amino acid sequences/mutations is demonstrated.
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25 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 luciferase
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
to preferentially infect (produce luciferase activity) R5 cells or X4 cells, or both X4 and RS

30 cells if the virus is dual tropic. The ability of the CCR5 or CXCR4 inhibitor to specifically
block infection (inhibit luciferase activity) is also evaluated (Figure 3B). In this
embodiment, X4 tropic viruses infect X4 cells but not RS cells and infection of X4 cells is
blocked by the CXCR4 inhibitor (AMD3100). In this embodiment, RS tropic viruses infect
RS cells but not X4 cells and infection of R5 cells is blocked by the CCRS inhibitor

35 (piperidin-lyl butane compound). In this embodiment, dual tropic, or mixtures of X4 and
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( CXCR4 $%h1ex iercel} line that expresses the candldate co-receptor In tlus embodiment, X4 tropic
viruses infect X4 cells but not R5 cells. In this embodiment, RS tropic viruses infect R5
cells but not X4 cells. In this embodiment dual tropic, or mixture of X4 and RS tropic
viruses, infect both X4 and R5 cells. In this embodiment, the infection of cell lines
expressing alternative candidate co-receptors (neither CCRS or CXCR4) is attributed to
25 tropism for the alternative coreceptor. In this embodiment, non-viable viruses do not
replicate in either X4 or R5 cells.
In another embodiment, the assay is performed using four cell lines. One cell line
expresses CD4 plus CCR5 (U87/CD4/CCRS), also referred to as R5 cells in this
application. A second other cell line expresses CD4 and CXCR4 (U-87/CD4/CXCR4) also
30 referred to as X4 cells in this application. A third cell line expresses CD8 plus CCRS5
(U87/CD8/CCRS), also referred to as CD8/RS5 cells in this application. A fourth cell line
expresses CD8 and CXCR4 (U87/CD8/CXCR4) also referred to as CD8/X4 cells in this
application. The virus entry assay is performed by infecting individual cell cultures with
recombinant virus stocks derived from cells transfected with pHIVenv and pHIV luc or
35 pHIVIucAU3 vectors. pHIVenv vectors contain patient virus derived sequences and express
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S A R G G M R KA
and R5 t r&pinterprited b &sinpatinig the bbilint df eath vamsitoeferehtially itfect(prbducembodi nent ,
the infeqlion Of &) HI4/BERS/CXCR4 cells or HOS/CDS/CCR5/CXCR4 cells. In this
25 embodiment, CD4 tropic viruses infect HT4/CCR5/CXCR4 cells, but not
HOS/CD8/CCR5/CXCR4 cells. In this embodiment, CD8 tropic viruses infect
HOS/CD8/CCR5/CXCR4 cells but not HT$/CCR5/CXCR4 cells. In this embodiment, dual
tropic (CD4 and CDS8 receptor use) viruses infect both HT4/CCRS/CXCR4 cells and
HOS/CDS8/CCR5/CXCR cells. In this embodiment, the infection of cell lines expressing
30 CD8 but not CD4 is attributed to CD8 receptor tropism. In this embodiment, nonviable
viruses do not replicate in either X4 or RS cells.
In another 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
CCRS5 and CXCR4 but not CD4 or CD8 (HOS/CCR5/CXCR4). The virus entry assay is
35 performed by infecting individual cell cultures with recombinant virus stocks derived from



expressing alternative candidate co-receptors (neither CCR5 or CXCR4) is
attributed to 25 tropismfor the alternative coreceptor. In this

enbodi menvo maom9ss abl e viruses do not replicate in eitherCXAsos/04353 cel | s.

I n anot her enbodi nent, the assay is p&fornmed using four cell lines. One
cell line expresses CD4 plus CCR5 (U87/CD4/CCR5), also referred to as RS
cells in this application. A second other cell |ine expresses C4 and
CXCR4 (U-87/CD4/ CXCR4) also 30 referred to as X4 cells in this application.
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attrlbutedtoCD8rece or tro |sm Inthls enbodi ment non-vi abl e viruses
do not 1PeBXAMPEESH NVELOPEAMINGAGH (el ated embodi nent,
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Envelope sequences derived from patient samples, or individual clones derived from

o5 patient samples, or envelope sequences engineered by site directed mutagenesis to contain
specific mutations, are tested in the entry assay to determine co-receptor tropism as
described in Example 4.

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

3( co-receptor tropism is evaluated prior to initiating therapy, before or after changes in drug
treatment, or before or after changes in virologic (RNA copy number), immunologic (CD4
T-cells), or clinical (opportunistic infection) markers of disease progression.

In another embodiment, co-receptor tropism is evaluated for samples collected from
a large number of different patients. In a further embodiment, co-receptor tropism is

35 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



of luciferase activity produced in each cell type. In this enbodinent, the
results of the assay are interpreted by conparing the ability of each
virus to woaBer®ssial ly infect (produce |uciferase acti viPICI)US03/04373

HT4/ CCR5/ CXCR4 cel | s or HOS/ CD8/ CCR5/43XCR4 cells. In this 25 enbodi nent,
CD4 tropic viruses infect HT4/ CCR5/ CXCR4 cells, but not HOS/ CD8/ CCR5/ CXCR4
cells. In this enbodinent, CD8 tropic viruses infect HOS/ CD8/ CCR5/ CXCR4
cells but not HT$/ CCR5/CXCR4 cells. In this enbodinent, dual tropic (CD4
and CD8 receptor use) viruses infect both HT4/ CCR5/ CXCR4 cells and

HOS/ CD8/ CGiteétcagients,| chivnichlly inficted patimeti, paients withedvanteaiodisease, arfd patiérits | i nes
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The virdis te antirgirqyizeldrugss 35 performed by infecting individual cell cultures
wi th reconbi nant virus stocks derived from W 03/ 070985 PCT/ US03/ 04373 42
cells transfected wth plHyen d 1V [ uc or pH VIucAU3 vectors. pH Venv
vectors m‘t’&ﬁsﬁ p@‘i“’r‘\ﬁﬂ% sequences and express H V-1 envel ope
prot ei ns ( gpl2@plélopegpgbeildd) repraseritinig patiambexdiplegpublsyénclnes derived foml uat ed in
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e assay are, interprete conparin . i e Mihrus to
pr ef er ent iCSF'F‘V“'Y ﬁ‘?‘%t%?‘ﬁa?' &Fﬁ%ffggg%ﬁ??fsf Bléeﬁ B:\%Styft?/'?’%/’ﬁmﬁf[ql?ycgﬁ%{ CXCR4 cel I's
or HOS/ CCRafvENsftquenkdsof patient Vins poelsiondomes ate cofpureditefectnes sequanceses i nf ect
HT4/ CCR5/ . .t.hi odi ment
1 i ndap b Ariedt tafelel r p2tame O BECHR Aol @ ihlyTon D
HT4/ CCRbY aixamy. if evailable) Fhe gangtyperissasmined for saquericey thatarcofitfersnt framr the | j nes t hat

lack CD4 gxfRfB8SbrPre-irsutAdt bdgabiic@dnd orfeldfeditd dieRRACIR M entififidbite@n. 1 n this
enbodi ment, non-viable viruses do not replicate in either X4 or R5 cells.
15 EXAMPLEBUSSEPHRENT| FYI NG HI V-1 ENVELOPE AM NO ACI D

SUBSTI TUTI ONS/ MJUTATI ONS THAT ALTER CO- RECEPTOR AND RECEPTOR TROPI SM Thi s

exanpl e prQvides, a ns_and . et ' L.V - envel ope am no
acid seque‘z%é"s“e?‘ﬁﬁ?'@&%’? %ﬁrog an;;%;@fcgi 3??%%%«%?1‘6%&[%%%58”] (X4 vs. R5 vs.
dual X42R5) . THingelogRAmincarpl ssqednses that oniadae carepepigrdropisth areevabigted by

i denti Tyi ngndfhVhire d0M6eMREreSidT e @HIVenv) containing a specific mutation on a
defined genetic background (e.g., NL4-3 for X4 tropism, JRCSF for RS tropism).
Mutations may be incorporated alone and/or in combination with other mutations that are

[

thought to modulate co-receptor usage. Envelope mutations are introduced into pHIVenv

25 vectors using any of the broadly available methods for site-directed mutagenesis. In one
embodiment of this invention the mega-primer PCR method for site-directed mutagenesis is
used (Sarkar, G. and Summer, S.S., 1990). A pHIVenv vector containing a specific
envelope mutation or group of mutations are tested using the virus entry assay described in
Example 1. Co-receptor tropism of the virus containing envelope mutations is compared to

30 the co-receptor tropism of a genetically defined virus that lacks the specific mutations under
evaluation. The ability of a specific mutation to confer altered co-receptor tropism is
confirmed or disproved by introducing the mutation into well-characterized reference virus
and evaluating the co-receptor tropism of the mutant virus in the virus entry assay as
described in Example 4. Observed changes in co-receptor tropism are attributed to the

35 specific mutations introduced into the pHIVenv vector.



sequences that specify co-receptor usage other than CXCR4 or CCR5. The
exanpl e also provides a neans and nethod for identifying H V-1 envel ope
sequenceswpatw7®peci fic, or receptor tropism (CDH4 vs. CDPLI/Rey/ei3ope
sequences derived from patient sanples, or individual clones derived from
25 patient sanples, or envel ope sequences engineered by site directed

mut agenesis to contain specific nutations, are tested in the entry assay
to determine co-receptor tropismas described in Exanple 4. In one
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D, E F .3 xa\thMES$60)3M56RP biddh ShelRestitleiof Rhithy Bhcedltratiihs o/RS bifiese Wi t h

reduced susceptibility/resistance .5 to antiretyoyiral, drugs. not ypi c
anal ysi s GHUSFONCCRALQIS,AguACKLsu ogpha ﬁﬁeeg“ freme ¥'§'éﬁf’ PﬁgE pati ent

sanpl e poatopic vatus Gle@hactetized wagnéticaktermiatiteo Rpagjisy. can be anal yzed by any
broadl y avail abl e PN%S enci . . i t of the
present invent OhTC aﬁ% elngb(r%?l%%ﬁ{;}sé’{%%%&gg‘ae&{eléhdgg%g?égarg%% ned usi ng viral
RNA pur 1% itwatsimoare ideimiflegRy aveduatingl aminpacid seqvenage withiaitke Y loep abthe ep8quenci ng
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the tof e baeagndh fel SnRRMATR S pRENGEMENE LA ol BT " PT
entry i #hi‘Hdtcondidateismesptiqndin the Y3 1@@p-of ehecpl X enzeldpeRueteintasy conpilsied BY of
geneti cal |y GhahAGhRhdehESk ki FdR& For co-receptor tropism as described in Example 4.
Cells expressing CD4 plus CCRS (e.g., U-87/CD4/CCRS5) or CD4 plus CXCR4
(U-87/CD4/CXCR4) are infected in the absence of an RS (peperidin-lyl butane compound)
and X4 (AMD?3100) inhibitor and in the presence of inhibitory concentrations of R5 and X4
25 drug concentrations. Amino acid substitutions that change the X4 tropic virus to an R5

tropic virus are characterized as genetic determinants of RS tropism.

In a related embodiment of this invention, genetic determinants of X4 or RS tropism
are identified by evaluating amino acid sequences within the entire gp120 surface envelope
protein.

30 In a related embodiment of the invention, genetic determinants of X4 or RS tropism
are identified by evaluating amino acid sequences within the gp41 transmembrane envelope
protein.

In a related embodiment of the invention, genetic determinants that specify the use
of co-receptors other than CCR5 and CXCR4 are identified by evaluating amino acid

35 sequences within the V3 loop of the gp120 surface envelope protein. The amino acid
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in conbination with other nmutations that are thought to nodul ate
co-receptor usage. Envel ope nutations are introduced into plHVenv 25
vectors using any of the broadly avail able nethods for site-directed

mut agenesi s. In one enbodinment of this invention the mega-prinmer PCR
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sel ect ed fron-28yadbniR5 cmmceptemechamctcnzadsaegenehadﬁdwmmnmfmpism(fblahact eri zed
X4 parent g} }P ﬁ‘ﬁ&e‘vé% NI A-3, HXB2) containing specific "R5 candidate"

mut at i ons t oop of the gplZO envel ope protein are constructed by

site difected Muawpsdesibodimeatsiol Siedeyentinn, smeticdasqmorants o prism fes ofhescr i bed

in Exanpl eco4ece feRd Aréldsmﬁfea% ePudtibY afint aciPsdgaedcds Fithin thehtite ¥pi$§°R5) or CDA
pl us CXCR4 10 L%&? CD4/.CXCR4) are |nf ected in the absence of an RS

(peper i di rF¥T§ae eB PP UApound) and X4 (AVD3100) inhibitor and in the
presence of i nib dielatddyentbodiceent éfahd iaventiod, gbietia deteridinanty af gropismderdthicat i ons.

Am no aC|d substltutlor an th tro VARATES an R5 tropic
virus are ChH recegtofsearr?lflee%ﬁied%gene#]a ng %?cﬁl&rtélﬁ?m& ltﬂgﬂiér%%?sm In a rel ated
enbodi n#httrap§menphwangregvaepe fretoiont i on, genetl c determinants of X4 15 tropism

are identifiedpynofualhcidihht 6f7ﬂhé‘ﬁwé’aﬁioﬁ g%ﬁéﬂé%féﬁﬁm%t& Bx'a{‘spteélgr theSusk@pp of the
gpl 20 surface envel ope protein. The amno acjd sequ s.under eval uation

are i dent i$P%ER piition Jonos fnstrgd Pﬁ'@D@r?? Agcertprfosbrd ﬁf?ég entified by alvgifther s of

X4 tropi C aiigb &80 defraeptes withinithe ¥/3 loop of the gp120 surface envelope protein. The amino
acid sequences under evaluation are identified by comparing the amino acid sequences of

25 viruses that are able to replicate in cells that do not express CD4, but do express CD8.
Consistent differences in amino acid sequences between these CD4 tropic viruses and CD8
tropic viruses are selected for evaluation. Isogenic viruses based on an well-characterized
CD4 tropic (e.g., NLA-3, JRCSF)parental clones containing specific “CD8 candidate™
mutations in the V3 loop of the gp120 envelope protein are constructed by site directed

30 mutagenesis and tested for CD8 receptor tropism as described in Example 4. Cells
expressing CD4 plus CCRS5 (e.g., U-87/CD4/CCRS), CD4 plus CXCR4
(U-87/CD4/CXCR4), CD8 plus CCRS (e.g., U-87/CD8/CCRS), CD8 plus CXCR4
(U87/CD8/CXCR4) are infected. Amino acid substitutions that enable replication in cells

that express CD8 but not CD4 are characterized as genetic determinants of CD8 tropism.
35
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specific mutations, are tested in the entry assay to evaluate antibody mediated

neutralization.
In one embodiment, antibody mediated neutralization is evaluated in longitudinal

25 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 vaccination, and at incremental time points after the course of vaccination is
completed. In a related embodiment, the sera of animals including, but not limited to, mice,
rats, rabbits, pigs, and cattle, are evaluated prior to inoculation with candidate vaccines,

30" 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

35 alarge number of different patients. In a further embodiment, virus neutralization is
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candi d T
aioe ?mes ane cef( ?rqg) expresses %D4 plus CCR5 (U-87/CD4/CCR5) and is used to test RS
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 pHIVIucAU3 vectors. In this embodiment,

25 pHIVenv vectors contain envelope sequences of specific, well-characterized viruses and
express the HIV-1 envelope proteins (gp120SU, gp41TM). Such viruses represent a
“standard virus panel” (see above description of virus population). Some, but not all,
reasonable examples of viruses that may constitute a standard panel are listed in Table 4. A
standard virus panel is used to compare the neutralizing antibody activity of sera obtained

30 from many different patients and/or animals (see above description of patient population).
In this embodiment viruses are evaluated using target cells cultured in 96 well plates.
Typically, target cells are plated at 5,000 cells per well for HT4/CCR5/CXCR4 or 10,000
cells per well for U-87/CD4/CCRS5 and U-87/CD4/CXCR4 one day prior to infection. Prior
to target cell infection, each virus stock is pre-incubated with the sera or antibody

35 preparation (typically for 1 h) that is being evaluated. The sera or antibody preparations are



15 provides a neans and net hod for evaluating the virus neutrali zing
activity of antibodies wthin individuals or aninmals vaccinated with

prot ect i vwo(opioeogent at i ve or prophylactic) vaccine and va®crnsosessds dat es.
Thi s exanpl e al so provides a neans am$ net hod for evaluating the virus
neutralizing activity or preparations of specific nonoclonal or polyclonal
anti bodi es. 20 Envel ope sequences derived from patient sanples, or

i ndi vi dual clones derived from patient sanples, or envel ope sequences

engi neered by site directed nutagenesis to contain specific nutations, are
t est ed i ntdsted uadituted ahd aeincrementyibyl gredter dilntidns Ggipicattydpatte five seiat tafoldzat i on. I n
one enbodi,qent i | .al.1 ' ' : |

| ongi t udi Hg}?uonﬁ)s%g%?t%gl%mge?r%ﬁfgs \r}? %‘é@llss lségl{ 1831(%? ggﬁ%h]%gq%%ﬂn% opgat i ent

at di f f er emtibody (ne aptiboddy} ) Vires newtyalizationdsiassesgad by,camppudng the ameuntefit r al i zat i on
I's eval uathfc%eﬂgé &ﬁvi&fgﬂ‘ﬂﬁ?d ﬁﬁ&t‘g&réellg H6th HOthe preSEAYE R Abben¢a@6€4nliBédy0 ™ and at
incremental tine poi'nts after Che course of

) ) vacci nat i og I s1 cgqrygl eted. In a
rel at ed edtivembadiment,theresqlis of the assay arginterprotod by icagparmgihe ity phgath g ¢ o,
i Cﬁ, r g?a;ﬁjﬁbddﬁhbéréfércnﬁilg'g)éoogﬁﬁfg&ﬁhbf fargefideils Gedict at élinipate duciferasel nocul at ijon
wi th candi date. vacci nes.. uri.ng a course of. r n, and at
i ncr ement A9 Vhe ‘Sﬁi'\?‘(‘%ﬁhﬁqoé‘rac?‘ﬂ@q%%%ﬁngyée 0 noltm ‘?‘8?@%‘.@% g ﬁhgﬁgéfﬂ}pﬁogt ed. In
one enbodi(mestidilute) thatds ahdertorbddok targét oell infectionlega tieechighsst dibtl_ew@nttla@blv e
vacci nes g:?fédl\fc%‘%ﬁé lﬂaf&%g%ﬂﬁt&?&duééa iR R B hceTRAHAG BY 50%).1 US

neutraljzation 1s evaluated for therapeutic vaccines. |In another
embodi ¥t , virus neutralization is eval uated for sanpl es collected from

et T a1 | Bl S e oo o Tor sanpl o
neutrall zation_I S, . e u I mpl es
collected fro s g H‘ﬁ%&‘? aBEY 5 &F ‘é'meg upas? gg%eﬁf%@bnegéasf’&r%ﬁ?smpat i ent
popul at i onEVa@cepid OBMaids thé HING-1 pojpeceptbis GRS dhPAXERE HHHICCRY/CECRY). may

i ncl ude, . M| ; NTpiN=Te RaLheNaRs iscal |y

i nfected %ﬁ%}f ae%trugl,n@g%%akéeﬂr% éﬁ%ﬂ%ﬁmgg .vaeﬁtcrgg F\E/?ﬁp%% i se_asg,ﬁmggnisgnt S wth
rapi d di5s end &4 topig visusss.ol, a 1plater embedingertithe pssay is pexfaresd asipg by targetcslh

(typicall Yinés‘?r(ﬁ{erhcgﬁ lihOexPrestel @@4&%{}1@:@51@81791)&@1@ hnd Bakddap et Rder ﬁOi ng
Yt oki nes FIoPF AR ARt TR R kP TR IR EC DM CR A0t ot 1 ans-
may i ncl udged thevaleateX4 abpit vitisee dTHeovirus entryussg ispetformkddty infectingenet i ¢
ohar ot it B PSR PSS abncBch gy O
suscept3bicells tyansfeeted wiinpBIVieov eed pEEVIvcear pBY leedUivastpss. Ipthiserbodineitat es,
i sol at es Zﬁﬂ%meét% Bt vie® deriGadl dnVéi6pe(sedichtes ah@EPdsCHIVA as _
| ab-adapt €d viruses), syncvtia uel ). viruses, non: ngglatlnducmg
(NSI) vir &§@9P°ri’&8?%ﬁ$aé@s¥’wﬁp‘&1{r§& i“ @&F@Z@fm‘ﬁ vy ﬂ*}‘%fff%eﬁﬁ % %P uses and
dual tr opipepilMfions (see above description of patient population), and/or different virus populations
(see above description for virus population) are used to construct pHIVenv vectors.
25 Pseundotyped HIV derived from pHIVenv vectors are evaluated in the virus entry assay to
determine if they are susceptible to neutralization by a panel of specific, well-characterized
antibody preparations. Such antibodies represent a “standard antibody panel.” Some, but
not all, reasonable examples of antibodies that may constitute a standard panel are listed in
Table 4. In this embodiment virus neutralization is evaluated using target cells cultured in
30 96 well plates. Typically, target cells are plated at 5,000 cells per well for
HT4/CCR5/CXCR4 or 10,000 cells per well for U-87/CD4/CCRS and U-87/CD4/CXCR4
one day prior to infection. Prior to infection, each patient derived virus stock is incubated
with the each of the antibody preparations (typically for 1 h) in the standard antibody panel.
The sera or antibody preparations are tested undiluted and at various dilutions (typically
35 four to five serial 10-fold dilutions). Infection of target cells with each virus stock is also




and T) viruses. 15 Characterization of Patient Antibody (patient antibody
vs. standard virus panel) In this enbodinent, the assay is perforned using
a target welmsoriose t hat expresses the H V-1 receptor CD4paitasos/ms7iH V-1
co-receptors CCR5 and CXCR4 (HT4/ CCRH#9CXCR4). Such a cell line is capable
of evaluating the neutralizing activity of antibodies for both R5 and X4
tropic viruses. In a related enbodinent, the assay is perfornmed using two
target cell 20 lines. One cell line expresses C4 plus CCR5 (U 87/ CD4/ CCR5)
and is used to test R5 tropic viruses. Another cell line expresses CD4
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ant i body piffeeént virus populations are used to construct pHIVenv vectors. The different v1rus
populations are derived from serial (i.e., longitudinal) plasma specimens (i.e., viruses
25 collected from the same patient at different time points). Pseudotyped HIV derived from
pHIVenv vectors are evaluated in the virus entry assay to determine if they are susceptible
to neutralization by a panel of antibodies that are derived from serial plasma specimens
from the patient. Thus, in this embodiment, the same patient is the source of both the virus
populations and the antibodies. In this embodiment, viruses are evaluated using target cells
30 cultured in, for example, 96 well plates. Typically, target cells are plated at 10,0000 cells
per well for the U-87/CD4/CCR5/CXCR4, U-87/CD4/CCRS5 and U-87/CD4/CXCR4 cell
lines or at 5,000 cells per well for the HT4/CCR5/CXCR4 cell line. Target cells are plated
on the day of infection. Prior to target cell infection, each virus stock is pre-incubated with
the sera or antibody preparation (typically for 1 h) that is being evaluated. The sera or
35 antibody preparations are tested undiluted and at incrementally greater dilutions (typically



In this enbodi ment, the assay is perforned using a target cell |ine that
expresses the H V-1 receptor CD4 plus the H V-1 co-receptors CCR5 and
CXCR4 ( HWMb@GHRBBLXCR4) . Such a cell line is capable of ecalusasin4sgsthe
neutralizing activity of antibodies f® both R5 15 and X4 tropic viruses.
In a related enbodi nent, the assay is perfornmed using two target cell

lines. One cell line expresses C4 plus CCR5 (U-87/CD4/CCR5) and is used to
test RS tropic viruses. Another cell line expresses CD4 plus CXCR4
(U-87/CD4/ CXCR4) and is wused to evaluate X4 tropic viruses. The virus
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the evol utio
5 lab strain (NL4-3) increased over time, but varied in intensity among patients. The

magnitude of neutralizing antibody response to autologous virus did not correlate with mean
plasma HIV RNA or duration of HIV infection. Thus, the rate of viral neutralization escape
is remarkable and indicates that neutralizing antibody can exert a previously unappreciated
level of selective pressure on viral evolution. These data have important implications for

30 natural history and vaccine development.
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neutralizing anti body response and of viral strains that evade the
neutralizing response. In this enbodinent, the assay is perforned using a
target cewb mBiom®ss hat expresses the H V-1 receptor CD4 plrag/usoso4drd/- 1
co-receptors CCR5 and CXCR4 (U87/ CD4/1OCR5/ CXCR4 or HT4/ CCR5/ CXCR4). Such a

cell Iine is capable of evaluating the neutralizing activity of 15
anti bodies for both R5 and X4 tropic viruses. In a rel ated enbodi nent, the
assay is perforned using two target cell lines. One cell |ine expresses

CD4 plus CCR5 (U 87/CD4/CCR5) and is used to test R5 tropic viruses.
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popul ations aﬁmow‘@lbaﬁlme%mt@gdy pediated seutilizationis svalugfed indengit eval uat ed
usi ng tarﬁﬁ&m@ﬁhﬁlss (39useyéd11uétedfrbxﬂ,mésame@xtaﬂpitalffesa@tmielpomtsatses Typi cal |y,

target cells ate at 10, 0000, ceIIs we
B o RS RR o s 3o JE ARG RGP ERaE AR uripE o o
5, 000 ceIdoﬁrsaefv&ﬁhdhoﬁ,mndhhacl‘cﬂiéﬁtm@)«wtecéielcodnsmd vafenagien iscel | s are

glt gé Edl 5 %S)P'}g e?eﬁlc ﬁ%&e egxbojhg—“ék . 9121) s e H.rzﬁ{zatﬁé?x it @Jagﬁ%d?@ rﬂre\}eﬂfcaﬂﬁat \}agé(’]neseac h virus

era or_ ant eparation (typically
for 1 h) Inhmthe;rsnibeqhmgnte\amsma\w&zaﬂpnes @ekuateéfors‘@ra&ﬁwi%‘@es}n%r eparations are

tested undil utge oﬁfé@exﬁﬁodhﬁ&ft mahaiulauza%@ateemuﬂéd fof sa@;siﬁes(cbmwaafdny WO
03/ 070985 PCT/ Usp3/ old dilutions).

| nf ect i orf lgHee PEMBE ?@Fﬁegt W?fﬁs «Lal‘ééﬁ“‘i?lef ‘B"qu Véﬁ"§86utﬁaézﬁ5‘8?f ormed in the
absence afvalamed hﬁdam;(lmﬂéuedtfmﬂnya largdi numbern paticalsi represcoting differemasved by

Corrparl ng, n&hgtlen[r&gﬂ dmgr[) SH(SH a%%:ﬂjﬁpﬁg&da\é Ha?f 111@{1.‘%9 Yo, h@t lﬁﬁ[eg% n@@iyl s, both

in the2®reesénce Senc odi ment, the resul ts
of the adsfzgtedpaticdistabranicaliyiinggted Pe@ﬁﬁiﬁﬁamtwgtswé aé‘tﬁ“qutC?SCé*’re BHiENBOdi es

derived fJnQ??gBﬁE aRfbd il tﬁéraﬂ' Jrﬁxﬁﬁﬁﬁﬁ-th%faﬁ? vﬂ&irﬁ{eﬁ ah@umpt@hgsdent i al 1y bl ock
infection of "target cells (reduce qr e]im erase activity) of the

pseudot yr}é‘él"@i"'i‘lﬁrs% JEYS RPQHlaF‘?‘ErWa(yH’épl tl?‘léﬁ'te gt 11%#&%}?9#% poi nts.
Vi rus neudigtinkd g‘eﬂétio&haraﬁﬁisuvs (clade A, BL@M,IE, Fe@), biyusaotuseaptiblaéo hi ghest ant i body

diluti O 4 a HR ov1ra|11 |d1l~J|.1tgs(,a )vn'ustégl w1th %ecﬁ@édesugc%ptlbl11ty/re51stance to antiretroviral drugs,
primary isolates or isolates adapted for growth in cell culture (often referred to as
lab-adapted viruses), syncytia inducing (SI) viruses or non-syncytia inducing (NSI) viruses,
macrophage (M) tropic viruses, T-cell (T) tropic viruses and dual tropic (M and T) viruses.
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‘ 30 Genotypic analysis of patient HIV samples
Envelope sequences representing patient sample pools, or clones derived from
patient pools, can be analyzed by any broadly available DNA sequencing methods. In one
embodiment of the present invention, patient HIV sample sequences are determined using
viral RNA purification, RT/PCR and dideoxynucleotide chain terminator sequencing
35 chemistry and capillary gel electrophoresis (Applied Biosystems, Foster City, CA).
Envelope sequences of patient virus pools or clones are compared to reference sequences,



bl ock target cell infection (e.g., the highest dilution that is able to
reduce the luciferase 10 activity produced in the absence of antibody by
50% . Thuwo whr®senbodi mrent all ows one to assay in a patiPemUShhes373
co-evolution over tine of inmmnologic®l |y distinct HV strains and the
neutralizing anti body response. This nmethod was used on a group of 14
treatnent-naive patients with primary HV infection. Plasnma speci nens were
drawn from each patient at 2-4 nonth intervals (average 15 follow up was
18 nonths, with a range of 6-39 nonths). Viruses were incubated with seri al
5-fold di bﬂn’er patisntesamplas, iob techysample obtaingd frem the waete patieny gHord@ IMEAtoRA expr essed
CD4 plus g?' q‘?ﬁ%ﬂﬁtﬁg FRERAotGR i§ SEERAA S sehﬁen&@&hzftﬁtéﬂﬁ’ffér&ﬁ?roﬂrﬁh@f the 14
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pati ents gen strong neu raljzing ant |Hr %’ons%s%w rus. Data
froma r emf@s@qtoamevﬁ@awr TAPengs ‘@‘%PHW“G@&P‘?‘ ere e@H’r ry gphfiSfever, each
sequentlagusgéﬂnmﬁ,(%onm stently and rapidly escaped the concurrent 20
neutrald zi ng anti body response. Peak neutralization titers (average 1:1497
dilution, range 1:339-1:4627) devel oped several nonths after a virus

emer ged apmtibbdy mediptedsreutrelimtine of genktieadly etiaracterizethyirwsent hs, to years,
thereafter. NediVofioh il SkRRAs b of Gy aaﬁ%e&mﬁauowa?@évﬁua&@ early
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durati on @Hought\to motieateiviras ne‘ﬁtralmatmmdinwdbpn mitatipns ate inteeduced m@@&ﬂﬁmvescape

is remarkapl.g ﬁgg%%ﬂ}%fg%tbqﬁadiﬁhlaiﬂ tﬁ&ds}éﬂlﬁe—ﬁﬂédtémgﬁ’taébﬁ&xseﬁ%ﬁe a

previ ousl y unappr ectlve pressure on viral eyaol ution.
These dat gmhedimentrgdhis mﬁ@ntiomelma@np@w&r PR msthod fer sterdiregteck raptagenest facci ne

devel Opne'%e&:gs%ﬁarv@ Qﬁ/sm}&@% $G0obIS08 pANEAD ve(ﬁér doNAMRlgR specifiENTI FYI NG
HI V-1 E AM NO ACl D ENCES THAT ELICI T.ALTER

oR PREVI%\IT
NEUTRALZ ERSIORR YRS ORES atyqns aredesteduising ffe iy enfry assay deseribedin e o
for ident Hxunple ¢ Spedifie amibodpprepanitions (15, well-chasegriestorsnctlondl o€l i ci t / pronot e,

or alter, t tibod 1 fect
(also r ef @Pl:yglg $8més°d§?’rreh§rgtﬁ%u¥? %}rﬁ%@?x i'on 1 nQ{ Ei’g&eh%b?r%m%n :Egvglcolpgn
sequences vaeirated dndividwalpenbe stlectedrip beyspareopeniralifing astivty. cindivedy derived from
patient Saupl@Saioflo fﬁ@wﬁhgmt@ﬁ% Q5. ARGHGR H Ghgiied s ifibedy ect ed

nut agengsl! s o contaln ecCl i Qns, .are test ed. in t(Pe ent ry assay
to det e?rornnﬂ@fa@éatwé@éﬁi%@c“%“dﬁ?féq‘?ﬁé(gusl‘batd%"é‘é FiesBeP GRS PRI

evaluation. The ability of a specific mutation to confer, alter, or prevent antibody

neutralization is confirmed or disproved by introducing the mutation into well-characterized

reference virus and evaluating the antibody mediated neutralization of the mutant virus in

the virus entry assay as described in Example 6. Observed changes in virus neutralization
25 are attributed to the specific mutations introduced into the pHIVenv vector.

In one embodiment of the present invention, genetic determinants of virus
neutralization are identified by evaluating amino acid sequences within the V3 loop of the
gp120 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

30 neutralized by various well-characterized antibody preparations, patient sera, or sera from
vaccinated individuals. Consistent differences in V3 loop amino acid sequences between
viruses that can, or cannot be neutralized are selected for evaluation. Isogenic viruses based
on an well-characterized parental clone (e.g NLA-3, HXB2, JRCSF) containing specific
“virus neutralization candidate” mutations in the V3 loop of the gp120 envelope protein are

35 constructed by site directed mutagenesis and tested for antibody mediated neutralization as



I n one enbodi nent, antibody nedi ated neutralization is evaluated in

| ongi tudi nal patient sanples (viruses collected fromthe sane patient at

di fferentwoDiose7@@8i nts) is evaluated. For exanple, virus meatusab/issati on is
eval uated prior to vaccination, durin® a course of vaccination, and at
incremental tinme points after the course of vaccination is 15 conpleted. In
one enbodi nent, virus neutralization is evaluated for preventative

vacci nes. In another enbodinment, virus neutralization is evaluated for

t herapeuti c vaccines. In another enbodinent, virus neutralization is

eval uat ed géRfib&anBxampRd@. |Gk expréssiamCe plusrQER Mah &F-8VCDY/GERT) G4 pat i ent s.

In a further ' | ne 1] ' i npl es
col | ected PF“F&%@&W@%@%&" Torggf%%@$%%}de@é%§%{%?gg@({ﬁ@i rus 20
and pat i eate ipfepted. aAinmosicidSulestitytians thattchprgp thatelictnalteneoy preventaaébodput are not
limted tg, tﬁ‘“gsgéox are'cfé&ﬁfe:&sig‘g)gg%'tc?Q}ﬁmeﬁMi?ﬂigﬁ-al |y infected patients,

patients w vance ] ., patients undergoi n% antiretroviral therapy
or i mmto- t her bypselated cmbediment of e RIpFORIIRYCAUQN genetic de fsOf VIR h vi rus

popul ati o ﬁéutfmatf'oﬂ aleldifibdby é\faﬁla&g anhih&hdi@bqhdhcedvithif @R epfifelgp120i St i nct
genetic characteristics (clade A, B, C, D, E;, F, G, viruses susceptible to
25 ant i r eSHERSE pRNelope BY¥EIn.yj ruses with reduced susceptibility/resistance to

antiretroviral mdrged empodimBiitof itldheinton, @énetic Mterhdsanatd|viredd for growth in
cell culture (often referr to | ab- t ' : ncytia inducing
(SI) vi r u@&Lagratey ﬁ§e§§eﬁ’§£}?ﬁ?§?ﬁvﬁl Eﬁ?%adﬁ??\&??&&ﬁ%ﬁéée@ﬂﬁﬁ% oi;;hage (M tropic
vi r usesl0 Tragsmembgapip envedgpe proginuses and dual tropic (Mand T) viruses. 30
Genotypi c anal ysis of patient H 'V sanples Envel ope sequences representing

pati ent sanple Eool s,. or_cl erived f ﬁry | s, can be

anal yzed "QYW Eﬁéaﬁﬁs—%ﬁgﬁg CRAA TR ﬁg&%ﬁ,@( et '§§§9 I n one

enbodi nent of the pr R eht'iom, LREAN S §equences are
determ ned usi ANS purjfi ' (R . ' ucl eoti de
chain term nat E&S%aénﬁén%r%sf;}%c é%ﬁ%ggﬁaﬁj—é{%lﬁgg?@igg@ﬁé{ect rophoresis
(Appl i e Bisseptibilisnt, guiisghetreattneny of -1, Tl examplacfugherpeoyides agieapsmflent vi r us

pool s or GntiGitdr ShREMRBARY ©DH1de MecAfeatnitat O HAIOBM
PCT/ US03/ 8’5%{7!%%‘?28&'%?%2?&{8; i elnt ' by ¢ ; Qgt?t ai n%d fromthe

/ i t sar;?I es, or. to a {s@}rg)l e :
sane pati AYe eeiY6A Preyious pRtireifqvyAl terptmenfrith,a yirus; entry YU GIoF; TS ROUOR o1 yne i s
exani ned ff@rthed pravideie mefidtandmethdds foeustiy vifus emryt inibitorsheeptitilty or
P oot s bEP e e TSR3 en A Gl el el fr ARkl il Lifug il 1 © O

suscept i bt neu I zat1 on of geneti cal
char act# iigdldtori r uses Envel ope amino aci d sequences that correlate with

virus neutral '\/&a&# CRb&difefV Ak Hl?stc@ﬂibili?%’oﬁﬁ{i‘éﬁ E Vizhde 816 \BRY BhBNBhiBHGE RSST ON
vectors (plllVenv) containing a specific nutation on g )
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
25 virus, which is typically measured in the patient plasma). Guidance may include, but is not
limited to, (a) clarification of available drug treatment options, (b) 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
30 samples and tested for susceptibility to various virus entry inhibitors using the phenotypic
virus entry assay. Virus entry inhibitors may include, but are not limited to, fusion
inhibitors (e.g., T-20, T-1249), co-receptors antagonists (AMD3100, AMD8664, TAK779,
PR0542, and peperidin-lyl butane compounds) and CD4 antagonists (MAb 5A8).
Appropriate treatment decisions are based on the results of the virus entry assay (e.g., see
35 Figure 4B) and additional relevant laboratory test results and clinical information.
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defined genetic background (e.g., NIA-3 for X4 tropism JRCSF for R5
tropism. 10 Mutations nmay be incorporated al one and/or in conbination with
ot her nutwbDiosnsshat are thought to nodul ate virus neutr @CTAZE/04373

Envel ope nutations are introduced int® pH Venv vectors using any of the
broadl y avail abl e nethods for site-directed nmutagenesis. In one enbodi nent
of this invention the nega-prinmer PCR nethod for site-directed nutagenesis
is wused (Sarkar, G and Sumrer, S.S., 1990). A pfflWenv vector containing
a specific 15 envel ope nutation or group of mutations are tested using the
Vi VUS entry agsaoth@embbdifent] the sisseptibility & pafipe s ivirues antifusentyy pr epar at i ons
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neutral i Z&t1on 0 enet ned Vi rus hé speC|f|c
nut at i Snsselastion of ma a@}a@ trgatmentneglams, (o) glagificasion gkthe paseling fuscePHHlI & conf er

al ter, oryRseYPinhfitbisPaYd) B&i¢tibriin tEbse OPink&tiveand péremidilptoxitidepgsoved by
|ntrodu0|ng t he nutaélon I nt.qQ.wel.l -charac gﬁrlze reference virus and

eval uat i nBCEHENAE bS5 usReRHBHY @F Nisvieniyy fRthitofyin FatR nAYE RS us in  the
Vi rus ent inypoRamayr td reﬁsr&r Fhstothe natfvabsusdeptikility@f yirnsee th enhyingiistorseani r us

e a2 O RS Wbl I S o SRR e OO Bl guced nto

nment o I'on, genetic
det er nmilflamidoubttdly resuls in thtegmmatwrz@ftdrugteastmtwma thilt@dn bcytr@mitt;dm ng am no

acid seq ul?&'ﬁ? @f%&dﬁh&vﬁnﬁﬁs \fg tﬂl?&ﬂbcﬁﬁm&ﬁ' Gesilihbe %sﬁéﬁtfoﬁ%e &’éi'N@d ﬁ&ﬁ aprotein.

The am no Sequences under. eval uation are Identif lgglﬁ r| ng the
anmi no aci Prisaijimp saaplesrand irsigd for sHesepubilgy to,yarigupdrus Aaify iphigito P ot be 30

neutr al i ZggknBiypi¥ FirhOehtry\WErhy. - Vitgy ehbry ibitimek xﬂi}tlh&lﬁdkybmrammt Hmited®, pat i ent

bﬁj’? d d V3
P o00 am oD ISR e Th LA Co- et BupaR iR AMBhod AISi@ADeS 11
neut r allp zZEAKS7TS® PROD42; ambbebmdlw}all hmtne ompougds) end @Dﬁ’/ antgonistsANVEARSADN an
wel | - Charﬂﬁéﬁpﬁ&@ﬁ‘e Pédﬂxoxﬁ'aﬁ l?ase(dﬁ: ghm&1§1ofhbe5%us Hiakeay @Rt ai ni ng

specific us ne I zat1 on can ate” rrutatlonsmthe V3 | oop of the

gp120 env@fld@wabﬂ@t’@'ﬁt}i‘bafﬁ@%“é‘?fﬁg%‘%“G&P%‘ﬁallﬂf"g’i‘at“@“dl rected mutagenesis and
tested for ant| body medi at ed neut raI i zation as WO 03/ 070985 PCT/ US03/ 04373

53 descri 5 (e.g.,
U- 87/ CD4/ M plus CCR5 and
CXCR4 (2PT4/ CCRS/ CX are 1n ec SRR subst itutions that change

that elicit, ahh?éxamgfe PERIR 'afmé.}ﬂé An%siexhodrf&%s{ﬁlmvaf tRepbe(ctaeed

|rrportant tO vi rus neutralilzation. a rel ated odi nent of the present

i nvent i onCXERARtrpRisaé IGA aiFamgE Ofﬂr%é Thig 81“1‘“&11‘? PR 28R} i fi ed by
eval uat i NgnAREAed RE LinSBIVE BE Bteptbrt thoplind to @uide theltRa@ehdY patients failing

antiretroviral drug treatment. This invention further provides the means and methods for

25 using HIV-1 co-receptor tropism to guide the treatment of patients newly infected with
HIV-1.

This example provides a means and method for using virus HIV-1 co-receptor
tropism to guide the treatment of HIV-1. This example further provides a means and
method fur using HIV-1 co-receptor tropism to guide the treatment of patients that have

30 received previous antiretroviral treatment with a virus entry inhibitor. This invention
further provides the means and methods for using HIV-1 co-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

35 antagonists. Treatment failure (also referred to as virologic failure) is generally defined as



surface envel ope protein. In a related enbodi nent of the invention, genetic
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WO 03/ 070€38ndaC0f nasiews thatimye n@zbe?wa‘ﬁ@tSHéFea@Wd%%WEm“ﬁE"glé’ti’&%{i‘B'i ibility
of pati enfifde/dre'és aiord &-féédbtb’i' aftBdonits. IGultahéelpayEintlade) bads b ligitedi®, t he
treatnment of patients that ve not been L8 dru
antiretro® ?@Pfl%@r ‘i’iféh%bqsﬂﬁ’te CPAErRIETRE™ @’ ) Cir/f%j(r%gﬁv(%ros é@n‘? Pnnhl bi tors.
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regi nens, 1&3 clarification o ?’n basel ine suscepti aXx
sxgmﬁcant clinical significance. Treatment with the appropriate co-receptor tagonist (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, resistance test vectors are derived from a
25 patient virus samples and tested for susceptibility to various virus entry inhibitors using the

phenotypic virus entry assay. Co-receptors antagonists may include, but are not limited to,

AMD?3100, AMD8664, TAK779, PR0542, and peperidin-lyl butane compounds.

Appropriate treatment decisions are based on the results of the virus entry assay and

additional relevant laboratory test results and clinical information.
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addi tidnal relevant |aboratory test results and cllnlcal i nf ornation.
EXAMPLE 9:NVEASURING HIr'V- 1 LLZEECEPTOR‘TRCPTﬁ 0 TO GU DE TREATMENT
DECI SI ONS|Thi s exan®te provid a neans_and FIHRIT ¢ or using HIVI1
cor ecept off (fOR5, ~ CXOR4) 1 1 0PI Sk éRy @ﬁ@@c&z@%&:@m&mmmomm. Thi s
exanpl e fy froa—or—t . o=riecept or
tropisn1tc5qug@nmmp treatnent dﬂD@&KﬂEhB@NEQ l'ing antlretrOV|raI drug
treat nment. 0 OTTTE Tovides the neans and net hods |Jfor 25
usi ng ¥4 -IﬂE%CPééﬁﬁﬁor tropi sh&h&$i®de the treatnent of patientls newy
infected W ThIS exa es a nmeans and nethod fdqr usin
Vit os ra v EHOSCPARERS tropi s ﬁn@mwfiha+rq%mmta%:w$r.TMs )
exanpl e f{mdecpar ovi des a neanscmdowlmélmapkesfsmn af SIORP adll CXCRAo- rlecept or
tropi smt g—g-gde—the—treatmemt—jof—patTents,_that_nave 30 recel ved jprevi ous
ant i r et r o|iHQ$ HI# BAGHRWt wi t h o PH K CFERPnhibitor. This invedtion
further pr i N %ﬁgaf ing ITV-1 co-receptgr tropism
to guitfe tﬁ&g&ﬁéé@é W7 éa]fji rr&?jg £Ead§§—ugt——peeei-ued—p+-e~+i-eus
t reat ment WhﬂébﬁS\“ rus entry i nhecbi ICKCR4, CORIe enbodi ment, the cg-receptor
tropi sm offa—pat+ept—s—virus—tsiused—togurde tetreatment _ofr g pati ent
failing arftg7eTboviral regi mens|€h4t include one or nore co-recegtor 35
ant agoni st ITealpent tallure gb%3¥% erred to as virologic faiflure) is
general ly d%$7%Bﬁ 3s WD 03/ 0709 03/ 04373 55 ppr essi ve
antiviral tU§ﬁéﬂ@g&Jresultlng |ncg@Qggg@ple Ievels of virus, whigh is
typ' CaBQy I.re.aﬁﬂ"ﬂ the- hatJL £ ‘rJl_OlOI_IDl} WI UUI‘IL,U Irﬂ_y I IT(.,I ULTE but | S not
limted tOija) clarlflcatlon DCDY HEXER4 ol ogy of rising viral |l gad in
treated patremts—{i e —pooOr_adhErence, _drug resistance, change Ijn
co-recept ddiﬂoplsn), (b) clarif¢PaG 4:GXFRYt _avail able drug treat ment
PM1 CD4, CXCR4, CCR5
25 CEm NKr CCR5 CD4, CXCR4, CCR5
30

35




5 options,

reduction in the use of
CO-receptwo i30oP8SM i n patients receiving
since drugs7pressure may result

has cli ni cal

si gni ficance,

(c) selection of nore active treatnent
I nactive and potentially toxic drugs.
treat ment w t h PCCRBO&MM3a50NI St S
aswitchto

regi nens,

in

and (d)

Moni tori ng

CXCR4 co-receptor tropism X4 viruses (CXCR4 co-receptor tropism are

associated with a poorer
In 10 this enbodi nent,

tropisn.
patient virus

ant agoni sts using the phenotypic
ant agoni sts may i ncl ude,
and peperidin-|yl
are based on the results of the virus entry assay (e.g.,

rel evant 1RppRESERTAMTIVESHRUSESAND FEWGENTRI cal

co-receptor tropismof a patient s virus is used to

PR0542,

addi ti onal
anot her_ enbodi
gui de the
antiretroviral

sanpl es and tested

but are
but ane

n
(640)

ment ,

It ed

nmpounds.

treat ment of patients that have not been

to,

see Fi

revi ousl

i nformati on.

prognosis conpared to R5 viruses (CCR5 co-receptor
resi stance test vectors are derived froma
for susceptibility to various co-receptor
virus entry-assay. Co-receptor

' AVD3100, AMD8664,

Appropriate treatnent decisions

TAK779,

gure 4B) and
In

treated with
nt agoni st s.

Qui dance may i n . ; of the
basel i ne co-r ¢8RHE2 tropism (h) dRIKHSIcar available dfug 20

treat ment opt |m014(9)2we’v&ct I on OffREAN4¢SIAt |ARRRP eat nent regi pens, (d)
reduction in nactive d ent TOXIi c drugs. | Determ ni ng
basel i ne co-r ¢cs ! (LuymAmm}——ja/N '““‘éigﬁp -eab—s+gaH-gance.

Treat mflt wi t fOLUSOS4ppr opri at e co- S&ptor aﬁ&%@?ﬂ st LRS vs. I X4 tropism,
or antagoni st Nwmtﬁlﬁp' smor m xg@,ﬁropl sml i kely to regult in a
nore potent aRe—gtreabte—responrse—t—thrs—e roeETtTesTstance test
vectors are detd¥efroma 25 pati virus %gs__a_n_d_x_e_sl_e_d_for

suscepti bi lityozuwsozari ous virus entjRF/NSHA bi [ARRRRENAGOURE) phenot ypi c
virus entry ag pt or s ant TR R GINUSE t afe not
limted tO?/ moégfb_znww 64 TAI(_ggmp%Sfr: atre-pe UUESE?JII-JI /I but ane
conpou ARPIEROZD A3MWIRE rent (RoSYCons NHGHSEhe rbsults of the
virus entry afsaygezsd additional rrbesam | aNyHQGSE) res il ts and
clinical infof | 9 ﬁ BLE 1 CELLS
5 Cell Recept q LS 4 —CD4—& XPHE5 2ap NZO

5.25. Luc4. M/ ($¥BRO2OR5, BONZO R5-XaSIF ARRRP(N-HOUSB

20

25

30

35

Mabs 2F5, 1577

gp4l TM

ARRRP

Mabs IG1b12, 2G12, 48D

£p120 SU

ARRRP

Neutralization sera #2, HIV-IG |Polyclonal |ARRRP

CD4-IG gp120 SU Genentech
CD4-1GG2 gpl20 SU Adarc

SCD4 Sigma Progenics

T20 (DP178) gp4l T™M Trimeris

Rantes, IP1a/b CCR5 SIGMA/ARRRP
SDFla/b CXCR4 SIGMA/ARRRP
AMD 3100 CXCR4 AnorMed
Dextran sulfate, Heparin Non-specific |Sigma

"R5 (CCRS5 co-receptor), X4 (CXCR4 co-receptor)

SI (syncytium inducing), NSI (non-syncytium inducing),
A.B,C.D,EF (envelope clade designation)
®AIDS Research and Reference Reagent Program



10 HOS. CD4. CCR5 CD4, CCR5 HOS. CD4. CXCR4 CD4, CXCR4 HOS. CD4 CD4, | ow | evel
expression of CCR5 and CXCR4 HOS HT4 R5 GFP wt CD4, CXCR4, CCR5 15

HOS. CD4. GEB9I3@FAPsMI#6* CD4, CXCR4, CCR5 P4.CCR5 CD4, CXCRET/USERB373)37. CD4
CD4 UB7.CD4 RS CD4, CCR5 20 UB7.CD4 384 CD4, CXCR4 M2 CD4, CXCR4 WMr4
CD4, CXCR4 PM CD4, CXCR4, CCR5 25 CEm NKr CCR5 CD4, CXCR4, CCR5 30 35 WO
03/ 070985 PCT/ US03/ 04373 57 TABLE 2 REPRESENTATI VE VI RUSES AND REAGENTS
5 89.6, SF2 R5-X4/SI ARRRPB 92BR014, 92US076 R5-X4/SI/B ARRRP JR- CSF,
91US005 R5/NSI/ B ARRRP 10 91US054 SI/B ARRRP NL43, M\, ELI X4 B ARRRP
92HT599 X4 ARRRP 92UR031 R5/NSI/ A ARRRP (I N-HOUSE) 92THO14, 92THO26

R5/ NSI B ARRRP (I N-HOUSE) 15 QZBROZS, 132%4‘\5/\959 R5/ SI / C ARRRP (I N- HOUSE)
92UR35 R5/ NSI/ D ARRRP (1 N- HOUSE) 9 22, 92THO023 R5/ NSI/E ARRRP
(I'N-HOUSE) 93BR020 R5-X4/SI/F ARRRP (I N-HOUSE) 20 Mabs 2F5, 1577 gp4l TM

ARRRP Mabs | G pRMERSYESTHIFORIPHE ANIPIRTEA TION ORHIVENVELOPEa #2, H V-1G
Pol ycl ogal ARRRP

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'
10 | RT env 9740 5'-AGA CCA ATG ACT TAY AAG G-3'

5' PCR PRIMERS
5'env GGG CTC GAG ACC GGT CAG TGG CAA TGA GAG TGA
15 AG-3' '
5'env_Xho/Pin 5-GGG CTC GAG ACC GGT GAG CAG AAG ACA GTGGCA
ATG A-3
5'env_START  5-GGG CTC GAG ACC GGT GAG CAG AAG ACA GTG GCA
ATG-3'

20

3' PCR PRIMERS

3" env 5'-GGG TCT AGA ACG CGT TGC CAC CCA TCT TAT AGC
AA-3
25 | 3'env_XbaMlu 5-GGG TCT AGA ACG CGT CCA CTT GCC ACC CAT BTT ATA
GC-3'
3'env_STOP 5'-GGG TCT AGA ACG CGT CCA CTT GCC ACC CAT BTT A-3'
3'delta CT 5'-GAT GGT CTA AGA CGC TGT TCA ATA TCC CTG CCT AAC

TC-3'

30

35



CD4-1G gpl20 SU Genentech 25 CD4-1 G 120 SU Adar ' [
T20 (DP178) gp4l TM Trineris Rantes, | I%Fa/ b CCR5 SI GK/N 2(:[)4RRRPSI %gnlélglr gg?:;](ICCRZ
S| GVW ARRRBD 03@@09st 3100 CXCR4 Anor Med Dextran sul fate, Hegarises/Nsm3 s
ecific Signma R5 (CCR5 co-receptor),59X4 (CXCR4 co-receptor) SI (syncytium
i nduci ng), NSI (non-syncytiuminducing), A B CDEF (envelope d ade
desi gnation) bAIDS Research and Reference Reagent Program 35 WD 03/070985
PCT/ US03/ 04373 58 TABLE 3 PRI MERS TESTED FOR THE AMPLI FI CATION OF HI V
ETI\I\/ELODE 5 RT PRI MERS RT env_N3 5'-GGA GCA TIT ACA AGC AGC AAC ACA CC- 3
ACTenv 9720 5 I TC ICAG TCA VACTABLE®GPANE13' 10 RT env 9740 5' - AGA CCA ATG
TAY AAG G 3 5 PCR PRIMERS 5' env 5 -GGG CTC GAG ACC GGT CAG TGG CAA
TGA GAG TGA 15 AG 3" 5 env_Xho/Pin 5 -GEG CTC GAG ACC GGT GAG CAG AAG ACA
GTG GCA ATG A-3' 5' env START ANTIHY DRUGHG ACC GGT GAG CAG AAG ACA GTG

GCA ATG 3 20 3' PCR PRIMERS 3' env 5 -GGG TCT AGA
A
TAT AGC AA-3' 25 3' env Xba/Mu 5 -GGG ICT A -~ CGT TGC s Xgé 'Ig

BTT ATA ggf;/é(;mpound

L]
p —v — - vv‘ -

Manufacturer

Trademark

Generic name

Zidovudine Retrovir Glaxo/Wellcome
31C Lamivudine Epivir Glaxo/Wellcome
AZT + 3TC Combivir Glaxo/Wellcome
10 d4T Stavadine Zerit Bristol-Myers/Squibb
ddl Didanosine Videx Bristol-Myers/Squibb
ddC Zalcitabine Hivid Hoffman LaRoche
1592089 Abacavir Ziagen Glaxo/Wellcome
AZT + 3TC + 1592U89 Trizivir Glaxo/Wellcome
15 (-)FTC (5-fluoro-3TC; Corviracil) Emitricitabine Triangle Pharmaceuticals
(-)FTC + (+)FTC (50:50) Racimir QuadPharma
DAPD (DXG active) Amdoxovir Triangle Pharmaceuticals
F-ddA (2-Fluoro-ddA) Lodenosine MedImmune Oncology (US
Bioscience)
20 [ BCH-10652, dOTC (2-deoxy-3-oxa-4 BioChem Pharma, Inc.
-thiocytidine)
D-dfFC Triangle Pharmaceuticals
(Schinazi)

bis-POC PMPA (GS-4331) Tenofovir Gilead Sciences
25 | bis-POM PMEA (GS-840) Adefovir dipivoxil Gilead Sciences
BI-RG-587 Nevirapine Viramune Boehringer/Ingleheim (Roxanne)
BHAP PNU-90152T Delavirdine Rescriptor | Pharmacia & Upjohn
DMP 266 (L-743, 726) Efavirenz Sustiva Dupont Pharmaceuticals (Avid)
30 | MKC442 (Coactinon) Emivirine Triangle/Mitsubishi Kasei
AG-1549 (S1153) (on hold) Capravirine Agouron Pharmaceuticals
AZT,ZDV Zidovudine Retrovir Glaxo/Wellcome
3TC Lamivudine Epivir Glaxo/Wellcome
AZT +3TC Combivir Glaxo/Wellcome

35 aaT Stavudine Zerit Bristol-Myers/Squibb




3" env_STOP 5' -GGG TCT AGA ACG CGI CCA CTT GCC ACC CAT BTT A-3
CT 5' - GAT GGTI CTA AGA CGC TGTI TCA ATA TCC CTG CCT AAC TC-3' 30 35 WD
03/ 070985WwB@3HhB83/ 04373 59 TABLE 4 Wand 1) ANTI - H V DRBGE/1$503/04373

Dr ug/ Conpound Ceneric nane Tradenark &bnufacturer AZT, ZDV Zi dovudi ne
Retrovir d axo/Wellcome 3TC Lam vudi ne Epivir d axo/ Wl lcome AZT + 3TC

3" delta

Combi vir G axo/ Wl |l come 10 d4T Stavudine Zerit Bristol-Mers/Squibb ddl
D danosi ne, Videx Bristol-Mers/Squi bb ddC Zal citabine Hivid Hof f man
LaRoche 1592U89 Abacavir Zi agen G axo/Wel|come AZT + 3TC + 1502U89
Trizivir cgr@g&,g,mdl cone 15 (- )!Féggn(lﬁmjl UOH @radlibrk | MREMdcuREI | ) Entri gqi t abi ne
Tri angl e [Phratreceuttcats— () fTC—+—{FTC \,mmﬁwa DAPD
(DXG actil®) Andoxovir TrianglldeRstennceut Vs s |EIRMOTBSMEP | 10r 0. ddA)
Lodenosi Q;d.i\/EdI mune Oncol ogy (zldStabuBl osci ¢ppR) 20 HoEkh AGR2, dOTC
(2- deoxy-|8 BroC P e, Tnc. -UMLOCYTI IF‘? T Ol FC rrangl e
Phar mage Abacpspe PVRA| P 43 1d
Sci ences PErhbbr-REMUBNEA (GS— 340) Adef ovi 1} Tekivipi v( scickoVG@ldosad Sci encqs
Bl - RG 584" NeVTT. Vi T afrune fEoenr 1 nger/ fngl eheiym. ( Raxann BHAP
PNU- 90152%%@&% ig °‘é‘53ma,a.a_&_uge&%g_‘ﬁtﬁwﬁ%m( 744, 726)
Ef avi renz (&mtrl(mcmmnt Phar nferesuit i cal s (Avi d) |dMe@442 ( Coacti rjon)
Emi virine Tsubi shi PQ‘L)’“AAG %: 49 |(_\S %QQIC&%JQ&&Q)I Cafravirine
Agour on : bY—A-gevdeHRe—Retov-—&axor-Yetrtcot
F—ddA (2-Fluoro-ddA) Lodenosine MedImmune Oncology (US
10 Bioscience)
BCH-10652, dOTC (2-deoxy-3-oxa-4- BioChem Pharma, Inc.
thiocytidine)
D-d4FC Triangle Pharmaceuticals
(Schinazi)
15 | bis-POC PMPA (GS-4331) Tenofovir Gilead Sciences
bis-POM PMEA (GS-840) Adcfovir dipivoxil Gilead Sciences
BI-RG-587 Nevirapine Viramune Boehringer/Ingleheim (Roxanne) -
BHAP PNU-90152T Delavirdine Rescriptor ] Phanmacia & Upjohn
20 | DMP 266 (1.-743, 726) Efavirenz Sustiva Dupont Pharmacenticals (Avid)
MKC442 (Coactinon) Emivirine Triangle/Mitsubishi Kasei
AG-1549 (S1153) (on hold) Capravirine Agouron Pharmaceuticals
PNU-142721 Pharmacia & Upjohn
DPC-961, -963, -083, -08? DuPant Pharmaceuticals
25 | s1-3366 Also entry inhibitor? Samjin Pharmaceuticals
BHAP PNU-87201 Atevirdine Upjohn
GW420867X (quinoxaline) (2™ gen. HBY 097) - Glaxo/Wellcome (Hoechst Bayer)
TMC 120 (R147681) Tibotec
TMC 125 (R165335) Tibotec
30 R86183 tivirapine Janssen Pharmaceuticals
Calanolide A Sarawak Medichem
Pharmaceuticals
Ro 31-8959 Saquinavir-(hgc) Invirase Hoffman LaRoche
Saquinavir-(sgc) Fortivase
35 MK-639 (L-735, 524) Indinavir Crixivan Merck Research Laboratories




3TC Laniivudine Epivir daxo/ Wellconme AZT + 3TC Conbivir d axo/ Wl | cone 35

d4T St avu

Bri stol

dine Zerit Bristol

-Myer s/ Squi bb WO 03/ 070985 PCT/ US03/ 04373 60
Dr ug/ Conpword/o@eseri ¢ nane Trademar k Manuf act urer ddl
-Mers/ Squi bb ddC Zal ci t abi nesiH vi d Hof f man LaRoche

Di d@aodisesodsisiex
1592U89

Abacavir Ziagen d axo/ Wellconme AZT + 3TC + 1592U89 Trizivir d axo/ Wl | cone
(-)FTC (5-fluoro-3TC, Corviracil) Emricitabine Triangle Pharnaceutical s
(-)FTC + (+)FTC (50:50) Raci mir QuadPharna DAPD (DXG active) Andoxovir

Triangl e Pharmaceuticals F-ddA (2-Fl uoro-ddA) lgodenosine Medl omin
Oncol ogy iaﬁycﬂngouﬁi oscCi ence) B%&Q@@@ d Ofaadndrk GMsMacthre® X a- 4- Bi oGhem
Phar ma, | pe—+hrocyttdrme) AFC-TrTarmgiie Pharmaceutrcat s (ocnirjazi) 15
bi s- POC PMIN-PLES4 1) Tenof ovi Biomyil ond SANEHE oo [HIPRO! ERRASEIEA (oS, d40)
Adef ovir pA@gM,om | G lead SciehgsgaBl - RG $8#achievi I‘A&{ihtoﬂﬁmﬁﬂdﬂﬁfﬂslne
Boehri nge e \r(uxanne) P~PNO-90192T Del e Rescriptgr
Phar macj a &?‘(’ UBRHB20 DvP 266 Y AmPFIRET  70a) AEPURE axd-Wall
Phar naceul hseds: (Avid) MKCA42| pofiaegitritngyion ) Keewia vi rfi Abeott Tabpragnigsl e/ M t sybi shi
Kasei AGTI529 TI53] 4 on nol @) Capravirtine Ago Elox ,,,,, ceut i calls
PNU- 14272 | B¥HAE 758 i ohn—t DRC 961 463 eg EQ“QJ At
Phar rmaceu] paBkE®@5 SJ- 3366 Al spligmaviry i nhilbi t or ? samxm&mw maceut ilcal s
BHAP PNU- 6@&@@\(@{6 ne Up) o 02%2%6’7} (QELTPWLI@Q@"(M gen. HBY 097)
d axo/ Wl eSSt uaye.” ; Vi IZ0( f 14IUOJ.) T 00T EeC TS .L'ZS—( R165335)
Ti bot ec S)WGQ@@k¥>¢VP’FP&‘EF)ne nssen Pharfmceut i gdf%8™ Cal anol i de A {Sar awak
Medi Chem G/W433908 (VX-175) amprenavir pro-drug Glaxo/Wellcome/Vertex
L.756,423 (on hold) Merck
PD-178390 (dihydropyrone) Parke Davis (Boehringer-
Ingleheim)
7 new candidate Roche
15 | DPC 681 and 684 DuPont Pharmaceuticals
AG-1776 (JE-2147 = KNI-764) ’ Agouron Pharmaceuticals
T-20 (gp4l) Pentafuside’ ‘Trimeris Pharmacenticals
T1249 (gp4l) Trimeris Pharmaceuticals
20 | D-peptide inhibitor (gp41) small mol. | SCH-C Schering-Plough
AMD-311 (CXCR4) (bycyclam) AnorMED
AMD-3664 (CXCR4) (macrocyclam) AnorMED
ALX40-4C (CXCR4) U.PA
FP21399 Fuji Pharmaceuticals
25 PRO 542 (gp120) CD41gG2 Progenics Pharmaceuticals
PRO-140 (CCRS5) MADb CCR5 Progenics Pharmaceuticals
T-22 (CXCR4) (peptide, 18-mer)
Met-SDF-1 (CXCR4)
TAK 779 (CCRS antagonist) Takeda
30 AQOP-Rantes (CCRS) Gryphon Sciences
Rarites 9-68 (CCRS)
CCRS5 antagonists 4-(piperidine-1-yl) Merck
butane class
o-Imrmunokine-NNS03 (CCRS, CXCR4) { o-cobratoxin PhyloMed Corp.

35




Phar maceuti cal s Ro 31-8959 Saqui navir-(hgc) Invirase Hof f man LaRoche

Saqui navir-(sgc) Fortivase 35 MK-639 (L-735, 524) Indinavir Crixivan Merck
Resear ch wabonawmes i es WO 03/ 070985 PCT/ US03/ 04373 61 Dru@gCCTarspyusd3 Generi c
nane Trademar k Manufacturer ABT-538 ¢A-84538) Ritonavir Norvir Abbott
Laboratories AGL343 Nelfinavir Viracept Agouron Pharmaceuticals 141\94
(VX-478) Anprenavir Agenerase d axo-WellconmeNertex 5 ABT-378/r
Lopinavir/ritonavir Keletra Abbott Laboratories BMS 232,632 (aza-peptide)
Bristol -Myers-Squi bb PNU-140690 Ti pranavir Pharmacia & Upj ohn DMP 450

(cyclic Vbzenavi r Trianglee e (PN] dldelds | I ey (Eri cksonis
CONMPOUNC) ot . WikeloTatate S, B T
G axo/ el DYyr one)
Parke DaV &4 $81 and
684 - DuHe
Phar mace T1249
(gp4l) 3Tr ol
SCH- C Scheg 00 4 ( CXCR4)
( macr ocyd BH? gcgut i cal s
25 PRO 54 . ) MAb
CCR5 Pr oge SDE- 1
( CXCR4) on
Sci ences - :

10 | SP1093V (BBNH Fe+3 derivative) (Parniak)

FDA approved drugs are shown in boldface,red = discontinued development, blue = not sure about development status

15

20

25

30

35



Rantes 9-68 (CCR5) CCR5 antagoni sts 4-(piperidine-1-yl) Merck butane class
a- | mmunoki ne- NNSO3 ( CCR5, CXCR4) a-cobratoxin Phyl oMed Corp.

35 WO

03/ 070985wB@3/0WB83/ 04373 62 Drug/ Conpound Generic name f PCTA®s43R3

Manuf acturer AR- 177 Zintevir Aronex Rarnmaceutical s

Resear ch

96: 4886- 4891 (1999))

Labor atori es

10

(BBNH Fe+3 derivative) (Parniak) FDA approved drugs are shown in

bol df ace,
st at us

red

= di sconti nued devel opnent,
15 20 25 30 35 WD 03/070985 PCT/US03/ 04373 63 TABLE 4 (Panel

bl ue

Generic Name Brand Name Firm FDRASIE ©@ahel 2) (abbreviation) Date

zi dovudi ne, AZT Retrovir d axo Wellcone March 87 didanosine, ddl Videx
Bristol Myers-Squibb October 91 zalcitabine ddC H vid Hoff Roche
June 92 g d4T Zer|£3&dﬁ;ﬂ Pie&r s- Squi bb JunerSstAggrovany vudi ne,
3TC Epi vi r(a,%{gm |1 saqui navir, SQMDdatgc | nvirfase
Hof f maf- L bdl.]UITTd/I T Sgc Forfovasg Hof1jman- La
Roche Noeithwdind,AZT i t onavi r| RN Nor %W%"f“%abm PR March 96 15
| ndi navir dlc{anosxnadldf( Ivan Mer Ckag%x ! ﬁﬁstolWeferqgﬁb October 91
zalcitabine, ddC Hivid Hoffman-La Roche June 92
stavudine, d4T Zerit Bristol Myers-Squibb June 94
10 | yamivudine, 3TC Epivir Glaxo Wellcome November 95
saquinavir, SQV, hge Invirase Hoffman-La Roche December 95
saquinavir, SQV, sgc Fortovase Hoffman-La Roche November 97
ritonavir, RTV Norvir Abbott Laboratories March 96
15 | indinavir, IDV Crixivan Merck & Co., Inc. March 96
nevirapine, NVP Viramune Boehringer Ingelheim June 96
nelfinavir, NFV Viracept Agouron Pharmaceuticals | March 97
delavirdine, DLV Rescriptor Pharmacia & Upjohn April 97
ZDV+3TC Combivir Glaxo Wellcome September 97
2 efavirenz, EFV Sustiva DuPont Pharmaceuticals | September 98
abacavir, ABC Ziagen Glaxo Wellcome February 99
amprenavir Agenerase Glaxo Wellcome April 99
lopinavir/ritonavir Kaletra Abbott September 2000
25 | ZDV+3TC+ABC Trizivir GlaxoSmithKline November 2000
30

35

D keto acids Merck
5 EM RB 2121 cyclic peptide p7 (see PNAS

mmc Cl-1012 Achelion Pharnaceutical s | SP1093V

not sure about devel opnent




nevi rapi ne, NVP Viranune Boehringer |ngel heimJune 96 nelfinavir, NFV

Vi racept Agouron Pharmaceuticals March 97 delavirdine, DLV Rescriptor
Phar maci aw& ogjoyessn April 97 ZDV+3TC Conbivir d axo Wl | coee/iSeposnber 97
20 efavirenz, EFV Sustiva DuPont Phar@aceuticals Septenber 98 abacavir,
ABC Zi agen d axo Wl |l conme February 99 anprenavir Agenerase d axo Well cone
April 99 lopinavir/ritonavir Kaletra Abbott Septenber 2000 25 ZDV+3TC+ABC
Trizivir G axoSm thKline Novenber 2000 30 35 WD 03/070985 PCT/ US03/ 04373
64 REFERENCES 1. Adachi, A, H E. Gendelnman, S. Koenig, T. Folks, R
Caney, ARE¥FERENCESNd M A. Martin. 1986. Production of Acquired

| mmunodefi ci ency Syndrone-associated 5 Retrovirus in Human and Nonhuman
Cells Transfected with an Infectious Mol ecular Cone. J. Virol.

59: 284-2d1. 2 Adaghihfat HiE. Gendel@an,So Koendg,. i EolkCRCCamyyo 4eRabson, aRéMyA. P. E.

Kennedy, P.M aMiuEDRyge. P?'&fﬁcgoﬁabf /&ﬁ[tﬂ&f lmrﬂuag&:ﬁc ﬁ%ﬁrwﬁ% %?&Fa?éﬁ’

M P-1al pha, M P-1 Beta_ Recept usi on
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20 viral protein, and which conprises an indicator nucleic acid which
produces a detectable signal, such that the first cell produces vira

parti cl eswoaspraissi ng the viral protein encoded by the nuecaiusoaeids
obtained fromthe patient; (b) contact%ng the viral particles produced in
step (a) with an anti body 25 preparation fromthe patient; (c) contacting
the viral particles and anti body preparation of step (b) with a second
cell, wherein the second cell expresses a cell surface receptor to which
the virus binds; (d) neasuring the amobunt of the detectable signal produced
by the se¥mtischkimedisx 30 order to determine the infectivity of the viral
particles; and (e) conparing the anount of signal neasured in step (d) with

t he anount of signal produced in the absence of the antibody preparation,
wherein al-r edw@gﬂoérmﬂﬁecmg withim a patieptinigeted by a virpsthe devslopmentsff an he
antibody prepakiBddydBspondd capdbRsorbivaking Mechan t@iirishas devel oped an anti body
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viral §§r%-i cl s method forddetegtingyuihin g paticat lafﬁﬁa%w ‘t‘)’f’lﬂéﬁtbﬁ%"e}?ﬁ%‘i}%ﬂ‘i n step
(d) with the ai¥tbédy rédponse capable of blocking infection comprising:

(a)  transfecting into a first cell

1) a nucleic acid encoding a viral protein from the patient, and
ii) a viral expression vector which lacks a nucleic acid encoding the
20 viral protein, and which comprises an indicator nucleic acid which

produces a detectable signal,

such that the first cell produces viral particles comprising the viral protein encoded

by the nucleic acid obtained from the patient;

(b)  contacting the viral particles produced in step (a) with an antibody

25 preparation from the patient;

(c) contacting the viral particles and antibody preparation of step (b) with a
second cell, wherein the second cell expresses a cell surface receptor to
which the virus binds;

(d)  measuring the amount of the detectable signal produced by the second cell in

30 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 antibody preparation, wherein a
reduced amount of signal measured in the presence of the antibody
preparation indicates that the patient has developed an antibody response to

35 the viral protein capable of blocking infection.



signal produced in the absence of the antibody preparation, wherein a
reduced anount of signal neasured in the presence of the antibody 20

pr epar at iwo i3ndivsat es that the patient has devel oped an amrcThsdyo43esponse
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wherein the sésgcc}%atggtct@? {lrs%?g é@dgg%%&@éﬁ P:legﬁ? g’?“g“é‘gé ‘é%%‘lg’?mgg eEc?ﬁ ich the
virus binds; (b themusleig icifopbtainedfrapuihe pdient he det ect abl e si gnal produced by

the second celg)y i NeoRdiRE HeQirdBlaticls PRodubi ih BES ) withlail affibddpe Vi r al _
partic and (e) conpari t.he anmount of signal nmeasured Iin step (d) with

l.es; 2
the amitint of si gREPAEH Hepaiente absence of the antibody preparation,
wherein a 10 r@duceohtasning e virhl mirtipha landraaibudyeplepanation of step @omith aof t he

fesponse 16 rhe v Bt SBER dd Bhord o8y BitkeEita catSuiEY flgRGp " B0 IO
of claim6 whereinwhigh ‘dt'-@ibi!idaeﬁdjwhﬁeilqm)’«S?@“‘éa?lgcompﬁﬁ%én\iﬂi%mexpr essi on

15 vector of (ii). nfcleifB8d WRicAPFodREesalddicthlle BRALI N the nucleic acid of (i)
is integrated into the g [ d of claim

6 wherePn the @ r aimeé%’@f‘g a‘%gfenot’gt{‘)fh{égle{e%@é Fig’t?alé bfqdﬁgﬁ%yﬁgehggﬁ:‘%?mof t he
first cell. 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 antibody preparation, wherein a
reduced amount of signal measured in the presence of the antibody
20 preparation indicates that the patient has developed an antibody response to

the viral protein capable of blocking infection.

4. The method of claim 1, 2 or 3, wherein the viral protein is an envelope protein.
25 5. The method of claim 1, 2 or 3, wherein the viral protein is a capsid protein.
6. A method for detecting within a patient infected by a virus the development of an

antibody response capable of blocking infection comprising:
(@) incubating a first cell comprising
30 @) a nucleic acid encoding a viral protein from the patient, and
(ii)  aviral expression vector which lacks a nucleic acid encoding the
viral protein, and which comprises an indicator nucleic acid which
produces a detectable signal,
such that the first cell produces viral particles comprising the viral protein
35 encoded by the nucleic acid obtained from the patient;



10. The method of claim6 wherein the nucleic acid of (i) and the viral
vector of (ii) are integrated into the genone of the first cell. 25 11.
The met howoaB/ocdsas m 6 wherein the viral protein is a capsipdTrsos/eisns 12.
The nethod of claim6 wherein the viral protein is an envel ope protein. 30
13. The method of Caim 12 wherein the nucleic acid of (i) is part of the
expression vector of (ii). 14. The nethod of Claim 12 wherein the
nucleic acid of (i) is integrated into the genome of the first cell. 35 WO
03/ 070985 PCT/ US03/04373 72 15. The nethod of Claim 12 wherein the viral
vector of (ii)()s icontagiingthelviral particheprodusadinstepr(a with 41 angibodye| | . 16. The
met hod of Claim 12%&%{;%&@&{&&& acid of (i) and the viral vector of
e
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Into the genone of the first cell. 10 15 20 25
5 %)with a

©) contacting the viral particles and antibody preparation of step (
second cell, wherein the second cell expresses a cell surface receptor to
which the virus binds;

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

) comparing the amount of signal measured in step (d) with the amount of
signal produced in the absence of the antibody preparation, wherein a
reduced amount of signal measured in the presence of the antibody
preparation indicates that the patient has developed an antibody response to
the viral protein capable of blocking infection.

The method of claim 6 wherein the nucleic acid of (i) is part of the viral expression

vector of (ii).

The method of claim 6 wherein the nucleic acid of (i) is integrated into the genome
of the first cell.

The method of claim 6 wherein the viral vector of (ii) is integrated into the genome
of the first cell.

The method of claim 6 wherein the nucleic acid of (i) and the viral vector of (ii) are
integrated into the genome of the first cell.

The method of claim 6 wherein the viral protein is a capsid protein.
The method of claim 6 wherein the viral protein is an envelope protein.

The method of Claim 12 wherein the nucleic acid of (i) is part of the viral expression

vector of (ii).

The method of Claim 12 wherein the nucleic acid of (i) is integrated into the genome
of the first cell.



10

15

20

25

30

35

WO 03/070985 PCT/US03/04373

15.

16.

72

The method of Claim 12 wherein the viral vector of (ii) is integrated into the
genome of the first cell.

The method of Claim 12 wherein the nucleic acid of (i) and the viral vector of (ii)
are integrated into the genome of the first cell.



