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| NHI Bl TOR ANTI RETROVI RAL THERAPY AND GUI DI NG THERAPEUTI C DECI SIONS | N THE
TREATMENT OF HI V/ AIDS This application clains the benefit of ggn ﬁm%o
Application No. 09/591,899, filed June 12, 2000 and U. S. i .

09/ 338,323, filed June 22, 1999, the contents of each of which are hereby

i ncorporated by reference in to this 5 application. . Throughout this
application, various references are referred to within.parenthesis.
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i ncorporated 10 b Iﬁ%ﬁ%ﬁ?ﬁﬁmﬁﬂ?ﬁ%ﬁ?&ﬁ%ﬁ'ﬂaliﬁﬁﬁﬂﬁﬁ1RNP ﬁﬁm@ﬁﬂﬁl descri be
the state of tHHeEERAPERILEDECISIONS fE BS Field This
invention relates to antlretrOV|raI drug 15 susceptlblllty and resi stance
s oo Do dab1k AGRL LY NG G SCALY BT SOL MBS, [ Aprh1 et N
of human i nmunodefT ci ency Virus I nfection and acq F 60

i mrunodef i aieencog§aty 88, (AhDSﬁ Jie i Ivenz 0 oh éudthes r@pﬁkxcaU1ddm

oot on A 1Y Tipbike Tol ST 1 19 m Ry GRS ROl or

genot ypi ¢ ssCepLERi birky hasedys . i ndterddnritld by alsPeF&h@d esnt @onaMels
vectors, host cells and conpositions for carrying out phenotypic
sd%ceptlmlqRRﬁ%Q§ﬂ%P“The invention 25 further relates to the use of

vari ous genotypi c nmethodol ogies to identify patients who do not..respond to
a particular antiretroviral drug reginen. This invention also relates to

t he screeniThg:coigItra,mji dahésantaime"ﬁrcmﬁimai VdrBolﬁ)EC 2eBreflicdsugsfeor
their capacit nhlblt ghral ﬁ atlon ect d viral Sf qg?ces
and/ or virdi® "“rro’iee $O MBFE"pEr (R RLTATISS T hi s ﬁ\% PPBh®Fel At es 10 T he
det er mi nat Ipﬁfbll.calflcﬂ{@t eAsehienfti hitoirdBRl9 spsceptiebyl iitnedigdig ted
phenot ypi ¢ _or genotypic susce tlbllltiitests This - . |nvent|on al so

reiat es t oY meatRINE b hodthoF aRRhiSEELGRake PEFRodULiEl PaRES RS ng
viral repligaliondd toesshe 1 Backahpund «fi 4 hgyJdmenid e ddladnfection is

characterized by high rates of viral turnover throughout the disease
process, eventually leading to CD4 depletion and di sease progression. Wi

X, Ghosh S@eéﬁﬁ@éﬁlpﬁéefﬁ al . (1995) Nature 343, 117-122 and

This invention relates to antiretroviral drug
15 susceptibility and resistance tests to be wused in
identifying effective drug regimens for the treatment of
human immunodeficiency virus (HIV) infection and acguired
immunodeficiency syndrome (AIDS). The invention further
relates to the means and metheods of monitoring the
20 clinical progression of HIV infection and its response to
antiretroviral therapy wusing phenotypic or 9enotypic
susceptibility assays. The invention alsd rrelates to
novel vectors, host cells and compositions for carrying
out phenotypic susceptibility tests. The invention
25 further relates to the use of wvarious genotypic
methodologies to identify patients who do not respond to a
particular antiretroviral ‘drug regimen. This invention

also relates to the screening of candidate antiretroviral



15 Ho DD, Naumann AU, Perelson AS, et al. (1995) Nature 373, 123-126. The
aimof antiretroviral therapy is to achi eve substantial and prol onged
suppression of viral replication. Achieving sustained viral control is
likely to involve the use of sequential therapies, general I)( ga[ﬁg} agw

t herapy conprising conbinations of three or nore antiretrovitr .

Choi ce of initial and subsequent therag/ shoul d, therefore, be nmade on a
rational basis, with know edge of resisStance and cross resi stance patterns

bei ng vita to gu t hose _deci sjion rational

conbi nat i of *UNEr akpg re aelgs PEYhet gi stljce%{’)bjaga aEFPgﬁF)‘?%ﬁ T4chi eve
greater inbehieldted ofivhlalsgfpiical i and/dhe voksx atﬁ::}d)ﬁé/uoé dr ugioregi mens
will remain critical, however, as therapy will need to be maintained over

many year sPag§icularg ypEEhigoanvent om Leddt@s o phb¢ eAetespipatdomew.
viral partigl espabe Regducednppicday. ¢orp) ed ghgéebﬁ§b§§akgre ofs stlg¥

reverse transcri ptase (RT) to correct transcription errors
exénucl eol phiecopypafr eadi ngendtiypili ghsdseegit igfi Mitnal Sesus nover Thdsul ts in
10 to 105 nut atlons per, day at. each position_in the H YV genone. The result

is the raptl E8FABR sHtht  Jr° B %hsi Ve gBnolfFPe vaiht i BRED9Hi | & “Fone

tenpl ate pasichirafelgr Hase rppirbdsichsllivt UidHNsr IRy KE 1A € reph 9kapreRe
(Mansky LM_ Temin HM (1995) J Virol 69, 10 5087-5099) (Schinazi RF, LI oyd
RM Ramanafh&Re€S- et al. (1999) Antim crob Agents Chenother 38, 268-274),
mat hemati cal nodel i ng suggests that, at every possible single point,

mut ati on may occur up to 10,000 tinmes per day in infected indivi dual s. 15

FoP anti reﬁagjzamb_dr_ag_&bmimm'_en occur, the target enzyme nust be

nmodi fi ed e pr Vi Jt sf ctio thep nce_ of thelnhlbltor

Poi nt nut \Qﬁkgnsﬂf%‘ad Tyt 6° nda %%{%cl%le ul%’é’UE1 ﬁonr% &l ¥ 45¢ changes
in shape, 2Qrabzeror tﬁhm:g;ao@ft t heheact Hieesktke, psnth:sés@,te bivﬁdltﬁh@ls.lyte or
in positions surroundi ng the active site of the enzyme. Miutants resistant

to antirett69FLRP L8efPé HEPEchdon dBCedicpasic IRFPIESTFEOBef oFELt Ke

i nitiationgRbshherapyayidbhuk, %t%ngh(ﬁ%sﬁmgu}!@v\étzgt ah7-0299%hProc
Nat| 25 Acad Sci USA 98 25- 29 (Najera |, R chman nn, Oivares I, et al.

(1899) Al DsORBQ,Hﬁﬁpméﬂnowrfufé@eiaonm*ﬁg 431 ( No] 93) | NakREgUI3T3A,
Qui nones- Mabgu, &g et o3l aQ{Jn9%§) aht Yl r &3 213 t%%:_)ra "‘ﬂ/e{?_? [El $3@JLut ant

strains represent only proportion of ‘the ot vVira and may
~1 9 DEC ZwBstanhaak a laepll | cqt:r@]mr(gectorrpeuppmesdbsadvm age vdorglar ed

ith wild-t JIM (199S9) .S 67 83-9 Th
Sl oot ve brBELEREESe- {aFhelrdll SRSERARRES ot e thelotar ddReddt ot ant
mutants w¢b an’éow@rpehetw@ aflveadeget tar thesaphey, cgaBekallgPeseNt the

dom nant quasi species (Frost SDW MlLean AR (1999) AIDS 8, 323-332)
(K@l | am P, tRBt@Rer G&E‘Pfﬁﬁlﬁ’ﬁgal CS’N@-I“PEQQR? eEn FhEge 75 01391 M99

ul'timatel y, ) eadiogot Pra1r abayad i ncubiak |oqad1h£‘t5.9§ RAld eBhibseQuled ¥
devel opment of antiretroviral therapy focused on inhibitors of reverse

transcri ptaseragpt khouddeodihkr finr nonbauthdesiae Bnhidiienal obasiiss enzyne
showed si gpi f, CANS, AOALY! SA! r@&éé’ér‘ié’e (568 &L 8ss Ereglggg)mce%%terns

being vital to guiding those decisions. The primary

25 rationale of combination therapy relates to synergistic or
additive activity to achieve greater inhibition of viral
replication. The tolerability of drug regimens will
remain c¢ritical, however, as therapy wil}_. need to be
maintained over many years.
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15 Res. Hum Retrovir. 8:119-139). However, the clinical benefit of these
drugs had been limted due to' drug resistance, limted potency, and host
cellular factors (Richman, D.D. (1993) Ann. Rev. Pharm Tox. 32:199-169).
Thus inhibitors targeted agai nst a second essential enzyne 20 of H V were
urgently needed. In 1988, the protease enzyme of HV was cryst{d [)Ezeg}g%nd
its three-dinmensional structure was deteym ned, (Navia MA, Fitzgerald PVD
McKeever BM Leu CT, Heinbach JC, Herber 25 WK, Sigal 1S, Darke ".PL,
Springer JP (1989) Nature 337:615-620 and Wnters MA, Schapiro JM Law ence
J, Merigan TC (1997) In Abstracts of the International Wrkshop on HV Drug
Resi st ance, 1Hr eaf Bitr Al e@ieSeand i1Gat i t,. 1P S )
allowing for the rapid , 1%% DECI:]%éo()Sng-%;j léb:veﬁhpn‘gnﬁalogﬁ ot eaégse st8

i nhi bi t or s. PERIALICEC per dayas Rypolhdsivied that f#lMipe oRasEY wmvékee

reverse tra i ul e unable to .acconmmdate nutations |eading to
drug resi stg%%é.sgﬁggais\gonégq‘Fhey%ascecfnlaenc t 5 ENgsr&P5yeP Z%r’éﬁfﬁoa%& d

substi t uti oagonmctlee 1Y cpr pt easee haveg peerhiobserived duredg bfeabrpeal W th
the_current| ﬁ avai | abl e protease_iphibitors. The genetic pattern of
mutati ons cbHFBPFFAg Sance 18 tHRséprBeeasEORHinPBrt 8RY iad coRphex,

and cross-rgskstanae Pet ween [lﬂvstgl’elﬁ%g,m I ymgg f{ecent %WQHQdSrQl?iHrS-
PROTEASE | NHI BI TORS HI V protease was classified as an aspartic protel nase

on the basiestfbpushinpps aef i wetsinsd vigonpedgyyPTOh vidrigtdon. 15 Waige K,

Myata T (1 f 15; i ts inhihit b t.astin (R chards AD,
Roberts R, %%ﬁ)ﬁ 'é%%ni%g}% g\%eg)o%%?c)lﬁgf ? rl(?%é%) *%%S%ugfﬁ%pﬁlf@ ,maabﬁgé?ts
crystal struootar erfcNavipardé, Eidreger alid, PMEnidtKreyep9BM Jlau £, & nbach
JC, . Her ber Sigal . 1S, rke PL, Springer JP (1989) 20 Nature

337 615- 620%%(8q’ﬁgggﬁ%yﬁécﬁﬁétz?oﬁ?'ag‘lao%n%%i PMRBAHBRRAICSF Bho #Henti cal
99-ani no acidoghai nspfibehosekbC, Agyhes VA chéheaesal d RVD, Mgeyes) BM Leu

CT, Heinbach JC, Herber W, Sigal IS, Darke PL, Springer JP (1988) RDroc.
Nat|. Acad.m&Ehemgtacad: gupinldous) sugpeltéacthehai Rt25e¥0RYaipp feflphe

characteri st | P a Ive- S| n pPesi LERANS. ; 0 (Toh

H Ono M séa%'g%fﬁ, pl\EA%‘;tt'aX“T&%t fglef’gB S"“,\éfu?%gg&?@g%‘? %,'?bg %é%‘%f(t)o%gza HV
prot ease prazpsinsighgetedsindhdidaalpol (pl60) pol yprotein products into
fulnacti onal core proteins and ~: viral enzynes (Kohl NE, Diehl RE, Rands E,
Davis LJ, Hanobik M5 Wl anski B, Dixon RA (1991) J. Virol. ~ "' 5

65: 3007- 30IEoandnkiamerMAradchahey bPsiSkahka AM d&eogh) ytke WaggStaal F,
Reddy EP (1986) Science 231:1580- 15% During or inmediately after
buddi ng, tHEPPETGpFUEE e Mgl fisshvE 1y PRESBREIAG At SnifmEcdildrer BRt

cl eavage sidips preyéetd dherrd rupifaloPr Ol NSt (Mitat A Wadthy PE) as
an amino acid substitution may result in changes in shape,
20 size or charge of the active site, substrate binding site
or in positions surrounding the active site of the enzyme.
Mutants resistant to antiretroviral agents have " been
detected at low levels before the initiation of therapy.
(Mohxri H, Singh MK, Ching WTW, et al. (1993) Proc Natl
25 Acad Sci USA 90, 25-29) (Najera I, Richman NN, QOlivares I,
et al. (1994) AIDS Res Hum Retroviruses 10, 1479-1488)
(Najera I, Holguin A, OQuifiones-Mateu E, et al. (1995) J
Virol 69, 23-31). However, these mutant strains represent

only a small proportion of the total viral load and may



10 well as the viral enzynes reverse transcriptase, integrase, and protease
(Pettit SC, Mchael SF, Swanstrom R (1993) Drug Discov. Des. 1:69-83). An
asparagi ne replacenent for aspartic acid at-active-site 15 residue 25
results in the production of noninfectious viral particl esi\é\%tfgd ture,
defective cores (Huff JR (1991) AIDS J. Med. Chem 39:2305° , m an AH,
Zack JA, Knigge M Paul DA, Kenpf DJ, Ngrbeck DW Swanstrom R (1993) J.
Virol. 67:4050-4055, Kohl NE, Em ni EA, Schleif 20 WA, Davis LJ, Heinbach
JC, Dixon RA, Scolnik EM Sigal 1S (1988) Proc. Natl. Acad. Sci. USA

85: 4686- 9690, Peng C, Ho BK, Chang TW Chang NT (1989) J. Virol.

63: 2550- 255RaveSidn kaplycawidal- bypecompelsi paré i aliesduzodueed bympateat ed
cells treated with protease inhibitors contain unprocessed 25 precursors
and are nonFhFBct¥obd {¥BawWweFEsS, GIfFrIshn(1985)(1L893) r rienseg98bdp7, -
Gottlinger |igs_$9g50ski dGe Hagalldne VWA LL98Y) Prage Natls AcadyiSgh- USA
86: 5781-5785, Katoh |IY, Yoshinaka Y, Rein A Shibuya M CGdaka T, Oroszlan S
(1985) Virotbgyap#45: p8Ov292s KohtsdE,drug-rdsPsDBEG 20038t afkns ni wEAR Sehl eif
WA, Davis LJ, Heinbach J iy Xxon RA olnik EM_ Sigal 1S (1988), Proc.
Nt P Acad. SRBPEE EA §52 0430 40805 Pe RGCE SRRy TR RENG KR ( 1989)
J. Virol. 63oRbhOn25%0asSt epactels, Saltaiz $Hhw WetL¥YMh( B290)1994) Xrosl .
64:5076-5092). Unlike reverse transcriptase inhibitors rot ease i nhi_bitors

bl ock the pPodBéfTaAZdbf (Kak bt i RuBHTRREFTRRn chibraeal | YMERT éLP&4) cdl | s
(Lanbert DMgoReyfeway, 791 . 38R 3Panad i e TR { e ddi n &85 Va e L ELBYUEE nCB,
Meek TD, Bugel ski PJ, Bof ognesi DP, Metcalf BW 10 tthews TJ (1992)

Ant i bi cr ob. viAgaht $o@Hehnt hlee .pBBIYBR2- 988). Al t hough the viral protease is a
sympetric diner; it binds its natural substrates or inhibitors
asymmetrically (Dreyer, GB, Boehm JC, Chenera B, DesJarlais RL, Hassell AM
Meek TD, Topasigk dAdkldmwirs Moi5 {19033t Bherheln stheraid 93 écaSEd Mohl er

M), Schneider J,'. Sathyanarayana BK, Toth M, Mrshall GR O awsqgn L, Selk
L, Kent SB, 1P HahhRFS ACE 15895 &8 Eﬁé@‘s?&é?ifé@-lla%ﬁh ?h‘é%]e‘?‘??hﬁi?naéld
toget her w thntheckoowiedge thainapbde bopgs oferrdl i nenz@sd duegnaiegnot
susceptible to cleavage 20 by mammal i an_ endopept i dases gave rise to the
first classsbgnificanpr gnédyerphhidattbrsthaddeCadsrche Erandixq%n aL8Fe

m petic co t, Jua.th | al gni pg-p in | e.site hRg b he
CI’I{%i cal ngglg;%issﬂlﬁ"{e' b%%gr(?{g&%g)értsgN%, gl\/a???n ?A&w%é(ng irtl:(?:]ﬁteonc?),§ Br oadhur st
AV, Craig Jen&litarnf2bthBseGadl pugs ShadariseeBK likayteld Kuehntd damigert
RW Merett JH . MIls JS, .Parkes KEB, Redshaw,S, Ri.tchi .. Taylor DL,
Thomas. G, RESHTHPRES 19903 (68 oRREeB58 3eR Sare® g FL8TDet=2663 Sani no
aci ds i npli cricemam, r esbst anee 3t o At erse. | Bhiakit.orsox. 2%: bew—pedhease
inhibitors are devel oped, the ability of 5 certain Sm no acid_ substitutions

to confer rERPStERREPTCIhEIATHIT AT A TT-ARTPAPRREIBY EOFEFSI
nmejpods, i nGt Ut Ng.Sed egtd ot 10f dasdsdant strains in vitro, sitedirected
mut agenesi s, and determi nation of am no acid changes that are sel ected
during early phase clinical 10 trials in infected patients. Wiile sone

am no acid bstitLutions cif] y.£0 I 1 i n to
certain pro eaggblghhiltgigt ggé%fggg bﬁferizf)i%&l ?ﬁe?g9i ?a%gn%%%%% ?ie§%§e%ﬁgp

~ bet ween setstoftimetdionsnsinpldlcattedhdtmresias aderetningd, aprvied M3y, ot ease

'nhlbltorSIQ%gggrald PMD, McKeever BM, Leu CT, Heimbach JC, Herber

25 WK, Sigal IS, barke _PL, Springer JP (1989) Nature
337:615-620 and Winters MA, Schapire JM, Lawrence J,
Merigan TC (1997) In Abstracts of the International
Workshop on HIV Drug Resistance, Treatment Strategies and

Eradication, St. Petersburg, Fla.) allowing for the rapid



15 investigators have attenpted to classify these nutations as either being
"primary" or "secondary", with varying definitions. For exanple, sone
investigators classify as prinmary nmutations which are predicted, based on
X-ray crystallographic data, to be in the enzyne active site 20 with the
potential for direct contact with the inhibitor (e. g. D30N, cB8BEC 1280¥,
VB2A/ F/ SI' T, 184V, N385, L90M . Secondary nutations are usual |-y consi dered
as being conpensatory for defects in enzyne activity inposed by primary

mut ati ons, or. as having enhancing effects on the 25 magnitude of resistance
inparted by the primary mutations (e. g. L10I/F/ RV, K201/ MR/ T, L241,
V321, L33F/V, M36I/L/V, MA61/L/V, 197V, 159L/V, L63X, A71T/V, GI/I3ASIT, .
V771, N88D) .dayakepmsntnpat iRt GaRE coPhébpbatsng | ARibiBdAY, ar &t maiamt ai ned
- by several qrgafizaligns, Ohae 1 9iGEC 3003 c3.examle; , gehi nazl, gt al ..
Mutations in retroviral genes associated Wt rdg resi stahce, T
Antiviral Newsrf99 pta¥e,69wandd Shaf enneblal to HuowmsmhodabedeafutGitenrey Vi rus

. Reverse Transcrj.ptase and Protease Sequence. 5 Dat abase, Nucleic Acids
Resear ch 193199,""&217’(91)5':,0 BRI 5 S cesS bl et ¥i Ot hEPPnfarfet 280 to

htt s /[ WwWw. Rl rBed Stan can il a €1 d hbps f { bihvibn st anf end. HQQ’U{g'):id(:/e)ase 19
DEC 2003 -10 Saqui navir Saqui navir, devel oped by Hof f mann-La Roche, was the
first proteds¥d nhereit @b viatefysiei Mixsdtmardl uadtbn, thlemenstrentilyy t hat
H V-1 prote : val ] get...f:q/. he treatment of H V. infecti
(Jacobsen H%S{%rl\g%?)\%zi%Le%gef:%gaﬁcnar]rll%lrl,t% sriggi T&% @?Bﬁ%l\(}e@%tg?gﬁ‘éﬁg? J,
Mous J (1994duthtivinsol . £68£f2016nr8020yes Bapna@vi nta s ahdighl praaidase

pepti dom mt‘i{.ﬁhi rot ease I nhi bi to(r5 with a 90g inhi bi tor%/ concentration
(1000 of 6 WRHEIFEo! n 44 t r SOMEOSEAqUIANET roCHTF SEF oLt EFBFS vakSiEeM t h
ong @r bot h safrucw ralil§o dagire rewhs tolpbu@ds bBchhge HI V-1 protease gene, a
val i ne-for-glycine substitution at position 48 ((B8V), a

met hi oni ne-for-1eucine substitution at residue 90 (L90M, and the double
substi t uti opEAEYSEONEEEReHRE J, Bechowsky 15 B, Rose D, Hauser U, vonder
Hel m K, GuertlTer [, Nitschko H (1995) AIDS Res. Hum Retroviruses

11: 671- 676, HY¥cabsdpade VeasarglésKifVedskowabl asPraaigi d Qpr&teéhasA, dduncan

| B, Mous J 9 i.ral 6:527-539, Turriziani, O Antonelli G cobsen

H Mous J, %\%a%,s\'{ﬁi g’tfg%?/uog%ll‘g% anzan E (1SER Rt é&?ﬁrgr ofo ¥,

38:1Z07- 298) saligontst Miasass TORVIBS)t hathirest3 Vasterl)on fesappedbi tasch

continued sel ecti Qn results in rg#'ﬁghl resi stant_doubl e-nutant variants. A
esul‘t

substit uti ofYaPBEREF D, r&3ihid R9Be Lt sz Ry Puppt Bl GEeress &t

suscepti bi | Kty U0 (tbhesh nbihkt oert2b4wherens LAE $tBULEPRRQAUS sQGGiHthaRce Of
bot h substitutions causes a nore severe | oss of susceptibility of >100-fold

(id) . In JNEBLasHBui FaiFIaTRhpfMRpplakeeyer sBMectlan nB8t Sedmbsiodel y
for mutatiogs, atyLadansyR0 %f‘ﬁ &'Sg’ Darkd @%9 2§8§inger JP {1989)

20 Nature 337:615-620). The enzyme functicons as a homodimer

composed of two identical 99-amino acid chains (Debouck C,
Navia MA, Fitzgerald PMD, McKeever BM, Len CT,.“_Heimbach
JC, Herber WK, 8Sigal IS, Darke PL, Springer ’JP {1988)
Proc. Natl. Acad. Sci. USA 84:8903-8906), with each chain

25 containing the characteristic Asp-Thr-Gly active-site
sequence at positions 25 to 27 (Toh H, Ono M, Saigo K,
Miyata T {1985} Nature 315:691).




-) 1 Jacobsen H, Hangi M Ot M Duncan IB, Onen S, Andreoni M Vella S,
Mous J (1996) J. Infect. Dis. 173:1379-1387, Vella S, Glluzzo C, @G annini
G Pirillo M-, Duncan |, Jacobsen H, Andreoni M Sarmati L, Ercoli L (1996)
5 Antiviral Res. 29:91-93). Saquinavir-resistant variants errqrgen%(g 0
approxi mately 95% of patients after 1 year of nonotherapy w th™ 1] gglag
daily (Craig IC, Duncan |IB, Roberts NA -Wittaker L (1993) In Abstracts of
the 9th International Conference on AIDS, Berlin, Germany, Duncan 10 |B,
Jacobsen H, Onen S, Roberts NA (1996) In Abstracts of the 3rd Conference of
Retroviruses and Opportunistic Infections, Washington, D.D., id, Mus J,
Brun-Vezi neHIN [Ruwaedd, pasregged gkarcobge b )H, afed | ayay-(k&194)(plre0)
Abstracts of the 10th International Conference on Al DS, 15 Yokohams, .
Japan). The AFeRENS bt HFEG A Ence 8 Iﬁ%/{iecr“(cﬂ‘f‘~ CPIFat PEALS 1 ecé@™ ng -
conbi nat i on .therapenwivideszi deyudi nez, zaliechtabkrpe, miwhsaayi nyvis (G, ier
AC, Coonbs R, Schoenfeld DA, Bassett RL, Joseph Tinpone Ms, Baruch A Jones
M Facey K, Baiqkbide e MG, McUbelanslel vIB, 20DFKkPRANBA HML99BAi gan TEiIRdi-chmann

RC, _Ho e /. 9 o J. .1 - A I t t
to i°n \?Pte;o-%s?élgceq:ﬁd}ovll(%uag?a V\#eare h%’@%?ﬁ?&dn%lt% Pgb?'r sﬁén@elar ?3

resi stance, k,hewt9gM exeharge ResidyheEPr ¢UBAE haSt iemicat | 271 S sctled 4)n vi vo
while the X8V (2$) or,the 25 doubly--mutant .(<20) .is rarely found (id). In
Aot her T ec MEISILLE o MTSA TR bELY o8F EFAnEROt M Png Htq O HAGE by no
patient was cheupkd ooshaﬁrb@reﬁzﬁagvaaumme Hliw&r@h\te%l@,va:};@ﬁ%ﬁi%% Ko

Gl pin SA, Garaev WM Dorrell L, Mus J, Bragnan K,_ Wber JN (1997 J.
Antimcrob. yield BFE sta3ctrredermstt@inko{R¥l, 7PSR., |mterendi Rfly as
Wanters et al.;.(id)_.obs ed a highe enc e @8 ‘rgi!t i in
pa?‘itoent S re%&l\}l ng)aﬁi ghglﬁgsaqﬁgr?alvi r Eaggﬁggas %[r%ﬁ%flgﬂ%r apy. % 1 l%;tta%rft S
(six of sixindegrnayd, and pevecaped(PB4BVib SCsoMicipaeledFa Bk st i on
ei ther during j.navir treatnment. or after switching to either indinavir
or nelfi nav%r.(i%%%)d}rﬁﬁgcglsrﬁﬂvatil)oeﬁal ﬁp‘aﬁe was found in another study
during saqui navir nonot herapy (Eastman PS, Duncan IB, Gee C, Race E (1997)
In Abstracts of the 10 International Wrkshop on H 'V Drug Resistance,

Treat ment SPPaPER@ESHRE EERHACANT, IE IHRAT LRSI FI3 )3 SR Tt dues
repgesent si-Les Rfe Naburalspoty Moy phicsd obrbhacHi¥nl BF OLRASE ARASIdd HNS
10, 36, 63, and 71) and appear to be correlated to the L9OM nutation (id).
Anot her 15 sabyedi tRAFohecl&7391 thasinseatnrecenelpcitdenst i ¢9%es afdufly i ay a
role in saqxh%\ﬂ,r AF58 SHANGR4 N ﬁh&ﬁ; 390131035 oM iy, 1? thgnt Sz#léh
early saqui navir ‘resistance and those fromtwo patiénts I 'nfuce

saqui navi r gasi Hraigge aft ePaal SBAL clKenfp i HBF aplyotibec hdDAaViSwas@Etriosd R he
Gr3S 20 and 90 bstitugio | oust Paul oys .S,. Quillennt L, Boue
F, Gal anaud (éggél a\ﬂg{: I(clf997§+1£§§\(géj‘{¢§gt sK@?‘lt ﬁg’ 'r#frg'rr’ﬁa naﬁc%]:ghop
onzpl V DrugyResipshanrca,s, Trieaim®idh ¢ At pgkes ARJ Beading&t iB®1), KNlgal IS
Petersburg, Fla.). 25 ,1 9 DEC 7003 -13 Ritonavir Ritonavir, devel oped
by Abbott LABEEAYoFTes- WaElt-hécddeosFiH Wi Hedb8 61 + Fend e Ho

li censed inthe A ed TRl at@gandt hANAYi 6855 & POYERL1ANG B BLI-IMS6) |
inhibitor of 5 H'V protease that is derived froma C2-symmetric,

pepti dom nesimilakillit ol idHd YDB, Toywshpant¥clep Hrokagsd By, iNdresdd D,
6. 2016 20205 1P CUEEFB ALt Tyl B e B HERHAty A2 g ML dy o
25 precursors and are noninfectious (Crawford S, Goff 3P
(1985} J. Virol. 53:899-907, Gott‘linger HG, Sodroski JG,
Haseltine WA {(1989) Proc. Natl. Acad. Sci. UsAa
86:5781-5785, Katoh IY, Yoshinaka Y, Rein A, Shibuya M,

Odaka T, Oroszlan S (1985) Virology 145:280-2%2, Kohl NE,



10 | aboratory strains and clinical isolates of HHV-1 with IC90s of 70 to
200 nM (Kuroda M), El1-Farrash MA, Coudhury S, Harada S (1995) Virol ogy
210: 212-216. Resistant virus generated by serial in vitro passages is 15
associated with specific nutations at positions 84, 82, 71, 63 ﬁﬁﬁid%ﬁ
(Markowitz M M H, Kenpf DJ, Norbeck DW Bhat TN, Erickson w8 3
(1995) J. Virol. 69:701-706). The 184V substitution appeared to be the
maj or determ nant of resistance, resulting in a.10-fold reduction in 20
sensitivity to ritonavir. Addition of the V82F nutation confers an even
greater |level of resistance, up to 20-fold. The substituti ons M6I, L63P,
and ATLV, weGh dint ERduced B0 dhle BLoteasey CORLIRIS 98, Ofpdddl Fxpe
NL9-3, did not result in significant changes in drug 25 sUsceptibilify
Based onh repldodatiikonEKi netiiged eB@)er(ﬂBr@&tsPrtdq:esel\lathangesdar edi kebgat o be

conpensatory, far t site 0 stori licative
capacity of )étshe 6c836cr?b4%9 VEIS 4rd P}%E%m 179 ’@/9 gp@éc?g%égsj
| ndi navir | gdigeavi re3 deyed-Esk bysdseke SLEO0Schhs zt lme tWiigtd \HIJV(HJBQbeaSG

inhibitor licensed in the United States. Indinavir is a Eotent and
sel &ctive i Ahi bVEEPlof & 327l ¥ H v- 2Uplbkeadeyskiseh kranartéBtereo. 34

and 3.3 nM l!’n%il%%cctdr‘ée' £YAE£8e IAnnPRS %%BESB%lM' %hE g%odtﬁéﬂfbrﬁBof
McDani el SL, Darke Zagay Quintero JC, Bl ahy OM E, Sardana VWV,

Schl abach Aipf@cahmsPlvnﬁmoﬁraomﬂl-t;hmmaﬁly tofeovey 4 1lsi vLambErén L-w,
Vast ag K, obi ers P m ni Hyff . J 19 Pro Nat | .
Acad. Sci . g %eg%ggaxi ’drs%‘agﬁ%?% gj;%'pegf’fndorpqéfet ?‘r?)atrr an? ti on
state anal ogueyaid dpgl oRE tr@ tlmagélla&a e, potiegaesinbbpi et sakmowm,as

HAPA (hydr oxyam nopent ane ami de nBounds (ibid). _Indinavir provi des
enhfinced 15Ma&E86%S sollubi | |(t1>99§ﬁd ofREIBREAPRI-| abf‘ﬂ?f"y’rsandchﬂmeépfercul ture

exhi bi ts anzkC3320i58%G 10 AP0 AMK EELE! vEAa1SPYRle as\éAlsDeAJt §9ﬁthrQ@1dra
JH (1996) Ant|V| ral’ Chenot her. 9°327-331. 20 spite early reports of a

| ack of in diimes,reditst hhsdsbylse| ététﬁlmﬁlw tvhstdiatesi r ofi dinh¥bidalre et

al. (Tisdal Sig%ﬁn%?:r %a@iiyher?ﬁgg{’%og o) Menfd 1 VS NM':%]%ln%'rra EDg( 1995)

Anti bi crob. T0) were able to obtain resistant
vari ants dubesdazélkect ikdn iHasddE1A M, sM%c Wbh SoubstiekitTARs hewiesiues

32, 96, 71, 2. _At least four ti req |re to produce a
si §Ri fi cant (ﬁggﬁof]‘:’%ﬁ%}&%’bﬁ%ﬁl P?mééq_ dv@o@b SSFFW}\ ?d t’ype)
The nut at i opa@hypasichiyana’ by, dessth bad, amae@ﬁaemsmqr )CJ(alVHdﬁ-D\AL } st:udVb

Kenpf DJ, Norbeck DW (1.9 DEC 2003 i s Bhat TN, Erickson J V\é
(1995) J. VErolKeptd)SEappéaréyeso Ront B e SSHEMSEY praoF adA ﬂé@’and

al so to '”p'ﬁ‘ﬁlégev'fﬁﬁdg%\ig"t hoddtitiir elvidh  £hd) 181Uyl a t9ladl amiGandra
JH, Hol der DJ, Schlelf y OM Danovich RM 5 Gabryel ski LJ, G aham

DJ, Laird DDO@dﬁntOefr@IIGl%Gd@sldﬂ\leﬂ?m rvsoHLsum@mtEbl%hmagﬁaraa@gewl

T, Chodak Y ar e
|gr es KE, ggt gﬂ:gg 1%1%%[)&%0}}3%@ dﬁvee%n#g{'e Ele Iyggt t;\laét:upgggg(a%%@sssn)
found by coast HOgtingrotease HhhibitBrel baesdt Icpat the keasstithpee statat i ons

at residues 96, 63, and 82 were re re fort henot J i festation
Of resi of anBARRELR £ Gl B bhe HE SeneRptt bra RS brdPie TR aS Y

site being the critical nOHSClSSlle bond (Roberts N3,
Martin JA, Kinchington D, Broadhurst AV, Craig JC, Duncan

25 IB, Galpin SA, Handa BK, Kay J, Krohn A, Lambert RW,
Merett JH, Mills JS, Parkes KEB, Redshaw S, Ritchie AJ,
Taylor bL, Thomas GJ, Machin PJ {1990) Science
248:358-361) .



J 9 DEC Z~~~ -1 6 Nelfinavir Nelfinavir, devel oped by Agouron

Phar maceuticals, is a selective, nonpeptidic H V-1 protease inhibitor that
was designed by protein structure-based techniques using 5 iterative
protein crystall ographic analysis (Appelt KR, Bacquet J, Bartlett C, Booth
CLJ, Freer ST, Fuhry MM GCehring MR, Herrmann SM Howl and EF, Janson ,
Jones TR, Kan CC, Kathardekar V, Lewi s KK, Marzoni GP, Mat he\(\b QDQEC 3 C,
Moomaw EW Morse CA, Catley SJ, Ogden RC, Reddy 10 MR, Reich SH, Schoettlin
W5, Smith WN Varney MD, Villafranca JE, Ward RW Wbber S, Wbber SE,

Wl sh KM Wiite J (1991) J. Med. Chem 39:1925-1928). In vitro, nelfinavir
was found tgmbsoa PR 1 RRLBE f HAV-1.05 wth a Ki 0 nM
(Kal dor SW Kalish VJ, Davi eg@%ggﬁg Skl_lier%tyr%\s/’,gggrg?%f JE?OApg!éf‘?é?gsﬁurgess
JA, Canpanat®hi®itensrgadze NY, O awson DK, Dressman BA, Hatch SD, Khal'il
DA, Kosa MB, Lubbehusen PP, Miesing MA, Patrick AK, Reich SH, Su KS,

Tatl ock JH (1997) J. Med. Chem 90:3979-3985). The drug denonstrated
antiviral actinébty p20tagaiensintaedeials lahoraéesyopnd, ckhai aa)iHc loand

H V-2 strains with 50~ effective concentrations rangi ng from9 to 60 nM
(Patick AK CHBOr#t2kPmH[0 BIdOmIURSCLGTF) oAt iR cFomteAgEREd stieammast Hew .

91: 2159- 2169 hNekhkbpawir exhjbi ddibLv.e=st.0=s rgi.SLic,ef when
conbi ned 25 with ot her S ol pac T8 et B 25PEEg ’%‘ﬁ’l‘agg%%hi AK,
Tisdal e M BiIGivdEr fFaletbhen CpfMasshetanB, SMeris1REjnPailamwi,samtsS; Futer

O Bul l'i nan,, v r.n RA__Livingston .(2995) J. VMirol. .

69: 5228-52%@)6%‘%% ﬁﬁt%e”%tlé'sh%ﬁéd i %“F%K’/%Js‘g%f ?%e GriRei peid
mesenteri c dnamyes tha® DEEe 2003 edted nadesngnded AEySeae and goad or al
bi.cavai l ability (Shetty BV, Kgsa MB, Khalil DA, Wbber S (1996) Antim crob.
Agents Che S 4% l)éﬁ‘-ffl%ffi | RAGFERBS - f ol I'BWilRy ZPmer iainRssaried of

HIV-1"L9_3 dubdtie iesancar Of spebf f nawi 1y 8o¥pei #0La(R22h Wddy & Sevenfol d
reduced susceptibility was isolated. After an additional six passages a

vari ant (P2®) ®eEvadn30rPreraadecr bakbl seseeptddsn | inglaw neltfhewei risvas

identified t: . | t pel.t K. Wi B, sick L,
kot dor 5. - erar e ite aiddd VAN Sl PPRLEaEs ol S tad
90: 292-297)in Sepiesivar@natysadl obkpphevpdotpeaneageneihiiDivl tBEse vaddm@pt s
identified,in decreasing.frequency the substituti.ons D30N, A71V, and |84V
e B AP s e D B B AT, G Ehe oG PRV T ¢
P28 vari anks AaitNérabesusceppibhaiyy tast? sgcohdaegonbinpmh rodAnng

H V- 1NL9 ; cggt aining various nutations resulted in a fivefol d-increased

90s ef f ect FFEIBIAEEREr athiPn FA™R1R | B9VSartdISSN H R Aheartdyarms t he
MB61 /1 84V gdoulabe y20mikl 81bns WHEi€ES HReChaPggitheSUSCERLLYI 'a)%y WS,
observed with Md6l, L63P, or A71V al one (i bid). , 1 9 DEC 2003 -) s
Anpr enavi r CABFeRaPEEaPEla ftal. pEot dseinnHilis t enzgeweel apeilvey SMard ex
Lagoratori ggygng pdesd f1.0 o] f H V-1 prptease crystal
structure (Km EE Eia A d,lg{l %ﬁ &&?99{? %onttg%t w:n.gh ERE in fbltor
(e.g. D30N, G48V, I50V, V82A/F/S/T, 184V, N88S, LO90M).
Secondary mutations are usually considered as being
compensatory for defects in enzymeﬂactivity imposed by
primary mutations, or as having enhancing effects on the
725 magnitude of resistance imparted by the primary mutations
' (e.g. LIOI/F/R/V, K20I/M/R/T, L24I, V32I, L33F/V,
M36I/L/V, M46I/L/V, I47V, I54L/V, L63X, AT1T/V, G73A/S/T,
V77T, N88D) . Lists of mutations and corresponding

inhibitors are maintained by several organizations, for



5 MD, Murcko MA, Rao BG Tung RD, Navia MA (1995) J. Am Chem Soc.
117:1181-1182). The drug belongs to the class of sul fonam de protease

i nhi bitors and has been shown to be a potent inhibitor of HV-1 and H V-2,
with IC50s of 80 and 390 nM respectively. The nean | C50 for1agﬁﬂﬁvgmg% 10
against clinical viral isolates was 12 nM(St. Cair M4, MII'a , ney
J, Tisdale M Parry N, Sadler BM BlumdR, Painter G (1996) Antiviral Res.
29:53-56). HI V-1 variants 100-fold resistant to anprenavir have been
selected by in vitro passage experinents (id). DNA 15 sequence anal ysis of
the protease of these variants reveal ed a sequential accunul ati on of point
nut ations resahpleg isknaRhn® asd dapubsii;tutieps L1PF e@?@bir%ﬁ7 erfild 1 50V.
The key resistance nmutation in the Hi v-1 protease suBstrate inding site is
| 50V. As a &% $@F &2 ed mutidth oflriug conféssamce wo- Tn ol t hravwef bfdradbcrease in
suscepti bi |4 (4 bk d) g The .ot bstitutions,did n resujt_.in reduced
susceptibiI%%%szé%gi%%r%§SCegﬁé£é§iﬁb eg%ntaﬁwgwgﬁtﬁﬁ?%ﬂ? 1N-CE §MPect i ous
cl one (HXBYirtpwersrvemsel ri pranpeatpasse nutamd Clone €008 ai ikmhdhie

mut ati ons 25 61, 197V, and 150V was_20-fold | ess susceptible to

anp’fenavi r RHAPITS d- S5 S usCiiRe ReBRARLR at%%??haszh&) bert &138duent | y
reported i ndesd SLanRee s i egiyt tk prote | . Dj : Ki netic
characteri z(ati on of thesiejllgubsﬁ{\qt l}'?liegnss]ﬁg%kn%%/gt r%{ egﬁgt# .g'g‘_@g{.gflfrea uction
~1. 9 DEC 2008.stange adw’ iathilbitn :of hdomibt- atria nfierd .f @dut/fg. vi/50V

si ngl e-nmut ant protease and a 270-fol d-reduced K; for the triple nutant
MB6I/197V/ 150V, conpared to the wld-type enzyne (Pazhanisany S, St6uvr CM
Cullinan AB, Margolin N, Rao BG5 (1996) J. Biol. Chem 271:17979-17985).
The single nmutants L10F, M46l, and 147V did not display reduced affinity
for anmprenavir. The catalytic efficiency (kcat/Km) of the I50V nutant was
decreased up to 25-fold, while the triple nmutant MB6I/147V/1SOV had a

2-fol d-higher 10 processing efficiency than the 150V single nutant,
confirm-ng the conpensatory role of the M46l-and-147V nutation. The reduced
catalytic efficiency (kcat/Km for these nutants in processing peptides
appeared to be due to both increased Km and decreased kcat values. 15 VIRAL
FI TNESS The relative ability of a given virus or virus nutant to replicate
is termed viral fitness. Fitness is dependent on both viral and host
factors, including the genetic 20 conposition of the virus, the host inmune
response, and sel ective pressures such as the presence of anti-viral
conpounds. Many drug-resistant variants of 'H'V-1 are less fit than the
wild-type, i.e. they grow nore slowmy in the absence of drug sel ection.
However, since the replication 25 of the wld-type virus is inhibited in
the presence of drug, the resistant nmutant can outgrow it. The reduction in
fitness nmay be a result of several factors including: decreased ability of
the mutated enzynme (i.e. PR or RT) to recognize its natural substrates,
decreased stability of 1 9 DEC 2003 -zo the nutant protein, or decreased
ki netics of enzymatic catalysis. See Back et al., EVMBO J. 15: 9090-4099,

| 996; CGoudsmit et al., J. Virol. 70. 5662-5669, 2996; Maschera et al., J.
Biol. Chem 271: 33231-33235, 1996; Croteau et 5 al., J. Virol. 71:
1089-1096, 1997; Zennou et al., J. Virol. 72: 300-3306, 1998: Harrigan et
al., J. Virol. 72: 3773-3778, 1998;1 Kosal araksa et al., J. Virol. 73:

5356- 5363, 1999; Cerondelis et al., J. Virol. 73: 5803-5813, 1999. Drug
resistant viruses that are less fit




10 than wld type may be less virulent i.e. they may , cause danage to the
host i mmune systemnore slowy than a wild type virus. |munol ogical
decline may be del ayed after the energence of drug resistant nutants, -
conpared to the rate of immunological decline in an untreale} gt p093t. The
15 defect causing reductions in fitness may be partially or conpletely
conpensated for by the selection of viruses with additional am no acid
substitutions in the sane protein that bears the drug resistance nutations
(for exanple, see Martinez-Picado et al., J. Virol. 20 73:3794-3752, 1999),
or in other proteins which interact with the nutated enzyne. Thus, am no
aci ds surr csadiuhgatriie prot ease cl eavage site in the gag protein nay be

altered so that the site is better recqgni zed by_a drug-resistant. protease
oy (DoySroetnarits sy area hy $rathstEg L EBehkn  aR e e 50
Virol. 71. 666228640, ;199%itMammang eturlexgd, Vilifhical2: A8, 1998).
bt is an object of this invention to provide a drug susceptibility and

resi stance desenghpablied ofhghoWiINgl PrTFOEE 2003 2 2Y2whet HET %2 tvi FoF
popgl at’ ort ¢ 1o 2cRALLRLL ! SLIUAPT s HPLE. Phn! 998 BUSEAP!H Dl i o 1 Y&0
A0 obj ect’ o

prescri bed %g. er s tnvention is to provide a test that
wi | | enabl erf heuplygsi d,anHdwwggubt i tattte MWneVel lapiSe dielysr | 4, aMpus J

i o or cr ubbS9 ol -2 igiice 68 REPaRRZ ke aRHRIe G bt &t HgELs O Ve"
i nvention i .t pyeropbge; dohesbtibat pekbagrablianselieeti onieh am efegtive

drug reginen for the treatnent of HV infections and/or 10 AIDS.  Yet

anot her obj eehibiteny sconeentraniprs tidCS0dvidfe & hetnddds - f orlnt dehEFPyi ng
al ferattons i, fhey it U SUSCERLE PEOLYa PLOLLL & Bn S ald £Moth Vo £ UByo | 1
particul ar Tdentifyirng changes in susceptibility to protease inhibitors.
Still anot hefind] ectidofstihsisi Guiverh s orin sthe HWVplovpreteasesaemsd net hods
for evaluating. the_biological effectiveness qf candidate,dr GRAPOU ds
whi ch act dﬁag %%TF?E‘%f?%%E%,SH ?gﬁtﬁgﬁgg éﬁﬁ/%ﬁs§?%%ﬁ égoﬁgins Ohd
particul arlye¥hibnigspest-1euaider ahbsnstunivhr alt dresg dsies cHpt ( bPOME y
associated wth protease inhibitors, It _is 20 @Iso an object_of thiﬁ

i nvention t3NHrieRe dROHIHES Rt LAt ERRpBLP YT A f GPPRELE udt i RYCRPYSKY
anfdretrovigalgQedldp) 684 $4ANGE, abh gelsCRPIMDK| | t¥ertlet SLAMNDDEERkOOR this
invention to provide a nmethod for 25 measuring replication_fitness which
can be adaptE#05k cAIPT (RS, ﬁﬁmﬂLﬁ?ﬁ@?vbﬁ?sﬁ%tlliéh%é@7§0 feeefsen H,

| mmunodef i of enoye yi s G dvoleBRANAYIJupescl YR IEPAL | Duhdiay | 1)
fl aviviruses f ufren hépa it1s 'C vifusy and er pesviruses (human
cyt onegal ovidws) . JThi &1 %9%) ot Nerology 9 DEE: 20035322 ofjvadtigismit hi €,

invention w1l be) PP eny LLRTLLNe, SPRRIT] CFLT OR; 88 & WBhigte110 m,
20 Dianzani F (1994) Acta Virol. 38:297-298). In most cases,
G48V is the  first mutation to appear, and continued
selection results in highly resistant double-mutant
variants. A substitution at either residue results in a
3- to 10-fold decreased susceptibility to the inhibitor,
25 whereas the simultaneous occurrence of both substitutions
causes a more severe loss of susceptibility of >100-fold

(id).
In viveo, saquinavir therapy appears to select almost

exclusively for mutations at codons 90 and 48 (id,



.1 9 DEC 2003 -23 Summary of the Invention The present invention relates to
nmet hods of nonitoring, via phenotypic and genotypic nethods the clinical
progressi on of human i nmmunodeficiency virus infection and 5 its response to
antiviral therapy. The invention is also based, in part, on LgﬁngtSﬁmgery

t hat genetic changes in HV protease (PR) which confer chang |
susceptibility to antiretroviral theragy may be rapidly determned directly
frompatient plasma H V RNA using phenotypic or 10 genotypic nethods. The
met hods utilize nucleic acid anplification based assays, such as pol ynerase
chain reaction (PCR). Herein-after, such nucleic acid anplification based

assays W | lyabebsehet, etz ian, PERtbaseduassay s, Thiseni BVeRL4POohS Rased in
part on the 15 discovery of nutations at codons 10, 20, 36, 46, 63, 77 and
88 of H V prdtéasd:i MPR rebl ¥ patdi-entsfent whildls .t he7pr e3@Ace38%,certai n
conmbi natio f, thes .0 correlate wth, ch es, Lh certain PR
susceptibiP?&?gs}gThﬁgqﬁhgéﬁtidn ?%aaPﬁélbggegp%ﬁégﬁ% QFSC éFV“lh t 20
suscept i bi WatypbtsenH ¥, pr ehelagenant Myi r sksmegy not berablered eyensif
primary nutations are present. Additional nutatjons at secondary positions
in”H V pro 85%315F3 Hggﬁir§8:96F93)redu%%q%ﬁP?YﬂRﬁFﬁﬁﬁ%ﬁﬁ&kﬁﬁ?BFPPPy. Thi s
i nvention esbabki shedapprokDBafil st 46RMR A NaLe Aokl aLERD 25 AJePOSHE ON 82
of protease (V82A, F, S, or T) in the absence of another prirary nutation
was not cofpepihedamyt vtk edudtGilonmin dridgy suScepui bITi t Punbeer edBed

suscepti bi Li te Lnbi bi tor h.as j.ndi navir and saquippavir, in
Vi ruses coh?g¥ﬁ%%gH$§2A?ﬁEFkgp%$ f’wgégéyg g%Dég%iﬁﬁfE§4ogb§é} eggﬁn
viruses w Thtaddationall Rurdeirenseators IDBlarye it | G8tmavychpascagdd, 71,
59, 96, 10_and/or 63 as described herein. Decreased susceptibility to

p38t ease | ﬁﬁi’bIJFSIO SeQuéh S hdimaARe T Waglt kA rIni RAPSFFRcEs 8t

cont ai ni ngt¥82A3rl, BolkeTeWas abgo abservedukBsVi fHaeSo¥bbPcahikeast 3 or
nore additional nutations at secondary positions. This inventions also

est abl i shed"fBFLERBSHi Ferhing ophatl -& -nutigt dfPus posPrremVesinet pFot ease
(L9OM in bhgcahsepse qfaaihesn,Pr bHREYsEHL o OB, Nt Qgrg@%')at §g 10

with a reduction in drug suscepti'bility. Decreas ceptibility
prot ease i Ahbbreors, ofuchhas Li0hdi nbviermai syl Aaniferenneviarusaips,

cont ai ni ng S erved inp,viruses with additional rnutations at
sggondary E%ggg%%%é,qgﬁﬁﬁ”as, ?3?'%Eeﬁﬂﬁn%ﬁmﬁgrrf81§§a8€§cﬁF%e “K&Fein. 15
Decreased $22%pptibil payitntpr oteasevingi bebabsnasiioh ashépdppavivitand
saquinavir, .in viruses co tain%ggSLQOM s al so, observed in viruses with at

| east 3 or 2hBPEGHBFi oRA! HEE ns & %ecHHHENR Pidsi t fonstig9he Afirations

vere foundchomps agya ddNbEWEL Bl CpAGI BAfdc arDEr Tededh Z0irdddke f Akl ow ng
the initiation of therapy. The devel opment of these nmutations, or
conbi nat i oR3TBFNt HeseIREAL iMdnsFaraYH Kr PRhG&SCESUNE, t MBaldf fendVdat or of

198 devel opROingh abd Chlliofs, ik PhEOPLMDLLn SHECCRUD [/ restatance.
ich can be associated with virologic fallure and subsequent | nol ogi cal
response. [h9%hk Brbbughend. ofiedhe3Bdaviediioh013) met hodcoftagsessbngnt he

oL ect oSS BLALERS ALY B’ SRR OE B, Y LRLeRt e patt et
step to resistance, the L90M exchange is the predominant
mutation selected in vive while the G48V (2%) or the

25 doublz--mutant (<2%) is rarely found (id}. In another
recent study of in vivoc resistance during saquinavir
monotherapy no patient was found to harbor a G48V mutant

virus (Ives KJ, Jacobsen H, Galpin SA, Garaev MM, Dorrell

L, Mous J, Bragman K, Weber JN (1997 J. Antimicrob.



a plasma sanple fromthe H V-infected patient; (b) evaluating whether the
pl asma sanpl e contai ns nucleic acid encoding H 'V protease having a nutation
at primary and secondary positions; and (c) determ ning changes in $
susceptibility to a protease inhibitor. In a further enbodi tDEC 206%

i nvention, PCR based assays, including phenotypic and genotyplc assays, may
be used to detect a substitution at coddd- 88 from asparagine 10 to a serine
resi due either alone or in conmbination with one or nore nutations at other
codons selected fromthe group consisting of 10, 20, 36, 96, 63 and/or 77
or a conbination thereof of HV PR A nutation at codon 88 from an

aspar agi ne r@simfitdan a3deri’ae7r8si due IpK88Spt169dlvonci tokers ateds wilt.-h an

i ncrease in ceptibility_ to.apprenavir _and a_nytati t _codon 88.from an
aspar agi ne r@@du‘gﬁ)%%%éée?i ﬁéggggi gﬁ\éqlu NS nitna t‘l%ﬂ"%&‘?ﬂﬁﬁ?ﬁﬁ%ﬂ&%t .
codons 63 ampd/tdrerit’s arecaiGAMY Naighenr shqueakvier tebakeaswinblo@ReirtAgkase in
susceptibility to anprenavir and_a 20 decrease _in nelfinavir and indinavir
suscept i bi | iyt PALASREFt Hei%enBbdiSHent OI° t hBLEAGEAYI dieVRaPehsEd8Yssays,
i nclsudi ng phangt YBbgu%ng%OW@hC RRSAYSn MBYtRE U ity d%h%ﬁ&n%ﬁﬁl' ons
at codons 10, 20, 36, 96, 63, 77, 25 and 88 of H'V PR whith correlate with
changes i n duseamsr | iary ted tamt | setitoringl ther apghemd Erddneladgi c or

response. Onc tat.ions, at.these | oci have been _detected in ati ent
ndor Gof ng PR AN Petr vt r SR REraDy bRt S g PR arn v« RePRBedtt ¢
regi nen showndther stlu®y DECr2AQ3 sadbiaansideicedthiBady nngsahamhicgh a
nodi fication .of the_therapeutic reginmen_should be nade, follow ng the

assessment OMPERN rEBr oSl St hetaHsy Esi(r}g?g_ﬁ@R badedPREE RSt SmRE dé&pénd on
several factgre @ ivhiang wdie h ARt bENHIT Wil ROa0st Li¥e COWRLa ARG LI OF
treatment history. In a further enbodi ment of the invention, PCR based
assays, i nclBdetgIeenanhi BragtcyelotypPe- absips sbwag, b 10 Jused Stmedet ect
a substituti ; 0 Lhe .t nj o phepyl al ani ne
(Va26. ser e Rse bR Bk s AV EUkB L v e lionh (68 e

conbi nat i onHEV-A qreotera swr pord ateronsl@t d6hew3codons, 7Y ef endedppeaher ei n

as secondar tations elected from rou 5 consjsting Qf 20, 24,
36, 71, 59,¥§’6, 83 %‘fﬁﬁeofa%foutoa *b‘?rbi&%g’ﬁg o’ﬁ“?ﬂg%%f g%ghrv P%.“O Offt ati on
at 36odon 82 sibemidutabinhe g7 ,dugas Ob@erl 2BBaL1phadl D dte, afi@r i or

threonine alone correlates with susceptibility to certain protease
i nhi bitors PhéFudt nEC1AdiRaVidIHIRIF SERAAHANTS APmMiatdon 5°dGd6F 82

froma valigeohesidue bardeataniviien Pheny) akaguRfaviel | ASs DErAREEORINE i N
conbination with secondary nutations at codons 29 and/or 71 or 20 and/or 36
correl at es whekeafremutvwicorathesscepthbinfegedosapgdinaviir aesisdqmaravir,
respecti vel 1on_at .Go r LN 4 due ni ne,
phenyl al ani %gtggeﬁ %%ﬁ'&?hPgoﬁﬁ‘ﬁg%%ﬁagtognb?ﬁgﬁ%ﬁk\%ﬁ &Jﬁl%agﬁgs%ﬁgndary
nmueati ons centel athes ViL30M a sedacitonioems sudaépbulsit! i td, t oPandlbnavi 1S,and
saqui navir. i? 1 9. DEC 2003 In iurthgr ﬁﬂb%}r rren£ o{_/ tJ'ﬁrePﬂ%/ﬂve tion,
PCR based aS%ay$e™Phcl bidi lb‘ﬁeﬁ’ﬂdtygf’ a8Ad genot ypt2Vassays, be Used to
detect a suppktiutien 8k ceden 98cbeARtiensi newbexanapt hivoni mau LY IMg

residue either alone or in conbination _ ) )
Resistance, Treatment Strategies and Eradication, St.

Petersburg, Fla.)..
25



5 with one or nore nutations at other codons, referred to herein as
secondary nutations, selected fromthe group consisting of 73; 71, 96
and/or 10 or a conbination thereof of HV PR A nutation at caod nﬁgo,fr m a
| euci ne residue to a nethionine alone correlates with 10 suscépgi Ui f
certain protease inhibitors including indinavir and saquinavir. A nutation
at codon 90 froma leucine residue to aldethionine in conbination with
secondary nutations at codons 73 and/or 71 or 73, 71 and/or 77 correlates
with a reduction in susceptibility to 15 indinavir and saqui navir,
respectively. A nutation at codon 90 froma |eucine residue to a nethionine
i n conbi nat iBdkanavimt | east 3 secondary nutations correlates with a

reduction in,. tjibiljty.to indinavir. and s inayir. 20 In _another
aspect of tﬁgﬁﬁﬁﬁgﬁﬁbnckﬁéggpﬁg p%gvigéaoggneﬁagarP%Pré§§essWﬁ@ t fre

ef f ecti venesecafnd HIotpeaseaisehiihhi BE tamt kbebeoYi EahsdHUgnCeBRS IUHitGEd (a)
introducing a resistance test vector conprising a patient-derived segnent
and an i ndi C&dErenE! §MAY & hbsta cBPtenthrnss salaakivr imeihdsercald from
steg (a); (gyyre I haexpr i on; of 1ndi c gene |B_ r . _host
ceIF mhereiﬁhexpﬁigg%on of fﬁ%ﬁinﬁ?ca?%?lggge ?%Q%Epe%degg %gbneﬁﬁéigatient
derived seguwemtidemdned) ccampabiingrt hdlceXjir,eskiyrsiofma He, i Mdi dat dengahe

f t i t 1..9. DEC 2003 ,-28 i t (i ndi t
reoaur e a2 eIl b, LcRe R MR a B RE T BuOR, Sknc B e e . 9o

anti-H'V dredngdhem n (aobest goncentbati osgsepotbe2BRb) .anti 1H Vdrug i s
presented at steps (ag - (c); at steps (b£ - (c); 5 or at step (c). This
invention_aP§5}ﬁ£§0?d §%a Hﬁ?ﬁoddFBPn§§§é sﬂngagﬂé?éFfeétiVéﬁéS Yof of
propease i nhiabidrai agt | $14:9vd r ahat NI APYCA D 3 RALLRY SPMYT$iNgL i)
devel oping a standard curve 10 of drug susceptibility for an PRI anti-H YV
drug; (b) déC&Os windOPRP aRPi nMiI VKdrogastdeepli Berkaghi MAL h€lpatdhemty usi ng
t he suscept icbi ki est i Ve,qan c onparing the PRI anti-HV
drug suscep?fbh%%%fgiﬁ é?gggzb?gg??§8¥h%1§fg%ga%agéurve determned in step
(a), 15 wherein a decrease in PRI anti-H V susceptibility indicates

devel opment _of .anti-H.V drug resistance in the. patient's virus and an

i ncrease i nRBRTAAPE Ilﬁl\]?ugu%@ a%’ Cptc?/yl AEF tat ed PdrUg 1R o7 S8ALPFI ity i n
t hespati ent agsvicidted20viliN Ssp&YEFL & Omutla$a opisOVatlepoa ikBbh@d §9; 82,

eval uating the biological effectiveness of a candidate PRI HV

antiretrovirar dug TShPSunMaaitss e ¥Q) Hr nEeaddci Py NpeBeskaite test

vector compphsiknang RalickBbndeii ved Fp segent andyapoindseaben _genrs into a
host cell: (b) culturing the host cell fromstep (a); (c) neasuring
expressi on &het A€4Vndbbatbfugbor appearadge? hestheembiphedetrravpeedsi on

of the indicgator Ls.dep .upon .t he _pat,er ri ment ;. and

(d) conpari %g tﬁgg’gg?aBéBEC ggggﬁ]géBexﬁ%essal onl(g?%?ﬂcg i%%?%%ganger}él from
st2p (c) w shnshéiexpyessi antohatvie .i ndhiddi viogené mdas WEZF whet astieps (a)
(c) are carri out in the absence of the Cfndi ate PRl anti-viral drug

conpound, mﬁ@ggﬁﬁsa tBst *EPhceRt T2 TOn vFVS: t R cahBFdSFR PR afPi - % al

- drug conpoupd-gs1ar esenke abupseREutabns (BI61At TH3NS bRR -A{L), @hedf Step

(). introduced into the protease coding region of wild-type

NL4-3, did not result in significant changes in drug

25 susceptibility. Based on replication kinetics
experiments, thesé‘changes are likely to be compensatory
for active-site mutations, restoring the impaired

replicative capacity of the combined V82F and 184V

mutations.



The expression of the indicator gene in the resistance test vector in the

target cell is ultimately dependent 10 upon the action of ‘the H V enzynes
(PR and RT) encoded by the patient-derived segnment DNA sequences. The
i ndi cator gene may be functional or non-functional. In another pgoBEC 2088s

invention is directed to 15 antiretroviral drug susceptibility and
resistance tests for HV/AIDS. Particul gy resistance test vectors of the
invention for use in the HHV AIDS antiretroviral drug susceptibility and
resistance test are identified. 20 Yet another aspect of this invention
provides for the identification and assessnent of the biol ogical
effectiven ential therapeutic antiretroviral conpounds for the

t r eat ment ?Fﬁ%ﬂg%a_?%/ or AIDS. In another aspect, the invention is directed
to a novel Dbdimsvitanceviedsipedecbor Mamk i si Mp.g paski ettie dehiived BEgnMENt
further co rigi ng one glr, nore mut ations on .the PR gene and an_indi cator
gene. Stil IPEAbEREF adBEPIEPTt hi L1FEREREI ot "pr o ties UPdiefhe Stated- peC
2003 -30 i dendihseati 0N Angbassessi@NtePictge filnasstOf & viitysii ghgcting
a patient. In another aspect, the invention is directed to a novel

res? st ance #4122 veREre aotipr ivsitly  &Kipatiadmesdepifvel - 3égnend f ik BhenM,

conpri si ng OL 5 i ans PR, ge ap,i ndi cat or_gene,
enabl i ng the %asﬁﬁe)é t(g&%rgp’fﬁ}#e%i ﬁj’. 1§§h%%gf2863 gﬁﬁvﬁi ?’

Descri pti oMdfanthel Deawi Mgsrke gPL]1 Rasisy ance OhdstteVect &, Aldiragrempmatic
representatjon of. 5 _the resistance test vector conprising a patient derived
segnment an oaﬂ“iﬁdi co’é‘trgilan@‘ene.' F?@hiﬁg? &l Ch&aggﬁ‘)“ Bhefidxra JH,

Repr esent atdddl 18 1L henASsaay M0 K851 3] atesn test, . weslsy kS @epshatgd by
cloning the patient-derived segnment into an indicator gene viral vector.

THE r esi st dhc*1EEsFedtdr Buinthdip cdlufandt et 2 Wi BFPan Nadpk esBtad- vect or
that produges anpbRt 5@pPiE9RVELHE '.eum{@' agyhgusceM f Ln or
other viral or 15 cellular prot e|J ns I ch enabl g I nf\%scfé%l @%gﬁg%ed
viral partitdagssidrieonr sdated zontedme neridhe bplongaset¢ PRheandltlses refer se
transcri ptase gene .pr.oduct s, encoded_by pat.i ent-derjved

sequences. r?et(egzla-s)reii g gl%%alr%é)rtsheﬁnﬁgpveg edH%%g u@jeydlelfocharﬁ]erb?p?? AW cel I s.
Usi ng amide) compounds (ibid). Indinavir provides enhanced

15 agqueous solubility and oral biocavailability and in cell
culture exhibits an IC95 of 50 to 100 nM (Emini EBA,
Schleif WA, Deutsch P, Condra JH (1996) Antiviral
Chemother. 4:327-331,

20 ' Despite early reports of a lack of in vitro resistance by
selection with indinavir (id), Tisdale et al. (Tisdale M,
Myers RE, Maschera B, Parry NR, Oliver NM, Blair ED {1995)
Antibicrob. Agents Chemother. 39:1704-1710) were able to
obtain resistant variants during selection in MT-4 cells
25 ‘with substitutions at residues 32, 46, 71, and 82. At
ieast four mutations were required to produce a
significant loss of susceptibility (6.1-fold compared with
the wild type}). The mutation at position 71, described as

compensatory (Markowitz M, Mo H, Kempf DJ, Norbeck DW,




20 defective PR and RT sequences it was shown that luciferase activity is
dependent on functional PR and RT. PR inhibitors are added to the cells
foll owi ng transfection and are thus present during particle tgurm(?ma RT
inhibitors, on the other hand, are added to the cells at 25 tHe"t or
prior to viral particle infection. The assay is perfornmed in the absence of
drug and in the presence of drug over al5a de range of concentrations.
Luciferase activity is determ ned and the percentage inhibition is
calculated at the different drug ~ 9 DEC Z003 -32 concentrations tested.
Fig. 3 Exanples of phenotypic drug susceptibility profiles. Data 5 are

anal yzed byBlgtot tThg tHrel PevaentIW,nhiHbi t Dbn 01 9PGEi f @r aseim\sl i vi tiy)ys.

| 0g10 concentration. This plat is used to calculate' the drug concentration
that is redBFEFTH FRhBT WHEHTE ré’bﬁqoé:gﬁl& by 5098 1T esardorise 596
(1C95). Shiifrigrdwe theriaihgBbhion Ccrbmes dowar ds i ghelg b ~HM0 ot a1 .
concentrations are interpreted as evidence of drug resistance. Three

typi cal curf&€adGr FHnudpedsrdBIy evehdeifr BAs cBilphas ©M nHidsiavich| RET) , a
non- nucl eosd V.aY S r Lht ase i nhppi tor i.renz), _and, a protease
o B tor (AT vl Srenmn RO ALHIoRTT RS s R By
(resi st anc®obitsirref Hbet &btim B, sBhfivappakhshdmMyg sasget, i iHddakeauinse
toward hi gher drug.concentrations.(to e right) as conmpared to a baseline
(pre-treat R@m) DEXRSR O%J; d#’ﬁ(j“’&&léce%{)i bl%‘gﬁ? b5 rEfer diel Toht 8-, such
as pNL9- 3 @quiikR<?, KBhens e 20b D@SE! IRTG SPapheetsS MOt paMail abhe. (jkiggy 9
Phenot ypi ¢ PRl susceptibili t{ profile: patient 0732. A PCR-based phenotypic
suscept i bi NeERT&ssdy Inas dcardiledf ond z8Ygi GPRGLEHETPRENOPYbRRE ditily -1

S epti bi |l r ofy oW d : i bil Ly, el,f.i nawi r and
[ lr{llld%icnavi r, dé%)dﬁe?ngﬂealafe?jbs\gﬁgg%t ?ﬁ%ﬁﬁ%@%ﬁnﬁ%i rﬁ%lageg 6&: ?(?03 -33
Fig. 5 PhenodydiZ PRIesusqupriedi Ifiay ghofphenotynipr okeasestatdnh gener at ed
by site-specgiti e} | eotd de-directed agenesi.s.. .A .PCR-based

phenot ypi c%(séﬁf%ésgé?ﬁ 5i ?3,:1;{)9/1 aassfgfrmfg)slcggPFiseﬁn}ﬁ)t#sgﬁeﬁ%’t Yshenot ypi ¢ drug
susceptibility profile of a virus having substitutions at codons 63, 77 and
88 (L63P, V771 and N88S). The profile denonstrates resistance to both

nel finavir and indinavir, and increased susceptibility to anprenavir. 10 15



20 25 -34- 1 9 DEC 2003 Fig. A Two Cell Fitness Assay. Schematic
Representation of the Fitness Assay. A fitness test vector is generated by
cloning the patient-derived segnent into an indicator gene 5 viral vector.
The fitness test vector is then cotransfected with an exprgj vect or
t hat produces anphotropic nurin'e | eukema virus (MV) env o%gjt& B n or
other viral or cellular proteins which-mnable infection. Pseudotyped vi ral
particles are produced 10 containing the protease (PR) and the reverse
transcri ptase (RT) gene products encoded by the patient-derived DNA
sequences. The particles are then harvested and used to infect fresh cells.
Usi ng def eatéMEifRvand RT sequences it was shown that luciferase -activity
i s dependent on 15 functional PR and RT. The fitness assay is typically
perforned iNethrapiencadorelored. PY dyredr PRarmasaytiédalal solSbe

performed at,deiiped dmggggegsférg&ms J:Iouc%'as%r asg, ACtie typproduced by

patient derived viruses | onpared to the luciferase activity pro uced by
wel | 20 chatecigrededbyef preheénvi stisestuRepbesati ohethhiagessi s wdpressed

as a percent_of the reference. u termning the replicati

T Ehebs of PN V6! RICEEInoso RN AL MIHEAR 4 odfead=t Fonl FETEEs Aibst
vectors derga@ghdt om pagientesanpl, essy@tie ased torédd estr, ceﬂnmryLumIerase
activity was measured at various times after nfection. Patient derived

vi ruses nayEgiHo2 eMior Ber gpproxPat BPylend SAmeJaBFonesad | denesr ai
activity 9 LEC %%Qﬁaréékgpae t hs %stf QHENGEa Vi SN ERef hagRdWar §gaid to

have greater, equivalent, or redicéd replication fitness, respectively. The
drug susceptats | Cty M@rcnnfaIWI édv ,ofMatrgeeChepPesértatidie W@mnRCderﬁaﬁt@b’

\F;irjﬁJses arﬁﬂfhovw % g’g 5 ch)) 3" flrgurﬁsc ggeghlf kng @I %%ratlcwﬁ in

ease O ‘'ever ranstri p'l:ase uncti on’ associ at e WI th erences in
10 replicanhmaéﬁfaW@e OF, p@air@ntRwi rusisise r Repl iweatbean $Et nBe3shs kMpressed

as a percent of the reference Vi rus S urenents are

conpar ed t &'t edsel bt dlessi n§iedr té{be‘g553éaggggr§g§§?el n tHi ddt'ey°and
reverse tranSEiddese aaki Viduad bedt 8Q) .o Ppetease GRS Mdoks Hbyapasured
by Western bl ot anal ysis using an anti body that reacts with the nature

capsi d protriatgge®)withe delt et i20f oM Uiprlseas S8y f58 igh (Yoo etesy
PAgEeEeen B SOOLY U0 Rt O OIS ST SRUERC M et se
I S expressed,asChipgyackzrt BY, t Elavefar el vas.smEnguBh, D.Hatch SD,
Khalil DA, Kosa MB, Lubbehusen PP, Muesing MA, Patrick AK,
Reich SH, Su KS, Tatlock JH (18987) J. Med. Chem.
40:3979-3985). The drug demonstrated antiviral activity
20 against several laboratory and clinical HIV-1 and HIV-2
strains with 50% effective concentrations ranging from 9
to 60 nM ({Patick &AK, Boritzki TJ, Bloom LA (1997)
Antimicrob. Adents Chemother. 41:2159-2164). Nelfinavir
exhibits additive-to-synergistic effects when combined
25 with other antiretroviral druos (Partaledis JA, Yamaguchi
AK, Tisdale M, Blair EE, Falcione C, Maschera B, Myers RE,
Pazhanisamy S, Futer O, Bullinan AB, Stuver CM, Byrn RA,
Livingston DJ (1995) J. Virol. 69:5228-5235). Preclinical

data showed high levels of the drug in mesenteric lymph



Correl ating reduced replication fitness with reduced 25 reverse
transcriptase activity. Viruses containing various amno acid substitutions
at position 190 (A, S, C, Q E, T, V) of reverse transcriptase were
constructed using site directed nutagenesis. The reference viﬂug BEU“ZGM‘S G
at this position. Replication fitness and 1 9 DEC 2003 -36 reverse
transcriptase activities were conpared.-1igure E. Correlating reduced
replication fitness with reduced 5 protease processing of p55 gag. Viruses
contai ning various amno acid substitutions in protease (D30N, L90M etc)
were constructed using site directed nutagenesis. Replication fitness and
p55 gag progessisngniertieCoppasfdand Og&bgus ea F.b vl BiH NG ¢ edusiedt t v
replication fitness with reduced drug susceptibility. A large collection
(n=134) of p&VieRPSSaBr eEhakit Bhal Ykl f dr (bhhnotArpi dridrirP s uURgeRtsbi ity
and repli ca&hgﬁyo iﬁe’%@%ﬂ:ﬁfﬁ'—if@f ion fitness and drug 15 susceptibility
were conpared. Figure G Relationship between protease inhibitor
susceptibility and replication fitness. Patient sanples were sorted based
on 20 their repl.icatiqn. fitness,(<25%.of reference, 26-75~ of reference,
and®>75~ of IPef"éFerr?ce%Plﬁ/BﬁhngaF%eéefF&FEpPBFé%SSi (ki &ItZ}Grl"’sﬂulsc’erthB?l ity
were deternppedehee eFChifingss rgr eUpvantapt otbesl) f Qi tgagh Skwenapgdgall
drugs conbined. 25 Figure H  Rel ationshi p_between reverse transcriptase

i nhi bitor stSEBpEFbiSMSEGPAkELLEPYi vari dFCptREss. AbdEiredn SRl esonRte
sorted based;gn i plii cat i itgtﬁzsas)( o -

ref erence, %é97 Oggéggr(_{é%efengge%%a%% >750 of ﬁr%gper%ncBngh.l%l\}e%a‘%%g?l%%gégor
reverse transereptabelstyceptidlfingvivereadetdamtiinddd ofPadaiohk fAKneBs group

cnfyPLoL ol ofREl: gLl Reall, UG GOTMIGH . AU s TRlkeRd
and the L90®} mHmat DpnweBakirend \i109ses awrenisardked hasadsorcidrotnaber of
40:292-297). Sequence analysis of the protease gene from
these variants identified in decreasing frequency the
substitutions D30N, A71V, and 184V for the P22 variant and
15 mutations M46I, I84v/A, L63P, and A71V for +the P28
variant. Antiviral susceptibility testing of recombinant
mutant HIV-1,,; containing various mutations resulted in a
fivefold-increased 90% effective concentration for the
I84V and D30ON single mutants and the M46I/I84V double
20 mutant, whereas no change in susceptibility was observed

with M46I, L63P, or A71V alone (ibid).



10 protease nutations. Viruses with |arge nunbers of protease nutations or
the L90OM protease nmutation generally exhibit reduced replication fitness.
Figure J. 15 Low replication capacity is associated with specific _protease
nmutati ons. Patient viruses were sorted based on replication caték Q.ﬂM3
Specific protease nutations either alone (D30N) or in conbination (L90M
pl us others) were observed with high frgguency in viruses with reduced 20
replication fitness. Figure K Relationship between nelfinavir
susceptibility, protease processing and replication fitness. Patient
viruses were 25 sorted based on nelfinavir susceptibility (<10 or >10 of

ref erence) . adfppéemsr processing and replication fitness were plotted for
all patient viruses., Viruses with reduced nelfinavir susceptibility

general |y eXAPBERE ¥ edifcell proYehsd intoaessi aghakd tegdudedetepedcdyon - J

9 DEC 2003 ¢38. £}t RESRrakb@ybs Lankr %Ie%%%e@utﬂmnw&ﬁ%gj%é egen nrbe

reduced 5 protease processing. Patient viTuses were sorted based o
prot ease pridTéski pgotSpeei Ergsprdt edsmatuirat | Gfisn WeE g 8bgervel ,atDyegh - -

frequency in vifpuses wih reduc pr.ot ease_processi ng. Lgur

Rept esent atfve gﬁfFEﬁtbgﬁnﬂf OeE%VbFﬁFHb SQVe §V3R B%Xd}gagégségpk%ﬁility
during a pethé&fl. ofodlr ugl? rERS TRDL 8D Nt er TURt Helg Weluh¢SArdY eshdef Bass
coll ected weekly during a period of treatnent interruption and eval uated

for 15 pherfof yphtfanagiSuseEBErBORi tph HItess sHshnh# epPeSENtSHAIM Ehange
in SUSCEDt'@é'étﬁ’o{é}wafxﬁﬁﬁi%éﬁ%jqu{ﬁﬁﬁ%d“df@dz,F' Wie Nes@d of 8o

Representative patient sanple exhibiting increased replication fitness
during a pexndd36f dMug tesgeateirteliynt er Mhst imgran VIEH8 Janpl aspyensvir

col | ected weekly .durjng. a period,of. treatmnment i rrupti.on d eval uat ed
F ot phenot v trug SR T T bt PRy - oienes vt vl BHoWs 225 it bt
percent of Mimeldmef ey enReovéyus, Tedanesr egseratry i Kpesadhetwesnn, WeBkn9 and

week 10 corresponds to inproved protease processing (haottom and reversion
of the drudtesFetafitrpHendtyp®’t o atdvagededsiti ve Preiot¥pe (Fifire M
U 9 DEC 2003 13 1 OF®-f81d resistant to amprenavir have been

selected by in vitro passage experiments (id}. DNA -
15 sequence analysis of the protease of these wvariants
revealed a sequential accumulation of point mutations
resulting in amino acid substitutions L10F, M46I, I47V,
and I50V. The key resistance mutation in the HIV-1
protease substrate binding site 1is I50V. As a single
20 mutation it confers a two~- to threefold decrease in
susceptibility (ibid). The other substitutions did not
result in reduced susceptibility when introduced as single
mutations into an HIV-1 infectious clone (HXB2). However,
a triple protease mutant clone containing the mutations
25 M4b6I, I47V, and I50V was 20-fold 1less susceptible to
amprenavir than wild-type wvirus. The I50V mutation has
not been fregquently reported in resistance studies with
other HIV protease inhibitors. Kinetic characterization

of these substitutions demonstrated an B8B0-fold reduction




I ncreased replication fitness during treatnment interruption. Replication
fitness was neasured at the tinme of treatnent interruption and various
times during 5 the period of treatnent interruption. CGenerally, replication
fitness was significantly higher in sanples that corresponded',t

timepoints after the virus had reverted froma drug resistant~bﬁ£9§§yﬂﬂ3to
a drug sensitive phenotype. 10 Detail ed_Description of the Invention The
present invention relates to nethods of “nonitoring the clinical progression
of HV infection in patients 15 receiving antiretroviral therapy,
particularly protease inhibitor antiretroviral therapy. In one enbodi nent,

the present. | ti.on: vi des faqr hod of eval uating the effectiveness
of antirotravi Far Jz‘gp%tﬁie?%%‘} D “%aﬁ‘gﬁ i"grif gSﬁpF?‘?i ﬁé% i)sgé‘ﬁlllee'&qtr‘f’d‘ta
bi ol ogi cal semptesd remian HN-imhestredupati )t ifcandeKé i k- dBt &7 MuHAG

whet her the, pi i.cal sanple conprises nucleic acid _encoding HV PR having
a nutation D?i‘féﬂrfgg%o\fﬁ Y& poSAPEHED n tRe PRheThe whldaitivoes) eovawmieate 25

positively wdihat it iONSddguRNeRot i G 5 ceptihility.. In a.specific
enbodi ment, the i nver?i‘:j}it on provi des@o?eéqﬁétgaoggéf Wg\#glohiéﬁ ﬁg tP%eo %é
ef fecti vened ) PRI- arftiidlet r Ghiemal ©REraFP76F139p&0i.ent Cheprissimdei) 1

9 DEC 2003 ;4Q I i-ng { ol aqgi cal npl.e . froman H \-infected patient;
and (ii) deter nﬂﬁ%i ngﬁ&/tht h@? .Q{['ne agi(f)l 36??& dEd it céjrﬁﬁﬁ\{saéfs AEEGEd aci d
encodi ng Hiaf fBRiHavi nfoa namarésavat . codorrd8 f&opa By 86 Pakagiika Jirsj due to

a 5 serine residu 8S). This invention established, using a phenotypic

suscept i bi I(iklcy/%sgaé%Bttﬁ‘ﬁ ]a;dr?ﬁtr&‘fﬁ‘iht a8 od6F 88 5°6 a1 ekPn@Srdsildue of

HI V proteasaille alid alrdipad WatBnanui @@r/,@ase/r_rBo@gngangvbr.fwac.ﬁgtg&#@g ity.
od "o

10 In a specific enbodinent, the invention provides for a nmeth
evidl uat i ng PERESSSEG | velhelsgiefcyPRI i i r eheovildlV t hebagle of matpaiti,ent

conpri si ng ik iGHilnget i a.bi ' sanpl e from nH}{E'r_]fet’_ tient;
and (ii) determ nilﬁgcmﬁgtghe?g‘j{‘%eﬁ%%‘g@oﬁi G st s CheferNeBa-GaRE Lo
aci d encodimugGalii¥rRPR hakengeaduretiatdzore latt icodenf B8iénem ak 4vEgS agioie

es1due L0cRger b5 (HepCeE0) o herlone o Lo comTalion win

mut ati ons at codon
est abl i shetbpthsiingraapbangf Y€ M sdisaaptd bi Mataedssay, that a nmutation at
co%on 88 to a serine residue of HV protease is correlated with an increase
it anprenavir susceptibility and a nutation at codon 88 to-a serine residue
i n conbi nagyreArWrrhNREEat i ons at codons 63 and/or 77 or a conbination
thereof of HIV 25 protease are correlated with an increase in anprenavir
suscept i bi They r&d@dtd vée@bddsd vi wined f gheed r vandsi wdi nedius sostapti kid ity.

In a speci tLg)erhed TR ffiey IVEN T PN RIOVI degifor a ;o dependent
on both viral and host factors, including the genetic
20 composition of the virus, the host immune response, and
selective pressures such as the presence of anti-viral
compounds. Many drug-resistant variants of HIV-1 are less
fit than the wild-type, i.e. they grow more slowly in the
absence of drug selection. However, since the replication
25 of the wild-type virus is inhibited in the presence of
drug, the resistant mutant can outgrow it. The reduction
in fitness may be a result of several factors including:
decreased ability of the mutated enzyme (i.e. PR or RT) to

recognize its natural substrates, decreased stability of




1 9 DEC 2003 -41 method of evaluating the effectiveness of PRI
antiretroviral therapy of a patient conprising (i) collecting a biol ogical
sanple froman HtV-infected patient; and (ii) determ ning whether the

bi ol ogi cal 5 sanple conprises nucleic acid encoding H 'V PR having a

nmut ati on at codon 88 from an asparagi ne residue to a serine f§sgﬁgemﬁ§\l888)
either alone or in conbination with nutations at codons 46, "6 / 77 or
a conbination thereof. This invention éstablished, using a phenotypic 10
susceptibility assay, that a nutation at codon 88 to a serine residue of
H'V protease is correlated with an increase in anprenavir susceptibility
and a nut ation on 88 to a serine residue,i.n conbination with,

mut at i ons g‘thecoﬁlgﬁggg6 PSSty oPrTfpeocfr%asceonbikﬁ&tE%&ﬁSt et e& 28NN 15
prot ease arce tly=lat edsoud tHad@n é0Cs BaSEEMBOAUPT €8aVian 49430apt i higlsiet;y and a
decrease in ne|lfinavir and indinavir susceptibilitg. In a specific

embodi ment CAMEty et | ®h- pr dvi déEHor W 20°6REnobchr e94Fuatiesghera
effectivengss f PR, aptdy elegup! abo | hesapy, 06 535pat 198k, CONBELSLNA.(1) -
collecting a biological sanple troman H V-infected patient: and (i |t)

detSer m ni ng@whet Ber Wi lpi olbgi 8 %Safifite codAPFi seBemuml eie¢ axl d, edcodi ng

H V PR havin 2 tafd ~, -- n 88 from an_asparagi ne.resid to a
serine resP&%éﬁ(n§§£§'§§4;§§9§ﬂ d%%ﬁgr $ r%ﬂ%%?nﬁfiaﬁ'mjgh ﬁﬁfﬁ i"or$ *at
codons 10, 320,3-36,7846, 18R and/ssalfadksa cosbi nati pn ther @afo1Thi 3

i nvention established, using a phenotypic susceptibility assay, that a

mut ati on aP>c8dorn 3,1 A5 208Rronde BBt 0k s&di-ne rési ddéret - H V3pr ot ease
i's correl abgd3wisigh 32N 1980, €age uiyN rABRSEARY kiTUSEaPhini by andsadnytation
at codon 88 to a serine residue”in conbination with nutations at codons 10,
200 36, 96thed and/dbrtyre omay denbiems | vhrslehtr dofe.ofthw papt cassear e

correl at ed an i e in, nayi uscepti bj Li d_a_decrease in
nel fi navi rdgflnégien |Ongé\?|rer qﬁ%%’%eﬁ‘?“ﬁg{‘% géé&ﬁﬁdzr}ce[%hea%v%o?ﬁﬁncﬁ &amst ances,
t he phenot yppe ¥Q@rsasceEptithblbyycpilofiekbeiardmgenoky pied aged ialfeeaf thike H V

Vi rus infecting the patient has been altered reflecting a chagge in

response t 6VERESRAET P&t FFWG HESHFFART M EHLE TasEOBP2 5Rt EPEt F&FEr al

therapy, tbe HimyhéUsgiddEClderd it Rat i At WRYrdLe&@SigHind 0 @R or
more PRIs 15 but hypersensitive to another of the PRI s as described herein.

| &5t her ef of@TREY BEUFeSOr AAWAUTIRNS dbe eéitRGSEhAAItRE i BAES}2lEE Ot her
i ncrease tpgnd98agey Ofcdnie iUt d P EQY N5 RGN se§BRRIENL O ANQL R e s

)
antiretrovi rap agen¥, or a one or nore agdl tional antiretroviral agents
20 to the pathemddithenapewmine eggieth. stdrsteikanplens i fint hehgat isene was
being trea it h nelfinavir n the N88S nutation argse,. the patient's
therapeutiégggé\ﬁﬁen&nﬁ/ gsairrsa\tl)\?jg/ebed]g‘f?erreeds']bsytael?(f%ermu( 3%1c%§’ngﬁﬁ .rt 0 a
di fferent &chmphé|retseowiralaagentz-Bichdas sagui navi.r,, rijg.onawviiroar. 25

i) increasing the dosage

anprenavi r_an oppiLhg nelfinavir treatpent; or (i C )
oPBnel 11 nalr o781 RTEE) 188Png ot Her OKRERr @Atwand WBert S5LERECE
patient's LDenapretnetsesh BRzymle ehhs¢t hMEABSScRlist RerFodnkiieadt itpa i n
t herapy may be further evaluated by nonitoring viral burden such ,1 9 DEC
2003 protease cleavage site in the gag protein may be altered
so that the site is better recognized by a drug;resistant
protease enzyme (Doyon et al., J. Virol. 70: 3763-3769,
25 1996; Zhang et al., J. Virol. 71: 6662-6670, 1997; Mammano

et al., J, Virol. 72: 7632-7637, 1998).

It is an object of this invention to provide a drug

susceptibility and resistance test capable of showing




-43 as by H 'V RNA copy nunber. A decrease in H 'V RNA copy nunber correlates
positively with the effectiveness of a treatnent reginen. 5 The phrase
"correlates positively," as used herein, indicates that a particular result
renders a particular conclusion nmore |ikely than other conclusions. Wen
reference is made to a particular codon nunber, it is 10 un§i qyimﬁoﬂgﬁhat
the codon nunber refers to the positiop of the am no acid t hat don
codes for. Therefore a codon referenC|ng a particular nunber is eqU|vaIent
to a postlon referencing a particular nunber, such as for exanple, "codon
88" or "position 88". 15 Another preferred, non-limting, specific

enbodi MeNnt 9 thiae TN 10 Ay Bise I | 085 A FBLIOD OF ;y %598 bhe
effectiveness of PRI therapy of a patient conpr|5|ng | ecting a
blologlcall@éﬂpl@ﬂﬁ@@htahlﬂlvxrnﬁec@%ﬂeQOixmﬁaqanbed(|d;ugur|fynnghand

converting _th yir cDNAanda i f H. V_sequ csusm H V
primers tha%7 r%é:sul i n Y P P&ae8: *h { érrprgllges tﬁ%%R %% % ?ll
per f or m ngeReB1esitmg: mmyamaidﬂuﬂor§ﬁb&ﬁ1uutéKEh@r@ﬂum&§eCQﬁ@@ssnﬂgawnId

type or serine at cqdon 88; and (iv) 25 determni ng, via the products of
PCR the pFB&EREEVSH-C absEFEMeR a f9ar i nel Fex¢3ue thrtcoddiPBs. aARBEREY
preferred, s0QBebicAblinAgy REE fd G HRPdiJrent @£ fE‘é!P”é' a

fol |l ows: Asnetegd o% evgluatjn&hihe - 4a- U%EI?ZOOS ef gg%?%eﬁgss of
PRI t her apyhefraaypat i e%ﬂt cenptihsirngol ?ccoldfectthmg allbvm*mgmrcallssanpl e from
an Hl V-inf a | , ( purifyin d ng.the vira

cDNA and aﬁp%ggggné tségﬁ%hd%%i%s?ngbﬁf\Pg$$%€$éﬁt p t 98 ?gguFFlvﬁ a PCR
product thdﬁ:ugorrm’gmtfl@rPIRh@er‘te:ea(ttmer)t peftf arivi ngquRusnmgaﬁﬂVBers t hat

result in PCR products conprising wld e or serjne at codon 88 and
mif at i ons ﬁgbéodogf?%?”é’ﬁﬁ?e&r GPﬁe%Fnoo% %}?l%leflé??ﬁlﬁ?l% 1%i Bot RESFA88uct s of

PCR, the pggeenRadis abﬁ@pcelaéneﬁﬁhge 10 tqsitde@sat jGpdoghe 884204 the
presence or absence of nutations at codons 63 and/or 77. Another preéeferred,
non- ||n1t|ﬁgscgpééb##eténﬁéafﬁéﬁtoéfatﬁétnﬁvéﬁﬁu6ﬁru§rasnf9arémsu Arnet hod
of eval uat ef f ess; of P %e@ f,a pati e i sing
(i) coll ec%?%atcggﬁ gl (g}g h %?rpl e ron%l%laﬁ:t lchcyt edl%%atl OEQ?EE
purifying anﬂlbn;hvestl ngttild \arraiiheRNAK e ctDNAL atidlanphvélytngn HL¥ sequences
uﬂ)ng H VvV |rrers th resul |n ﬁgP rodeu&atlt at_ coppr i Ees t he P§ gene;
Ti) 20 Tr‘f’or m ng GstH # ﬁ’gt resutt i1e P dangedca
conpri si ngeffédtivpress Sef i aenaﬁdeﬁdond%g amﬂ:mmlaxtdsomhﬁthc(utmmm 77
and/or 46 or a,conbination thereof; and (iv) d% rmnln via the products

of PCR th&P§Fi bﬁceV6F“a°lB§encé”61ala e rdtT e aYlgﬁhonPBQtﬁﬁBSt he

presence 25,ptieksgnce Gfi vt %Eb?@%tatt&o‘iQQ%r@?t:ioB% apd/ 71,98 ohra
conbi nation thereof. Another preferred, non-limting, specific enbogl ment

of the invewsFemtiBikstyoprsonsianedevhsll proEeaFRainhgbirers. It is
20 also an object of this invention to provide the means and

compositions for evaluating HIV antiretroviral drug

resistance and susceptibility.

It is an object of this invention to provide a method for

25 measuring replication fitness which can be adapted to
viruses, _ including, but not limited to human
immunodeficiency virus (HIV), hepadnaviruses {human

hepatitis B virus), flaviviruses (hﬁman hepatitis C virus)

and herpesviruses (human cytomegalovirus). This and other



i 1 9 DEC Zpp -45 effectiveness of PRI therapy of a patient conprising (i)
collecting a biological sanple froman H V-infected patient; (ii) purifying
and converting the viral RNA to cDNA and anplifying H V sequences using HV
prinmers that 5 result in a PCR product that conprises the4P (1ii)
performng PCR using prinmers that result in PCR products Joﬁdﬂﬁg g8 wild
type or serine at codon 88 and nutationgzat codons 63, 77, 96, 10, 20,
and/or 36 or a conbination thereof; and (iv) determ ning, via the products
of PCR, 10 the presence or absence of a serine residue at codon 88 and the
presence or absence of nutations at codons 63, 77, 96, 10, 20, and/or 36 or
a conbi nat i gypfhetreofof Thaipr esgRert 0bnt hei Tt &fd oap@tar@aeonf%mt Otde
serine of 15 HV PR i ndi cates that the effectiveness of the current or
prospect i ve RSP RP feditiol€ -al teration, since as shown by this

i nvention nmutation at codon 88 to a serine residue increases the
susceptibility to anprenavir. Using the nethods of this invention, changes
in the PRI therapy 20 woul d be indicated. The presence of the nutation at
codon 88 to a serine of alone or in conbination with nutations at condons
63, 77, 96, 10, 20, and/or 36 or a conbination thereof of HV PR 25
indicates that the effectiveness of the current or prospective PRl therapy
may require alteration, since as shown by this invention a nutation at
codon BS to a serine residue alone increases the susceptibility.to
anprenavir and a nutation at codon 88 to a serine residue in tl 9 DEC
2003 -46 conbi nation with nutations at condons 63, 77, 96, 10, 20, and/or
36 or a conbination increases the susceptibility to anprenavir but al so
reduces the susceptibility to nelfinavir and indinavir. Using the nethods
of this 5 invention, changes in the PRI therapy would be indicated. Another
preferred, non-limting, specific enbodinent_of the invention is as
follows: a nmethod of evaluating the effectiveness of antiretroviral therapy
of an H V-infected 10 patient conprising: (a) collecting a biological
sanple froman H V-infected patient: and (b) determ ning whether the

bi ol ogi cal sanple conprises nucleic acid encoding H'V protease having a

mut ati on at codon 88 to serine. Using the phenotypic susceptibility assay,
it was observed that 15 the presence of the nmutation at codon 88 to serine
of HV PR causes a an increase in anprenavir susceptibility. Another
preferred, non-limting, specific enbodinent of the invention is as
follows: a nmethod of eval.uating the 20 effectiveness of antiretroviral

t herapy of an HI V-infected patient conprising: (a) collecting a biological
sanple froman H V-infected patient; and (b) determ ning whether the

bi ol ogi cal sanple conprises nucleic acid encoding H'V protease having a

nmut ati on at codon 88 to serine and 25 additional nutations) at cc~~ns 63
and/or 77 or a conbination thereof. Using the phenotypic susceptibility
assay, it was observed that the presence of the nutation at codon 88 to
serine of H'V PR causes an increase in anprenavir susceptibility and the
presence of the



.1 9 DEC 2003 -47 nmutations at codon 88 to serine in conbination wth a

mut ati on at codon(s) 63 and/or 77 or a conbination thereof of HV PR causes
a decrease in nelfinavir and indinavir susceptibility while increasing
anprenavir susceptibility. 5 Another preferred, non-limting, specific
enbodi nrent of the invention is as follows: a nethod of eval ugltﬂr[ﬁ[} }2@[13

ef fectiveness of antiretroviral therapy of an H V-infected patient
conprising: (a) collecting a biologicaF2sanple 10 froman H V-infected
patients and (b) determ ning whether the biol ogical sanple conprises

nucl eic acid encoding HV protease having a nutation at codon 88 to serine

and additiopal nutations) at codons 63, 77 and/or 96 or -a conbination

t her eof . wmpti bility 15 assay, it was observed that
the presencendf phlag <yt atj .} &t co tp serine of HV PR causes an

i ncrease in anprenavir suscepttajiobnl I]|gi y 1"gefriscl ?ﬁe"ﬁrté’?éiﬁceoﬁf ToRd YARidd ons at
codon 88 to’s®ri REenetypabi natidn webbtgpiit ae@Rodls COdoR( S).146,1 £3 and/ or
77 or a co&j&'&zﬂg&%&) é?e%eof of HV PR causes a decrease in nelfinavir
and indinavir suscepti bt ity aRi FEPRRrREsT IR QhpY ERvS i Enfestépni find ty.
Andt her pr eftes regispovose | {61 &hBgvi SPECERL L2 8pbodh BN the_in.~ention
is as foll WS:E}—‘f met hod of eval uating the effectriq%e%%géngiogntlisr E&ir al
therapy of B F4v-thiBeted Bat st demaviesiynd:hata)geodt ect thgngesbiigl ogi cal
sanpl e fromman gHdcdndect gy patient ; (b)), det ermi ni ng whet her. the

bi ol ogi cal sanple conpri s‘es) nuc EIHC “aci rencz:hc?dllgr?gs HY ngfegtf})ﬁé‘}.zﬁw -as
prot ease h&A nG@Ht Higtddvwiradt cddorrB8 tayserbae 2yl @dgli t barak-yAnkat i ons)
at codons Qﬁ,reyt,lty%f Oj"? 2&3,99/ O:[ 36 or_a conbi nation thereof. Using the
phenot ypi ¢ suscepti bi 1Tty assay: P12%B2 BhYefdEd USHaw thkepperphceoaf 5 the
mitdat i on agepodopi88 metsedsne ofrHd ViRRhGAMSEStaRn;LACr gggg 0 ag’gr. navir
suscepti bi Iaimtx. nd %Ee prgsence of the mutations at codon 88 to &&ffne in
combi nati off "W thE3aP8t | BASEE cBABAYS) 68ucH7,aw6, pAlym@Basad/ 6hadh or a
conbi nati omebbeneal ofpdd)V PR causesna_dggraase [n 10 nel finavir and

i ndi navir susceptibility while increasing aeﬁlg'r enéé‘\lnclr% SO Di | REYY This

i nvention aTBb1Hi6otHes thrserbanssand metlodbet areertbe rasi sisanpert est
vector conpgpksinganHV g nd 15 further conprising a PR nutation for
drug screeni ng. I\/bre%arti cueias?I gr,";?lh%l?rhvéﬁti%ﬁ%p s¢Pi RATE herny eshet ance

t &8t vectofizeaperei ng tivaadivner aitcasedbeyi g, a 2oyt afé on 43t Godon,88 to a

serine al ope,0ggi ncOophination with mitations at codons 10, 20,736, 46, 63
and/.or 77 orca 30 “Cortth nab F8RePRRr &Bf ERdr dreff treaki At sTHe | wivealion
further retlx epresenoeelofect@tsinheohpithksa8d £OMPARLL QRS {0f jSol ation

and identiéi catf'bone of _tFe H V-1 protease inhibitor resistant nutant” and
usi ng such Vectots® H3sE 1angemdiromsgdiatironBRE o somaeptouti Dot bed i - vi r al
drug screertiing. itdendmention also rb%J% S &0 1 .S(Hi-esecnoivn Of gandidate
ﬂ%{’{’gs for their capacity to inhibit salid nmutant. i s invention ‘i}?%‘?/l des a
hod fc"sqqﬁﬁﬂqygﬁ%ﬁfxi to HIV protease antivirals may not be
altered even if primary mutations are present. Additional
mutations at secondary positions in HIV protease are
required for a reduction in virus susceptibility. This
invention established for the first time that a mutation
25 at position 82 of ‘protease (VB2A, F, S, or T) in the
absence of another primary mutation was not correlated
with a reduction in drug susceptibility. Decreased
susceptibility to protease inhibitors, such as indinavir

and saquinavir, in viruses containing V82A, F, S or T was




1 9 DEC 2003 -49 conpound which is capable of affecting the function of the
protease of H V-1 conprising contacting the conpound with the '
pol ypeptide(s) conprising all or part of the H V-1 protease, wherein codon
88 is changed to a serine residue, 5 wherein a positive Bi Blcﬂf;'r[yzhﬂgdi cates
that the conpound is capable of affecting the function of said protease.
This invention also provides a nethod for assessing the viral fitness of
patient's virus conmprising: (a) 10 deterflining the luciferase activity in

t he absence of drug for the reference control using the susceptibility test
descri bed above; (b) determning the luciferase activity in the absence of
drug for the, patient .virus sanple using the susceptibility test described
above; and Pg%ecré’rﬁﬁ}arli“na 18 S8R VLGS 16@‘%&% oxétli Pty tdenesr ritnse¢condstrap (b)
with the | ugidsarasmsact kMEhy et eray negin §§ep4gp),l@he5gép a rease.in
|l uci ferase activity indicates a reduction in Viral® fitness of "t he pati ent” s
virus. 20 | HAegcrédiest aheeeiast Necreased constentcited sy NnGa pabiteaise
derived seg AN a hent_virus which is unfit, and the fitness defect
is due to ggﬁg%Fétggkérgﬁﬁ%hsa?nlPﬁénﬁgifeﬁPQMﬁQQH&P§%bﬂen%? YREHSERe ~ -
viréis producedthioingelvaea,r ansf sctoed i hlist A sbesisdana t 5t vYegtkay Wil |
25 produce |uciferase .nore slowy. This defect wll be manifested as
reduced Iucﬁﬂgbagé Q@Fﬁﬁt%/?ﬁrWQFﬁa%ﬁ%%ﬁ%@ﬁ%* He by iedspatederontdheydr ug

sensitive rebeieneasCcorhhial i ndReh R, PG 19T £SSH6h pgerceptage.of the
control. 1.9 DEC 2003 -s0 In a further enbodlneﬁﬁﬁé t égigbgn?ﬁ5ﬁF PCR

based assay5imené&hadi Agmpletrdeppiad are igdmot Y30 cossayseasay (heoMsednt o

detect nutatjon SiLEI and.88 of H V. PR which correlate with a
reduction i%hgiﬁgﬁé?P?n3£59§§%§§ri himof D@ R T+ @8 pBAgeOFt CPETELRLREher

enbodi nent eithhis inedutidontoiprovidg. suseapsiBodiepthod baerEgasyri ng
replication_fitness r.viruses, including, but not limted to human 10

f
i mrunodef i cF‘é%%?rpxéxf?hglm WP, BRSEfisi e EAtfran SMepatd i snBioavis)
fl avi vi r usesnd hsuqmi fepat | tis G MhE4S) cta DRI RGSYEHMSESs ( BHEBDyeq

cytonegal ovirus). This invention further relates to a neans an netﬁgd for
15 measuri ngrIHRET eBl R apfEAtEPRAds SUSR LHORS] athateesanidiy spesdttedsdr ug
suscepti bi liiyht qud,evense iansesi ptgse dphidy tqrs Lotease inhibitors.
In a further enbodinent "of the inbentldG5£ éﬁ%e%ﬁs g%gcgégﬁgthgageéPe

prb¥i ded foPerraind nguseppbtihilbhyf ittngssofessot hehibliasses afudmhabitors

of HIV-1 repligatdqn ﬁ@clﬁgh‘ but not,limted to integration, Vvirus
1 ir-a ’ i
assenmbly, and virus attac n?ggﬁéréany.vﬁﬁu%ﬁ?scpﬁ5éﬁ938ﬁ|@ﬁQﬂe§a§o a
means and netdvod dwsexdsmt i fiyi nginukasi oRsthn RPROt GAKHOr 3 €VEF Sepore
transcriptaaf. t.hat .alter replication fitness. |
additional mutations at secondary positions. The mutations
were found in plasma HIV nucleic acid after a period of
20 time following the initiation of therapy. The development
of these mutations, or combinations of these mutations, in
HIV PR was found to be an indicator of the development of
alterations in phenotypic susceptibility/resistance, which

can be associated with virologic failure and subsequent

immunological response.

5]
L

In one embodiment of the invention, a method of assessing
the effectiveness of protease antiretroviral therapy of an

HIV-infected patient is provided comprising: {a)collecting



1 9 DEC 2003 -s i In a further enbodi nent of the invention , a neans and
nmet hods are provided for identifying nutations that alter replication
fitness for other conponents of HI V-1 replication, including, but not
limted to integration, 5 virus assenbly, and virus attachnent and entry.
This invention also relates to a neans and nethod for uﬂnﬁEﬁxm t he
affect that specific nutations in proteage or reverse transcriptase have on
replication fitness. 10 In a further enbodi ment of the invention , a neans
and nethod are provided for quantifying the affect that specific protease
and reverse transcriptase nutati ons have on replication fitness in other
viral genes i nynlageh | Nsdmp i V-drdigpl 58t 1 QRv-i ReLudERg, pREtepot limted to
t he gag, pol, and envel ope genes. This invention also re?ates to the high -
" inci dence ofevpdtiaditng athsitée rwithle pddsoed seaplliec sonsainst nesdeig0aThids

| nvent on T glates Lo kb Gouielall o, pelween fogleed, dLyg SUSEARYT bEl ty

and reduced T€p ion frtness.” This |n%ention u ates
- occurrence glecdnddmuges iwiths;edueed )i t kass eixrmpati ot < i @rrgew NGn
protease inhibitor and/or reverse transcriptase inhibitor treatnent. 19

DEC22003 - 52ufiie®Y LYoo @r PRECePSLat @R iPd %e i nci dence of pati ent

sanples with reduced replication fitness in which the reduction in fitness
is due to altered protease processing of the gag polyprotein (p55). 5 This
i nvention fdmnthér ferdhes tonppimenrtdenfe Wie prigtveadd omit afPCons bawegat i ent

sanpl es that hi_bi t. 1 ow, ,.noder.at e .or _nor | ) Lcation
fitness. 10a‘?%i)éé)si'nvlennqiugnmf%rqrheenroﬁyéfla eés’rli%lclti o&%b%%%%g ?r%?%{'%bn;snaghgte are
frequently abgerved,deiddtera aswnet Dfut Hogoabi natibong8i Arvinr espa riakdine

exhi bit reduced replication capacity. This invention also relates to_the
i ndi%ence of-%pdti ﬁﬁfl% IETprEs \ﬁ’t%‘?’édﬁ 8BSy &1 i Pht FORRFFEWERR ¥ Bhhi ch

the one or more mutations at other codons selected from the
group consisting of 10, 20, 36, 46, 63 and/or 77 or a
combination thereof of HIV PR. A mutation at codon 88

from an asparagine residue to a serine residue (N88S)

15 alone correlates with an increase in susceptibility to
amprenavir and a mutation at codon 88 from an asparagine

residue to a serine residue in combination with mutations

at codons 63 and/or 77 or a combination thereof correlates

with an increase in susceptibility to émprenavir and a

20 decrease in nelfinavir and indinavir susceptibility.

In a further embodiment of the invention, PCR based
assays, including phenotypic and genotypic assays, may be
used to detect mutations at codons 10, 20, 36, 46, 63, 77,
25 and 88 of HIV PR which <correlate with changes in
susceptibility to antiretroﬁiral therapy and immunologic
response. Once mutations at these loci have been detected
in a patient undergoing PRI antiretroviral therapy, an

alteration in the therapeutic regimen should be



reduction in fitness is due to altered reverse transcriptase activity. This
invention relates to the occurrence of viruses with reduced replication
fitness in patients failing antiretroviral drug treatnment. This 20
invention further relates to a nmeans and net hod for usiag rﬁﬁéication
fitness neasurenents to guide the treatnent of HV-1. T i 9 a3fi3 on
further relates to a neans and net hod fog'using replication fitness
measurenents to guide the treatnment of p &ients failing antiretroviral drug
25 treatnent. This invention further ielates to the means and nethods for

using replication fitness measurenments to guide the treatnent of patients
This invention, provides the

newy infectegdnwibbrElV- I . 9.DEC 2003 -5 > )
means and met hods fgr usi#& réﬁﬁ%ggtﬁ% phdf ss? mBRsidfdrarttion oodui tee t he

treatnent<ﬁth¢¥®PEdt$@aseegimaalwﬁm&hl@utb@otﬂgdgted V-1, ]
flavi vi ruses EE?%IS_q“rrﬁﬁghep%li‘?ti s C

hepadnavirug;gségggag hqg titis B virus),

virus) and herpeSV|?u%eszghﬂﬂﬁf?ﬁ&%ﬂﬁﬁﬁﬂkwﬂﬂ&§PPYInuxﬁmgth&nzeM%Eﬂant,
the inventi cnsgpapy) dataya nRid; f d i_ni ng._replication cagpacity for a
patient's vir us,:’% 'corrpy?_i si ng: (a;Hri1 nfstreg{ﬁ?(ﬁrlnggfgcr%g’§isst d‘ﬁkcgmtdé’s‘ig vedior - -
conpri si ng #PatFehts deriinedd degrent Cand asuntdi caldr [GaNE | RLQ A DSt
cell; 15 (tnhfgggfyjng the host cell from(a); (c) harvesting vira
particles fromstep (b) and .infecting target host cells; 20 (d) neasuring
expression of the indicator gene in the target host cell) wherein the

expression gf the %ndiﬁator ene i s dependent upon the patient-derived
segment; 25 (e) ‘coparfhf t FEPRIPeRE| oPif ofthehe inveintdtoor, g@UR f HeBed)
With the expsessison iofc1uldg nigh GHeai en d, when steps (a) through
(dY.are carried out in a cogtggl reéﬁgta%ggFﬁgg%ﬁﬁggfﬁr?S% S goMafy) be

no

fhal i zi ngUPRE HHrdtaDn af Sehetihdt tab ort geneohy STeasm Na 80 ,aMRUNt  of
erein, "patient-derived

) . ines C =54 As .
virus in stgp GGhnines }v8> L éggsyéalﬁPbﬂgﬁgﬁﬁthndS%5¥P@uévﬁﬁﬁﬁﬁ|Or

segnent” enconpasses segnen
speci es. 5 Sh&ERoBpBEi e¥8i2A0| udesidué atenael didHd e@rtqrphwmgag%gbn

hor ses, tatgkgﬁ,oggg§ngqgodogs. Pat.i ent - deri ved segnents can al so be

i ncorporated Into resistance PEEENIERSorAE (RERGE afgdenssevarfdroéd erbat i ve

herein as secondary mutations, selected from the group
15 consisting of 20, 24, 36, 71, 54, 46, 63 and/or 10 or a
combination thereof of HIV PR. A mutation at codon 82
from a valine residue to a alanine, phenylalanine, sérine
or threonine alone correlates with Susceptibility to
certain protease inhibitors including indinavir and
20 saquinavir. A mutation at codon 82 from a valine residue
to a alanine, phenylalgnine, serine or threonine in
combination with secondary mutations at codons 24 and/or
71 or 20 and/or 36 correlates with a reduééion i;
susceptibility to indinavir and saquinavir, respectively.
25 A mutatipn at codon 82 fromra valine residue to a alanine,
phenylalanine, serine or threonine in combination with at
least 3 secondary mutations correlates with a reduction in

susceptibility to indinavir and saquinavir.



10 cloning techniques. as set forth in detail in OS Patent Nunber 5, 837, 964
(I'nternational Publication Nunmber WO 97/27319) which is hereby incorporated
by reference. For exanple, cloning via the introduction of class II
restriction sites into both the plasm d backbone and the 15 patient-derived
segnents or by uracil DNA glycosylase priner cloning. The Paal t mri ved
segnent may be obtained by any nmet hod -@f- nol ecul ar cl oning’ o Dﬂné
anplification, or 20 nodifications thereof, by introducing patient sequence
acceptor sites, as described below, at the ends of the patient-derived
segnment to be introduced into the resistance test vector. For exanple, in a
gene anpl i fiircata ofurtthlead smbhdasmePCR of esthel ctinoensiibas 25CBor bespandi ng
to the patient-sequence g,cceptor sites can be incorporated at the ends of

the primer @33&F i m 1 HE? RO G 3R FIRPTYRE G HDTRE 4P2 ¥ BRi ng
met hod such, 331 CENAIEE &P NG, 58184 i £ @Sidd il be%éﬁ DE§CO cz:ggorpelwépﬁaoeat ed at

the ends of the prinmers used for first or [ )3 -ss second strand

cDNA synt hesimetigronime NDd ragdldugs epeheer alepai profnDrpmbanether cl oned

or .uncl oned . , id restricti sites_can [ at ' t

pri5rrers usé”&%ﬁroﬁﬁeg’rreg%l%é r%%% e T‘:ﬁé 85 :Sgnil%?;og%énc:géi% %%éé%p gr sites

and pri mer qeated rdessgnesbdrodd Mpr aveat bens eprsedenitaid oAiroh paid egkedpri ved

segnents. Sets ,of resi stanfig_ test vectors havi desi gnedggat i,ent .sequence
s

accept or siGPES 5 IAYe feplesenfin i df of PP4RF ent? d&ti vBd SEBREARSIPRat may
be underrepigseed § MONEpK eSi Kt ARES: lbh tAStcNEEH 050 akBBR- 2" ReGkghance
test vector" means one or nore vectors which taken together contain DNA
conpri si ng re&sgatticent -weri vad seghleheniditl a9 cat 6P §RheteResi ¥t hhce test
vectors 15 _ar, r s,descri [ ent  NUREr, o, ;

(1 ‘riPt ernati osﬁlgl%%t&ﬁﬁc%?ﬁ%ntﬁlu e{afr ngéj%{%% riv{m!ch I srsﬁegg%fiﬂ%ng

i ncor por at dchdiynaneifreramd esaluinaviodud@ mgptpdticentategodnoe HecEpomwr asi t es,

anplifying_or clonin i ent-derived, segnents. and inserting the anpplified
or 20 cl oné&%eldl?enc%glgdlt“eeci d8y3 nf“t?t?‘ﬁgpég?or *Fen& W I;'é]thggt ofd &t the
patient sequeReRIAGCERhBRtIbhES.atAl eddaki VEY,ardf@sSi Stanse tEst vect or
(also referred to _as a resistance test vector systen) is prepared by

i nt r oduci ngNEHII%eMt’ SQFFEISE e ddftor SPEBSTRRPO LR fgsﬁﬁBgéﬁ”llllrdt\)’eEPor,

anpl i fyi ng ;013;¢la001:N0 JPat | RLudRELYEd SemEs Addy | NSer tGicitdie apl i fied
or cl oned sequences precisely into t he packagi ng vector at the patient
sequence aceeonor 99 t Esoandacoleveihnt ectdsidusi S packaderivddnsr Wt h an

i ndi-cator gene .viral v r. 13,56 Is o] Jiindi.cat or
gene," as é’g%rl :(‘t?é:gtc}nn%%%%ﬁter%% ]alﬂgnbgggegggésr gGIQnu :acr%t'1 ga%at{: io(%?fgll%qecs

Publ i cati owiNanber \WORHtAZ3 9)inr efsessepdibibatlyei ¢oaciiddéneodirng aad
protein, DNA 5 or RNA structure that either directly or through a reaction
gi ves rise P ¥d<ur abl e or noticeabl e aspect, e.g. a color or light of a
megsur abl e ywavehenigéh akpertt hef cage afnvdNAien RiNedeed saspadviadicat or a

change or generation of a specific DNA or RNA structure, Preferred 10
exanpl es ofMexRoAhdi@at oRSEBREING t Hee E eITRGEYERIR o ne nhidc h PERESISE

bet a- gal act;qsi; #aser LR il 1991¢ MhielgeBoRESS slig':f er@ge ialchpiudingm for
exanpl e, Photonis pyralis (the fi refly? or Renilia reniforms (the sea
pansy), the EreedbtapheA geat wectrencustesigdig i e PRUpRSSpideTdded green
fluorescent. protein_and the bhacterial gek i¢ch d )

chl orarrpher?le 0 n%ce?? tr%rﬁsfler}%sceét%eg?ﬁgi cgﬁg\réhog iﬁdlg‘gat?cts)erllg'ene(br}ay be
f ymct i onal cantoeanbunchéornabsas adadcer ifhed i stels Pastent Nunbare s BIAP69

- (International Publication Nunber WO 97/27319).

expression of the indicator gene ‘in a target host cell
wherein expression of the indicator gene is dependent upon
the patient derived segment; and (d}) comparing the

expression of the indicator gene from step (c) with the



20 The phenotypic drug susceptibility and resistance tests of this .
i nvention may be carried out in one or nore host cells as described in US
Pat ent Nunber 5,837,969 (International Publication Nunber WD 97/27319)
which is 25 incorporated herein by reference. Viral drug susceptibility is
determ ned as the-concentration of the anti-viral agent af gMﬂE@hggggiven
percentage of indicator gene expression2§s inhibited (e.g. the | for an
anti-viral agent is the concentration at which 50% of 1 9 DEC 2003 -s~

i ndi cator gene expression is inhibited). A standard curve for drug
susceptibility of a given anti-viral drug can be devel oped for a viral
segment thaexpsegptharof shantadicd aborgdos ek sates egrent siosps r o a-

dr ug- nai ve QaLi%H; Qj@%.g.pattent mﬂﬁ hag not received any anti-viral .
drug) using' the et hotr destr PBEd 1 t'he APSFBARENtG onkRe pdFdntanti-HIV
Correspondi aghy, Wihedlidr Uy £65t StaRCRNit$a®iBACIEASELEN PHITT Al o 4 40Ty
susceptibility for a given patient conpared to such a given standard or
when maki ngdBhe &F ReFecnbedeqlieftPRF Wedsor dwdnt £U sheps sdme patéknt over
tinmg, as deggrg{nggeﬁy decreased susceptibility in virus fromlater time
points conpared to t a{ fromearlier tine points. The antiviral drugs being
added to the test systemare 15 added at selected tines dependi ng upon the
target of t e.antivir%L drug. For exanple, in the case of H V protease

i nhi bitors, thtl dd'i§-2]Yui rPIPYIOnaver RS habPE, afsessiad rthnd

anpr enavi r, et heyt avenaskles tor pacdkagi Nthhosdocedh i At e td e 10d - 95
shortly after their 20 transfection with a resistance test vector, at an
appropri at et} afg@3Gf BN COMPTASILegS. )V develepinganstigndess i ahibét or s,

i udi ng , : . cavjr, Vi i d L rdine and
ePg%irenz g%g é%ggﬁ ?gg%gggg?l%gg? c€$?s%§% Eﬁggtﬁ%ggogﬁgr %%? f ttb§5
infecti on betdmminbist afRe tastivelYor dvigal spacteiptliés litat am apphepri ate

range of cancentration. Alternatively,..the antiviral dru be present

t hr oughout QFF tglea]{sigalé/s.mﬁet eesﬁusccfﬁgéﬁ%laﬁrﬁyogt?%t STt r%‘ée‘r a%@ of
concentrat i (s odredriirsy thhe e yarmt-ween Bhopts8soepdiidi 1i ty % DEG P03 -s8
uM and about. 2mM and re s%ecifically for each of the follow ng drugs:
saqui navi r, Bndi r tRfel FLABIRF dang8UaMBr eRVPFMiREEm dBouster3 $@lo-5 ~1M

tombout 1. merddMmndaritdutaddse from ahout 4aRcX-40v5S UMJIQ @O 1 BrglM 5
I n anot her enbodi nent of this invention, a candidate PR antiretroviTal

conmpound i stndEstakE T i Rl gpeent yof c adtdgHdis <Pt d bk pEigtander dgi sthace
test using i St ape est ct co LSl PR _havj a tJ at
codon 88 téat%geg&:esfi n{e;.%l'f'%e caan\r%i dglf.]e a{rﬁ)ﬂg%/%gﬁg co@rrngouhggi S %ngdhf‘g t he

t est syst ermuscemtidpdiddpy i dnslicanges ofdmagncéntpetsonsi@ndiat tire the
transfectiqn step., A ternatively, nore than one candidate antiviral
conmpound n&?tﬁg est 4701 "a candi date anti viral conmpound may be tested in
camination with an 15 approved antiviral drug such as AZT, ddl, ddC, do9T,
3TC, abacavir, delavirdine, nevirapine, efavirenz, saquinavir, ritonavir,

i ndi navi r, RS iHNAT I hpr bRAVPFOVefes Corfdlthied whPEh SiVe Livddergbi Hee
clinical tiialisgaeeh ascadebeyienadd ABLr378, The.ghigstivengss ofyife
candidate 20 antiviral will be evaluated by neasuring the expression or

i nhi bi ti on agtigied roydiradt gruge semponngn oo igsigert Gf) tinsredhotngent , t he
drug suscepti.bi.lLi an i's tes . be used t reen for.vira

mut ant s. F(I%Itels(1'95\/8\/}':ﬁ%lxéteheq-ier enti%?ggﬁron %#%ﬁ%ln’%i rgsi g?aanjterfto eT 1 %?dknom
225nt i r et seginealts endcaardi daidd catiay elgatevi Halts t he heststaaliputapt s are
isolated and.the.DNA |s anal yzed. A library of viral resistant nutants can
thus be asSEAbFEG Enabit ng‘cf%e E& denith@Tot SEERAI 48l é PREF) alt$3 ¥ R¥ral s,

al one or iBxpeskikAshi ¥ TheS MdicHbl geaBe Of ar di e Skilsh t@e11
wherein expression of the indicator gene is dependent upon

the patient derived segment; and (d) comparing the




1 9 DEC 2003 -59 identify effective PRI antiretrovirals and design
effective therapeutic reginens. 1 9 DEC 2003 -60 5 The structure, life
cycle and genetic elenents of the viruses which could be tested in the drug
susceptibility and resistance test of this invention would be known to one
of ordinary skill in the art. It is useful to the practicp PDEChm
i nvention, for exanple, to understand the 10 life cycle of a retrovirus,
as, well as the viral genes required for%etrovirus rescue and infectivity.
Retrovirally infected cells shed a nenbrane virus containing a diploid
RNA' genone. The virus, studded with an envel ope gl ycoprotein (which serves
to determ ne .hast_rapge of infectivity), attaches to a cellular
receptor in f%£ﬁ§%§§%§ ﬁE%bE§ elBPlFﬁ§°queQ%)E%PWnﬁéepedchMmehreﬁ@ptor
‘bi ndi ng, the eviprgssiioni pttekhal iizadcand U t | sses_through the
cytopl asmof the host cel|. Either on itgg&gyﬁgggﬁﬁ%&Zgﬁﬁﬂcfgﬁgso#g?n‘the
nucl eus, the Févérde T3aned i prhsérnditecutlesenesi déntHen d¢died M4 @l BREe
drive the syahheskvsraf Hhgqd -stranded DNA provirus, a synthesis that
is primed by the bindi nggg gld’tp‘é%kl%r?m e"“g’ueireelf‘oatﬁeeﬁ'en%?ﬁ%erww@timofThe
doubPe- st r anfBg BﬂAdﬁﬁéVErmﬁﬂ:aﬁﬁiswbﬁﬁnu@ﬂﬁéycbﬂgggﬁatq@iﬂ}é&&h@engne of
the host cellkyo.pberg)it g?_seéve as_a transcriptional tenplate for both
nMRNAs encoding viral proteéihs®and*¥PFi 8 genb®d © RNt whteh we) | be
packaged into viral core particles. On their way out of the infected cell,
core particlfi move 30 through the cytoplasm attach to the inside of the
pl asma nmenbrane SFPERESABRI ¥ nfbet ethdetdtomndebad,irt akheg Mid st diem
tracts of netdswngeeceBlaiyy n he..virall coded | . 1 9 DEC 2003 -61 5
envqiope gl ycoprotei n gene pgggu?f%éﬁ%sxggglé?ﬁu#ﬁfgéFﬁbﬁ-ﬁQRﬁn#Qni
tran cripti ol ridisciptemnof t thasHavi enzymbEi QERASSETRY ,éﬂ¥$é&@q%ng -
The viTal? RNA

repeats itsealyf Y and. Quer ain as infection spreads. 10
and, as a resJﬁ?¥ the pf%@lfgggﬁﬁ@?ﬁﬁ%d@N§e§%ﬂ%ﬁn€?§-acﬂhesgnmﬂnuﬂdﬁ t hat

are vital t@aife e bes shulctdomallett-om - dhet\ichah | i fecycle. The virion
RNA carries the viral pronoter at its 3" end. Replicative acrobatics place
the viral pronoter at the 5 _end of the 15 proviral genone as the genone is
reverse tradscridesthetist a3pelc® thepds ret iral LTR lies the vira

pagkagi ng s%%gu The retroviral Iifecy%le%fg%%#%%? t h&®pr eted vitcal |y
encoded traRSaCtFhgOVAERr AT The sWisCaiptRNA-ldeyensent TN QIEEr 238 ¢ 5
(pol)-rever ser2@tvi/anseri ptase: 4 o_contained within the viral core and
is vital to.the viral life cyc(f?%%fhg?sffg?gc?e§6§ﬁmWﬂQ¥9%ﬁ ¢fethe
conver si on of VERBIg@ndAT RNA tont hehé nttepr/ainge bateRIte A7 Oéirhﬁl DINA.
The viral egyg&@@@igiyfgyrgﬁgiPésenv is required for viral attachment to

the Istance test are identified.,
20 Yet another aspect of this invention provides for the
identification and assessment of the biological
effectiveness of potential therapeutic antiretroviral

compounds for the treatment of HIV and/or AIDS In

another aspect, the invention is directed to a novel

25 Iesistance ‘Lest vector comprising a patient-derived
segment further comprising one or more mutations on the PR

gene and an indicator gene.

Still another aspect of this invention provides for the




25 uninfected cell and for viral spread. There are also transcriptional
trans-activating factors, so called transactivators, that can serve to
nodul ate the | evel of transcription of the integrated parental provirus.
Typically, replication-conmpetent (non-defective) viruses 30 ﬁﬁ
self-contained in that they encode all of these trans-acti mlg 5502393 Their
defective counterparts are not self-contained. -s2- 1 9 DEC 2003 5 In the
case of a DNA virus, such as a hepadnavirifs, understanding the life cycle
and viral genes required for infection is useful to the practice of this
invention. The process of HBV entry has not been well defined. Replication
of HBV uses q@%%p&grn&gi atg tenplate. In 10 the infected cell the first
step in replication 15 he c3h ePSiSER SBFNthee syheretfitoesel axfeda civighie DNA
(rc-DNA) to doMadentry £l psetesi r cl g, DNA. Thi rocess, .which
occurs within the nucl euspof i nf ectg%l [ véﬁggeﬁfé?clthvg{’geén%ﬁj&@f‘i &f of -
the DNA posi WVEStFAnEOsPntiksls 16santhhigaticen ofeddie NAnensind N ot he
second step, pihe GHCINA | rapnscri bed. by the host RNA pol ynerase to
generate a 375 KB RNA 1 elrrp Otat gg?]?ﬁ‘é?pr i) COFRFd SpREgetiae ars wompl exed
Wi t hopr ot ei N athieons rark  tloe ePRTHenENianG S4EP; hdVek Ve %é}‘?e sypf bgsis of
the first Zotggg%:tei ve-rsensiI DIEIA strand by copying the pregenonic gsi ng
the virally éncoded PIprote fir &tépdefitamseri ptase. The P protein al so
serves as the mnus strand DNA priner. Finally, the synthesis of the second
positive-sense DNA strand occurs by copying the first DNA strand, .using the
P 25 protein DNA polynerase activity and an oligonmer of viral RNA as
prinmer. The pregenone al so transcribes nRNA for the major structural core
pr ot ei ns. t 9 DEC 2003 -63 5 The following flow chart illustrates certain
of the various vectors and host cells which nmay be used in this invention.
It is not intended to be all inclusive. Vectors 10 Indicator gene cassette
+ Viral vector (functional/nonfunctional (genom c or subgenom c) indicator
gene) 15 Indicator Gene Viral Vector (functional/nonfunctional indicator
gene) 20 + Patient sequence acceptor sites + Patient-derived segnments 25
Resi stance Test Vector (patient-derived segnents + indica-for gene)




30 Host Cells Packaging Host Cell - transfected with packaging 1 9 DEC
2003 -64 5 expression vectors Resistance Test Vector Host Cell - a
packagi ng host cell transfected with a resistance test vector 10 Target
Host Cell - a host cell to be infected by a resistance tesisygggfz iral
particle produced by the resistance test vector host cell @ nce
Test Vector "Resistance test vector" nedhs one or nore vectors which taken
t oget her contain DNA or RNA conprising a patient-derived segnent and an
indicator gene. In the 20 case where the resistance test vector conprises
nore than one vector the patlent derlved _segnment may be contained in one
vector and BKd 5§ R, th @%E vector. Such a resistance test
vect or conprising nore than one vector is referred to herein as a

resi stance test vector 25 system for purposes of clarity but is

nevert hel es§igndérstood to be a resistance test vector. The DNA or RNA of a

resi stance fest vyector us be c ned in one or nore

nol ecul es. Fﬁsbﬁ a@ﬁﬁogg%ént °GYE r e éﬂ RlQMﬁﬁQﬁeﬁﬁyqﬁﬁﬁp §£m
insgrtion otha 3Qd4edteite d@éb!edre%‘%@lferﬁorﬁﬁﬁﬂlhléldlp%itlghtgai@ri/#é@
vector. In another enbodi ment, the resistance test vector is nade by

i nsertion oﬁeamBHFléﬁ? éér#@éécéégﬁeﬂ?nﬁnto a packagi ng vector while the
i ndi cator gene is contained in 1 9 DEC 2003 -65 5 a second vector, for

exanpl e an indicator gene viral vector. As used herein, "patient-derived
segnent" refFégs €0 one or nore viral segnents obtained directly froma

tient [ [ I I I
Chai n' 1 eact TR CPOR) MTANT | CHLTI IO G1CRd SHERHon.C oft Bacl St Hebi vad

segpgent s usirBgi¥thakbeDNAeGR cojﬁﬂt@fent@ry ga%z(a:w) I:Wepﬂﬂ’cﬁﬁ.rfq omNeér al

RNA, present in the cells (e. g. peripheral blood nononuclear cells, PBM),

serum or otHéFlﬁﬁﬂlF?rﬂVﬁpdsSSEmFHFec%BHOpa?Pen%%dlﬂﬁﬁﬂra.%?W%I CigARnt is

"obtai ned diteebly” #Ref E@Q&%t@ﬁ&be@ésttvéétQPtﬁé nedle M &Marﬁ’é‘ﬁéé‘gédm the

virus through culture, or if the virus is cultured, then by a m ni num

nunber of pesshges ?apéggéhpnaweyterlhhﬁéter@ﬁecgél@eplil@hmﬁlmlanoﬁs in

g‘r“ f”“;gl ThehRLAY 2V ividhuSCORIN) LEFEI5pE OpRBYeIHNEY Yidle ViyAla Segpence
15 cellular proteins which enable infection. Pseudotyped

viral particles are produced containing the protease (PR)
and the reverse transcriptase (RT) gene products encoded
by the patient-derived DNA sequences. The particles are
then harvested and used to infect fresh cells. Using
20 defective PR and RT sequences it was shown that luciferase
activity 1is dependent on functional PR and RT. PR
inhibitors are added to the cells following transfection
and are thus present during particle maturation. RT
inhibitors, on the other hand, are added to the cells at
25 the time of or prior to viral particle infection. The
assay is performed in the absence of drug and in the
presence of drug over a wide range of concentrations.
Luciferase activity is determined and the percentage (%)

inhibition is calculated at the different drug



20 gene encoding a gene product (e.g., a protein) that is the target of an
anti-viral drug. The term "functional viral sequence" as used herein refers
to any nucl eic acid sequence (DNA or RNA) with functional activity such as
enhancers, pronoters, polyadenylation sites, sites of 25 acttgp E&
trans-acting factors, such as tar and RRE, packagi ng sequenc ,D tﬂwﬁation
sequences, or splicing sequences. |f a-#-ug were to target nore than one
functional viral sequence or viral gene product then patient-derived
segnents corresponding to each said viral 30 gene would be inserted in the
resi stance test vector. In the case of conbination therapy where two or
nore anti-vFPBFENLAR§EPNAgtEABedr fferent functional viral sequences or
viral gene products are being eval uated, 1 9 DEC 2003 -66 5 .
pati ent-derived segnents corresponding to each functional viral sequence or
viral gene pigdudt woul d be inserted in the resistance test vector. The
patient-derhved zegnegts are inser%ed into unique restriction sites or

ﬁ ,o

speci fi ed | GEaTP aPP'8HOp¥ET Entr 8@ RihTRP Rt bht bY BFPEdLlepn tReta0
indscator ggpe Viahahyyeat 0byor 1o taxdPlee a RACkan NYi NEEL PF 1 dgPepei ng
~on the particul ar construction being used as described herein. As used
herein, "palheafegappvedtivghenys - cheohpassrcensraeyonnt sTHesi pédtf iem

human and varjiQus_.ani ci.es. i i,nclu ut _are not lLimted
to chinpanzgé%? ﬁgrggg?hé§?§|5§§ é%%%ﬁéﬁﬁﬁﬁggéﬁ ar}gggége%?vgaqgéﬁﬁgnts
can al so betbncorlpdriat ediirntso 28pt psasi@nceyt eSDvVeC¢I0b8) usbng LBANY 96&

several alter ive cl.oning techni ques.. For, exanple, cloning via the

i ntroduct i OEIE)?E I a_ssgrﬁétr%sf?i (F?’ieorll Jtt?s]stjﬁﬂ o“BoVR St H@‘fﬁ’g%‘?n B}HQEEbone
anggt he pat heng- denicead rsegBRt S bytuigsbtBNA H! ¥¢oarhase ¥ i ARLg
cloning (refs). 25 The patient-derived segnment nmay be obtai ned by any

met hod of nbFELEFARCEt onfREeDrtyRiRAhnpITTT a2 BrCheEridearpynsse
thereof, byriohbodustng. Paldiali 240UERER) ACGePheh-Slidodudlengibbed

bel ow, at the ends of the 30 patient-derived segnment to be 1 ntroduce
“the resi st ahcensesipvase or inhdbisranpl sfavizergene aapli fizat ponteeshod

such as PCR, _restrictiqQn sites corresponding to jhe ti.ent - sequence
acceptor si %%féﬁéor 19 V&ﬁgs 287 éﬁﬁgnﬁhcor(ﬂ%é%&FEﬁOQhé‘en §98f the
prigers usesustephebPOR vy eacdsd it arbia) | o8 | yefildcwednipcal ahi€etonhnghaet hod
such as cDNA cloning, said. restriction sites can be incorporated at the
ends of thedb?gner§gﬁ§%%P?%ﬂi ittt ofFUS¥€ond §PFARE cDNRI§VRThesi €¥V8r in a

net hod suchc@scd®t pitidrsrqpai e Pnewhakhesongdpred @b unchaned: PNA,
said restriction sites can be incorporated into the primers used for the

repai r reactPod: LAY ent S3BRUENCcOTaccept BFUY| t ESARP P kRer svares

desi gned ¢ oL A oiee L N ERIES O] 0N O (A4 o0t - ot | NedseaTpaLE. Sets of

15 resistance test vector avi ng sl ghe i ent sequence” accep sites

pra¥i de reprasehiee i npfe piat iret -aderidddlesegnent s t hat woul d be

underrepresented in one resistance test vector al one.
Fig. 4 B
Phenotypic PRI susceptibility profile: patient 0732. A
PCR-based phenotypic susceptibility assay was carried out

25 giving the phenotypic drug susceptibility profile showing

decreased susceptibility to nelfinavir and indinavir, and

increased susceptibility to amprenavir.



Zp Resistance test vectors are prepared by nodifying an indicator gene
viral vector (described below) by introducing patient sequence acceptor
sites, anplifying or cloning patient-derived segnents and inserting the
anplified or cloned sequences precisely into indicator 25 gene viral
vectors at the patient sequence acceptor sites. The resi Stancﬁiﬁﬁ; z@ﬁt ors
are constructed fromindicator gene viral ,vectors which are i i ved
from genom c viral vectors or subgenonic'%%ral vectors and an indicator
gene cassette, each of which is described 30 bel ow. Resistance test vectors
are then introduced into a host cell. Alternatively, a resistance test
vector (also Feferfed to as a resistance test vector system is prepared by
‘i ntroducing ti ent sequence acceptor sites 1 9 DEC 2003 -68 5 into a
packagi ng ve eFr,‘O%}fﬁ)‘lcif%ﬁlngswcaﬁtdmilm@atﬂl%yﬂc&ergfv%d segnment s and
inserting theyamlifded of cloned sequences precisely S At'¢ S dkagitng
vector at the patient sequenceSiEBepPBFifites &ﬂdg@@ut&@@%&%@thqqg%yéh
-packagi ng ved&t6ra asinets ian nndp@ngésggn%ﬂ%k{%! vector. 10 In one preferred
enbogj nent, the resi ste%fr:ce test vector ‘nay be Rt r YRR 1t bi packagiang
host cel | s togét her i ﬁ&&cﬁﬁgﬂﬂgieMp$epBéﬂaty§§&05§mga§ug§£ing%.?eloma to
produce resiptaﬁdeetaﬁ:@Mggfusvﬁégi ﬁart'0|e5 that are use Phi?s ditag

resi stance and susceptibility tests tRarURFéifetéppedato detain as, a77
"particl e- ba8Bd t%%tﬂﬁeﬁﬁraN7§Hteamatmm@gpnefgﬁgegn%gquiq&nt, t he
resistance testiy¥eshoL g?ybgghint%oduced into a host cell TR"tRetapsence of
packagi ng expression vectors td Tart3AblE andrindimesst Anged apge 20 sed
suscepti bi | ityS¢eBtilbhhity sta efngsFrath o herein as a "non-particle-based
tesip" As used herein a "packagi ng expression vector" provides the factors,
such as packagi ng proteins (e.g. structural proteins such as core and

envel ope pol ypeptides), transacting factors, or genes 25 required by
replication-defective retrovirus or hepadnavirus. In such a situation, a
replication-conpetent viral genone is enfeebled in a manner such that it
cannot replicate on its own. This neans that, although the packaging
expression vector can 30 produce the trans-acting or m ssing genes required
to rescue a defective viral genone present in a cell containing the
enfieebl ed genone, the enfeebl ed genone cannot rescue itself. 69 1 9 DEC
2003 5 Indicator or Indicator CGene "Indicator or indicator gene" refers to
a nucleic acid encoding a protein, DNA or RNA structure that either
directly or through a reaction gives rise to a neasurable or noticeabl e
aspect, e.g. a color or light of a 10 neasurabl e wavel ength or in the case
of DNA or RNA used as an indicator a change or generation of a specific DNA
or RNA structure. Preferred exanples of an indicator gene is the E. col

| acZ gene whi ch encodes bet a-gal act osi dase, the luc gene which' encodes

| 0 ferase either from for 15 exanple, Photonis pyralis (the firefly) or
Renilla reniforms (the sea pansy), the E. coli phoA gene which encodes

al kal i ne phosphat ase, green fluorescent protein and the bacterial CAT gene
whi ch encodes chl oranpheni col acetpltransferase. Additional preferred
exanpl es of an 20 indicator gene are secreted proteins or cell surface
proteins that are readily nmeasured by assay, such as radi oi munoassay
(RIA), or fluorescent activated cell sorting (FACS), including, for

exanple, growh factors, cytokines and cell surface antigens (e. g, growh
h8bnone, 25 11-2 or CD9, respectively). "Indicator gene" is understood to
al so include a selection gene, also referred to as a sel ectabl e marker.
Exanpl es of suitable selectable markers for manmalian cells are .
di hydrof ol ate reductase (DHPR), thym di ne ki nase, hygronycin, neonyci”,. 30
zeocin or E. coli gpt. In the case of the foregoing exanpl es of indicator
genes, the indicator gene and the patient-derived segnent are discrete,

i.e. distinct and separate genes. In sone cases a patient-derived segnent




i 1 9 DEC 2003 $ nmay al so be used as an indicator gene. In one such

enbodi nent in which the patient-derived segnent corresponds to nore than
one viral gene which is the target of an anti-viral, one of said viral
genes may al so serve as the indicator gene. For exanple, a viral 10

prot ease gene may serve as an indicator gene by virtue of itf aa'tiﬂm to

cl eave a chronpgenic substrate or its aB#ity to activate an ﬁn E i 3
zynogen which in turn cleaves a chronogeni c substrate, giving rise in each
case to a color reaction. In all of the above exanples of 15 indicator
genes, the indicator gene may be either "functional"™ or "non-functional™
but in eachFédse® he expression of the indicator gene in the target cell is

ultimately e t t he,action Qf .the patient-derived se nt. 20.
Funct i onal ?ﬁgl (r:%t%('}r gE.Igér)leeﬁsn %ﬁsea%ase%é:fhega'tfl ﬁn&e’lp(fﬁglenitr?%il@&t g?wteg'%]ﬁ%" t he
i ndi cator gepeneBy bRssapablz @fitheisag exptessestdn as'pgekaghhgdhost

cell/resistance test vector host cell" as defined 25 bel ow, independent of
the patient SYBPIPEd tE&gREAE SN hoReY AV eEheesliptE | BREP -2 nthéptdFoyedeneoul d

notgbe expressgd i febhgrt argefpdiost;GRlds asdef iped pel ow, %ﬁix%ﬁo%ol he

production of functional resistance test vector particles an eir
effective ihfeosifentefl t WetB0 war getxphestsicel | .vdatamne Erdiodipreoduocés a

functional |ndj .ge .the.indicator .gene c tte onprising control
el enent s an‘l‘c‘imlgbéggﬁgbé%c@ﬁﬁﬁga%eiunﬁf“&gt or-“prot e&ﬁ‘, i se’?‘ﬁeg]e‘?rﬁoeed’{?l Bt he

i ndi cator gene \dttadr veetosl W bl t hee11la® DECoREDTs - 7Whi chanBe @4 DPPOSI t e
transcripti ,ongl orientation as the native or foreign enhancer/ pronoter of
the viral vERtSF 18He exahpfeiotyRed untifdhal PRRbictdr Yehe RFPdRecdase of

Hi M or HBV, cphesesihbech8dbest &5sgeBrRANEnt Sh P PLPL fe (B NG Fotase
enhancer/pronoter) in the same or opposite 10 transcriptional orientation

as the H V- (R or99BV exrancss- peoreded, by edpect PoblgntoderheedWDRE
enhancer/ pr Shcassocirated with the viral c n-Functi ona

I ndi cat or (££n%s 15C t ernati gbeal\%}:lt léeh‘L‘l n#%a %%gg}e)%gefyergrg?dbég%n@rﬁ Unk?i onal
in that theinfelitatoesjerelils.notU=ifrfg ciefittyiexpPBRsaad IRT asgpedagésng host
cell transfected w tEPt he resi séﬁgg%ﬁt est vector, which is then referred to

a resistance" t &&° vECPEP @t ¢ RESE i TCFEVEDAV ™ e8ePRREGSRYS UPRt i onal

2013 ndi cat ofurigenEoh A OBFN &he &at.i on Wfe oBetALsBOrA&Nfy t he pajpeRirOgri ved
segnment products. An indicator gene is rendered_non-functional through
genetic mamHUTRATTH ARcbPEi A§sEHehiaf i ht i off S5sireder hinee® FFAYOL er

I'n one enbodiqrent R -Hodi &t ASrede 4+ LHekdakad PR f UaGTdanal @JE&’. o the
| ocation of the pronnter,lg%n tlhat, al t hough t he pro?mter tJT‘s |nat e %sarre

transcri pt iloral feyd entartionh s ndwdugrt dat atyeent dariwid oviscusederst han
d t i ndj cat I . Thi 1.spl d t i
preceqes  NeyuSgh 630 B0 AL As USRI S SRLECRY BiprPLEr 1

referred to as a "pernut ed pronoter. € per onot er
t B0 ori ent atHaoraafetimedione fenenc@nali riusediscat ORegeheat SoppEasniea st oi § hat of

the native or foreign
expressecp as a percent of the reference.

Figure B.

Determining the replication fitness of patient viruses.
25 Virus stocks produced from fitness test vectors derived

from patient samples were used to infect cells.

Luciferase activity waé measured at various times after

infection. Patient derived viruses may produce more,

approximately the same, or less luciferase activity




1 9 DEC 2003 5 pronoter/enhancer of the viral vector. Thus the coding
sequence of the non-functional indicator gene can neither ~_ be transcri bed
by the permuted pronoter nor by the viral pronoters. The non-functional

i ndi cator gene and its permuted pronoter is rendered functional by the
action of 10 one or nore of the viral proteins. One exanple of ®RDEC 2003
non-functional indicator gene with a peﬁ?rut ed pronoter in the case of HV,
pl aces a T7 phage RNA pol ynerase pronoter (herein referred to as T7
pronoter) pronoter in the 5 LTR in the sane transcriptional orientation as
t he indi cat %{hﬁlS gg}ge. The indi cator gene cannot be transcribed by the T7

pronot er as ‘hE i ndf cat orc Jehe® c ¥adeist e (Refposiid ok upstideatroof hehe T7

promoter. TheeReRrf unevanal chidi ch,0r Aelifedd) thepTeshstancecl estoyector
is converted into a functional indicator gene by reverse ranscr|p§35e upon
20 infecti oRe6PeFhe VEdVget Tt | drugesubtienyibidityhe reefidsist iohi preé t he
T7 pronoter L r : 5. LTRto the 3 LTR relative to the

i ndi cat or ggﬁg¥g%gpﬁéggg%iggkaggFl3ﬁrﬁ§ephgﬁﬁ%ﬁ%ﬁ%ﬁﬁ?ﬂ?%ﬁwqhép¥ep5?red

i ndbcat or gé&€dé.into the target cell chronosone by H'V 25 integrase, a
nucl ear T7 RNA pol ynerase expressed by the target cell transcribes the

i ndi cat or gene. One exanple of a non-functional indicator gene with a
permut ed prepphee th the case of HBV, places an enhancer-pronoter region
downstream or 3' of the indicator gene both having 30 the sane- --~
transcripti OA2PtofVeRat | 6AteThé liondi catior gepeotemmet bert r ansevébes by
t he enhancet: t Lndicator_gene, cassette is.positioned

upst r eam T%ggﬁgﬁ?%ﬁﬁ%f?ona +ﬁg+§ai%ﬁsék%ﬁf?é:t%ﬁ??esgﬁfgﬁﬁ%n?%§t ing 9
DECD 2003 - 78ewkitatieons cOnvestsed oht opatfemet i wnalséadi catpep peae: byn
reverse trapscription and cing{arization of the HBV indicator gene viral

vector by the Tepositi6nrhg-of%t e ¢hnRREEF2hr 8hotdr URETEENRT eV BEive to
the indicat otogene ceiltngskteghdfsudéndnPer Mued PRI FBY &Poﬁggse
eukaryotic or prokaryotic pronoter which can be transcribed i'n the target
host cell. Prefetaty thetiif dimn cFaninelpereimin (midike) tandnadverse
insertion ifridecyipidsdeners Mirthow  di r bi g repli.cati on. More
preferably, a prom)E'E er that ig sérzgl I%?n éllﬂzj'e %}g)tl\égs?apégf’gggfmg 1S
trhhscri pt iR DI sPriglessebanibtl oRNA pol yatey aseingt roducad badyo the: t ar get

host cell, sugh as @ bact op romoter, will be used. anpl es of such
bact eri ophage pronot eér}gl atgﬁdét hlg?gsﬁggng?@sm 56058|%r(§52€45x-i ncl U t hose

- of phages Td&tersiamd Speinpkaued seal JSIC A Zdid b 1SRN Ger dMNM e diys pe
attached tq the RNA pol ynerase .to | ocalize expressign of the RNA pol ynerase
to the nuclRUSRAEFE TheF el  DHECHERER AOF o FRAHASET CHEE Ve -r eRE TRIBE

i ndi cator genmsdtighaar NeSciRytg5 ke abhahped fUOMANY W R effansport ed
protein such as_the SV90 T antigen. |If a phage RNA pol ynerase 1s enpl oyed,
artq nt er nalRTiESSs 0@ 5@t r P16 t € (| REDreasde af st he EMBrdents f the
unt r ansl at 6 fe8@RR: YIRS may be added in front of the indicator gene, for
translation of the 30 transcripts which are generally uncapped. In the case
of HV, the pernmuted pronoter itself can be introduced at any position
within .the;3, TR that is-copied to the 3" LTR during reverse

transcription so I'ong as LTR function is 1 9 DEC 2003 -79 5 not

di srupt ed, Qurekdeaabhnyg wircddurdde 2EpbichfR Gort Foseek t A thIR rafifh st

preferably outside of functionally inportant and highly conserved regions
offUs and REVFASEhe tc'%?é’esco‘flwethéggéffﬁ*ﬁﬁ’ed pr ofdEBEeEan s iddew at any

position tRakidaesaM@hodheidPEublieitu 0l AE PeTRch 190 (a, s, c,
Q, E, T, V) of reverse transcriptase were constructed
using site directed mutagenesis. The reference virus

contains G at this position. Replication fitness and




10 that are necessary for HBV DNA replication. Blocking sequences nmay be
added at the ends of the resistance test vector should there be
i nappropriate expression of the non-functional indicator gene due to
transfection artifacts (DNA concatenation). In the HV exanﬁL @é%the 15
pernuted T7 pronoter given above, such a bl ocki ng sequence 9 081 of a
T7 transcriptional termnator, positiongd-to bl ock readthrough
transcription resulting from DNA concatenation, but not transcription
resulting fromrepositioning of the permuted T7 pronoter fromthe 5 LTR 20
to the 3" LTR during reverse transcription. 2. Pernuted Coding Recrion In a
second enbodi nentrevarr sendircaiairiganasd actendeied neref uBmpheosal due to the
relative location of the 5° and 3' coding regions of the 25 indicator gene,
in that, the 3" coding region precedes rather than follows the 5 coding-
region. Thisigusl aced coding region is referred to as a "permuted coding
region.” The orientation of the non-functional indicator gene may be the
sane or oppésirreliadingat rfdudrd nat¢wbi @rtB3m f of ¥ings pr owbtler / erbanedr of-
the_viral v [, .as NA coding f a f.unctional j,ndicator gepe.w.l| be
pr oduced in%%%gegf%htggpqgsﬁﬁéﬁpofﬁinfgéioﬁ?gThe nggFPﬁﬁétiS%E athdiCat or
gene and it sapgépmst ethioediag d eghalost i Sut arder 26 prdt&aHEC(EO08, - T90H,
functi onal gggéhe action of one or nore of the patient-derived segnent

A

product s. ontEERar"E® DFUGE§$fon UFdAGt | Bhiaf iHdiSCHsr BaR_IGPERLA -
permut ed cogiRd it iR thReCasd phsHpYg pkaecessa ? wkRdi cahgh rgane
coding region with an associated pronoter in the 3' LTR U3 10 region and a
3" indicator gene coding region in an upstream/|ocation' of the H V genone,
with each cggigger%gion having the sanme transcriptional orientation as the
vifal LTRs. "1 both exanples, the 5 and 3' coding regions may al so have
associ at ed Spkireéadangr rauabhcact epipori b isequEnuesss resipectedetyd whiugh may

be heterol ogous or .artificial spljcing signals.. The indicatqr gene cannot
be Tunct | onaRPGePEARIAABad e BhelS ISPt O MEERioRt cd "lonaee, BRCSErH
pronoters, gsmblespeishdt edrLadi v I 8t ophdievpi s d&bhegf shrBbpenbefiity

functionally spliced transcripts. The 20 non-functional indicator gene in
the resistapbg teRIV&REHn i Likaeert ed Remld @ tgRct FORALSF ndiRtcht 8FYFene by
reyerse trapgcrbptase1¥PoNwkkechbin@arefi.the target cells, resulting from
the repositioning of the's' and 3' "indicator gene coding regions relative
to one another, by 25 copying of the 3' LTRto the 5 LTR Follow ng
transcriptigg Q¥etge pronoter associated with the 5 coding region, RNA
splicing can F0|n the 5° and 3' coding regions to produce a functional

i ndi cat or grRagapiodubip Dhewexanplketehsa mohibiboti enakepndbtatiay gede

w~ .- a 30 Efrnu%ed coding regign_in the caie of HBV, glageE a %‘

i ndi cat or gERRIEGAFAG r EgFBRSApst FBAAPBF B2™MBf-*FnEERNIREEFpPBREEe P and
thep5' codi pgei£girdpiafcadthed Ndieatos genss The tedaseniceti angt79%i et ation
of the 1 9 DEC 2003 5 indicator gene 5 and 3' coding regions are

i dentical t&5°6RESBABEhe?Ndamtl’Phe Saneferanielof t h&Saddi ¥Yateresged@Lviral
vector. MOVEYSteads &Hﬁiwﬁbga&9gcegeﬁbﬁiiepdwé'rece@tagm&ﬁgao@&:%%C_h
permuted in the resistance test vectors (1.e., the 5 coding region is
downst ream bitnées3'gwodi ngndl0 phofittery fomo «dRNA idgug aasdriddeld wiriugls can
be spliced Lo generate a functional indicator gene codi ng region. Follow ng
reverse transcrlp?lbn and circularization of the indicator gene viral

~ vegsor, the indicator gene 3' coding region is positioned downstream or 3
to the 15 enhancer-pronmoter and 5 coding regions thus permtting the
transcripti5h9%¥enﬁwm whi ch can be spliced to generate a functiona

indicator OREE.€OGhER:ifeI Rt ween reverse transcriptase inhibitor
susceptibility and replication fitness. Patient samples

were sorted based on their replication fitness (<25% of



i iment, the indicator 20 gene is rendered
3 Inverted IPt;ﬁn thaugglg? ggbgghcgrted intron," i.e. an intrpn i nserted
?ﬁ?bfgﬂgttggﬁng sggugnce of the indicator gene with a transcr:PtlonaI
i [ [ he indicator gene. The overall _
orientation Opﬁoglfgntgtfgﬁto?ftﬁe i ndi cat or ggne 25 _ cassette including
gggnzaglp}:gﬂgd pronoter, is opposite to_that of the viral C?EQUE%%@&@& ‘he
; i i er ' ificial intronis the
el enents, while the orientation of the ap i cial » .
i : tion of the indicator gene by its o
Y:LELngPELSLeslggggtith[ggzcigpthe 30 production of_funﬁylona! Cation
i i d intron cannot be spliced in this orienta .
Tr anscri pti on of ERESFRBFEat orl GeH by ofhe wfateront r olard ety dogp, |
. t 9 C 20C3 5 inverted intr
horfgﬁa’ Igﬁﬁigﬁrﬁhsﬁgergéﬁggfﬁ} gﬁ%%P%% S%FF| 6t SFdfct i tormal S ox expressed
ZE t he ?ésul??ﬁﬁgPFéﬁééitﬁtwhas datanmiseasgogr%gaha?&gﬁegFobhgﬂgegﬂ%&gnt
i pLi f i integrati
etroviral Do tBeiPRof ob il MbISTaR]) Jbracgmﬂ%p"a%ﬁémams DNA,, the
ret&§V|ra ne1can be functionally transcribed using its own |inked
| ndivat or_ge inverted intron has been previously renoved. In this case,
PLgn?Lg{cggofqgéﬂ% ftself may contain its own functional prorntertmnfh t he
. ok ; rient osite to the viral contro
clerent s, Thus Lhe. nom T uhet onal | AdTESt or CgenesteciAteRe aishg, nigh .
ori entat i on "MHREFT 1 s cPT PR by mh&aﬁﬁcaisr;g?girnaogt;&% ﬁ%eﬁpgg'tfiéﬁgﬂ
R S s T I T AL
" e8Povi r s’ RS apeu A and hepadnayliiiaes. 3 2000 HBYRpecLl 1 23l Y.
retbovirus ane ep iral promoters (HV LTR or HBV enhancer-pFdmofer)
franscripligRoRy e i Lal; EPEelioPHt PEAtBYSspitangon Agenesangequence
I'ts in the renoval of -PR& PRvEPEe gssp :
gfsgeverse eshﬁbamsmeﬂpbbanreﬁlEBStESﬁPkﬁgﬂgﬁgpLLgfdcé[?niﬁ;gﬁésggg g?e
i i ' i rovirus in
|pteg[at!02t?2nt2$ :ﬁ:uhgbngegtor, the indicator. gene can now be
p|rcu.arlfl i sgfibed by its own pronoter. The inverted intron, _
funcplg?ﬁ g%ggggpﬁfce 30 donor and acceptor site to renopve the intron, is
o Bt or abl y ¥@tai BEO kot hborodamgme £y ong Sf 460t 1k 6a1 O G6NE D OLdET Lo
: ' i ndi : e s
Ty Do any ool {eeos 1 5RbEehB00s e Lt gian sand aseopeaitech prmsar ond
oy, o gnydigpégg@tbmnisap*ﬁﬁfwa | Bpeplirge ¢9ReLaaRd f g SRlice acceptor of
spl i ce 03 of human_ al pha gl obi n gene ("intron 555. ﬁrﬁﬁE%f r Gene
{ﬁh(raaise%g(r:]t oasmp%oﬁgbgﬁ&ti% 18 AOmbEan tHearei KL90MNdi ot ontbege)vhﬁ@fet I

" ; - LS n ipdicator gene and its contro
chtort rgﬁgnﬁﬁgcﬁf ﬁgggpL?%gﬁoggﬁgépggﬁg i%i(ﬁﬁ%ﬁs% né”J#}mfﬁﬂ%ﬁiﬁ is
SgsengIZd RN AR 54 Lttdesgene cassette and a "viral YFctpr,luggfgzed

i ndi i dditionally inc
bel ow. The indicator gene 15 viral vector may a ot an
i Ci i | yadenyl ati on sequences, transcriptio

?grﬁ?ﬁg{brsigé&¥8 Zigpggﬁiaggriseqﬁences. Addi tional ly the |ng|fa§ﬁr ggne

: ; ' ional. In the event tha e
viral vect QEl%\ll‘LmOB%ﬁfigpgﬁ%ﬁwgea%rh?ragg%g;uggrcﬁg g?ﬂ$cqpt?5atpiljiug, apeataadencl uded
th?Lessgggggz@ESQ;geamhrdepﬂﬂﬁdﬂidﬂ“ﬁ&éﬂé%éU0v§9€9e£9 gigggggdwxgﬁéﬁéhtén
wio ! ri ses an indicator gene an 0 :
Rral vect SEPEHORETER Fr Wbt 1o LhpPHSFAR 201 20ry. or<18l bl >hhe of )

i ' f ' : control sequences, vir
ko) horruestngsnes encadiig, 2080, 0L RSl COTKT £l S oSS !
Egaﬁggtgg Sgrﬂ‘gevﬁ’%%*t%ctﬁﬁr ey ladgiattiiemed | wjjmle]lcsde 0Ng; e sBRN € NMizhal

' ' t of an .
segnents OREIQLeHDI R @k WRI 6D n%%s%%p%q i&%%%ﬁ generally exhibited

reduced protease processing and reduced replication



30 anti-viral drug. Two exanples of a viral vector which contain viral
genes are referred to herein as an "genomc viral vector" and a "subgenom c
viral vector." A "genomic viral vector"” is a vector which may conprise a
del etion of 1 9 DEC'~003~' -79 $ a one or nore viral gepe [iﬁ%ar ender the
virus replication inconpetent, but which otherw se presers eg 2663NA
expression and processing characteristijgcs of the conplete virus. In one
enbodi ment for an H V drug susceptibility and resistance test, the genonc
viral vector conprises 10 the HV gag-pol, vif, vpr, tat, rev, vpu, and nef
genes (some, nost or all'of env may be del eted). A "subgenom c viral
vector" refers to a vector conprising the coding region of one or nore
viral genes which may encode the proteins that are the targets) of the
anti-viralfidmf&ES415 In the case of HV, a preferred enbodinent is a .
subgenom ¢ viral vector conprising the H'V gag pol gene. In the case of HBV
a preferred enbodi nent is a subgenomi c.viral vector conprising the HBV P
gene. |n tthgwsse lof HRtotewmsexanmphésoob pasvocabtedonesthisetedworewi ral

vector 20 co Str uction are: HXB% Fi sher_.et al ., 1986%@%%3{ es,fggZO,
367-371) &FE N3 POAFEN "%t &2 CLoB8) UFesviMi® ,SHFCDdRIBA | n the
case of Hp¥otredss gerbuabeingl fuldpdcanaich gepeakeesaquencesnbaveheen
characterized and_could be used for construction of HBV viral vectors:

GenBank 25MNSEVAboRB, MeBB36LrI0PPRRY andit X5Y2I8SeFhe Wiithal XasieRA genes
may be under,dhe LI s Qha native enhancer/pronoter or a foreign viral
or cellul ar enhancer/pronoter. A preferred enbodi ment for an H 'V drug
susceptibility and resistance test, is to place the 30 genom c or
égfﬁgenom' iviurr I I‘{:odi ng regions under the control of the native

aricer prgorm er of the HV-LTR U3 region or the CW inmedi ate-early (1E)
enhancer / pepreiseint oA ipfee foartri @t te shagil ee Rk hfi @i tdm HRVG viliid clseepdilg [ ity
and 1 9 DEC 2003 -a0 5 resistance test, is to place the genom c or
subgenoni SWHGERTIEIdittY r e§PBRRS under Fﬁ’élé’éintrBE of AT eatment

i mredi at eyeaklrtudtiloreNhancaid PEANPIES - wiPet BB1GBSR O RRKINAIAAL g geNe
viral vector that contains one or nore viral genes which aré the targets or
encode pr @t ePASieHi cAf10tpeetmert t drfetsruptiben amndvigewlupted) f¢men said
ctor containg the PLLSNL,SeqUenee epto ites. pat | - i ved
\gggrrents %tpelnl nggrted@llt ngt Re pa#i%é%t lgg uenc&agggé%;t 3§Q§Ft ?‘%pﬁg}%%&e{%
i ndi cat or fgdde chamje véot Gusaupdiibid itthencorperedd t® abet heefleesstance
test vector, 15 as described above. "Patient sequence acceptor sites" are
sites in &W¥&or for insertion of patient-derived segnents and said sites
may be: 1) unique restriction sites introduced by 20 site-directed
mut agenesi s into a vector; 2) naturally occurring unique restriction sites
in the yegﬂaPFeoP";B) sel ected sites into which a patient-derived segment
FRy be ingaptedensiaRgval t epatieMe Cl QBmpI et ROWYS Hif ithg UDG fd - I n
one enbodi nent the patient sequence acceptor 25 site is introduced into the
i ndi cat or rgeAdécRitign vettoess Tpiad edt pegidedceclccdprar tiaanente
pr ef er abl Wt hi R,; n codj ng i f jr tein
Bhich 1o LRESERPELAthr s A s Tomd s GRELOORESLARED etk RS P
t he introducpeohodf it itardatseptuence 30 gocept orasd t esvalieatpeadf efabl vy
chosen so_that _no.change, or a conservative c e, Is de in the am no
261 cod RECBREUBAEe Potha HTeTRE LRI T b, RSBl V4 HEe Dt
sequence aepepbehtSpbesedteokOeRtedetbBhRed viighal.i Valhe increase in
fitness between week 9 and week 10 corresponds to improved
protease processing (bottom) and reversion o©f the drug
resistant phenotype to a drug sensitive phenotype (Figure

M) .




~ 9 DEC 2003 -al 5 conserved region of the viral genonme to facilitate

i ntroduction of the patient-derived segnents. Alternatively, the patient
sequence acceptor sites are |ocated between functionally inportant genes or
regul atory sequences. Patient-sequence acceptor sites may be | ocated 10 at
or near regions in the viral genome that are relatively cofs@rMeQ 2083 per mi t
primng by the prinmer used to introdue¥®-the corresponding restriction site
into the patient-derived segnent. To inprove the representation of

pati ent-derived segnents further, such priners may be 15 designed as
degenerate pools to accommopdate viral sequence heterogeneity, or may

i ncor por ateigeseddes such as deoxyinosine (1) which have multiple

base-pairing capabilities. Sets of resjstance tes{ vectors havin atient
sequence a%‘g‘éﬁ?‘g?egi t est SR CRfekShe t Hiet 'S3F®S or Z%’%%?I app‘i’?@a“r’%ﬂri ction

site interyvadSr Byt Don USedREPOLLNEI o N iR HJwE 8Sid BN ANt the
susceptibility tests to provide representation of patient-derived segnents
t hat cont af ¢ ntodr na¥eatarant cinbarsipesondand cedrreua giives puiiem
seguence ptor..site, d s h I [ eprese i i t her
regi st ancﬁgst %\(/eerétotgr a onewgég{r‘gggl I sﬁﬁlﬁégr#ﬂfegsjtlelscgtghce tgs‘%g%éec "is

i ntroducedréml bcat hast féehkssSwdsabkeéghast cealtly diegimenmmihi damelds.
Preferred host 30 cells are derived from human%%i ssues and cells which are

the principPrett afFEESRANYT altq nfeSRIE" T H tHe-Tase Bt HAVF thedt®F nel ude
human cel | se péifbhed@s fUmN a BhlF, JENQOVAES, PR Ophsge tdendridiegcel ls,
Langer hans cells, 1 9 DEC 2003 82 5 hematopoeitic stemcells or
precur sor TNFLLIEAPMRIEGYR®El|s. In the case of HBV, suitable host cells
include hepatoma cell lines (Hep&, Huh 7), primary human hepat ocytes,
manmal i an cells which can be- infected by pseudotyped HBV, and other cells.
Human der iethihbed Déramigtsion |df ddwmiInvdmtidehme anti-viral drug will enter
the cell efficiently and b ted by the cellular enzymatic nachinery
into the netabolically relevant formof the anti-viral inhibitor. Host
celI's are 1ied ef¥skerdt0 NARITLAS el NROKAM N ti0sds Cef | Bonitsepngtamee test
15 vector host cells,"” or "target host cells.," A "packaging host cell"
refers to @Hokstakel PTPARESHEBDI &L t hBIVr anksRERG G e f adfor PARLERFF al

kagi ng It £} 115y F eQuii-ed By ithe repkigpli onpdet echiyelyi rgdovessOrs used
.herein, such as the resistance test vectors, to produce resistance 20 test
vect or vi rigihigaktidr|antirpie qyddedgitipy@ri €i ns may be, provided for by the
expression of viral genes contained within the resistance test vector
itself, a packagi ng expression vector(s), or both.. A packaging host cell is
a host celln whnehembotiiarstectidte wotsene dmvartegrackagvide5 faxprassi on
vectors and v@e&ﬁ-t ansfﬁct gd wth a rffi S ance test vecté)r is then referred
to herein REERPS QL SVRAERTERY: WSt OTTRO5E VERFF® &fd FRTAOTRIPHEE® teferred
tgp as a padkagiply hest eel lgdesdsd aneempesisivect ori hostcoaaldcet iligef esr ed
host cells for use as packaging host cells for 30 H V include 293 human
enbr yoni ¢ BEWFRILE] | R LepBhal HEV-irtegted pataspty &did 881} 59,

1977) , BOHA3 {f8AMP! RhethdF OCLhbal Ip; £L8G: caCi - sHhp18392:0ongPBdest SA54
and tsa201 cell i nes (Heinzel .et al., J.Vitol. 62, 1 9 DEC 2003 -83
nucleic acid encoding HIV PR having a mutatiocn at one or

more positions in the PR. The mutation(s) correlate

25 positively with alterations in phenotypic susceptibility.

In a specific embodiment, the invention provides for a
method of evaluating the effectiveness of PRI

antiretroviral therapy of a ©patient comprising (i)




5 3738,1988), for HBV Hep& (Gl le and Theil mann, L. Arzheim -Forschy Drug
Res. (1990) 40, 13B0-1382). (Huh, Ueda, K et al. Virology *1989) 169,
213-216). A "target host cell" refers to a cell to be inficiﬁtcbéﬂ _
resi stance test vector viral particles produced by the resi cé030 test
vector host cell in which expression or inhibition of the indicator gene
takes place. Preferred host cells for udé-as target host cells include
human T cell |eukem a cell lines including Jurkat (ATCC T1B-152), H9 (ATCC
HTB- 176), CEM (ATCC CCL-119), HUT78 (ATCC T1B-161), and 15 derivatives
thereof. This_invention is illustrated in the Experinental Detais section
whi ch fol | of8l1¢RrEd8Isedt i Mivlami celt fomigie 0 Biddh | Na@n meiﬁtgggggg of
the inventigpebuhrare,pgqt 29;intgnded to, and should not.be construed to,
linit in any way the rnventidon a$SSEE™FBFPH i ¥PEHeeEl afhe vinkehogbtadw .
2 : : .

the tachn ayes. used o construct . vestore  ant trands oat SRRl O

. atil ; R . .o
are widely practtcBd 3t CRECR t 88 ankr s Enpr aswd td whee s rasd duani kbarawit h
t he5 st andar sler £s@ureei gakternn@lss )t hat T eci fi.c.conditions and 30
procedures. However, for ccgnveﬁi)enceT, ﬁgd%ﬁt?}%nngespt gdvsg}ﬂé' &y %&rve as
a gui del i ne® ARPNRUFHE eisis cepdplbidsttiyonasapagi thHat s adehih pgdi BEr ein 19
DEC 2003 _ i S how. wel | virus replicates. This may
al so be re%‘?‘?%ﬁa ?%a%%i éf% il?%tlﬁeesé (.%? no%)ﬂgwerﬁ)‘"&ﬁerﬁe?ﬂ As gRiretdtord
capacity canitde ameabursth by v adried ey 1 hes @l ddilig 10f  the virus to
replicate in a single round of replication. 10 As used "herein, "control
resi stance test vector" is defined as a resistance test vector conprising a
stldndar d vilral aseguaiicd d f efrb8¥d . RR2, 5 : and an j ndi cator gene.
15 As used herein, "normalizing" migggélefi nedlgggz%g%llaarp(ﬁoﬁri % hgoémﬁmt of
the expresSOMBF i Rf cateYateabineasutbd rekdfeveivanthe nuelzer afpyvir al

particles @GinHinGHdR 4G t ssi.on of the indicator gene. For exanple,
20 nor mal i zat i on is reasur %%%%fvi ccﬁgng d hPHdiht of OFBELFéRdse @dtivity
measur ed bflAeatdmger aof iokdgpaali chespreaspred ahnt heriig Qfeteq

i nfection. 'é@li%%@;ds'én nd ".\rﬁcto s" are designated by a | ower case p 25

fol l oned by 1 étters any orliinb &L e fH@ 186G hagherasihes bdodiogiaad eit her

-~ cédhmerci al bpmplai | advher i pabl nglcy eaval é@meegeoa@ngnr,ﬁﬁ r Eﬁt qﬂagagi S,. or can
be constr uc%gd f.rom avail abl e plasnmds in accord Wt ubl'i shed p? ofedur es.
I'n additi o2 8§dPPal &ht S9N §8 1 6rPRosy 3@spasegibed meei &knewto nat he art

and Wil becagnar elsibact Qﬁ‘pﬁﬁé B e SKdASD AL Sal, RngiLuction of the
mutations at codons 63 and/or 77 or a combination thereof.
This invention established, using a phenotypic

_20 susceptibility assay, that a mutation at codon 88 to a
serine residue of HIV protease is correlated with an
increase in amprenavir susceptibility and a mutation at
codon 88 to-a serine residue in combiﬁétion with mutations
at codons 63 and/or 77 or a combination thereof of HIV

25 protease are correlated with an increase in amprenavir
susceptibility and a decrease in nelfinavir and indinavir

susceptibility.

In a specific embodiment, the invention provides for a




-85- 1 9 DEC 2003 5 standard |l egation and restriction techni ques which are
wel | understood in the art (see Ausubel et al., (1987) Current Protocols in
Mol ecul ar Biology, Wley Interscience or Maniatis et al., 51992) in

Mol ecul ar O oning: A |aboratory Manual, Cold Spring Harbdr 919EC 83 at or y,
N.Y.). Isolated plasm ds, DNA sequences, or synthesized oligonucl eotides
are cleaved, tailored, and relegated inythe formdesired. The sequences of
all DNA constructs incorporating synthetic DNA were confirned by DNA '
sequence anal ysis (Sanger et al. (1977) Proc. Natl. 15 Acad. Sci. 74,
5963-5967). "Digestion” of DNA refers to catalytic cleavage of the DNA with
a restrictifciedaymeothat c3618a00hy Al (G LR SEOLEOLESs TESENT ChHLaN
sites, in the DNA. The various 20 festriction enzynes used herein are
comrer ci al 131 avEe by erahd therapyeactfi or camlitdrons, confacs bng and)ot her

requi r enent o] ordinarily skilled artisan, _For analytical
pu(r:]poses, tf/%%%ﬁ%}?%n)%g %Pg%)?%lé%g o?gﬁigefr HBnt 2F's ﬂggalﬁ%ﬁﬁtéﬁlout 2
units of enmmient; abowd 2025 wWewdfrntiufiingr s@lttheen. tAbt epRatE¥ELYL an
excess of restrjction enzynme is used to_insure conplete digestion of the
subst r tEP1hc GBRPFOACE MRS bt d of8 CREGAIt d1EwoPRoUrav g aBout 37C
are vor kabigae Al {diough vabhah! s ¢aBnbed 0Lerakadndl 1AL £2GH INpuBation)
c

protein is 30 renoved by extraction w th phenol orof orm and the nucl eic
aci d recovergd-1e off klicdusN§§ 3t ¢ bke byabere | @i t 8t i oomini bt @bhamdlch | f

desired, si tLon e eav, fragnen may be perforned by 19

DEC 2003 §% 5 p%ﬁ-{f:c%gl a%dcﬁa&ge%%br %ga?g(ggoﬁeltﬁel g%t raopESP’%éf‘?t&é’lnng

standard t edtenieufes. Ahfenénalendesar iepitiab ichesi, z & sseparat bﬁ@ﬁoit?pﬁ.ﬁund in
t hods of Enz ngtlf .65: 999- 560 % 980). 10 Restriction cleaved fragnments

be bl urit®S&id %éi/}’t Yeaf THYY i tR3Ehe | BrERM9RgAENtCHIOE. 880! F© DRA

pol yne. rasedri(é erewlidue tbe prmsepsetebsthe; § oo deopauie! eqtide o

tri phosphates (dNTPs) using incubation tines of about 15 to 25 m nut-es at

20C in 50 AMCFEASE pH 7 2BPI50afMENSGSCeptibidvtvyGnd 6 mutiITiemdas- 10 nM

dNTPs. The OW gf 1 il Sal ' i [ che ack

pr ot r udi ngcﬁd%gli \r;ggl g%g{gfgtr?dré?]ee\%eer?qgﬁtgugﬁ ?h’é‘gﬁéﬁrygﬁn%%%r‘é‘u\é%é:ggﬁﬁ | f

desired, seltecwidpasr dfai 63canddexp@if ornmedcbybsuppighnghenkyfone afivt he

dNIPs, or wth | ec dNTPs,, within.the 20 |imtations dictated by the
e ey Eha L Aepal et ot hane R RCKFERBWAR nETRERDAFEY: <

nature of tHE Stick
extract ed wuiskephdhdllichl anef or etk £didand nPIeCciPriat £6d Thaaheea under
appropriate conditiqgns with S1 nuclease or Bal-31 results in hydrolysis of
any si ngl e§§tsf:§ﬁ’&ét’?lﬂ)6ﬂfi'on. 25 Ligations are perforned in 15-SO Q11

vol umes under the follow ng standard conditions and tenperatures: 20 nM
Tris-C1 pH 7.5, 10 MM wWd z, 10 "M DTT, 33 ng/m BSA, 10 mM+ 50 mM Nadl ,
and eit her 130 aAIMSRFPLLHCO M BRG] ssFhE0 imtiansiPe DNAevidase &r 0€ (for

182 (e TR ERPIn | gsrranT T er i eoul e Wk P gat FBAS are

usual |y peahtimedravig3ll0Gheglpmy t ctfll ®ONApatient comprising (i)
collecting a biological sample from an HIV-infected
patient; and (ii) determining whether the Liological
sample comprises nucleic acid encoding HIV PR having a

25 mutation ot codon 88 from an asparagine residue to a
.serine residue (N88S) either alone or in combination with
mutations at codons 10, 20, 36, 46, 63 and/or 77 or a

combination thereof. This invention established, using a

phenotypic susceptibility assay, that a mutation at -codon



1 9 DEC 2003 concentrations (5-100 mMtotal end concentration).

I nt ernol ecul ar blunt end ligations (usually enploying a 10-30 fold nol ar
excess of linkers) are perfornmed at |uMtotal ends concent{%}' on. 10
"Transi ent expression" refers to unanplified expression wi EEGL03 one,
day to two weeks of transfection. The g timal tine for transient expression
of a particular desired heterol ogous géfie may vary dependi ng on several
factors including; for exanple, any transacting factors 15 which nay be
enpl oyed, translational control nechanisns and the host cell. Transient
expr essi on oQCcquyr en the particular asm d that,K has been transfected
functi ons, 8;%. g:% SEl| \ég] rrlarhesc?él) e ear?cfat N R ESR SDut § ngerResatprevi ke

pl asm d DNAnwHinclrehas amt arpdehhoicekhsisptivNBieyrgdat @ AQchbheopugheus.
The DNA is in a nonintegrated state, free within the nucleus. Transcription
of the pl aSRP@™ dRefhioup BYPriRe Eepideecimscempimytinnswhthi sdtaEébhswi ng
transfecti t sy d y o] d d-or diluted cel.l

di vi si on. %gndé(;tﬁ%c?{nfeig@ht ?glﬁ \I/g\n'%t'hitaﬁet @ 2 c%?f gﬁr(?cryat? nc8@§¥f}§$lf°ﬁ
geferal , vébegesfcofit HINi pgopramet ars @odrebanted| wsequencescybhel ane
derived frgm §gggives corrpati%e wth the host cell are used with the

parti cul ar “RBEETRERF. SHGCBPEABLLLSY ST bl T2 F 07228 e i PRLHEBRYEFToRPE host s
illustratiyabdynerekudasthpthbpiaitactanase and | actose pronoter systens,

al kal i ne phosphat ase, the tryptophan (trp) pronoter system and hybrid
pronoters such as tac 19 DEC 2D03 -ss 5 . pronoter. However, other
functi onal eri pl’Of@% ; e sui additign t r okaryvotes,
eukaryoti CUB@@?:H_ crglltl)%s suc (?%OZL eas?ggﬁﬁﬁhrﬁgghﬁgy al rgggbe ﬁggag%prc
Sa@char onygesceptebisiby, mrofddemomddagenbsypiastpicstihe pusttioonADNl Y used
eukaryotic_m.croorganism although a 10 nupber of. other strains. are

conmmonl y aUJéf:ﬁgb ggef’Féﬁgt é%rhs? E’S%tlFBItI ?‘ﬁ‘& CFERs G R ’f‘?f)ﬂ?‘&'ét’t‘%ré in
manmmal i an bbhsthgeelis paypbasobttai netk f hamivarirovs r$Qur §§snt f orrexanpl e, the
genones of viruses such as: pol yoma, siman virus 40 (SV40), adenovirus,
retrovi rus883€hefti thR! B ¥R ERY 1428 or bl 2Py - cyt‘éi‘u‘?eg Bi rvdrusr from
het er ol ogousrEBETRY | 8Re PHOLPLEE Smaf e £Ss ASLd AL PES érorTHSrSaﬁh\é and

| ate pronoters of the SV 90 virus are conveniently obtained as an Y90
r&8tricti oAUk r dgmems etwdtt ies ot e oanaths Tt Ief SYBe VPRES @S gdesofibed

replicati ofardhg. i nypdf Y. q{@t A00f t onegal ovi r us
i's conveni enﬁ;y obt al negég%ggf inﬁﬁl F'Esest rI?QLcFT' i%ﬁt%]#gg%%%#l ggﬁrse,
pronot er s febatitm{sbst tel | edtheel atiedrspes estlad sodasegesefad henein. The
vectors usergi herein may,contain a selection gene, also 25 terned, a

i i ES

BFEON 52t e AIDI 'ge FE2BHELES 2B OREF n, 2MELEEEEPYIFBE t he

sel ect abl e" mar ker-.

survival odggiomdr cdda destocandrd ransfiidimi With t&deryect ol . a§xanpl es of
suitabl e sel ectable markers for mammmlian cells include the dihydroi~iate
refuct ase GRneR RERCNth UheH IR He B O box Vi @& eefEmRel e hil nthei - drug

resi stancepgefénd Mih), HGPOErOSiNe JeaRi RRIG RN r ARHehh el Uﬁ@?"g“e

synthase gene. \Wen such se€l ectable markers are successfully transterred
into a marfmdfarPhoarasd | , thise ppakend! AedthertapepECc2008giBén may

desirably be altered by either (i) changing to a different
PRI antiretroviral agent, such as saquinavir, ritonavir or
25 amprenavir and stopping nelfinavir treatment; or ({ii)
increasing the dosage of nelfinavir; or (iii) adding
another antiretroviral agent to the patient's therapeutic
regimen. The effectiveness of the modification in therapy

may be further evaluated by monitoring wviral burden such



5 mammal i an host cell can survive if placed under selective pressure. There
are two widely used distinct categories of selective regines. The first
category is based on a cell's netabolismand the use of a nutant cell Iline
whi ch | acks the ability to grow i ndependent of a suppl emenf SdPEE ?@gl a. The
second category is referred to as dom nant sel ection which re S a

sel ection scheme used in any cell typéd3and does not require the use of a
mutant cell line. These schenes typically use a drug to arrest growth of a
host cell. Those cells which have a novel gene would 15 express a protein
“conveyi ng dr resi stance and woul d survive the sel ection. Exanples of such
dom nant §& glg?(i SHVUSENA heory ugsmhesy cb n deSeeiser niand IBer RNA 185)y J.

Mol ec. Applynseaneter , | j cid (Mulligan and Ber 1980)
Sci ence 209, 1422), %?l%gg%y%%%cu f (sﬁéa’é‘nt@fe a %%“(‘%9‘5353“%? °%e|(E1 . Biol.
5, 410-413%reatimenthregiaranpl es gi ven above enpl oy bacterial genes under
eukaryotic control to convey resistance to the appropriate drug neomycin
(G418 or genticin), xgpt (mycophenolic acid) or hygromycin, respectively.
2% "Transfreet i ghraswans' doxdeQditeisng @%ﬂimélﬁvhosgscehgeﬁo B%Zgitnhe DNA is
expressed, \gfget her functionally expressed or otherw se; the may al so
repl i cat etBPPREFSSs WP tlext r ReAtdMydamal resehentreodely chr prosdmalar

i ntegratigRnc3@syahe t hSe V] hod _used herein for
transfection of tht1 ﬁ%gg rgglklg\%i?q%ﬁebgg?%i %ﬁw‘qﬁgﬁégﬁ‘é% Cco- pr-eck-pi tation
met hod of G aham and van der Eb (1973) Virol ogy 52, 956-957. Alternative .
met hods f 2003 -90 5 transfection are el ectroporation, the
DEAE-dextﬁraéﬁnn%FESgg%?pb?e%? BNt AnY %?’6“%’1‘?%§ ‘ER‘I’IP’égPEWg?IQQ@}'- &éne
Toansfer andeExpoedsinat théabedeh onymBeHURE £ e St 0Ekt PRePpESSY i ohOSE Cell's
may be trﬁﬁsfected with the expression vectors 10 of the present invention

and cul t uF88 PREBnIEHTi bhat HiR rfRARN eeries nber f i Baenefpseapprogpnat e for
i nduci ng peesBERESngSehechhpgikhansf of LS or; i fyi enes. Host cells
are cultured in FﬂlZ?DI\/EM G’_b(l:o) 50:50%&% ad&gg%gﬁ%%/%%% 2 cllture
condi t i onsPo3titANas rEf eremedngt ud e Papi iand arthenbinker, arsudiose peewi ousl y
used wt hekgygpfgst“?g%énsﬁ,ec&ed\ for expression, and will be apparent to
the ordinarily skilled arti aan. The ol T ow hg' exanpl es nmerely illustrate
Lhe best nobde now 20 known for practicing the invention, but shoul d not be
construe pmt t invention.. All publications and patent applications
cited i ndj%rﬁ]?%}k%geér ir%ﬁegffgn T AR T R o SRF SIS b?mgépéﬂ‘éﬁ@e Ph their
entirety @sei ineanhiondiei disal tpLDbUEAL ROMAhRAL 8R! ARANLAL{PNENEr € 25
speci fi cal% nd i ndi vi dual Ig i ndi cated to be incorporated by re?er ence.
EXAVMPLE IFPHEROtYHieDray ShicEPerBryi (3f ahdPREGEEtamaPRstingi hy) 30

Resi st ancep iMesdt Mast of S IPhenod ypi £ dgsigsusceptibi 1idy ﬁfvf_ ' ce tests
are carried out }J%an t he r_rllgg%s and met hods gesl(r:‘fi baleI%j in S{rgg%é%gaNunber
20837, 96 Pt ft%rnafl i bhaPupibliipgt sl Noabeerting the viral RNA to

cDNA and amplifying HIV sequences using HIV primers that

result in a PCR product that comprises the PR gene; (iii)
performing PCR using pfimers that result in PCR products
comprising wild type or serine at codon 88; and (iv)
25 determining, via the products of PCR, the presence or

absence of a serine residue at codon 88.

Another preferred, non-limiting, specific embodiment of

the invention is as follows: A method of evaluating the




,1 9 DEC 2003 -91 5 WD 97/27319) which is hereby incorporated by reference.
In these experinents patient-derived segnents) corresponding to the HV
prot ease and reverse transcri ptase codi ng regi ons were either
patient-derived 10 segnents anplified by the reverse

.transcription-pol ynerase chain reaction nmethod (RT-PCR) using viral RNA
isolated fromviral particles present #4a-the serum of HI V-]ergf ﬁE@eﬂ@

i ndi viduals or were nutants of wild type H V-1 nade by site*d L)

nmut agenesi s of a parental clone of 15 resistance test vector DNA. Isolation
of viral RNA was perforned using standard procedures (e. g. RNAgents Tot al
RNA | sol at effieSystvemesBr anfegeRI Madesopy Whfora RWAZ@Int Tedmpheistindrr {@éndswood,
TX). The RT- rrot ocol was divided into two steps. Aretroviral reverse
20 i anscr PRLISETBT o8 MILHST AN rVEILD thaiiber #bt AGbV (FBEREERAI ccal ar
Systems, |pgtieBtanchiby gpubliyiRg Avidan-dmeldablist 8é s viickds (Wi or ever se
transcriptase, (Boehringer Mannheim Indianapolis, IN) was used to copy
viral RNA ¢RNS @odA ammbl £0Nrg WASVt BeAvarpesf Medngsitiy sopBreher fbatabl e

pol yme €. .g. ( I S NSw nchbueg, NJ),
%\lﬁ (ROCheJ;%/gﬁégullgr asﬁeé%cﬁ&ﬁyan%ﬁlg% ﬁjhéﬁn%%%‘é ??gg?at ed
from Ther npsrfpemingnPCR Biwired rari@et$i nhen, résndwny)r BIR apecodbtnati on of
t her nost abl e Bol.%merase as (described for 30 the perJ ormance of "l ong PCR
( Bar nes, Pri3484) "Brict. DR | OF ABSEINSCRE G8R9 B& AR oBubRtiansy,
Expand H gh:Fiddddy RBGR Sysrem (730 dndwWo)iv)( BaeheRgfindyRNRAGI Mehe
I ndi anapolis, IN) OR GeneAnp XL PCR kit (Tth + Vent), tl 9 DEC 2003 _92_
5 (Roche NBredufhsf 5t &6R. | hbe, BEaFRMRr §r NOPFenpPere T Tabl 6e5ing1) s
usgd for r trapscLipiio f vikal j GINA, . Th Lner s, ¢Apal
p?lgrrer (PD%%%%?S%abgg 5&3%%1 2‘?\%) A%ljcla# ptrl rnsu}J r(%é%gAge, O‘Fab?ggg,ng%S) Ogsed to
10 anpl i f ymthatioest dtpabient- €8r anddogeditent s cont ai ned sequences
resulting in Apal and Agel recognition sites being introduced into both
ends of the PCR product, respectively. Resistance test vectors
i ncor por atAngrhbe "gasterddd pahicaril-igertive] Ssgeent scWwainblinsdndicbed as
described in US Patent Nupber 5,837,469 (Interpational Publication Nunber
WO 97/ 273190 ( dB8¥emtgon)igispfig Tt LRt i3 eBEBRAIpAFdutYa biating k BPEr epar ed
bys RT- PCR uisfoge YitabsBNArasorr teRPlab e 8Rd 20lJ00m0d egbhsless PEROS (G#1)
PDSApa (#2) and 20 PDSAge (#3) as priners, followed by digestion wth Apal
and Agel ofclhectipgchipzokdrlpgimal Toamsia e frelk taR pHaY¥miafprAed
correspondi ng: t he .r.es [ n Nect c i1S
r epr esent g‘%i{lgleéxg%hpﬁé‘lgf %%@Pﬁ{ﬁ@l r%tzglllgl acﬁoai\%stplec e{s%gr grggrﬁétl' eiﬁlﬁlﬁt ﬁg serum
of a givenchpiddi ent, a2@plneiping>1Y sadependentisiEngcdiiV tpaiséos mihied
obtained in the constr ion of i,ven resistance test_vector r.e pool ed
and used f%‘?s'fﬁ'é b?eﬁa%&h’ 8ﬁ°gfuc§1 gcsr}ﬁecd BRI WA KA %5 g?ﬂ?és?ﬁ&ﬁ)vect or
engodi ng afe afPhRi hePPCE G My \b AW s eonagenespladuat PORbpbesducaduct i on
in a resistance test vector host cell of resistance test vector viral

particl es GPIRRLTHRI il &Sy T'nf ERF2RUNAS %y 88 prd pRsaLioRSe test
vectors engodipdoadl eV BENESd/or 46 or a combination thereof; and

(iv) determining, via the products of PCR, the presence or
absence of a serine residue at codon 88 and the presence
25 or absence of mutations at codons 63, 77 and/or 46 or a

combination thereof.

Another preferred, non-limiting, specific embodiment of

the invention is as follows: A method of evaluating the




"1 9 DEC 2003 -93 5 with the exception of env were used to transfect a
packagi ng host cell (once transfected the host cell is referred to as a
resi stance test vector host cell). The packagi ng expression vector which
encodes the anphotrophi c MULV 9070A env gene product is uset! @dBECtm¥B

resi stance 10 test vector to enable production in the resistance tes
vector host cell of infectious pseudorﬁéed resi stance test vector viral
particles. Resistance tests perforned with resistance test vectors 15 were
carried out using packagi ng host and target host cells consisting of the
human enbryaoni c kidney cell line 293 (Cell Culture Facility, UC San

Franci sco, eélgl,ecé&)ved’lestghé’f\] uT kGt tRBERRYT CITacAatigHe ¢orhFingi §5) UC San
Franci sco, cgfi.1edehing20 Regh ik d1est SalT & CAEEG eda QU pyiyL by pesi shance
test vectors using two host cell types. Resistance test vector vira
“particles watdemtgduced bpuaifyirg host cwmitextimy rekésvaned tR tect or

host cell) t y transfecting.a p ing host cell with
the resi stgtr?@% t%@cf %rﬂe‘&;f%éf% {1%2 packagig é“%ﬁpé‘sgﬂo‘nggfe’%%?? That

resi st ancerieasstltveict ar ROR gPrgrirdt crest Westp#hers usiesl to dofeet (aisgecond
host cell gthe target host cell) in which the expression of the i:ruicator
gene i s meREGFOIMELGe BERy U3k 9) Prifpars eshatages ildstin GRrRI@BRERFNI ng a

functi onal ggu@gfi%&%e Hane Cassebt _es%@&ﬁecg@sfcrola%e%aa%é‘%atgfék_ 119

DEC ~~~~ were transfected with the resistance test vector- . The

resi stant B&stcogsmsorts3.cohtai hed pati &8t - devd/Aved Yever se ¢comhsoatpoase and
pr ot ease enc th e rotei ns which were .either_ su ptible
or resistggﬁe?ggFﬁeéﬁﬁ%i§§%40@%%§?m§85ﬁ@é,‘?ﬁ%hg%% ﬁﬁ@PES Fdéﬁfe€§§3e 10
taanscri pt abe ipdudsntar sor nabsatckeodi de sevefsertbans6r apt as|idmhgbitors
and protease inﬁ%bitors. The registance test vector viral particles

produced b§"fr AREF BEEFRGCENRTr BOFEPSRCBE BUFaLLRRSr 2DNROHPRD Pdst /del I s,

either in uBe presenceann/absenaceroh phAbeASEidR tRBEOLEOrS, were used to
infect target host cells grown either in the absence of NRTI or NNRTI or in

~the presence of increasing concentrations of the drug. Luciferase activity

in infectegpbardels MY £l ife! Bukle:i BRESENCE RN d?ggtﬁaﬁ copaled ko the

| uci ferase activity 1n infected 20 target host cel i'n fhe absence" of
difg. Dr ugHE¥sP&t dmek cgdssnddelr ethease f frecttiomerts atf orheofcudrogntequired to

i nhi bit by = |l ucif.erase activity detected i.n the.absence of drug

(i nhi bi tor§}§§8 %gﬁ 'F’gt |Pf§§ %ﬁ‘aﬁpé}so“‘?. RN R0 ARb RSt R8s o TREE P fied by
pl otti ng pshoent bgr uthizb imhir foromwsatiog, 8t devgoaongenria ad | 98rihest
cells were seeaﬁd iin 10-cmdi aneter dishes. and were transfected one day

after platFRG*APERIPEEFEPaNcENEeSPSGRREIPIpEEENFD BRACSPVERe eHFEPEpe

expr essi ongMecinethod@ BraRHfiectinhtiif RSP di St BRI therapy
cal ci um phosphate co-precipitation procedure. The cell culture nedia

c8At ai ni ngWPHEADRR prEérpredte was replaced with fresh medium fromone to
29 hours, after transfection. Cel

The presence of the mutation at codon 88 to a serine of
alone or in combinatidh with mutations at condons 63, 77,
46, 10, 20, and/or 36 or a combination thereof of HIV PR
25 indicates that the effectiveness of the current or
prospective PRI therapy may require alteration, since as
shown by this invention a mutation at codon 88 to a serine
residue alone increases the susceptibility to amprenavir

and a mutation at codon 88 to a serine residue in



1 9 DEC 2CC3 -95 5 culture nedia containing resistance test vector viral
particles was harvested one to four days after transfection and was passed
through a 0.95-mmfilter before being stored at -80C. HV capsid protein
(p29) levels in the harvested cell culture nedia were deteLEi BE& 10 by an
El A met hod as described by the manufacturer (SIAC, Fr eder tci ) 2003 Bef or e
infection, target cells (293 and 293/ Tyswere plated in cell culture nedia.
Control infections were performed using cell culture nedia from nock
transfections (no DNA) or transfections containing 15 the resistance test
vector plasm d DNA without the envel ope expression plasmd. One to three or
more days abmbinenfentvotht hetaedbaswas ewavad and cel | Jgsi sobubper
(Pronega) was ,added to each well. Cell| |ysates were assayed for |uciferase
activity. TRE/PRhPBi PBry oomkirabionfinpecaner s Yereemthdlitingot he .
foll ow ng LeBi 0 hugife i ghighition 5 [1 - (RLU [,dr.ug] U uc) ]
x 100 25 mﬁg?gbgﬁgllﬁc [bgftug]g?%gt hg%rdglctaGtsi vet ei[ghtsuér?fe tggjﬁlulcm?er?e
activity inelffivevéd owld s iindivhkeipresengsinf dheg apdhBdd uesi sthhe

Regati ve Li%gh}e g%t of, luci ferase ag%:il#/i%i n infected cells in the absence
of >drug. | CBO°B0 A uERNETR bht &% rOMEARY SIYHH Rt tRfvedtedat were
generated fromthe data by plotting the percent inhibition of luciferase
activity vs. the logl drug concentration. Exanples of drug inhibition
curves ar ePBABWALI Prediegres)y. non-bimEGingo3 specifics EMANELERERtAncEN vitro
Assay Usin esi e Test Mec d Sit  rect ed t.ant,s. To rrel ate
Phenotypesg},&ﬁd%&gﬁg%ggsgﬁss%%i gtgég"@?f h§H|r%’%({lcg éﬁsgewétli"baﬁjﬂ% gﬁﬁ

Resi st anceePfienbiypies s ust eptt it tovianml wHexrafy pat iantHiVVisaeptea 10

i stance vectors .are construct as (described jn exanple 1.
%@i st ancep%ggén'\c/ecctocr)“lpg,lSérngc'l oi@g d%cﬁlq]xfe%“f“rgonﬁ Het PSP LFanceStBRECvect or
pools, areftested HDVaiphesoéyppetasiay taddeber Het@ 3G} eliie BREr
gquantitatively thf | evel] of susceptibility to_a panel of 15 anti-retroviral
drugs. Thi §PpaRiPie91cst | SPBPLBYFPRPT P8 s P HE)SEBnPrilse aneR@dirg oHIVhe

cl asses knovwi &ss&UsheOSE 08~ ANA A JEVEE S@HEANSY | P4 a%%f'(i%_?il Eé?m%n 4

(NRTI's), non-nucl eoside reverse transcriptase inhibitors

prot ease iFM BPRORQTYIFRE syusqept Pahbl twf agsavr ugs was b sxpeedethas new
r4igs or e o] il apble | £50.i s det.erm ned r each

?le%i st ancge){\étés i"%sé%t?%? %%oﬁ?o‘?ggg%l#%rg% Fgé\ réd.ggTﬁé) ;S“Saet &% %f H£9

suscept i biBR tcrusesnll aof interedraegsin estoecknay iex amgeed taitsh toopared to known
patterns of susceptibility. 25 A patient sanple can be further exam ned for

genot ypi c changes .correlated with the pattern of susceptibility observed.

Genot ypi ¢ mnadlyest spokrpateant d‘il»ﬂ/-lsiati’ﬁniﬁﬁ;,305?68'1&&&”0&:158@&1%%@ 06 DNAs,
ei ther poals or clones, are analyzed by any of the genotypi ng nethods

descri bed $f EXBKEREIAR EA Gife EPbbAHent SRR | M eRvRRA PN el H V
P! € SeRINCAs Wi sELT3 NG HHRG P4 #heP¥By of an HIV-infectea

patient comprising: (a) collecting a biological sample
from an HIV-infected patient; and (b) determining whether
the biological sample comprises nucleic acid encoding HIV
protease having a mutation at codon 88 to serine and
25 additional mutation(s) at cedens 63 and/or 77 or a
combination thereof. Using the phénotypic susceptibility
assay, it was observed that the presence of the mutation
at codon 88 to serine of HIV PR causes an increase in

amprenavir susceptibility and the presence cf the



1 9 DEC 2003 _97_ 5 purification, RT/PCR-and ABlI chain term nator autonated
sequenci ng. The sequence that is determned is conpared to control
sequences present in the database or is conpared to a sanple fromthe
patient prior to initiation of therapy, if available. The Pgrﬁgrpf S

exami ned for 10 sequences that are different fromthe cont 003
pre-treatnent sequence arid correl ated4yo the observed phenotype.
Phenot ypi ¢ susceptibility analysis of site directed 15 nutants Genotypic
changes that are observed to correlate with changes in phenotypic patterns
of drug susceptibility are evaluated by construction of resistance test
vectors conidtighd hatspeaidd cgputtad | 98r ORe a idef toRBinwt L nt wEer 120 a( dr ug
suscepti bl e) genetic background. Mitations_may be incorporated al one and/or
in conbi natV B Wi%h Bt Muesdt dIneNENEE 4r eCThBufRTPLBaRBADI Ahererd
suscept i bi lgd vupy BeY dfCel1aLB LU0 Oh HATIrRfvidr ugsy Mikabigag are
introduced into the resistance test vector through any of 25 the wdely
known net hcdssdeptidiitle-tdi mbdtled ingtragenegi smpkanemé resbedepenbidfi tiyhi s

i nyention the nega-prinmer PCR nethod for site-directed nutagenesis is used.
A resi stance test vector containing the specific nutation or group of

mut ati ons amdHeN pesfedrss) NG:doha iphenelgypi pSOi suscaptdddindnt assay
descri bed above and the susceptibility profile is conpared to that of a

geneti cal | y-Ffef PNERP W PRI- £ §pe S( drUg Wisscept PBFBYr &f stumbieat£se F&et or
whi ch laCk%f@@%ﬁﬂ%@ﬂéé§Hﬂ?%ﬂ%&9@%rov%%f?t5%%&2?%30£9§n ﬁlgbiﬁ%%%Qﬁﬁhanges

in the pattern of phenotypic suscepti 0 e antiretroviral drugs
t est ed ar e pattirenbut edmpoishegspe@lf i cohitatings & ntricdugEddint satmpd e

resi stance test \ve .5 A, EXAVPLE 3 i n esi st ance _Test Vectors To
C§Trel ate r?crﬁyaﬁlegﬁﬁﬂuﬁgeecn%oetyﬁe{tl&nﬁfci%qégd%ﬁtﬁe ERyREMPn PR B ug
Suscept i bi ltiHey HirolHidd caAhefmmiplel canatiysis micRaid eati 873RcdBiAgr eiFVst ance
test vector was consEFruct ed as described in exanpl S)’?l froma pati entc1 sanpl e

desi gnat ed PACTGPSE  RAVENBatd eMELAEACBectt pr@&HBusPY t FRat3eF W& han

nel finavir.adfeliahnaan Rhcdt el (FNAL8NEIILHECReIRS s el Pogents abe &
patient derived segment that conprised viral sequences 20 coding for all of
PR and as FombipgtgrRihergefpat iEminddihe cahsegh¥ni cnwayscapédbad it o an

indi cator gene.virgl vect nepat e fel e5SlANGe LLs e r i gnat ed
-0732. RTV- 3732l wasgt egﬂtsse%ﬁﬁ%?ngﬁa pﬁeﬁo??pi C suscept%%ﬁgl ?‘F&agg??y to
det erm ne adcuwredaet y88ndPR5seuanei todt i VEY y PRhecdwseed efh suscepésdi liny to a

panel of anti -rré%ta%gvi rasluéjreu SibiThiitS paglqli of he}enti retr ovier alﬁgru%lshe

conpri sed FERDET'S "ot t he  TTa55es Known a5 NRTI'S (AE‘T', 5PEF 441 dd1™F ddc,

and abacavipukatBNREl saf delbavhr B e roneye fape Nneanandombaviaeedn! ,wiand PRI s 30

(indinavir, nelfinavir, ritonavir, sag%i navir an_g_f anprenavir). An | C50 was
c

Vi
det er mi ned "WEALELBN F uGOHRREEY. Suscept PREYPLy e PatrERENFT R to
eagh drug wasrexan §ed mand SRMRALEEs! 0x KR Rl eiAs ) suseepti Ridd ty.

indinavir susceptibility while increasing amprenavir

susceptibility.

Another preferred, non-limiting, specific embodiment of
25 the invention is as follows: a method of evaluating the
effectiveness of antiretroviral therapy of an HIV-infected
patient comprising: (a) collecting a biological sample
from an HIV-infected patient; and (b} determining whether

the biolcgical sample comprises nucleic acid encoding HIV



~99- 1 9 DEC 2003 5 A pattern of susceptibility to the PRIs was observed
for patient sanple RTV-0732 in which there was a decrease in both

nel finavir and indinavir susceptibility (increased resistance) and an
increase in anprenavir susceptibility (see Fig. 9 and Tagl g %Eﬁ zlﬁ?gi ent
sanple 0732 was exam ned 10 further for genotypic change ssociated with
the pattern of susceptibility. . Detef¥rnation of genotype of patient 0732
RTV-0732 DNA was anal yzed by ABI chain term nator 15 autonmated sequenci ng.
The nucl eoti de sequence was conpared to the consensus sequence of a wild
type dade B HV-1 (H V Sequence Database Los Al anps, NM. The nucl eoti de
sequence WRECERARF N Y13 s@quBREBiPMatatar ECHPR e &nttof r AXENE candr ol
sequence. i 8hLE©h ot ed Skt R.41 E35D,
VB6I | le?g%?gg%/,aﬁfgs%ugﬁgg?\% ' iﬁgﬁéé?ﬁgv’f&*egg% “Homa bt Lo
natural |y decueri ng potymipiphi sos | hhetkdef. PRUandgar eot mssost ghed W th
reduced susc Lpbill to_any drug. M6l has previously been described to
be associ a%ue%g(\%\f’gﬁﬁuzis#%s‘?%f%)ﬁtel?ow?‘?t%t?u%?/’r’Yg%nH’%Elt'f}?%aﬁﬁﬁ’s?@ﬁ? hasi, -
1998) . N88hdamuprevicousiy begdndascridedetonbe oasspey abrd Middr 4 eg) st ance
to nelfinavir (Patick AAC, 42: 2637 (1998) and an investigational PRI,
SC55389A (ASMFEE259997) 2UBYEPREASt PHiSCeREARYdil§ Yo nPattihentp B2ECe e8f st ance
test vect cted esarihed i I fr tient sanple
dosi gnat ed me oS PR e 8 e T el T AR S < at i on
of 1 9 DEG-2003n - hoo ®ddmr(ad) RN aild, RAPCRIMAS 20sethd foxgel6ér atre &

patient der] nt,that co i viral sequences coding for all of PR
and as 1 _J%@ﬁ@%ﬁ T‘h%e%%?lgeﬁ dzkfﬂ(/edgpgeg%‘%es\;/vasai ncgee‘f’f ¢ntbd®an

i Tali cat or rgengi vivil waeat Aindihgener aiScfpt esi Biepcantiast Mactoss degi gnat ed
RTV-627. 10 RTV-627 was tested using a phenotypic susceptibility asSay to
det er m ne BEFHAEHY IRCRERTI LY vely the level of susceptibility to a
panel of anti-retroviral drugs. This panel of anti-retroviral drugs

conpri sed nenbers of the classes known as NRTIS (AZT, 3TC, d9T, ddl, ddC,
and 15 abddedd rInVAINRIPR flHepapredides hbei mephre aadd reftédvidsenz) ,used PRI s
(i ndi navi re;, nel L I ri Vi guj Lt .and anpr vir). An_1C50 was
determ ne&k?é(;rggggﬁség%&ge t{e%%]{eid.‘;e_gfl}zj%ep!t:?ﬁ%ﬁ?yngf %ﬁe%gg’ti%%{’evﬁrﬂu to
eldfich dr ug fiwas:- heeda rdamger ianich o enRR edh tao: ikmovio p attwey nscdfersitsgeptididi ty. 20
A pattern _of ,susceptibility to the PRIS was.observed for, patient sanple
RTV- 627 | BARCH THEE WS o HEETE5eE RS FRAPRAY P Cark? HEANRR o5
suscept i bividdtyp( | aemeASeng e2hst aNCe) pabteaBel MGREARE & NmARREERAVI £t and
saqui navir_susceptibility. Patient sanple 627 was exam ned further 25 for
genot ypi c%’ﬁ’éﬂﬁ‘ge%gas%i & eFOHHIE t B F& t T I s EERPIAign y with

Det er m natiuefaafor@engt YReRh P b e 062736, RRY, 6273 DNAwas anal yzed, by ABI
chain term nator automated 30 sequencing. The nucleotide sequencé was

Péhpared comMHEatdRSenstisrseduefios ofiragwi $aregpend adthed Hintdn by
Sequence liakbagase Log N apus. Mo Jif Nyeleatide seuence 1qg exgpgned for
sequences that are different _
compositions for isolation and identification of the HIV-1
protease inhibitor resistant mutant and using such
vectors, host cells and compositions to carry out
25 anti-viral drug screening. This invention also relates to
the screening of candidate drugs for their capacity to

inhibit said mutant.

This 1invention provides a method for identifying a



1 9 DEC 2003 -101 5 fromthe control sequence. PR nmutations were noted at
positions 1317V, E35D, MB6L, L63P, 169V, |73V and N88S. 113V, E35D and |64V
are naturally occurring polynmorphisnms in HV-1 PR and are not associ at ed
wi th reduced susceptibility to any drug. MA6L has previously been 10
described to be associated with resistance to indinavir af DED opRVi -
L63P has previously been described to be associated with resistance to

i ndi navir and nel finavir. N88S has previ®busly been described to be
associated with resistance to nelfinavir (Patick, 1998) and an 15

i nvestigational PRI, SC55389A (Sm dt, 1997). Phenotypic analysis of Patient
1208 A resistance test, vector was constructed as described in exanple 1
froma pat i%‘?ﬁ%%h%@“u‘ékib%ﬁ%@%&e 19 & f frsing that ifanctiat loderthe
previously greadede Wof hypel{ | Lrsksgl atl . viral RNA and RT/.PCR was
used to genﬂer ate a patient %e??égélgééﬁe%w%ﬁ&% rr%rﬁfasgamt?f)f"gp ?é&ﬁnces
codi ng for @l BPlpReahddads] -cBBricfirRi. aThe qratpent oerives $ggmant was
inserted i i ndi gat or._gene, vir 25 vector, to generate a resjstance
test vect orrB Igjetgél1élg§né<';11't e‘ﬁﬁeﬁ'ﬁ}ﬁféﬁo%@ il Thded FEAGCa IFKEIY DI ¢
suscept i bi Wheredssay posdehes nbigd 86§UL abeky tapdeAyanthtatbyshbuntng J evel
of susceptibility to a panel of anti-retroviral drugs. This panel of

ant i - r et r ofiAPAP IS R A0 GHiRa e ersdrioofon Keid Rsoteakrown as NRTI s
(AZT, 3TC, d4T, ddl, ddC, and abacavir), NNRTIs (del avirdine, nevirapine
and efavirenz), and PRIs (indinavir, nelfinavir, ritonavir, saquinavir and
anpr enavi r Thign {weentian 81 pEC B8 ddD2a5meahodetfermi aese § 9Tngaahedr ug
tested. Susgepti bi L t he. patient vi,rus to_each drug was exam ned and
conpar ed t?g%%&wn %g%%{%rg%s oft su ggﬁteln}oéi 5ty YA pat tceci“f?g‘dfs%cept(iaﬁi lity
t 30t he PRI sleteemilpsigmyedef aucifeirante aatalve dfT¥nl288 wBsvhiehokherggnas a
decrease i Oirn '}péavirr and 10 nel finavir susceptibility (increased

resi st ance;é And'Bh FREFESRES| F abfinguddept TH F§RYLbIH t enttesanyl e

1208 wvas exesimetelurdtiaie f ofbpeRRLLRIE nShanoas apsoctal £k Wol.h 5 attern
of susceptibility. 15 Determ nation of gen%type of pat%nt \i\%gglﬁgﬁzw

DNA was anaPyZB§ RPsRBceciedi fxug riowmt bhe apebheredvivysesanple Wsdng

nucl eot i detgequyaRr : a t ;1 5ans .S ence of a w.ld type
Glade B LV T (o R D L B ek Ao RS P RRUTIES , BomBeriast oo

séfuence whBeeXddifirfardser aeylehtes deftarmdnedi fd eseap f(bOMkiEh cenkr ol
sequence. 3 .Qns re. noted at positiqns 162V, L63P, V771, and N885.
162V is a ngﬁgﬁ%égoc%%&rﬁn’gy p(ﬂdeytn%?%rﬂesém i HP VAR Pé)and“ihserﬁdtn a
associ at eddecthaseduced wiistapiddi d&t yvibyanyddcdge sLB3R-LRd@soRr §Wi ousl y
been descr%)ed tg.ge assogigltged with resistance to indinavir and

nel finavi r *¥42Y1 T 8°P7 eVt ot FyPRELRARBeScVibBE -t 0 be associated with

resi stance to nelfinavir. NB8S has previously been described to be
associated_with resistance to nelfinavir (Patick, 1998) 30 and an

i fi%est i gat FbnAl TPRI STaESBBOAL (BAFEPT i597pnstructed using a patient

derived segment from a patient virus which is unfit, and
the fitness defect is due to genetic alterations in the
patient derived segment, then the virus produced from
cells transfected with the resistance test vector will
25 produce luciferase . more slowly. This defect will be
manifested as reduced luciferase activity (in the absence
of drug) compared to the drug sensitive reference contreol,

and may be expressed as a percentage of the control.



1 9 DEC 2003 -104 5 sequencing. The nucl eati de sequence was conpared to the
consensus sequence of a wld type Gade B HV-1 (H 'V Sequence Dat abase Los
Al anbs, NM). The nucl eoti de sequence was exam ned for sequences that are
different fromthe control sequence. PR nutations were noted at 10
positions 113V, K20M M6V, N37A, M6Il, 162V, L63P, N885, 1aﬂld)E{}912(}[] | 13V,
N37A and 162V are naturally occurring pghynorphisnms in H V-1 PR and are not
associated with reduced susceptibility to any drug. K20M has previously
been described to be associated with resistance to 15 indinavir. M6l has
previ ously been described to be associated wth resistance to indinavir,
ritonavir, el fianaviurtaed aBRHEAY P [N ly b descriped to
be associated with resistance to&?ﬂ‘relg*iC né%gr tgﬁe(sj ﬁgﬁr]\céln%g\%n?, %S%S %gssecp
previ ousl y BESTYdeschibeifing mhoo tusiotiandkdenetypesi stangs, t pageldd navi r
(Patick, 19 i ' .ional_. PRI, .SC5538 Smidt, 1997

Phenot ypi ¢ g%;eld;g?)s%d%g?@ﬁ%%égﬁé Aty 8?%?5883 ?@s%“&egbofﬁwﬁg" PR,
construct edvwad cllescricbetlata 26 taxaapleedudtian aipatyeadl s designat ed
as Q910. Thi.gun%at ilent. had been previously treated with nelfinavir.

| soPati on of Vi fal INK%nd ®RPPBER-was used to generate a patient derived
segnent that conprised viral sequences coding for all of PR and as 1 - 313
of RT. The Eati_ent 30 derived segnent was inserted into an indicator gene
viral vectoftt &Sgéherittdar ratiatiamed toafstthiectiorvatesigmat e dp F3V1081Q.

RTV- 091 0 wa te Si ph typi.c susceptibjlity, assgy to determ ne
accuratel y %ﬁgﬁg 151%&DE%Q58) 3 f?%s%a%blgﬁfllgt atf Jrf/a%lﬁ%“l nesys  for
suscepti bi | vigusesa pargiclofdiant,i - r ddutovi rebt dr ugsmithiass pane! ofiuman

ant j,-retrovj [ conmprised. menbers of the classes known as NRTIs (AZT,
3%? doT, d%’f”,ﬂhﬁgéelggﬁéeﬁ%%cavﬂ’j‘}s NNFQ'SHIé”('deI hePrdara¥irgeesr apil humand

ef avirenz) ,hapdtPRis Bi ndiraay|r£1d0ipethidaVviKumdh L9 Xiitiéaﬂub?ﬁéy and
anprenavir). An | C50 was det erm ned~for each drug tested. Suscepti |I)ity of
the patient29fr BETPESEAERSEP ufPWRRN ex kPRSP ko Bomhar ed to known patt er ns
of susceptibility. A pattern of susceptibility to the PRIs was observed for
patient sanple is RTV-0910 in which there was a decrease in indinavir and
nel fi navi r Seseepnventiry Eustcheasew ledsissttanca) maadsannidnaieased | Bor

anpg enavi r i bi Lity.. Patient. sanpl.e 0910 xam ned further for
ggin)%typi c cﬁ%ﬁﬁggiggslg(&:ligatréecﬁﬁvt]\'nct%ﬁafﬁe AT %wgagc?gpttihﬁq i §¥Nibpts

Det er ni nat ixgdwtedendtype ohspaptebil®BF0 BEHV- QR AMA vesarmé\et Ygedshy ABl
chai n terminnaljtu%i@gtgnat d sequenci hg., . The nucl eoti de sequence was conpared
to the consensus” seqteldd BT dti @%&tte B 25 H V-1 (H V Sequence

Dat abase Los Al anpbs, NM . The nucl eoti de sequence was exam ned for
sequences that are different fromthe control sequence. PR nutations were
noted at pdstt? or¥TMB6E, LEddipEnt wBsShand nvelition | 13¥, mékgR ABJAD and

| 1A8L are padeHcld Y208 Qb D A YIRS | '-V-%,-PHR | s no
associated w th reduce?gsuscept i% ity 9?%13’:% Iga ug.- n #;Jgtrbef%?/i %ﬂ§| y
been descr iBden o Eéa§§S§ci atfed whbbbitststande tBIVielfi naagYica@bbnhas
prev'OUS|yi%%ﬁ%d%ﬁﬂ?wgﬁ¥j&é%}%%mit%d?t%ﬁgn %%%ation, virus assembly,

and virus attachment and entry.

25 This invention relates to a means and method for

identifying mutations in protease or reverse transcriptase .

that alter replication fitness.



-106 5. associated wth resistance to indinavir, ritonavir) nelfinavir and
anprenavir. L63P has previously been described to be associated with
resistance to indinavir and nelfinavir. N385 has previously been described
to be associated with resistance to nelfinavir (Patick, 1ﬁ9ﬁggtﬁugnd an

i nvestigational PRI, SC55389A (Smdt, 1997). Phenotypic a i f Patient
3542 A resistance test vector was constshucted as described in exanple 1
froma patient sanple designated as 355& This 15 patient had been treated
with indinavir. Isolation of viral RNA and RT/PCR was used to generate a
patient derived segnent that conprised viral sequences coding for all of PR
and as 1 - 1313, ofyRIneThe faldperierdyethsegnpahyas i nserted,d ntgqan

i ndi cator gene viral vector 20 to generafe a resistancé test vector
deS|gnatedmﬁﬁ%dﬁﬁﬂﬁféﬂﬁ@éﬁ%ﬂbd%@ctesdedtuﬁyn@gamphehn@W@|thSUSaEpErbiI|ty
assay to determn ne accurat and uantitativel v el
susceptibiIFFQJto%ﬁiBhne? g?gﬁﬁti &t r o et dF 6§°n?ﬁ éﬂil gv-1

anti - ret r ovigipali dHwigsh com&tseﬂngpmwts w6t 22 ikhecal a$c$e§nKB@}3@tQ§nNRT| S
(AZT, 3TC, d9T, ddl, ddC, and abacavir), NNRTlIs (delavirdine, nevirapine
and ef avi r &S ARFPRLY (i@ FAAYS atdRChAgAtr andi @8RaYir, saquinavir and
anprenavir). An |1 C50 was determ ned for each drug tested. Susceptibility of
the patient virus to each drug was 30 exani ned and conpared to known
patterns ofrhsi@scéptfientiibny al/sqoateéaneef tsuseeptteiab"id i apdt ondtedPREsrwas
observed faqr nt was a.decrease in

i ndi navi r, Hglnfi na}’\)]ing 6{2% rai“{%leﬁ:atvsc?‘ stu&?gﬁtl Bi I F‘P)‘}atloTs lBEErE%%S?I 07 5
(i ncr eased olre TeSicaine )t raitt il praiee M3 el BnakphenauiiofUsceptEbility.

Pati ent sanple 3592 was exam ned further for genotypi c changes associ at ed
wilth the pattern of susceptibility. 10 Determi nation of genotype of patient
3542 RTV- 3342 DNAyageanalerdrdiierABlo£hand {R(BHhRALAT ,aul ofBLRE ang
sequenci ng. The nucl eoti de sequence was conpared to thé consensus sequence
of awld tnﬂt;@oe adeeB Rirevided Visequeaneatbivabasethes Af&rss, NWRt The 15
nucl eoti deg m q r romthe
control seq ence %gﬁﬁﬁﬁf%%gbﬁgﬁﬂé%g%ﬁ%%egggﬁg%rap?%ggsﬁPgbgﬁgk%9h?Lﬁ37D
MA61 , L63PonN88sp hihcht D3t . fKtﬂRsanddWﬁMﬂéraweraat@mﬂd%/xmxm&vé@gln

p ynnrphi |n H V-1 PR and ar t associ at ed reduced

DdStept | bi PRy Tt SR SRR IS ML A ol SuaH S bhb EER oFF bERe: 52Fe
associ at edpwilt, h ares iesivailepet @en@i.navir, ritonavir, nelfinavir and
anprenavir. L63P has previously been described to be associated with
resistance to indinavir and nelfinavir. N88S has previously been 25
described tgjhe Qﬁ%@ﬁt%ﬁd Mih resistancet ocpel finayi nRidide  4$9B) and
an investigational PRI, SC55389A (Sm dt, 1997). Phenotypic analysis of

Pati ent 36Bat3@nk msespdesneid thegredueedorerdd catdnst £isnedsas described in

nple 1 froma patient sanple designated as 3654. This patient had been

previously treated with ritonavir. Isolation of viral RNA and RT/PCR was
used to gembiat edreventlich DEQA 0D to the correlation between reduced

drug susceptibility and reduced replication fitness.

This dinvention further relates to the occurrence of
25 viruses with reduced fitness 1in patients rereiving
protease inhibitor and/or reverse transcriptase inhibitor

treatment.



-los 5 patient derived segnent that conprised viral sequences coding for
all of PR and as 1 - 313 of RT. The patient derived segnent was inserted
into an indicator gene viral vector to generate a resistance test vector
desi gnat ed RTV-3654. RTV-3659 was tested using a phenotypic (lg)
susceptibility assay to determ ne accurately and quanti tatill yEph%DBaevel
of susceptibility to a panel of anti -r§r2rovi ral drugs. This panel of
anti-retroviral drugs conprised nenbers“of the classes known as NRTIs (AZT,
3TC, d9T, ddl, ddC, and abacavir), NNRTIs (delavirdine, 15 nevirapi ne and
efavirenz), and PRIs (indinavir, nelfinavir, ritonavir, saquinavir and

anprenavir) term ned .for each drug tested. Suysceptibility of
the pati entT}\llfgu%Q?%m\gg% rrﬁtghemr/asreelfgr%sng(? 5%3 cERIEERGe: & kr?&(%rfeﬁgtterns

of susceptidimpleys Aipalt eeduodd 2Q-sp1scentiidy | iFL Y nke@ st hen PRI M@s wahser ved
for patient ésfz | & RTV-3654 in which there was a decrease in indinavir and
nel finavir STRLEPtTDI 1T ti (NSRS daséier 8 sLaREEY BIOLEA SenPrOSRsSimg
anprenavir sgsgeptddy Ilggjyypl%'aﬁteii%nt(p%@rypl e 3654 was exam ned further for .
genot ypi ¢ changes associ ated 25 with the pattern of susceptibility.
Det®er mi nati on of genotype of patient 3654 RTV-3654 DNA was anal yzed by ABI
chai n term.n at.or t ted s nci ng. .The nucl eotjigde sequence was 30
conpared to the c%ﬁ%%lr;gh%n seﬁtgrelﬁ]ceer o%eal%ielsd type tﬁgdelgcﬁg\‘?pfe( HIAF
Sequence Daimbtasesd osuphandss NN .pathentickeaplde equensenhyBstexaw ned for
sequences that are different fromthe control sequence. PR nutations were
1 9 DEC 200%9ei5dS Hot¥Fa! godilcityre’ | 18pligatronvEattnesssp, V771, N88S
and 193L. 113V, 891K and 193L are naturally occurring polynorphismin H V-1
PR and is not associated with reduced susceptibility to any drug. MG6I has
pridvi ous| y THeeh destiiny forthemssodittaedta Phoressst mucations0 tihadi navi r,
ritonavir, f'gﬁ@{&é ir, revj ousl b%en escribed to
be associate V\ft re%?is?aﬁfggé?‘g |hd?ﬁg€§$ gﬁ%n%el Iilngl\?i FM'.O a%l‘}e%l’
previ ousl y ibeenmess ithed texhieissseduatddrepllicaesiont aapactiaynel finavir.
N88S has previously been described to be associated wth 15 resistance to
an investigational PRI, SC55389A (Sm dt, 1997) . EXAMPLE 4 Using Site
Di rected Mt sideedoisel aleoCerobypes WNdtRe Rirneanes #sseeidtaft Wth
Changes in PRI Drug Susceptibility in HV. Site directed nutagenesis
RS st ance SPERLeFectdfl WP FhsTERALEAtAORt af AERGSEhel Mg }ER attifsh al one
and in comiguadtqBati t o0t Nere 28, SUbSLI t Uk ONS dd PR1A3R VI, Ak MO6L)
known to nodul ate the HI'V susceptibility to PRIs. Miutations were introduced
into the régiagsgaeetesst aeeiortwsi ndfhihe deyenddiorer tPORtest hod fidre
site-direct nesd s,; ar_.G,an 0 r 1999) Bi.ot echni ques
8(.4), 30 Sg%u %%Q%F%?sﬁlél%%le%siwsﬁ%glnclge%eé;]?v%g O%C%gég%oﬁé%lnﬁé"tse % hat
harbors a pritjeatBsr Ehileésyriattretsidel S00 hirdpwistaaaaremd. t he Dhaad _
Lﬁ@t ;;gte' ?3&%?8&0@6@?:%@ PRfLeas ROl L fLagmenl JF hUg, SNl NS e, entire
replication fitness measurements to guide the treatment of
HIv-1. This invention further relates to a means and
method for using replication fitness measurements to guide
the treatment of patients failing antiretroviral drug
25 treatment. This invention further relates to the means and
methods for wusing replication fitness measurements to

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



-llo- ,1 9 DEC 2003 5 This site was introduced by oligonucl eoti de-directed
mut agenesi s usi ng subsequent nutants were constructed by f of the wld-type
Apal - Rsrll fragnent vector with the . equivalent fragnment 10 respective
nmut ati ons. site-specific prinmer #9. Al ragment-exchange iﬂlﬂtﬁcpar ent
carrying the A resistance test vector containing the N88S 003
(N88S-RTV) was tested using the phenotypic susceptibility assay described
above and the results were conpared to 15 that of a genetically defined
resi stance test vector that was wild type at position 88. The pattern of
phenotypi ¢ susceptibility to the PRIs in the N88S-RTV was altered as
conpared tormisdihypatibA, HREvEABL XheOlnedh OLAES WhS€nYith de»rtp%éaarE&gr ound
(i.e. N88S nutation alone) the 20 N88S-RTV was nore susceptible to both
anprenavi r BeRLFF2ohani §1tes sinegsunenesds s gepidebltdet ¢ nealtiiemdy it

conpared t Wi control RTV (sge, Table 2). resista test
vect or con?‘z’a%%ﬁng (%]ﬁseé%%%s mit & flgﬁn% a %F\g WPt hz‘q%:'r{%ﬁﬁ'égP YRt g’fﬁ%o“ril’

(L63P- N88S-I-iphdmasi tesd £d (hsimag t heppbenosyps ¢ wUSEAPt | FWllahtiyri Assay

descri bed ahove and _the results were conpared to that of a genetically

def? ned resi®tBHte PERELVELT or Ct hAETHES widRF t yBRTRESPdEREESNs @man 8s.
The L63P- N88prdilagshwwed,decreased 30 susceptibility to both indinavir and
nel finavir and an increase in the susceptibility to anprenavir conpared the
wi | d-type control RTV (see Table 2). Thus it appears that the introduction
of a secondrmu aki,op, . L63R,od Al tioRe 15840: 4,9 PEG:2003 .5 19 088,
results in a reduction in susceptibilrty to neF%l navir and i AdiMaviT whil e
t he i ncreasirr sistcaptiirbirg trepild catpoen avipa ciis yregiont ai ped.i e tresiwitmance t est
velg(% or contcag ning the N38S nutation 10 along with the L63P nutation and the
V77 nut at i or{nlﬁ_%s‘lﬁ‘iﬂﬂ -N88S-RTV) was tested using the phenotypic
susceptibility assay descri bed above and the results were conpared to that
of a genetically, defi, resi. ce test, vecto at s.wld type at .
positi ons 63 and‘%? Jn%g:(}ggs%fégh%eeﬁ%%%arﬂ%? nilg%égprrﬁ §?95n§°5¥)1¥37?e]§§

posi tions, L63P-V77| -Ng8S-immy derovad ssemertasand napudodicabiori tgensd bot h
i ndinavir and nel fi nayio antoadt agnease in the susceptibility to
anprenavir conpared to the wild-type control RTV (see Fig. 5 and Table 2).
T it appears 20 that the introduction of a third nmutation, V771, in
addition to L63RENd NA&Sringstthes hbstaceedudtiomn (an ;susceptibility to

nel finavir and indinavir while the increased susceptibility to anprenavir
i's maintained. 25 The N885 nutation was also introduced into an RTV

cont ai ni ng addi ticdnahamyestisgs virpbsindwrisliesspizem Mabep( MIBL =nNb3P +
N88S). The RTV cont aiipifeetRubathegetahosheseinesi tions, M6L- L63P- N885- RTV
S aéved a decrease in suscept~h.ility to nelfinavir and a slight decrease in
3 usceptibility to indinavir and an increase in the susceptibility to
anprenavir conpdded measheingl cexppsesionn r off RIhe (Sedikagors gedeTabli e 2).

Thus it appears that ¢he hoheeduddionafy 2 il £&i JUEALT Qo M8k o Nbe
the indicator gene is dependent upon the
patient-derived segment;

25 (e} comparing the expression of the indicator gene
from (d) with the expression of the indicator
.gene measured when steps (a) through (d4) are
carried ocut in a control resistance test vector;
and
30
(f) normalizing the expression of the indicator gene

by measuring an amount of virus in step (c).



1 9 DEC 2003 -11z 5 addition to L63P and N88S, results in a reduction in
susceptibility to nelfinavir and indinavir while the increased
susceptibility to anmprenavir is maintained. A resistance test vector
containing the N38S nutation 10 along with the MA6L nutation, the L63P
mut ation, and the V771 nutation (M~6L-L63P-V77]-N38S- RTY? g\@gct ed
.using the phenotypic susceptibility assay descri bed above a t results
were conpared to that of a genetically defined resistance test vector that
was wld type at positions 46, 15 63, 77 and 88. The RTV contai ni ng

mut ati ons at these four positions, MG6L-L63P-V77]1-N88S-RTV showed a
decrease in susceptibility to nelfinavir and indinavir and an increase in
the susceptibility to anmprenavir conpared to the wild-type control RTV (see
Fig. 5 and Table 2). Thus it 20 appears that the introduction of a fourth
mutation, ¥{7luysk addibifn topLE3EL MIOL; 0 “@é?ﬁuéﬁéﬂl t&nédmBa L ELUCt i ON
in susceptibility to nelfinavir and indinavir whiTe the increased

suscept i bi $egpendsaerdived r fremmbiumeai et Aarésnst amdmatlesspeetesr

copt ai ni ng .yt ati 25 (LG3P-RT S, t.est usi,ng the phenotypic
su ceptibi?é?@ g§§§§ggegéfgggg'a%%&eé&ﬁdY%ﬁgqf€E§F¥§qﬁ%r%h%%%%%?gﬁsto t hat
of a genethenbéy, defitubdsyesastanne #6gs.vector that was wild type at
position 63. The pattern of phenotypic susceptibility to the PRIs in the
L63P-RTV was simlar to 30 wld type with no significant changes in
suscepti bipityehO-48£i ¥ELS wmed. cIhe L63P Y at heBrpBsagkso iftgoduced
into an RTV  -113- 1 9 DEC 2003 5 contai ning an additional nutation at
position \Fg$isYarce 63PsSY7 MDY sshovwetd aaBy i giit shveredseal pesnstepei bility
to.nel finayj [ . e w!ld-ty trol .(see_ FiQ. Tabl e
2§90 7o BT BEEnafkingtl Rty Bomil, L8, SRk P 18, Pa O

Char act er iratlhen 0%, FoT b6 Aci (IBBeofiatl dMidl Prbtiehieation oneurstvdpdi went of

this inventi nges in.the amno,15 acid at position 88 of the protease
brotein o A IEFE EEhehaibn Deteny ARe R BT A ey DR HRAF RO | o1 TRE (1)
col I ecti ng=;2aribDé PQi €8bnsAGP! & ifd o Hi Ve dodiiéecébed s@bj ediasdiilr '
eval uati ng whet her the biological sanple contains nucleic acid encodi ng

H V-1 proteaserhalAon aate0 aspsr ffthe ke seipaBldubackbeng: avdorhss |
(\88S) : angh {1 dd- &t £F & N RUSCEPIDI kit Y tQcRh Ot §gge § DPEOLLPLSe ( PR )
. The biologi cal sanple conprises whol e beod, bl ood 25 cOnponents _

i ncl udi ng pemehezdnimhonucl ear cells (PBMC), serum plasma (prepared
usi ng various anticoagul ants such as EDTA, acid citrate-dextrose, heparin),
ti ssue biopsies, cerebral spinal fluid (CSF), or other cell, tissue or body
fluids. | mmenghéreiemtrbdelt read, sthrehi: Vmdynbel ebtaiacidd B30 {mgenestitodRNA) or

reverse trapscriptas rotein can be isolated direct]y_fromthe biol ogical
sanmpl e or termcgltﬁcf‘ﬁé@%\ti o PH+RF r usPpar t9 Tt es f?‘%ir{fh’ec%‘fb?%gi caP* sanpl e.
Brgl uat i ngnydieg et idies aminQ-«xi,d @ty Pesekbalc88g patient sequence .
acceptor sites, as described below, at the ends of the
patient-derived segment to be introduced into the
resistance test vector. For example, in a gene
amplification method such as PCR, restriction sites
25 corresponding to the patient-sequence acceptor sites can
be incorporated at the ends of the primers used in the PCR
reaction. Similarly, in a molecular cloning method such
as cDNA cloning, said restriction sites can be

incorporated at the ends of the primers used for first or




-119- 1 9 DEC 2003 5 of the HIV-1 protease is nutated to serine, can be
performed using-various nethods, such as direct characterization of the
viral nucleic acid encoding protease or direct characterization of the
protease protein itself. Defining the am no acid at position 88 of 10
prot ease can be performed by direct characterization of IT'QEDEEZE{]F?SE
protein by conventional or novel am no2?- aci d sequenci ng net hodol ogi es,

epi tope recognition by antibodi es or other specific binding proteins or
conpounds. Alternatively, the amno acid at position 88 15 of the H V-1
protease protein can be defined by characterizing anplified copies of H V-1
nucl ei ¢ acFf8°BRCod? hiPRtthe T6t ea¥BEBREEET n.OTANER 13 c RGP Df SHRB HIY- 1

nucl ei ¢ achd;gar-BepRekf BrMpiaUSAg tRe¥akl 64¥d0br MELO0GOLOUMES | Lef fidi ng
reverse transcription-polynerase 20 chain reaction (RI-PCR), NASBA, SDA,
RCR, or 3SResThéchiechei ¢l be$ d ceaquencd rencpdiragell At ot éase mtinedon B8

can be determ,ne y direct nucleic acid sequenging using. various prinmer
ext ensi on-gﬁglhn (e)?m' ﬁ% i o’rrle‘f%lal:rlgej‘”r%acztd]o/nPE anggeﬁ S?%ﬁlee ne??%%e)'n‘g‘? chain
cl pavage (Merapramnd 2545 | hest prridiobhogi e sArgne@r et ¢ edeptrbyedesied oped
sequenci ng nmet hods such as nmatri x assisted | aser desorption-ionization timne
of flight FRREBPERERFIBP nRss BRELEPSABEF{VELeqieWB®iteene THeE® FEtens).
Al ternativebyisthacBUHRHC AEtthS£UHERERCREATGRGAHAT 3 agdgposition 88
can be evaluated using a variety of probé hybridization nethodol-ogi es, such
as genechi pCR§BEPE Adttiesn BEqUERT] AGPTABEPRRLAPR) ofl | Pt peobedextagd (Li PA;
Murex), an i ent,j_al ridi ! . Chi =1 0] -lls 5 1n
a preferr egegﬁ%gg%&k{&ofﬂ%{ﬁi g%i ﬁ\%%%%?%egvegf%éa% i 5h O EEF%%%%%?%% bit or
susecepti bi tesy madtot whethher ami no acid position 88 of H V-1 protease was
wild type or serine was carried out using a phenotypic susceptibility assay
or genotypic assay, respectively, using resistance test 10 vector DNA
prepared frogsiBeahiel egsealvasamy e médnHnen&mbedimdnnt ,vdd@oH asnacsanpl e
was col lected, viral RNA was purified and an RT-PCR net hodol ogy was used to
anplify a pakeBnttaihEsd §@§Eéh{1 NP drAEPY helhf Va1 Prbieakedantive@ver se
transcri pt i ' e; L) dgtg};aient ; hued seql e then
i ncor por at g‘g&m%ﬁg %&Al§i I%ga%?gﬁkg%ggbact eri al R%réfei%g%ggremti On,nel{%ffs%g\g%

i h8i cat or geae PriaraElregeci®r dekerébydgeimer@i | RgtantedNuwntaced 831, yett or.
Resi st ance .50l at f.r e risal |.ture, and the
phenot ypi c(%ﬁgégi{)??%%? y g\sgggfa\%gg%z c%e%:neﬁgogﬁ?gggégzéri et Li.i nlﬁxarrpl e
1. The reshétsbpf inherpheaaiedpiley susfepende) | by assaypdidime patient sanpl e
having an N88S nutation in PR is shown in Figure 9. The nucleigc acid (DNA)
sequence of#WB Pati eACEENFed HIVERS prot @’ﬁgglgﬁangever"s‘e t rahRIPPt ase
regions froam pahtedbr2heSamilgmeditd? ¥a8 dekertingd dsénamplfilfueessence
detection chain term nation cycle_ sequenci ng net hodol ogy (ABI/PE). The
nePhod wasCleREdt oSEUSERR PR Breoh3eh¥usimife| elRdberboseqi®ite YEPREsent i ng

the conbi natiegyof sequenggs of ke Xt Yeguehcll V- dcuaptapts gxieking in
the subjcc~ sanple 30 (representing the quasispecies), and to determ ne the

nucl ei ¢ achltergabhvelyof ai meisvstaalcey &isantvectRrirenGi s credric xrdotypi c
correlation of mufations at amn 1 DECZ? -116_5 i of , H V-1
Pr ot ease. ﬁen%typ?%:lés)has%%%ti P tyV%(r:g Tl eséysg grﬁ)at i ent é%ﬁ%?ggdanﬁysi te
di rect ed nmitearddushoypedptbhaknanprsatpidncesussepepboti t picesr eliattesl wat h t he
presence of the N88S . A . .

25 packaging vector, amplifying or cloning patient-derived
segments and inserting the amplified or cloned sequences
precisely 1into the packaging vector at the patient
sequence acceptor sites and co-transfecting this packaging

vector with an indicator gene viral vector.




10 nutation in H V-1 protease. Phenotypic susceptibility profiles of
patient sanples and site directed nmutants showed that a significant
increase in anprenavir susceptibility (decreased resistance) correlated
with a mutation in the nucleic acid sequence encoding the .amno 15 acid
serine (S) at position 88 of H V-1 protease. Phenotypic nghﬂ@bity
profiles of patient sanples and site difgected nutants sh d ion in
anprenavir susceptibility (decreased resistance) and a decrease in 20
susceptibility to nelfinavir and indinavir with the am no acid serine at
position 88 when the PR nmutations at positions 63, 77 or 96 were al so
present (L63P, V771, or MB6L) . 25 EXAMPLE 6 Using Resistance test vectors
and site directed nutants to correl ate genotypes associated with

alterati ons"Imﬁmt@ns@@ptiinuiilcatyx genh, Vi el dégawessed 30n LUSI frertase:

activity of dru r seven resistance test

vectors consé ruct ed§1‘ rorﬁfﬁ teetﬁna\}:l %151?3 tcP ahcﬁi o R0

mJt ation ragmezi7314) QrﬁQQQcB a huel1zild @il enlcddi® QJ GG, (D-E@;W € 3).
;gough these viruses also contain nultiple nutations in reverse

tr

scri pt &%, Rft o RIS sdhednt Siibdes t dizecdduct iogn ithraugdl fa t ness,
the data suggestiddali yé£ USESe OOt 2i RLRG LD S reldess fit
than wild type. To ?%nflrn110etﬁ€s oﬁser%at?%ﬁ?gthggﬁg%l8%%%3%5 xp§335|on
| evel for teh-@-SIEE eZQi]iQIECQIeclllrthtamf ree giestsaned lee sia vedehgth was ial sthe
exam ned. o] [ 8S as, the only .substitution oduced 15 only
1. 0% of the uci ?’éf?agﬁegac i vty i The?8bs¥hce "o “0F (?abﬁﬁba@ﬁe i s
reductlon\gfnemﬁﬁmaﬂnaﬁjéyspé&fﬂi@IEMAb&rthﬁAankthﬂr@f t g elf@3R og
substltutlo T19 ition of the conmbinations of L63P/ V77
397 300 or TRBHEH T8 Dop I AL e =08 LEIRNE7E - 2Ghi aheaL haEne

eqw val ent wori denCreasaiby elb@ttlaw%allﬁeltta%&a%%eact kHkt Y 1600 Ee%% tQn éh{j type
(163.9 and 75.6% respectively).” Wen the K20T substituti n was a
t he NB8S 25sRd&d odiGifeiraser afbher orfiomcorfisimatixampiiet, h Emommy
background J,gvglis of chuci f ctivity was detected Sequence ana si's
confirnmed %ﬁgraséenée of aggg?fgﬂ 6%u€g |ons éh Ormﬁﬁ: r% er
vect or i natptalnﬁef) ,Thabet hg. cardliinaphoA ofetbée wﬂﬁharedmd}dfﬂ&% sub.s:hlltluiel ons 30
cqrrelates $4 aSqvere defec% in fitness

5 P osph tase, green fluorescent protein and the bacterial
CAT gene which encodes chloramphenicol acetyltransferase.
The indicator or indicator gene may be functional or
non-functicnal as described in US Patent Number 5,837,464

{(International Publication Number WO 97/27319).

20
The phenotypic drug susceptibility and resistance tests of
this invention may be carried out in one or more host
cells as described in US Patent Number 5,837,464
{International Publication Number WO 97/27319) which is
25 incorporated herein by reference. Viral drug

susceptibility is determined as the concentration of the
anti-viral agent at which a given percentage of indicator
gene expression 1is inhibited (e.g. the IC50 for an

anti-viral agent is the concentration at which 50% of



1 9 DEC 2003 -118 5 EXAMPLE 7 Predicting Response to Protease Inhibitors by
Characterization of Amno Acid 82 of H V-1 Protease. 10 In one enbodi nent
of this invention, changes in the amno acid at position 82 of the protease
protein of H V-1 are evaluated using the follow ng nethod conprising: (i)
collecting a biological sample froman H V-1 infected subj®fEC 2803

eval uating whether the biol ogi cal sanpke 15 contains nucleic acid encoding
H V-1 protease having a valine to al ani ne (V82A), phenyl al ani ne (V82F),
serine (V825), or threonine (V82T) substitution at codon 82; and (iii)
determ ning susceptibility to protease inhibitors (PRI) . 20 The bi ol ogi cal
sanpl e conpjcsies, vho ﬁn@ R0 eflsoed EQWEHHEBE\%BPC' ugi B8 RELERNELRYe
nononucl ear cells (P serum plasma (prepared using varilous

ant i coagul efm:trs &eh w@mbidditdi cift rate-wextawse; vihephrdn)g cassbe

biopsies, r ebr i nal .fl CSF), .ar other cell, tissue qr hody
f1uids. né?’[elho Gan%%“gi Fedtr ‘# el(fﬂ r% nﬁﬁ%i t°actt h(eéenfbni'ﬂéJ Rﬁlﬂf?jor
reverse traraw:jamc&%e PLOREI Negieriie bgol piefl di ragtibynbie® t pethialogi cal
sanple or after purification of virus particles fromthe biological 30

safpl e. Evdiiudti iy RiHeter e has rbetaci%C%&V%s‘i‘IW ot B2 B rehedmngd 1
prot ease i 1At ek t Qe aa B@scpbﬁgﬁl AU, o AGYdiken . i d 4T pORLAE. can be

performed using various nethods, suc I rect aracterizatton o

DEC 2003 - mr@wmrigébhnucilealc decind momt@glq@r oteage dgcaigset in

characterizati J{ rot rot initself. 0.t he amin acid at
0]

position 87 ofa pr se ca élrf r?erd anygld‘i quetJharac‘f%IPFﬁﬁ?i o %f the

pr ot ease prsaicdi N Dy gzmwentsmﬁiax@ir rm—velwrmﬁ nanaAgirty Sespencohg more
met hodol ogi es, 10 eectope recognition by anti bodies or other specific
bidfdi ng pr GEEIF SIFFSUTEREnAS: dfndtisy S13fe (R it n o ¥Rt dt&epositti on 82

of the H VgkRr@alierse i akerBasan Qﬁsé@%t@ﬁﬂl?i{ychﬁr@ﬂ%' £i-BR agRkified
copies of H V-1 nucleiC acid encoding the protease protein. Anplification

15 of the MHiMel PRicits coabrdedanobbhpr foemedatsiay bivar pediptesf

met hodol ogi es including reverse transcription-polynmerase chain reaction
(RT-PCR), NASBA, SDA, RCR, or 3SR The nucleic acid sequence encoding HV
prot ease aftheodomt B2icah deudet dredingedadyedi tectthrickeist 20ysiceid seguenci ng

h { t ABl / P d
VS D1 o GenteeRl 7 o s SR B e e RER T PR BER) L HdHodBF g s o
nor e recenahyidevaliopetdgsequRicidignrld)odn e assevdfi KIuSpirsiedsleaser

desorption-ionization time_ of flight 25 (MALDI-TOF) or mass spectronetry
(Sequenom iBBARiEPISe SHRELIRINI ATEIHIEWEy, THEREPAYITei d1BERB2VdEquence

encodi ng aEK'eQQﬁ’a%'v‘irpOérici' aRp8engdirbe @ya) uated aghdd ao/aphekug@hgProbe
hybri di zati on met hodol ogi es, " such as genechi p hybridi zati on sequéncing

(Affynetrikpst] i s@ldmoba@t30 tdssayifs PRT Ma®ex)Sharklvi f péEent | gheir
h¥£YIdlzat%9Qng@Q EQB% w1¥h9 Qﬁc:ggg§stance test vector, at an

appropriate range of concentrations. HIV reverse
transcriptase inhibitors, including AZT, ddI, ddC, d4T,

3TC, abacavir, nevirapiﬁe, delavirdine and efavirenz are

added to target host cells at the time of or prior to

25 infection by the resistance test vector viral particles,
at an appropriate range of concentration. Alternatively,

the antiviral drugs may be present throughout the assay.

. The test concentration is selected from a range of

concentrations which is typically between about 8 X 107°



-120 5 In a preferred enbodi ment of this invention, evaluation of protease
i nhi bitor susceptibility and of whether am no acid position 82 of H V-1
protease was wild type or al ani ne, phenyl al ani ne, serine, or threonine, was
carried out using a phenotypic susceptibility assay or genotypic 10 assay,
respectively, using resistance test vector DNA prepared1fSOﬁE¢Qﬁ fiological
sanple. In one enbodi nent, the plasna %gnple was col | ect'edl,“%tr 03 RNA was
purified and an RT-PCR net hodol ogy was-tised to anplify a patient derived
segnent encoding the H V-1 -protease and reverse 15 transcriptase regions.
The anplified patient derived segnents were then incorporated, via DNA

ligation a b er| tr formation, into an i.ndicator gene viral vector
t her eby ge?ulglr aﬁ%gagglﬁgsi S anac%dténé’fevescqeocrl.talﬁép’s]iqéia 15 Fgﬁh VREt 5PCDNA was
i sol ated ffomltidngactiengat 20agui hav £r And HdieaRNRENO0t YR G jHusaePt LRyl ity
assay was carried qQut and anal yzed as described in Exanple 1. The nucleic

aci d (DNA) 2ERGEERYE Tof HHP8 RRIENt 2dér Fved HWL 1tr aberse larkd Wdvende
transcript 283@oh@9HenNs rwes 2Bodet 8r gi pedyusi Lhuonescepce detection- .
chain term nati onlcycl e sequgnci ng mnet odo:u@gg/:%( REFJ%ISE)% (Hil'ﬁ'e met hod was
us@d to deternmne a consensus nucleic acid sequence representing the
conbi nati on_of nc of. the mxture of. HV-1 variants existing_in the
subj ect sa?r{)ll &n %%%%epes%soeciﬁn}eﬁ]g t%’é ghégi SPEERELPR afy ‘f%n%e?%??ﬁ %Blt he
nucl ei ¢ acadtsequencesadf congiovinduals vaeseed s inCemet Yhesn & §paPaliyagd as
lists of am no aci,d,flfferences between virus in the patient sarnple and a
reference PHBGPREGPYIITY @ngEcrespstance dast gpping Hhe 1remigtance

Genot ypes aaQtCOéeegeoagﬂﬁgiQDEQOPgpﬁgviﬁgLQ-ﬁQ@QQEOL“afCéQdXﬁLgéskoare

entered in a relational databasé |inking These two results w patTent
i hPor mat i on. SEALPE - dEbasezrdEdat ehent beinst entrhpound oirs patidedt twi the

sanpl es sharipg i cylkar._character.istics, 10 such as the presence of any
gi ven nut a?%l(s)ﬁ, sggE%%nE:tngﬁ %%p(?fotpﬁrru ag‘ﬁ o I Orfeja‘ﬁ%ré%e%%%gb??fbi PPy to
any drug oztcdiei natdrmfeaftidimigstepa) RiDieaseivdlPj t abreusgept i bhkity of
viruses 15 cocgtgi{ji ng Fut atigns at am no acid 82 of H V-1 Protease.

Phenot ypi cC2USEEPL T bF P F Y HP of FPRECYRA7 Baya R e SHgh L% atprasdifnth

cont ai ned &n L RtaDNcanppasit iRy 8Be (Y@2AedF irS c8hblhatPBh NE Gt ek
primary nutations, were 20 anal yzed. According to nost published

gl del i nes?PRERYCYi fULEEIERE SXpECIBEN PDherElsi dednt i A6havBES,
nel 1 navi rap g DaY1 G180t 380U A r oHIWEYCler 0% 20% 238030, £3% Of
t hese sanples were phenotyplcalfy susceptibl’'e to these four “profeasé
i nhi bi t or SE12%&¥esHect tpdipaydde Tabebfshpavihus, greprdraniar)y foar iadi navir
and saqui nayj ers; or rrel ation between the.presence, of
nut at i onsqgl%/ %%%%@i (;ﬁu aﬁ dpﬁgesrﬁggégti 5? Pt"?.a%ogfb?irc’ndﬁﬂggi r&s
suscepti biddefooir vandisBBT€dN8 ai NnThe edfRictdiviears sofoMuiled | ©a8dakta 881 NO
id 82 and .one. s CO”‘E{I% mut atijon in H V-1 Protease. Indinavir resistance

ia# vi r useSS ohtai i Mt it ufted PY FeRswgyg -4 expression or

inhibition of the indicator gene. In another aspect of
this embodiment, the drug susceptibility and resistance
test may be used to screen for viral mutants. Following
the identification of mutants resistant to either known
25 antiretrovirals or candidate antiretrovirals the resistant
mutants are isolated and the DNA is analyzed. A library
of viral resistant mutants can thus be assembled enabling
the screening of candidate PRI antiretrovirals, alone or

in combination. This will enable one of ordinary skill to




5 position 82 was evaluated with respect to the presence of other specific
mut ati ons. Decreased indinavir susceptibility (fold-change in I Cso greater
than 2.5) in viruses containing V82A, F, S, or T but no other prinmary

mut ati ons was correlated with the presence of mutations af 10 secondary
positions. Reduced indinavir susceptibility was observed 9B 200B! es
contai ning nutations at,.both positionsg,29 and 82 (1000 and |n 27 sanples
with both 71 and 82 (100s) (See Table ). The conbinati on of nutations at
position 82 with nutations at other positions (e.g. 54, 15 96, 10, and 63)
al so significantly increased the proportion of sanples that had reduced

i ndi navi r |b|| (c a navir usce bi

vi ruses c&%%%?ﬁ?%g Zdé%%% i né%loééiof %ﬁ?agloﬁgvé g 5E5% d§§%§HH one
secondary eridett ove | pheddpdutt ot sapigueriagui navir resi stance in viruses
containing nmutations at position 82 was evaluated with respect to the
presence of other specific nmutations. Decreased saqui navir 25
susceptibility (fold-change in 1Cso greater than 2.5) in viruses containing
VB2A, F, S, or T but no other primary mutations was correlated with the
pr%sence of nutations at secondary positions. Reduced saquinavir
susceptibility was observed in 9 of S sanples containing nutations at both
30 positions 20 and 82 (80% _ and in 8 of 11 sanples with both 36 and 82
(730) (See Table 8). The conbination of nutations at position 82 with

nmut ati ons at other positions (e.g. 29, 71, 59, and 10) also significantly
i ncreased the -123- 1 9 DEG 2003 5 proportion of sanples that had
reduced saqui navir susceptibility (Table 8). (d) Indinavir susceptibility
of viruses containing conbinations of nutations at am no acid 82 and many
10 secondary nmutations in H V-1 Protease. Indinavir resistance in viruses
containing nutation s at position 82 was evaluated wth respect to the
presence of a defined nunber of other nutations. Decreased indinavir
susceptibility (fold=change in ICSp greater than 2.5) in 15 viruses
containing VB82A, F, S, or T but no other primary nutations was correl ated
with the nunber of nutations at secondary positions. Reduced indinavir
susceptibility was observed in 100% of sanples with V82A, F, S, or T and at
| east 6 ot her secondary nutations (See Table 9). The 20 proportion of
sanpl es that had reduced indinavir susceptibility increased significantly
in sanples with V82A, F, S, or T conbined with 3 to 5 other secondary
nmutations (Table 9). 25 (e) Saqui navir susceptibility of viruses containing
‘conmbi nations of nmutations at am no acid 82 and many secondary nutations in
H V-1 Protease. Saquinavir resistance in viruses containing nutations at
position 82 was evaluated with respect to the presence of 30 a defined
nunber of other nmutations. Decreased saqui havir susceptibility (fold-change
in 1Cso greater than 2.5) in viruses containing V82A, F, S, or T but no
other primary nutations was correlated with the nunber of nutations at 1
9 DEC 2003 -129



5 secondary positions. Reduced saqui navir susceptibility was observed in 60
to 76~ of sanples with V82A, F, S, or T and at |east 5 other secondary

nmut ati ons (See Table 9). The proportion of sanples that had reduced

saqui nivir susceptibility increased significantly in sanples with 10 V82A,
F, S, or T conbined with 3 or 4 other secondary nutationsj @T86Ce?043.
EXAMPLE 8 Predicting Response to Protegge Inhibitors by 15 Characterization
of Amino Acid 90 of HI'V-1 Protease. In one enbodiment of this invention,
changes in the amno acid at position 90 of the protease protein of H V-1
are 20 eval uated using the follow ng nmethod conprising. (i) collecting a

bi ol ogi cal sanple froman H V-1 infected subject; (ii) evaluating whether

t he bi ol ogi cal sanple contains nucleic acid encoding H V-1 protease having
a beuci ne Thenettworiumee,(LIONE subpsiet windongateciodorl@ierarsd 2% (the)
determ ni ng. susceptibility to protease inhibitors (PRI). The bi ol ogical
sanpl e con%%?%%%%ﬁ’:‘;‘ﬁghm%%l&,d %oﬁeﬁBﬁ%othFbe' A di%‘bs‘b%??’plﬂbié y
nmononucl eagn@eldess i(skBMEE, 33tSesaMhpbasiehRieRaredhlusi BY kHdwSto

anti coagul ants such as EDTA, acid citrate-dextrose, hepari ni, ti ssue

bi opsi es, eREeltfal CEPiNEHY kiYL (EBF)theorabt her Ielis vFsiué dro bblg
fluids. | : pbogi | V (G, acl - S C . zoos
5 (genom QPBRQN%B%% ?everisgéreﬁ‘é%égf?g’t afsée_r B%j%lt |l%'c§néjbuen?és§%?x\é% Elqugect |y
from the blofegicvallesanpl @ aretafdwrrysurids caeldn asf whe usiparlt i géessfrom
the biological  sanpl e, Eval uating whether_ the am no dilci d, a# $'os'i“ti on 90 of
the H V-1 PFOTRASE i s*Rit at E§-F8VHELRI onimFEC Ean BEM0 pEt oY bt b¥i ng
various nmekdogdsvissthy as idifeetleachacarieri zakdon 0f mhbpbvanhal nugkesc acid
encodi ng protease_ _or direct characterization of the protease protein

itsel f. DefPRFAYPLRE anfhBlatddREfS g&sPMEon FBeofigiusteatlerddsd beiplr f or ned

by direct ghaegacladpealdQfedlirdile (RhOLRASR Rl e RLrconMeqy | ppal or

novel am no acid seguenci'ng mnet hodol ogi es, epitope recognition b
ah®i bodi eshest ot Kangepeeffi énbendiingtp) ot ertitaghegonpounds. ¢¢lbubari vely,

the am no @g%%?@grpoﬁtiﬂ?? ?gpdfgsrwe rﬁgr%{b%ir%r ot ease oI ot&iaic]l cagobebgefi ned

by 20 charac 'zl ng anp copies 0 1 Nucleit ati'd encodi ng the
prot ease pimfecned Anplifiafedt on mfcdpiemM Veindimdei ¢ taed d eamule pesf or ned

using a variety of.nethodol ogi es including reverse transcription-polynmerase
Chain [ enciIEr TR By SRASHACepREaRaRs o By SRS PRSI Eh ¢ BoPY

sequence esgesth Ngsihll ¥Epraieasssat «adon 9giearbesketesniyeg e dihect
nucl ei ¢ aci d sequenci ng using various prinmer extension-chain termnation
(Zanger, ABIFPEANP N dithl EN&enBFdgysor BRI Y Vatage- FARSEFIBRASE | bert)

met hodol og}&Fe Q1 4BT Lo £ £660E | YndeyR! aped, B0-524UgRELAT RS tRHERsas
matri x assisted | aser desorption-ionization tinme of flight (MALD -TOF) or

mass spectebrebey degbdaentrpndede DNfager Syistuais)a  Avnsheatisvelhatt he

! o102 FEAUBIC RSO SO Sk T SR04 chchnBakl o 20

as genechiypiralhybRNdi.zat i omheequeéachbhg-§Ataydedri ONA | | peopriains assay.

(R PA Mirex)se &nchdly Fenenslal vy 4 2at LN (&P Nhe nost 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. Cn
their way out of the infected cell, core particiés move

30 through the cytoplasm, attach to the inside of the plasma
membrane of the newly infected cell, and bud, taking with

them tracts of membrane containing the virally encoded



10 In a preferred enbodi rent of this invention, evaluation of protease

i nhibitor susceptibility and of whether, am no acid position 90 of H V-1
protease was wild type or methionine, was carried out using a phenotypic
susceptibility assay or genotypic assay, respectively, 15 using resistance
test vector DNA prepared fromthe biological sanple. In qngm%ahfent, t he
pl asma sanple was collected, viral RNA6Wwas purified and an x

met hodol ogy was used to anplify a patient derived segnent - encoding the

H V-1 protease and reverse transcriptase 20 regions. The anplified patient
derived segnents were then incorporated, via DNA ligation and bacteri al

t r ansf or materore ldpdt o Grydapdiccatior geme vipraldueéct or tHersbycgeher abifng a
resi stance .test vector. Resistance test vector. DNA was_jsolated fromthe
bact eri al &ﬁ’lef & 9%5 and t he® pietot ypi P RUSTERI B i t y5RRAGTWRELEBr ri ed
out and analpuzrd aas gsafiirhed kBsEXBIP! eadd Dhedimg! ei ceg&h s (PNAR1gequence
of the patient derived H V-1 protease and reverse transcriptase regions was
30 det er nmi PEELUSINGY X R @Ré8cafcenEeEeEPR oFPESRAET- t er mi nation cycle
sequenci ng met hodol ogy (ABI/PE). The nethod was used to determne a
consensus nucleic acid sequence representing the conbi nati on of sequences
ofiot he 1 TheDBEC 20D3RNA2ENG, maxt v ere@$utt V- thy apiravtisaéxiBNA ngncondehe

subj ect sanple (representing the quasispecies), and to.detern ne e

nucl ei ¢ aci®V&é enccéss_oq‘cql%cﬁ vi%&ﬂ‘eﬁi am& @5t yﬁ’égaé‘r e Hal %E‘Sd as
lists of aghieeacifdldiddnpenaes ket when Wiraus Jitddhe-pati emte saphienand a
reference | aboratory 10 strain_of H V-~ NL9-3. Cenotypes_and correspondi ng
phenot ypes RNPoICLEREFgENENVEES PAPHRESTL afe thE ef ed®PA- a RePaifrakare

dat abase | i,nki g +ligse e rgaul§ s L patd enta ¢ ntgemati ol g LaF ggpdat aset s
can then be assenbled from patient virus sanples sharing particul ar

ché&r act eri priogg rals gewbmas ashe tpeeseemendf imnyrgivegsenutasnearibed.

conbi nati on_of t ant or. reduced .susc jbility.to a ru r .
conbi nat i oft U5f" gi? uc}soz %‘(hae) Pr o]f%arsoeuirr?ﬁli gip%doﬂlseussc%%?i%?%(??ypg?&@fg% i9es 20
cont ai ni ng stttkat | rise ateafbdrali Ui H6cptlél YeduPreseade pPhesetypi of
susceptibilit rofiles of 58 patient virus sanples which contai neg a

mut at i on at"ﬁ}y "t on $UKY . DUERSRGERBE pri M@SFHUtati ons, WePE

anal yzed. Aggandipug-2feddnd@st pulNashed piivaRida10s, SUGho V) £ HEGS rake
expected to be resistant to ritonavir, nelfinavir, indinavir, and

s&Qui navi r tTROREFEP La884L SoatL 591 endAd neAyrdftt hiiRe S s ATk GeFe and
phenot ypi calyl v+ cept LhLeyt h f r i npi bit tively
(seo Tabl o8 TS EOs b art Pat BE TS Fhr L e n e Ry e er e
was poor cdépereltitei greroeingdam tdie preseasemdé RiRattionsheit ipbegriasived and
drug Susceﬁt LB LLY e 12 SovgirgalDECDﬁg‘??’. 5 (b) 44 ”%‘éﬂ!alsusgﬁ%' %?lel ty of
vi ruses contarl ning- corbi fations of nutations at  am go acid 9 an& ne ~
secondary guyabtpeatennH ¥at, Pist eageiréddfoavvirabsastaobmenh tor ghes
cont ai ni ng myt tioné at ' position 90_vvai eval uated wth resEPect 0 the
pPesence oPP#BIEERER <HACh f PRIMASH | SAE2 D8R d i ntRRESi PxRus® bility
(fol d-changeahBck G50 8heat el thad ZeBvd ting I USRS t&¥H,al Niskg L3ANV1kigE no
other primary nutations was correlated with the- presence of_ nutations at
secondary p&3peprehivaReltcetihphdiGidyiyeBiscept PRARLEFendhobiereed of

transcription o¢f the integrated parental provirus.

Typically, replication-competent (non-defective) viruses
30 are self-contained in that they encode all of these
trans-acting factors. Their defective counterparts are

not self-contained.



15 in 17 of 19 sanples containing nutations at both positions 73 and 90
(89% and in 16 of 18 sanples with both 71 -and 90 (89%) (See Table 10). The
conbi nati on of nutations at position 90 with nutation at position 46 al so
significantly increased the proportion of sanples that had 20 reduced -

i ndi navir susceptibility (Table 10). (c) Saquinavir susceptibility of
viruses containing conbinations of mutations at am no acid 90}EOQ0ehe
secondary nutation fn H Y-1 Protease. 25&aqui navir resistance in viruses
containing nmutations at position 90 was evaluated with respect to the
presence of other specific nutations. Decreased saqui navir susceptibility
(fol dj-change in IgSO reater than 2.5) in viruses containing L90M but no

ot her” pri mar jnr'ruft fi ondShaP30acoPiR| atigthsni t buche Ps eseneRfariitiatons at
secondary poSiride®dttanl i nayi [, susceptibility was observed in 15
of 19 sanpl es cont ai n:aﬁglgcrru%?)aetsia%#sga‘fy%lcﬁ ha‘b‘gsi"ff% s9?3eandegoigro)fand in
14 of 18 sanpPé§akiion bbs husefand to 1t9eDESr 2008ce 1233 5t 90 (18%e(See, Tabl e
11). The cor‘rt%ih@atliggc% nut]gti ns at position 90 with nmutations at ot Her
positions (e.g. 77 and 10)°%l sB'si §RitEiYcaRePy olkr szl tved Ipr opdiitiean of
sanpl es t hat Read iredicad oFagupvnadds G i bili Taple_1). .10 (d)

| ndi,navi r sugﬁeptj bility of viruses (S:é(;{ﬁtlgip%]i Jgﬂé{%%ﬁ%(i(lﬁg ?oﬁ?‘)“%?‘a'ﬁﬁt at iléns at
ani 18 acid 967&nd* s seébnddiey filtati onep il YeplRecakaase. i 4 Nihaavi r

resistance i BoMvEHSESHCQRRL aiy n tations a osition 90 was eval uat ed
with respect to the p?esenceﬁgofgséyn%‘g?llﬁje‘a ﬁﬁﬁrﬁgﬁ-dofcl&tq'i‘é?r PAR adl k6 HNA)

Decreased i nHPn&¢Velsnsdpptaliisleid yoif @l ¢l- DhANGecLBNRESO OF LAl %rggggg- 5)
in 20 viruseghEont glcgpgg L9QM.but no other primary nmutations was correélated
with the number of nmutati SisPal ftontardepsspti dmdedratliceivéndiaatist,

suscepti bi | i iyveaeenbsemnpedtiBn13% of e S MR i.t.h 190M and at | east 5
other secondary nutations had (See Tabl e %.i Iﬁglgiré(;p%rrta%cﬂ 6¥nE§e§éﬁpl es
that~had redtided THAFNEDI CLsustepPNBi Isnds i ncleaset: skgabhicantdy, | Bhe
sanpl es. W tdcdM gonbitned s ik 3 ok .9 her . secondary nutations (Table
12). (e) Saqgui navi r suscept oi tey O?Dyvi (rahs?eshggﬁt agﬁ ngP3OYEBRBFAat FBns of
SRR A Rl Mo e Bl e DS e
eval uated with Tespect to tmg’iﬁrxéesa(e)n‘gé{gf pgrQLtEQi‘DEEHZDFJ‘Be viral core.

The third step involves the synthesis of the first

20 negative-sense DNA strand by copying the pregenomic RNA
using the virally encoded P protein reverse transcriptase,
The P protein also serves as the minus strand DNA primer.
Finally, the synthesis of the second positive-sense DNA
strand occurs by copying the first DNA strand, using the p
25

protein DNA polymerase‘activity and an oligomer of viral

RNA as primer. The pregenome also transcribes mRNA for

the major structural core proteins.



-130 5 a defined nunber of other nutations. Decreased saquinavir

susceptibility (fold-change in ICSO greater than 2.5) in viruses containing

L90M but- no other primary nutations was correlated with the nunber of

nmut ati ons at secondary positions. Reduced saqui navir suscepf@b@t@hﬁwyas

observed 10 in 100 of sanples with L90OM and at |east 5 other "s y

nmut ati ons (See Table 12). The proportion of sanples that had reduced

saqui nivir susceptibility increased §ﬁgﬁificantly in sanples with L90OM

conbined with 3 or 4 other secondary nutations (Table 12). 15 EXAMPLE 9

Predicting Response to Protease Inhibitors by Characterization of Am no

Aci ds 82 9 f, 8l.V-1 Pr.otease. 20 I.n.one enbodi nent of this invention,

c%hnges i%ﬁghquﬁﬂﬁgug idfgf”boéﬁF?En Sglgﬁ&rgéeéf CRELBLBt e&Se ph6tein of

H V-1 arevavalouat eceatsimng dhe Hoktowengsmpbhed GRRPTHSI NG (1) ¢fklecting a

bi ol ogi cal sanple froman H V-1 infected 25 subject; (ii) evaluating

whet her t ARBVBPSRGGi-calt tsafprete dntandedntiel becaadi dnehuotiag H V-1

prot ease- having a valine to alanine (V82A), phenyl al anine (V82F), serine

(Vv82S), or threonine (V82T) substitution at codon 82 or a leucine to

met hi oni nBeatogsgsi tion 90 (L90OM; and (iii) 30 determ ning susceptibility

Bg pr ot ease th%gktors (PRI%. The bi ol ogi cal sanple conprises whol e bl ood,
“ood congBHéﬁ?s FndPU8i H3SpEFtpheral Aononucl ¥erakeV®SEQIPBMD), -131- 1 9
DEC 2003 %rageuiibnpl ASGRLOAEERBRET USI NG Vadh Qhis: bt | Saal G S) such as
EDTA, acid citrate-dextrose, heparin), tissue biopsies, cerebral spinal

fluid (CSHRdbFagPRe¥eRR®] |, tissue or body fluids. In another enbodi ment;

the HHV-1 nucleic acid (genomic RNA) or reverse transcriptase protein can

be 10 isolated directly fromthe biological sanple or after purification of
,virus particles .fromthe bio]ogical sanple. Evaluating whether the am no
%id at position 82 of the H \{1 protease is nmutated to al ani ne,

S enyl al ani ne, serine, or threonine or at position 90 to 15 nethionine, can
be perf orrvedl et ony Geareé olisraet hedsor such as direct characterization of the

viral nuc]eic acidlgpcoqhgg?frotease or direct characterization of the

prot ease PrtEIHPHEwdi9n tHPRRY tHRALFR T 2#9RF)at positions 82 and 90 of
protease can be performed by direct 2p characterization of the protease
protein by conventional or novel am no acid sequenci ng net hodol ogi es,

epi tope recognition by antibodjes or other specific binding proteins or

npounds. Alternatively, the am no acjd . ifion and 90 of the

{fv-l prot ease protein can be P5 defihtdpﬁélgﬁgr%% %??g%ng anplified copies

of H'V-1 nucl eic acid encodi ng|the prot easeeptot esitednplification of the
H V-1 nucleic acid can be perfprmed using a variety of nethodol ogi es

i ncludi ng reverse transcri ptioh-pol ynerase chain reaction (RT-PCR), NaSbHA,
30 SDA, RCR, or 3SR The nucl ejc acid seppeneet-efwoiveg H V prot ease at
codons 82 and 90 can be determ ned by direct nucleic acid sequencing using

various primer extension-chain'termn nati%fPt&er, ABI/PE and Visible 1

%5 DEC 2003 l

Resistance Test Vector

(patient-derived segments + indicator gene)

30
Host Cells

Packaging Host  Cell - transfected with packaging




-132 5 Genetics) or chain cleavage (Maxam and G | bert) met hodol ogi es or
nore recently devel oped sequenci ng net hods such as matri x assisted | aser
desorption-ionization time of flight (MALD -TOF) or nass spectronetry
(Sequenom Gene Trace Systens). 10 Alternatively, the nucleic acid sequence
encodi ng amino' acid positions 82 and 90 can he eval uat el $iEfo2g)3variety
of probe hybridization nethodol ogi es,_gych as genechip hybridization
sequenci ng (Affynetrix), |ine probe assay (Li PA; Murex), and differential
hybridi zation (Chiron). 15 In a preferred enbodi nent of this invention,
eval uati on of protease inhibitor susceptibility and of whether am no acid
posi tions ggpgggsggnoéeggg%% protease was wild type or al anine,
phenyl al anine, serine, or threonine in the 20 case of position 82 and
met hi oni ne at position 90, was carried out using a phenotypic .
susceptibilit ssa r genotypic assay, respectively, using resistance
test vect oéef)iﬁgﬁ?%%agga f MEMHe HA53! defildal ~ sanBREkapANgnd oSy ot Fent |
pl asma sanpten¥esceod | wetRda ¥isale ANA Wass 25, urd,f i ed and an RT-PCR -
met hodol ogy was used to anplify a patient derived segnent encodi ng the
H V-1 protease and reverse transcriptase regions. The anplified patient
ived s t i ncor por.at ed, Vi lLigatign _and bacteria
?ﬁgnsforn:g$§%%§i2§%$hnﬁggéipatd$ égﬁg VFF%? 5%?bé%%o%“?ﬁ8?8§y g%né?ating a
resi st ancer¢ebstamce ortesResiveranee tesalveeirari dINA pesdugehatied fiwun the
bacterial culture and the phenotypic susceptibility assay was carried out
and anal yZee HE HeSTribey ﬁp%c'i&% ¥ 1cell 1 9 pEC 2003 -133 5 The nucleic
acid (DNA) sequence of the patient derived H V-1 protease and reverse
transcri ptase regi ons was determ ned using a fluorescence detection chain
term nation cycl e sequenci ng net hodol ogy (ABI/PE). The 10 nmet hod was used
t{o5 determ ne a consensus nucl eic acid sequence representing the conbination
of sequences of the mxture of H V-1 variants existing in the subject
sanpl e (rcpeesteheneg Taet jVestspeci es), and to determine the nucleic acid

sequences aleL0dduel oS Colapes, do o coonalvaed as late of

am no acid erences ween viru

| abor at or ytsitemi n tafgetinérl, bMbA+3inCenpliypesANdREAr I eSHAPEL HOnghenot ypes
(fold-cha@?e Jjn 1C50 values) are entered in a relational database |inking
these two FESUFS SR i1 Tht PEAMERS | Hir At i1 9ahYe 98P&set sIRarthen be

gesenbl ed dasum pinéi@Nth¥i EBSi SRARLES ceBAr bBE B2 oripralseCh AL S S i Cs,
such as the presence of any given mutation or reduced susceptibility to any
drug or cdffi MRTRE FhARAEL PG IR bt saaEdi iy R cqrtidingd yiof

viruses copdl fbogouball At aly AUAL AU B2 a0 38 Al V- A S 0L ease.
Phenot ypi ¢ susceptibility proff?es of 33 patient virus sanpl es i'cth
cont ai ned Snat o Hits tpusdd | ORSLEX{AMBPA, cBppBisongTmared 8hahlLAM, but

no other[ygrgg tatiLons, .3 re anal yzed. According to nost published
gui del i nes, csucrr)q ?/:Tur ﬁ%£2r5?8 )?\;,)\ﬁ]cetr?&nt d He? rE?F%Féﬁcho YEStonaRf TOF
28 fi navi rsysteti nafor , patpsagsi nayi r clhpneyer bud% and A tHdeses sanpl es
wer e phenog%Picaluy susceptible to 1 9 SEC 2003
uriderstood to be a resistance test vector. The DNA or RNA
of a resistance test vector may thus be contained in one
or more DNA or RNA molecules. In one embodiment, the
resistance test vector 1is made by insertion of a
30 patient-derived segment into an indicator gene viral
vector. In another embodiment, the resistance test wvector

is made by insertion of a patient-derived segment into a

packaging vector while the indicator gene is contained in




-134 indinavir and saqui navir, respectively (see Table 6). Thus,
particularly for saquinavir, there was poor correl ation between the
presence of nmutations at positions 82 and 90 and drug susceptibility. 10
E3CAMP7JE 10 Measuring Replication Fitness Using Resistance Test 15 Vectors
A nmeans and nethod is provided for accurately neasuring a}ng [g@rzﬁ@ﬁci ng the
replication fitness of HV-1. This nmethod for neasuring repl t fitness
is applicable to 20 other viruses, includsng, but not limted to :
hepadnavi ruses (human hepatitis B virus), flaviviruses (human hepatitis C
virus) and herpesviruses (human cytonegal ovirus). This exanple further
provi des a neans and nethod for neasuring the replication fitness of H V-1
25 that exhi ki t seceddcededtdy Sysaepbkbinbiéy 40 HAWEESROLT agsKEl PEASE
.inhibitors and protease inhibitors. This nmethod can be used for measuring
replication fvlef:ﬁ8§s fOrS ct¥ft hazgides 'Watimfithidesriyest seoment'eptefatson,
i ncl udi ng butondnd i Bit I rat.l ir b} » ang _virus
attachnment and entry. Rgfgjlritega{{%éntgf ?%Hgggttgegtﬁs%ag?%%ca#%eec %ﬂt lfé’inhgathe
“means 1 9 PEE12DO3 uB3BC5 ardimetshodsahs; plfemot ypianpdreyg suscepiidility
and resistan s descrjbed in US Patent Nunmber 5,837,969 (International
Publ i cati on %Igﬁbgﬁgvﬁ%ﬁ 7099 Sthi Eh TR ﬁ@?‘éBﬁzoPnd%ﬁ:ﬁrMWQ%‘?%‘P%M&
10 1A these exXperipeptbaphbh eni- (et Ma -SRETRRIES) s &gheesponding twi the HV
pr ot ease and verse transcriptase coding regions were either

.
patient-deri 9@% S&grfiR SR tetYe PHY  { FldvhlevRF 82 e AnEpinpriianlp RYMer ase

chain reacti gpes&hbod o RInPCRL1YSI NG \j I 1 s0) a 5 fsomviyal
particles present in the serum of HIQEV-I m?ﬂé%t él%gil v%gggﬁis "E)Orn?/\rfeurcef%{ ants
of wild typeCttiFa mEH)by serendiorectetenubagehpsifsl wifdsa par entdcteéone of

resistance t - or Resistance test vectors are also referred to as
~~fitness tegfb\‘/%lg]tg%is" q\iﬁ%ﬁ %se‘?jl]f%fzéegwgf%atles reBF’l{zﬁé{]?%n 4%5‘?1%'%]33.’

| solation of fymad RAALems perfordwth irsed ovisdhndarnh PReed ahd 6ifs
RNAgent s Totglllr(BNAhI soll$ti on Syste Pr om_sga, Vadi son W or RNAzol,

Tel - Test, Frrendswood, ~TX S/ TIE R PERE pof B oft St kidziased thed b 3t eps.

A retroviralmieieus e ndmberansCr bt 388e § € tol-o MUMRNEY INLY) L RYRLSE the
transcri pt as?e%f Roche Ml ecul ar Systens, Inc., Branchburg, NJ), or avian

nyel obl ast osTSSFT 1™ ( AlV) MAisms 1 dRscEpptase; (BoBR i rgerm Mehnies n

| ndi anapol i ssedintnap-Hsed t9 SAPY ¥k kak Lk o DNA was. t hen
anplified us?%% a 30 tﬁer nost abl ngﬁﬁh%gEﬁéﬁ\aggL?é. Qgﬁ“‘i‘ggg( %orch"Telréll

. Mol 8 ul ar  Sy3RRéENGRing Br armstfowrmpdudd) | (eTigh , ( Rophe tiingc wlhart Systiens,
I'nc., Bfancm%gébt"Q%1aﬁ*£H§§Y9?r$158L35?d %Egnkerhlaghn%tgoggg %&%%1
sequence™ as used herein refers to any nucleic acid

sequence (DNA or RNA) with functional activity such as

enhancers, promoters, polyadenylation sites, sites of

25 action of trans-acting factors, such as tar and RRE,
packaging sequences, integration sequences, or splicing

sequences. If a drug were to target more than one

functional viral sequence or ‘viral gene product then
patient-derived segments corresponding to each said viral

30 gene would be inserted in the resistance test vector. 1In
the case of combination therapy where two or more
anti-virals targeting two different functional viral

sequences or viral gene products are being evaluated,



5 Thernus brocki anus, Bionetra, Gottingen, Germany)] or a conbination of

t her nost abl e pol ynerases as described for .. the performance of "l ong PCR'
(Barnes, WM, (1999) Proc. Natl. Acad. Sci, USA 91, 2216-2220) [e.qg.
Expand Hi gh Fidelity PCR System (Taq + Pw), (Boehringer Mannheim 10

| ndi anapolis, IN) OR GeneAnp XL PCR kit (Tth + Vent), (Rochel § DEC 200

Mol ecul ar~Systens, Inc., Branchburg, Nl)lg. _ PCR6 (Table 5, #1) is uséd for
reverse transcription of viral RNA into cDNA. The priners, Apal prinmer
(PDSApa, 15 Table 5, #2) and Agel primer (PDSAge, Table S, #3) used to
anplify the "test" patient-derived segnents contai ned sequences resulting
in al andxﬁggl Ecoani Jd i el i d.Ln b s _qf the
PCR%Broduct, res%ﬂectivel‘ilé.cp;go ﬁqﬁ:esgs&(%%rs‘%%ée%?%% F%c%?ggrg%pﬁgqﬁ?gﬂ )
"test" pati enmtraler$ @ seynent sl el egeoasproadted asudldsbei hedeirmedUSnPat ent
Nunmber 5, 837,464 _(International Publicatigpn 25 Nynber WD 97/27319 see
Fig. 1) using@n’ ﬁiﬁ?%q%ﬁj?ﬁé&pﬁ?ﬁﬁﬁf'ofT$?5pﬁ§15PgﬁgF§av89 REY ing
viral RNA asr terBkatedandtol hgonued epbdesPEBR (files RESARBe(HD); N -
PDSAge (#3) as priners, followed by digestion with Apal and Agel or the

i soschi zomerl FFHACODSFo Fhisifie RAfaEttheS BN @8 nF ECERROE 0P B8Pondhnghieo t he

re tant fi; t t Qt i epr.es ve s I f .the H'V
vi?§1 quasi}ggggﬁggﬁir%%gﬁtgéﬁg?ﬂg&ééﬁﬁﬁﬁ% gogi3%%&%gf?ed??86%f%§lﬂgb 2003
-137 5 many vextG0) deaydepEmgenin Ehecpkirtticaisirocmasts uehtianneding ubed
construction of, a Lﬁgn fitness test vector were pooled and used for the
prepar at i on 25t 95141 “DNAT®APpackagi ng expr essi on vect or encodi ng an
anphot rophi ¢ 10 MULV 9070A env gene product enables production in a fitness
test vector host ce|ll of fitness test vector viral particles which can

ef fi ci ent | y fsnf &&ehuREFetiar gel PRELRBL ~AREANES t SSOMEBE( or SNEREEAISFESall

HI '\ sgenes Widdaref £XGEPIFAD PLoRNHuNBHE 4380 VaQ i0ansigfha R RAEkayisNg host

15 cell (once transfected the host cell is referred to as a f??ness test
vect or host Seehl )speriespadicigidey eulr esst omovetivitedi th ehivgeszies,

anphot r ophi ¢ M.V ggégggggv gggghggﬁgaﬁé is used wth the resistance test

vector to enable pro oh I'n 83 test vector host cell of 20
i nfecti ous pseudotyped fitness test vector viral particles. Fitness tests

performed wi_th.fitness.test vectors were carried out, usi ng packagi ng host
and target RGSESRETOETIESErRT LT HG® of:afheaﬁﬁﬁ‘agb% 'pé’%tcﬁ%yl A line

2930( Cel | Cglbiseanael ludst, +dets RiaDshSety It §Merall kNCESnHRILS Were
carried out with fitness test vectors using two host cell types. Fitness

test vector WPPAPI30 FFEFTIANES -wer e FPBdueEa™Py-ca fiFkaningst vbal (hie
fitness t esan\ﬁeeeglrct@eﬁt oEeldiaddhats Wagsprepas e %&%{sﬁe@{%tbagha the

packagi ng host cell with the fitness test vector

plasmid backbone and the patient-derived segments or by
uracil DNA glycosylase primer cloning (refs).
25
The patient-derived segment may be obtained by any method
of molecular cloning Oor  gene amplification, or
modifications thereof, by introducing patient sequence
acceptor sites, as described below, at the ends of the
30 patient-derived segment to be introduced into the
resistance test vector. For example, in a gene
amplification method such as PCR, restriction sites

corresponding to the patient-sequence acceptor sites can



1 9 DEC 2003 -138 5 packagi ng expression vector. The fitness test vector
viral particles were then used to infect a second host cell (the target

host cell) in which the expression of the indicator gene is neasured (see
Fig. A). 10 The fitness test vectors containing a functional |uciferase
gene cassette were constructed and host cells were transfettee@ggi pipst he
fitness test vector DNA. The fitness tggt- vectors contai ned patient-derived
reverse transcriptase and protease DNA sequences that encode 15 proteins
whi ch were either susceptible or resistant to the antiretroviral agents,
such as nucl eosi de reverse transcriptase inhibitors, non-nucl eosi de reverse
transcriptase iRBbPbdLEtedN L Y @R IgHithiet @rSmedd ThedamButheofpcr

luci ferase activity detected in the infected cells is used as a direct
neasure of rPAEEEPRvI t Pimitagpli cahi on eRkRyL3r etonipg nBgEhod) saich he
ability of e vi t ). ete a singl and repligati Rel,at i ve
fitness is %gse§ggg§by%%§ﬁg§%fng %%%langgﬁﬁggggigkluc?#%ggseq%§%iv$%§
produced byipabrpotadedi yedivérases ¢O the pnbmatsobskdciEber ddesactawity

produced by a wellcharacterjzed reference virus, (w_ dt ggﬁé derived froma
mol ecul ar cPBRENGf FHAAPL FBVAe NSz- 3°6r ¥kBF Fritds MR ur¥hent s
arg expr essggiﬁérar@@ﬁ@rﬁf Az h=rh a3 drefarpiaee o f e eNdy~,sHl-, 75~
10% or 125% of reference (Fjgure B, O). -139- 1 9 DEC 2003 Host cells

were seededrRACIOCERPRI SHEREr GRRBhES AIRFURY ehs FBECed e PIANIHT er
plating with Lyt ness LG YREL PLAsHLE.PNA andd he AmalopefiiRirssT on
vector. Transfections were perforned using a cal ci um phosphate

co- pr eci pi tatteptpr oceédese.arithepceéikrsulang edesdfacd0 tcontmpneng tiiee DNA
precipitate was re ced with fresh medjum_ fromope ~to 24 rs, ter
transfecti oﬁ??r?fﬁll%&cﬁ?rf uroeg]né’ael & orzﬁtdﬁrr‘ﬁvr?g fitrese Test vregé%osf voﬁgr al
paiti cl es wasshatyest edesteveetbedr msyh@afdesidiadspactienn amywascgpassed
through a 0.95-mmfilter 15 before being stored at 'BOC. H'V capsid protein
(p24) Ievel%CFﬁPFﬂ% RarF¢asPEPvisls %ﬁH%ﬁﬁ%PWﬁﬁﬁ%Pmﬁﬁgﬂﬁﬁﬁﬁqﬁi WEQn ElA
nethod as dgsgréhed byathgonpaubactHugl rbpkbbenteaden dhe MdsishBaiase
infection, tafget cells (293 and 293/ T) were plated in cell culture nedia.
Control 20 tefecreorer wekengerformed using cell culture nmedia from nock
transfections (no DNA) or transfections containing the fitness test vector
pl asm d DNA wi t hout the envel ope expression plasmd. One to three or nore
days after Raf$estancet heestedivaotas sr eaveedpraadaced| bysimediuf¥ierg25an
(Pronega) was,added to each well..Cell |ysates were.assayed for,!|uciferase
St ity A RAETRETTel eheal | T A o ISRRRPTand PREFEAPERe, BBl fEhs el by
addi ng St eagy&6qa¢ & ©ragR)i driagaitudtidee lddegreeacit el lamp b ndgiser r at i ng
the culture nmedia fromthP..well. 30 -1 ao- 19 DEC 2003 5 ExamEIe 11
Measuring REpPPERE i oRALIEAESS S VO usTRINFT e Def"‘i”@i en%P%%Fthﬂ_eve_%%
Transcri pt aggo ACE{ ¥ht b A FRaRSqandh JIRIdQL | 3rRe9%eded {REoi datdi dyt e
mutations 10 in reverse transcriptase that alter replication fitness. A
me2kis and neehedvisabrosdtdast fay tldemafianty ARG IHRAT A tektes.
replication fitnes be .ysed to i if t At QRS i W th
ot her aspect sTBP IS AR Poation 1 TeTTa ho. YBOr RO rad o £om

i ntegrationindicator gene viral vectors which are in turn derived

from genomic viral vectors or subgenomic viral vectors and
an indicator gene cassette, each of which is described
30 below. Resistance test vectors are then introduced into a
host cell. Alternatively, a resistance test vector (also
referred to as a resistance test vector system) is

prepared by introducing patient seguence acceptor sites




15 virus assenbly, and virus attachnent and entry. This exanple al so

provi des a neans and nethod for quantifying the affect that specific

nmut ati ons reverse transcriptase have on replication fitness. A nmeans and
met hod for quantifying the affect that specfic protease and reverse 20
transcri ptase nmutati ons have on replication fitness to nutﬂgiﬁgﬁ i n other
viral genes involved in H V-1 replication, including, but nld0dd to

t he gag, pol, and envel ope genes is al§68brovided. 25 Fitness test vectors
were constructed as described in exanple 10. Fitness test vectors derived
from patient sanples or clones derived fromthe fitness test vector pools,

or fitness test vectors were engineered by site directed nutage,-.-.- is to
conbai n spedPtPc nfit at PBREAJARE 30VREERTt estFPH LV RFt ne®E asSayiBy
determ ne aggytghelhedNFedualldricafdvebyqat NG segativer hit g 1¢qmRargd to a
mellcharactggyzed re?ereﬁce sfg%ggfh.gA patﬁgnt sé%ple was l'-141- 1 9 DEC
200 5 exani nédnedr semreeased predesebasedtpevdrsepechagéngptvesdaact fity
and correlaggd V“§J3t4¥3 relative fitne§§ obsg{veda&ﬁﬁguggtggnsE$g [se
transcript as8%adtd VitV of PatTERt A9 SHpl 25" RevéESe transeiPprase™d
activity casnbe peasdgedgbyecanyr 10ioHnber indivh et ygesedvasanyvecosedur es,

i ncluding but not limted to honopol yneric extension using (e.g..,oligo
dTipoly rCO or real time PCR based on nol ecul ar beacons (reference Kramer)
or 5'eXOﬂUC&ﬁﬁ%ﬁmacgfaféyré&'%mﬁgqiRﬁhkqpthps;e;QQQanbn:gnﬁ;evée@bgent,
virion associated 15 reverse transcriptase activity was nmeasured using a
quanti t ati veapCReadsayoctihgedddingct padka B noexorifc| eakks ateietbgrawsdbi at ed
wi th therno-stabl gNA ol rases (Figure C odj he

i nvention, Pﬁ%ﬁ???ﬁ s§ §¥e¥%goﬁa ?%%?rgfr%% %%gig%ggg?ggpfokgegg?gpgﬁce 20
virus to detesphstenthe teeltatvaecdt t fesalcoeparied ds0 thatdaype'used usas t hat
have not been exposed to reverse transcyiptase, inhibjtor drugs. .| n_another
orbdi ment  SFHE FRERESENGE FRE BAPFERELOHHEY Whte EBnphRbdnFE P FRCEE]

col lected feggmitheinan® patrgnitpdldibhse@ntebtmepoizH san 281t eknaxanpl e
prior to initiating therapy, before or after changes in drug treatnent, or
before or aprefeErafgesbioflimendl ogilee (RRALESBPCRUMRTY , VRRHEROIBRYY c PECDI
T-cells). ofaghighcal (ARBOE UBbsti el oGl ol HREkSC e dhaeRaging

progr essi on. notypi ¢ anal ysis of patient H V sanples Fitness™test

vect or DNAsexpi¢heiopooiectoyrs| tresganre oul 92- dr@y DEGs2G03r&sanakyized by
any_of the genotyping, net hods_ desgribed in le, 1. In .enmbqdi ment of
théoinventigﬂ?c%% f%%%l$¥\/%%%%lg£§§hu€ﬁ%e§%ﬁ§£%%&ﬂé¥hiﬁ%.%ﬁginggvrgal RNA
purificati ommofpLERL ane-ABEeahaien ti.ey M nat arsedit heredd seqtipackaginghe
sequence was determ ned and conpared to 10 reference seguences %resent in

the dat abas8*BFeEdhPRrECtera REMBIEesr bRt t ha<hatFenf VG 8F PBCFASEF St on
of therapy. Thee 880t ypeg Wass exast iedl f oprseaugscesuthat agr ecdirkf eaaat from

the reference or pre-treatnent sequence and correlated to the observed
fitness. |5envelope polypeptides}, transacting factors, or denes
25 required by replication-defective retrovirus or
hepadnavirus. In such a situation, a
replication-competent viral genome is enfeebled in a

manner such that it cannot replicate on its own. This

means that, although the packaging expression vector can

30 proauce the trans-acting or missing genes required to
rescue a defective viral genome present 1in a cell

containing the enfeebled genome, the enfeebled genome

cannot rescue itself.




Fitness analysis of site directed nutants Genotypic changes that are
observed to correlate with changes in fitness were eval uated by
construction of 20 fitness vectors containing the specific nutation on a
defined, wild-type (drug susceptible) genetic background. Mitations may be
i ncorporated al one and/or in conbination wi th other nut ai qurﬁﬁ té}@ are
thought to nodul ate the fitness of a_ygus. Mitations we I {:r ced into
the 25 fitness test vector through any of the wi dely known nethods for
site-directed nutagenesis. In one enbodi nent of this invention the

mega- primer PCR nethod for site-directed nmutagenesis is used. A fitness
test vector, 4. i o :m% Lfic mutation or group of nutations 30
Wee§re thench:rle%%(g%%fgi%n%he |ifs%gs%sgﬂfgsay described in Exanple 10 and the
fitness wasSirobinpared bto tieticaftar ggast! caldferdef toed withal ¢ pe acdaug
susceptible) fitness r,, ~.r- ~ 200 -19 test vector which lacks the
specific rﬁ]%ca‘i’c%lorh%. ApBEPYRHN chalPifes 9t %fqgne§gr‘é‘?"é‘lﬁ?trﬁh{ﬂft ef{0ethe
speci fic mtaddons ontEwesicpd dnteatheohiegistaneeskbesh “eal@isurkpigeveral
rel ated enbodi ments of the invention, fitness test vectors containing site
directed Mft atPORCEIPYeVAIREAD: t raurdcr i Pt a8elPhat OFeshfightn &% né acid
Sypsti tuti B bRl A eJn%q:h( Gr0a (A $as b1 oAk maCLIRY 2GL90T)
and that display different damounts of reverse transcriptase activity were
const ruct eth ahmdiested &ochéngress (engpurag ibn ofhea f spaesficeSURt rwer e

correlated 15 with specific reverse transcriptase am no aci d subst.ituions
and 11 tnedt® SEHTIE MERS A TS REFTEAC oR Frthads -6r T 9888 Wt h 20
Defi ci encitgse i B. Preiigasba At ¥hky vh i@ANSHabde SELRAG -Han acdentiidagieng
mutations in protease that alter replication fitness is provided. 25 This
exanpl e prté\A dé¥ct HENearRlahd %ﬁqﬁg’&s tofifeEat® i Filftdefut BEPBns fofat al ter
neplicati Qi foldieSs’ phOFoyRE | OUS GOTRONERGR Of f HIMe I,y ephicatdedy,i1a
including, but not limted to ihtegration, virus assenbly, and virus

at t achmentrenid @misy. (e ssexamains val,s ot oFi dexvd ineingA 30eaad whdidiod f or
quantifying t af t eci.fi.c nutati i or verse
transcri pteaézéﬁ%asveggﬁg%%%%i éaz-f?s nhaftlatsneefss. r%%lﬁs ]?r% é}g%;%éaﬁt bgrlr?gcée " or

9 ~ E C 2@hd 1dde Shguaatidyi 0gThaxsmeonwlitph t Bacetibecichlarampdenimdlo t he
gag, 10 the ef.f%ct t hat specific, praqtease rrutgtiong | i cati.on fi'Eness and
can. be ug@ﬁﬂ@ﬂ. Fgﬁse. Additional preferred examples of an

20 indicator gene are secreted proteins or cell surface

1

proteins that are readily measured by assay, such as
radicimmuncassay (RIA}, 6: fluorescent activated cell
sorting (FACS), including, for example, growth factors,
cytokines and cell surface antigens {(e.g. growth hormone,
25 I1-2 or CD4, respectively) . "Indicator gene" is
understood to also include a selection gene, also referred
to as a selectable marker. Examples of suitable
selectable markers for mammalian cells are dihydrofolate
reductase (DHFR), thymidine kinase, hygromycin, neomycin, -
30 zeocin or E. coli gpt. In the case of the foregoing
examples of indicator genes, the indicator gene and the
patient-derived segment are discrete, 1.e. distinct and

separate genes. In some cases a patient-derived segment




of other mutations in other viral genes H V-1 replication, including, but
not limted pol, and envel ope genes. Fitness test vectors were constructed
as described in exanple 10. Fitness test vectors derived from patient
sanples or clones derived fromthe fitness test vector pools, or fitness
test vectors engineered by site directed 15 nutagenesis to iﬁﬂt&in specific
nmut ati ons, were tested in a fitness assay to determ ne acéLr yﬂmﬁd
quantitatively the relative fitness cﬁﬁ%éred to a well-characteri zed
reference standard. A patient sanple was exam ned further for increased or
decreased protease activity correlated Zp with the relative fitness
observed (Figure C). Protease activity of patient H V sanples Protease
ackivity cHBAYbe?hB8siedUB§dads n@fbelndFCHiiUel §eli€ed addny OBfocedahes,

i ncl udi ng l.i m t.ed t Q.25 Wil o rﬁggg' as t ease
cl eavage a§#%89?§mfﬁefe#ghcquFggﬁscnﬁ%g I onéh§ﬁ§§;|§éﬁ?? p%%?%gég ]
cl eavage ototrlmesgagdsol ypr atogien €p5b) avas measdr exehy Whsitadr nibl othanal yi s

i ti- [ 24) .ant.i baqd Fi Q. . nmbodi . -.~ent of th
mvont i on. CERES30 4 (Rt HE Ts et hy AE GAS Comuid Y 21 BPer erice.

virus to deteke nast heneel phdveatdt negmLonpared texampld] ype" vigsgses that
have not been exposed to protease ~ g~ ;= ~ 2003 -145 5 inhibitor drugs.

| B0 anot her PERBEASReMERet R Y (SEFESs 36 Ahd PHGAERE |SNRs Riasy toHpar 88 to
viruses coblectgd; {1op the 3amRRat Lenty AlndYddi@f eBlpkkBRRAI NbE. 105

exanple prior to initiating therapy, before or after changes in drug

treat nent , abi 1b&forec orcafivat echamgdsadti vei r oyoggen 1WNIRNMA dopytwauanber),
irmunologicl g@gsT-c%Jls o %%.clin%%%&aQ%ppOL%%%isELc iqﬂgctécn) ngrkers of
di sease pr%g eSSt of. @g otgpiécaﬁ%ﬁy5|s of ﬁ&tieﬁt =Y, sanples FrtRgss test
vector DNAso @i t BelopoQehcariodl.onegn afkl 16fandley zeifloby amumpflddheos

genot ypi ng. net hods descri bed in Exanple 1. In one enbodi nent of the

. mpl ¢ .
i hYent i on, 1PGLFRAPTH Wo88Fpl e W¥queht@scete dBERT ni REY udSg $FFRETRNA

purificati epu, & B and, ABlrehaisynRLbhaator paut aivpt @dHequgael ngnheThe
sequence was determ ned and conpared to 20 reference sequences present in
t he dat abagxpoesgdaparcdd the a isgisiad ofr dFRnheipattitent tp¥PeE <@ dini EBati on

of ther apy,, inauai L abl g thegenot vpsoyas exam negbd o, seqygnces phat are
di fferent ?ronl e reference or pre-treatnent sequence and correlated to

t he observestiethedsrifédFséegreast anal ysis of site directed nutants
S%gotypic changes that are observed to correlate wth chu:~yes in fitness

eval uated by construction of 30 fitness vectors containing the specific

nmut ati on opurctebhaedind ¢gebypeehelr ug suscepti bl e) genetic background.

Mut ati ons nmay be incorporated alone and/or in conmbination |
In the case of a "functional indicator gene" the indicator

gene may be capable of being expressed in a "packaging
host cell/resistance test vector host cell" as defined
25 below, independent of the patient-derived segment,
however the functional- indicator gene could not be
expressed in the target host cell, as defined below,
without the production of functional resistance test
vector particles and their effectiveé infection of the
30 target host cell. In one embodiment of a functional
indicator gene, the indicator gene cassette, comprising
control elements and a gene encoding an indicator protein,

is inserted into the indicator gene viral vector with the



1 9C~C20C3 -146 5 with other nutations that are thought to nodul ate the
fitness of a virus. Miutations are introduced into the -. fitness test
vector through any of the wi dely known nethods for site-directed

mut agenesi s. I n one enbodinent ' of this invention the nega-prinmer PCR

met hod for 10 site-directed nmutagenesis is used. A fitness test vector
containing the specific nutation or group of nutations a mwst ed
using the fitness assay described in E}éﬁpl e 10 and the ﬂatgn!e]gg 2@§conpared
to that of a genetically defined wild-type (drug susceptible) fitness test
vector 15 which lacks the specific nutations. Cbserved changes in fitness

are attributed to the specific nutations introduced into the fitness test
vector. |n38RfeCdi PHOHEE EFFOGCHaRE4CBRL t PEleRRht PBN2Sf Fhperativst

vectors conjai @wg_i%ht%n@iah%%&ggr%e&%% | hE evansq protease 20pfbat

result in amno acid substitutions at positions 30, 63, 77, 90 (lrst from

Figure E) axdmpdgt afi splfynati fdrerlenmdimeuotrs gehepriot ddse case vofyHEVe
constructe ested for .fitness (Figure E). The fitness result nabl e
the correl gjtria%%\;tfet V\]ieagcr‘lassptehcel fjincdslpc}ao Oelgsgeenaemar?od acid 58 UbE | r‘:ﬁt?%ﬁs and
changes i nId r aledHdmesyprioxateire 13 iMeasuhieng Repld catéon Foppesstand Drug
Suscepti-bility in_a Large Patient Popul ation 30 This_exanpl e describes the

hith i nci déF@S SEEIPABAL st FLaHHMN r e¥BicedPeepl HERTIBR fidthesdBVThi s
exanpl e LpRaRczrCp2ORdtald7 alﬁ—:‘%p@:‘éﬁmeags, thegeneggl corgg) ati en

bet ween reduced drug susceptibility and reduced replication fitness. This
exanpl e furcnhencgadEricpeserhessechptedceibth Wie usesali vecteduced fitness in
patients receiving protease inhibitor and/or reverse transcriptase
inhibitor treatnment. This 10 exanple further describes the incidence of

pati ent samphefunictlionedutedicepbiccathen fitness in which the reduction in
fi.tness is e to,altered pratease processing of the,ga olyproteip (p55).
TPI%S exanplp‘cel%Pﬁf‘PﬁéF egé'sgrhlebéé'“ﬁﬁé‘tioﬁcig&é’&e Y Rt e‘g‘é’g—ﬁ’ﬁ{’ég?fiﬂgii n
patient sanpl edathaheldnaxBhbolk bewe MPIgsRIErPIciOheB, £¥brdb¥pRA) in

replication fitness. This exanple further describes protease nutations that
are frequeﬁtP?CEBgéPQeBPséiFﬁgg sransfested whrbi e BASIFhapFpusestt hat
exhibit re reghi cat ik on acj i S, € d i e

nci dence. of 20 par o Samsl on et hEFSaUCed ropT L et on Fr Geaceratani ch
t he reduct heati nceilinesyntilduett oial t ermvertes@dr senteansgcr Epnatéonstivity.
Thi,s exanpl, rib t he .occurrence of viruses with_reduced rgplication
fIBPneSS i nlglg ?%%?g %Ze‘lnlei ﬁtghraonlf?t}e r%vfa‘(r:téf‘oﬁrl?g t¥&at Rént' 25 of H]e

Fi tness/ repastantedeesvedeGaynenter erednsts UCt géth asndésarbledyarne exanpl e
10. Fitness a&% d(rjug susceptibility was easur ed in.134 randon}l'gati ent
sanpl es t h&EPREFEYr e AN EF YT PGt | nEPAeHDL y FEEeEAS | nPBYPEAR S PPoLogi ¢
Clinical kgtebencaqg38clahosat pu¥ntEbhiness assays were perforned as
described in Exarrp?e 10. Drug susceptibility testing and genotypi ng of the

protease region was performed as described in Exanple 1.
25 1. Permuted Promoter In one embodiment an indicator gene

is rendered non-functional due to the 1location of the
promoter, in that, although the promoter is in the same
transcriptional orientation as the indicator gene, it
follows rather than precedes the indicator gene coding
30 ' sequence. This misplaced promoter 1is referred to as a
"permuted promoter.™ In addition to the permuted promoter
the orientation of the non-functional indicator gene is

opposite to that of the native or foreign




1 ~? D,. C2003 -148 5 Reverse transcriptase activity was neasured as
described in Exanple 11. Protease processing was neasured as described in
Exanpl e 12. Drug susceptibility of patient viruses 10 Reduced drug
susceptibility was observed for a ngjority of the patient virus sanples
(Table A). 66 percent of the viruses exhibited |large (define as >10X of the
reference) reductions in susceptibilitysto one or nore NﬁTg ﬁgﬁqﬁ 52
percent of the viruses exhibited | arge reductions in suscept 'I'p§ to 15
one or nmore NNRTI drugs. 95 percent of the viruses exhibited |arge
reductions in susceptibility to one or nore PRI drugs. Fitness of patient
viises Regicabdeahlentablcan fdinegs wasrbseiaqdl of pRulBIG { Lolfihe 20
patient virus sanples (Table A). Forty one percent of the viruses exhibited
| ar ge reduétidaehden afepgiliec atdrorf Urniatiess I <R oftohegeré ecancekithrat hér,

950 had noder e tions. (between 25-75% of the referenc in,
replicatio%%fﬁ%%ggggg'Eﬁ?ﬁari yeoPef%%é%%tgéﬁﬁoggﬁpfggf€¥©~§%ﬁi§ﬁF§ﬁed
replicati oprdmofdietrzess tied approasbedoanlexceededtow |gingeadeveks (>758
of the reference). Viruses with reduced drug susceptibility, were nmuch nore
likely to BRESPIERY BFeReFereplsi Carsw e thiet ¥ mabrey e @ctioan®fl). 30
Prigf ease Mdhati OPS nigkePalt eRheVi f1SL5 Rl d han dif) w&gﬁgg{és 4p protease
were observed in a majority of the patient virus sanples (Table A). Viruses
with 1 ~negngf@gnzgdgnal4dngicedocedehiet ndssh werpeenmetedopeohbkely ino

in 10 [ Fi RS f th
Vi Tuses neRRFE: PEAPTar gB FBANCT | DR PRUF RN cRBMSHEFPPReBEORESH, of 1 he

reference) (hembdannedft@red ooresprodtpeashotdltat pebsotEvenhythwospergent of
the viruses wi,th noderate 10 reductions (between 25-75% of the reference)
in fitness*Bo N0t bR HOT £P bt REasBTAERALIEIRS. A VPS04 BRLICREAF r uses
that displ ggae.r efiheC atidAR aftolN @@t et RAh R NQAChESH 96 E¥ELePed L hWi hdt ype”

|l evel s (>75% of the reference) contained 10 or nore protease nutations
(Tabl e A).PEERPEPE pidt ddse 1BJAGERPFordeRet Hedsgore (IBB0NPsdtioped

conbi nat | 0BpekI0MPLES LTy GENBBL: Orrdd n0h bEABL1NRLE ORAGLURDA! hi o
i ncidences 1Tn viruses wth reduced fitness (Blgures and J). Protease

pr ocessi nggehepditn ehheviregsies ad@eRadiced vpreabeases proteesited ofntde ap55 gag

pol yproteip _was.ohserved,.in . a mjority of the patient virus sanples (Table
A. Vir usegm\}\ncf:ﬁo?% uclencfhﬁattr?gss&%? e%%cﬁeﬂ%f:gel i WP Yo R ayfPP8duced
prot ease pinceasiog; oefi ngk ascdwgding delest able Aamiinis ofréhe pAk

i nternedi ate cleavage Eroduct (Fipures F, I 25 and K). Seventy one per cent
of the virbERSSthAPIERNAI Bt &3S FrigPTWRIRT onBYi FORPINT ATIH FREndSs (<25%

of the refgrgnes) tdespd ayerk I ediced: Y Of 8aSH DI QLSS Tk g&s@t 88 iRegr cent
of the viruses with noderate fitness reductions (between 25-75% of the
reference)rdgsprayed Feddeddngr otdase 1830 egraddsyi ngef Ontye 10%eph iriesl

'Yim'r:JZtes th dﬁ&?@&?y%ﬁeep'ih%“ ”tfa'}g%sc tE%glap%EP&gQEQ%QV bycﬁ%%ed
ype evels (>75% of the reference€) exhibited reduced protease
pRécessi ngiifaptasedy . aCordcianipr Dl e&¥8 mualagmenssé Deéddressed by the
target cell transcribes the indicator gene. One example
of a non-functional indicator gene with a permuted
promoter in the case of HBV, places an enhancer-promoter
region downstream or 3’ of the indicator gene both having
30 the same transcriptional orientation. The indiéator gene
cannot be transcribed by the enhancer-promoter as the

indicator gene cassette is positioned upstream. The

non-functional indicator gene in the resistance test



CrL LVQ -150 5 MB6I/L, B8V, I59L/AS/T/V, and 189V) were observed at high
i ncidences in viruses with reduced protease processing of the p55 gag
polyprotein (Figure L). Reverse transcriptase of patient viruses 10 Reduced
reverse transcriptase activity processing was observed in a mnority of the
patient virus sanples (Table A). Viruses with reduced fiﬂn&dﬂﬂh@mg much
nore likely to display reduced reversejgranscriptase activity. Fourteen
percent of the viruses that exhibited |arge reductions in replication
fitness 15 (<25% of the reference) displayed reduced reverse transcriptase
activity. Only 20 of the viruses wth noderate fitness reductions (between
255750 of whetbef ereneelvalisdd aygtor educetkd eves e hAARSELEPIRTR aghi vity.
None of the viruses that displayed replication fitness that approached or
exceeded 20¢VREFHt ypERNFEYEPS1PR75andf ehecybasieatdIn exdd bitled rdBViced
reverse tr ol S tiyidty e, l4 Syring. fcati tness to
Qui de Trea?ﬁgng%ggi§%¥%;%ﬂg%Qré%%gggnéﬁhggﬁ%dEFE?gﬁg?géiﬁ pfﬁga ?%n
fitness neashrepentprovoger depbheectmeateient vef tid \the | isndircatakedgerdi s
exanpl e furtger provides a neans and nethod for using replication fitness
measur ement€9t8%g0rde“the treat ment of patients 30 failing antiretroviral
digg treatnent. This exanple further provides the neans and net hods for
using replication fitness nmeasurenents to guide the treatnent. of patients
new y inf et 8&TRVERIHPECROter] IR y-3bE EnY0GRKaryPts cafidi pRPk? BEPBBAt Of

her e const PhOTod g Hosar Bad s e catebt E2qg M ERLer aiat csbayectors
suscept i bi Pregenebéymthsumstrarteserwial 1| bagismadilnain sanpkesccothabl ed
weekly for 12 eks 10 from 18 patients. Thes tient rre considered
faiIi%g a ﬁ?%?éa%%“in’}bﬁﬁ%r‘?fggicgﬁPﬁandrH§v5?5 %&ﬁ?&%ﬁ?ﬁa reygt#en and

had i nconptepeisapporssiodr&fpyéfeiSabBP) | £aptOfcobasethsn 1oOUshaeLVinal | oad
testing (>2,500 copies/n), Phenotgpic drug susceptibility testing,
i ndi cat ed $hat EREsd SpAFremlels i tHRBSCHEPEIRTI V- dr RiETES stwhrnitach

patient agrgEOpbOyhBESEEURLLEBELARY fidhod R 1k flt alodiead1ll? UBEKS
Phenot ypi ¢ drug susceptibility assays were perfornmed as described in

Exanpl e 1 a8 Seagtegmphegec pi@netrlrj ugilpr iy woed nt eExapiniles t Aér apy
d Kl i i f j Nt Lon. . Eit
ana wWeekl yg Hﬂég”gaﬁztﬂgéﬁﬁhhggggppé%f%%e J UPLY nsgﬁbﬁges%ﬁ%ﬁﬁa Yo Rk

performed as scri be on serta nples coll ected just prior
t BOI nt er r updl ymge taee aipynahddeeakioseduniEnghialye speT¥ pd TS dmt eBSpapt i OR.

Protease pfocPSSENPoLer; IBAY! Ok &S H8SCIREf bl B8Pl Edkea®Co the
RNA polymerase to localize expression of the RNA
polymerase to the nucleus where they may be needed to
transcribed the repaired indicator gene. Such an NLS may

25 be obtained from any nuclear-transported protein such as
the §8V40 T antigen. If a phage RNA polymerase is
employed, an internal ribosome entry site (IRES) such as
the EMC virus 5' untranslated region (UTR) may be added in
front of the indicator gene, for translation of the

30 transcripts which are geﬁérally uncapped. In the case of
HIV, the permuted promoter itself can be introduced at any
position within the 5' LTR that is copied to the 3' LTR

during reverse transcription so long as LTR function is




O the 18 patients that interrupted therapy, 16 patients had resistant
viruses that regai ned susceptibility to antiretroviral drugs during the
period of treatment interruption. The phenotypic test results of a
representative 30 patient are shown in Figure M Typically, susceptibility
returned to all drug classes simultaneously, consistent \1/| gtqgm?pl%a
re-energence of a mnor population of _dpug sensitive virus. T
representative exanple shown in Figure M drug 1 ~LrFrC20@ -lsz 5
sensitivity was abruptly restored between weeks 9 and 10. Genotypic
anal ysis (DNA sequence of protease and reverse transcriptase) are al so
compsi stent _w.t hy.t - EL f . SeRsiysl v i ta show
thg | oss opwﬁogtlégﬁlpg:%fqg&fjg rg%bs Yaﬁdclcej{hlr%g‘t at | orgSsiafrnu tr{a e%ﬁs??ﬁ%dg?a not
shown). Théh&0 #dRa asednatosongbisté Batahdiyt h on&sddm batk fubationsllBack .
mut ati ons woul d predict, that, restored susceptibility tg drugs _would occur
unevenly fSFPEHF eﬁ?“ﬁr%bg%i%s§8§sﬁﬁﬁ?arrﬁﬁfﬁpﬁ dH&bsaRﬁtﬁ‘n thB same
class. 15 epeeraldey, of haBWE- e genamtafd t heoflstdr SUsEEepll B Bavdd ustwas .
al so acconpani ed by a sinultaneous increase in replication fitness. This
rel ati onshPpYi #OSLEaPPy tERitdEReE St HPLt HeSEBPFE e5RAt @t FvRChiRUsel FrghEE N).
eral ot ex I ] S r GRIEN i J : sho .0:Fi.gure O
\Sll‘fgus fromlegétpa??gn?%%ghga%%?d%ﬁ%t reveer%\Iht gpﬁﬁulg%aztuﬁlg'pti blﬁ??%glgbt er
i nterrupti erggeneeal Iy ydibe reatdesk he thi thearende rafastehe nrespst@ateonebkt ness,
nor did vi rusgs fr mﬁcﬁigﬁts t hat did _not intgrru t treatrrentcf(F%;ﬁures 0.
The data i f8FESFe THAL T hé"§F Ty RendiBRFE PGS St natPTEETheY g&d aft'ér -
treat nent AoRS5funteibHPLi ONihgidbtert o Jad i calue betber thanstbetdbHg
resistant virus that was present before treatnment was interrupted. The

re- emer gen8&téf gt dg (SH8c SMIBTENAT R )in tH g SUY I pErients RBS al so
aggonpani ed.byaBal 9T a8k BrVEEdkn! 98dvaNdsacHeer 6886k 1 AgPS8quence
T-cells,--Tndicators of 30 di sease progression. Thus, fitnéss i'nfornmation
can be usedavocgusdett péabnBidt tohnpariphisnsthatetmibatomul pesdtagnedsi st ant
virus and are jderin reat.ment_interruption. Lf . the patient w.rus is
drug resis?gntggﬁgkha%é %kﬁ?%é%?(ﬁiﬁ%ﬂ?crﬁp 2 ~?e§uﬁéﬁﬁﬁ _%g%ﬂg ?géacity,
t he pati entonadtthetpbysi cikart shoot d ceassdeipedahi nuaxhdritgy t r €abaent to
prevent the re-energence of drug sensjtive virus with higher_replication
Rapaci ty aRBPGPLA BR LAt RogNEC ST AFLrTAtAEISF T (1591 DAEI 2t WA us | o
dsgig resi stgnthand'hasrhighifrgptégatkentgapaetiycidhe patient 10 and the
physi cian may consider interrupting treatnment to spare the patient fromthe
har nful and unpl easant side effects. of antiretroviral drugs that are not

providing sli rﬁ&adut%@eégaingﬁ 2L 4ET MOFe, aPhYSESH@N SR 5 £ La
performroutine Teplrcation Trtness assays for patients that have

mul ti-druginéseatant genes.isThirerabymd cogind fyacidedatlo avg t do t ae
replicatiop fi S tient. Viruses n.,gonnl r i Vi rus
replicati o]rflelias{gg% %gé%?gf’g &fe hoe rr%l t%mgo%r H;g)dﬁité% gégﬁ'cog&gTﬁg ggs?ay
wosll d be useditatgui dentr,eainenthateci shens't havdpmevenrtgitde gregedesi st ant

virus with lowre Ei caéi n fitness fromj.ncreasing its_replication fitness.
In this vva’g??fdbﬁ%g f8n Ogréf?""ﬁr GE’Gng:"tr‘Fé’ Lﬁj?‘%]éj_bf u.rjémgr@_t"PB\}iaFgfj_ drugs
despite theo@ig§ene€gDbndrug resfstans frd5 ybrus i mpéhaupali esbdiwy di ng
treat nent of nevay i nfected patients:

region. The orientation ¢f the non-functional indicator

gene may be the same or opposite to that of the native or
30 foreign promoter/enhancer of the viral vector, as mRNA

coding for a functional indicator gene will be produced in

the event of either orientation. The non-functional

indicator gene and its permuted coding region is rendered




Patients that maintain high virus |oads (setpoint) after acute 30 infection
are nore likely to exhibit accel erated di sease progression. Therefore, it

i s advantageous for this class of patient to initiate antiretroviral drug
treatment as soon as possible after diagnosis with HV-1 infection. In
conjunction 19. dE C ~~~ -159 5 with viral load, fitness InfaBgp ts of
viruses in newy infected patients may_provide a useful neasurenen o]
identify those individuals that wll agsélop el evat ed setpoints after
primary infection and consequently are likely to exhibit accel erated

di sease progression. Fitness nmeasurenents nmay 10 guide the decision to
treat ime 'atq!y af.t er diaggosis or a so later time point. Table 1: PR

susScept i bi ITHY GO ected pABi eRCtdQRpI & \AHuseR¥ di EpFSyi A | nER@ased

suscept i bi lgdty drx -argarienaVideghe{t5-f:00 b @fs gr eat 8bronar @ xaapakynsd and
found to contain the N885 nmutation in PR Sanples were |listed in order of
decr easi ng "é&priemERieneds cdpdiilsiltpry . 9¥aBl ewithriar PRIMFotd Chankegvs.

Ref er ence NEVO: 73,211 % 4 od, E ) 1, R41K)

T62v. 630" RERES 2T DVl T Bop T Ob 180T CEasE, TheC R Is3b ot 13y,
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..,-.Fold Change Limts: <Od ~~ G~ C20938 -Iss 5 Table 2:" PRI
suscept i bi FEGE8F PFVHE i thse t TG BT ST P tPRenaN| 1 @f § YHS Wiere 3 st Ebduced

into the dryg.sensphive refergpes resisiance Lgst yect aRd t :
susceptibility to PRIs was deterniﬁ%%#a%a ‘e % Fol d Cﬁgﬁbeavs.ggdlng
r ef er enceSiregribinsegiegd aMispahhryrs associated splice donor and acceptor

15 sequences, respectively, which may be heterclogous or
artificial splicing signals. The indicator gene cannot be
‘functionally transcribed either by the associated promoter
or viral promoters, as the permuted coding region prevents
the formation of functionally spliced transcripts. The

20 non-functional indicator gene in the resistance test
vector is converted into a functional indicator gene by
reverse transcriptase upon infection of the target cells,
resulting from the repositioning of the 5' and 3°
indicator gene coding regions relative to one another, by

25 copying of the 3' LTR to the 5' LTR. Following
transcription by the " promoter associated with the 5'
coding region, RNA spiicing can join the 5' and 3' ceoding
regions to produce a functional indicator gene product.
One example of a non-functional indicator gene with a

30 permuted coding region in the case of HBV, places a 3°
indicator gene coding region upstream or 5° of the
enhancer-promoter and the 5’ coding region of the

indicator gene. The transcriptional orientation of the
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Rel ative luciferase activity levels for patient sanple Yggxﬁiszmhved
resi stance test vector pools. The IUC|ferase activity ( i ght
units, RLU) neasured in the absence of %ﬁug for the patient sanple was
conpared to 10 that of the drug sensitive reference control fromthe sane
assay run, and' expressed as a percentage of control. These values are from

ong assay each. All the s%f npl es, that contain the N885 mutations in PR were
nd to halU8iF8aGEedePcit ertdih ZctFUH10 coRBAPRE B8 cdmendiicals Tabl e 3
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IUC|ferase actlvity | evel s for resistance test vectors containin
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Following reverse transcription and circularization of the

indicator gene viral vector, the indicator gene 3' coding
region is positioned downstream or 37 to the
15 enhancer-promoter and 5’ coding regions thus permitting
the transcription of mRNA which can be spliced to generate

a functional indicator gene coding region.

3. Inverted Intron In a third embodiment, the indicator
20 gene is rendered non-functional through wuse ‘of an
"inverted intron," i.e. an intron inserted into the coding
sequence of the indicator gene with a transcriptional
orientation opposite to that of the indicator gene. The
overall transcriptional orientation of the indicator gene
25 cassette including its own, linked promoter, is opposite
to that of the viral control elements, while the
orientation of the artificial intron is the same as the
viral control elements. Transcription of the indicator
gene by its own linked promoter dces not lead to the
30 production of functional transcripts as the inverted
intron cannot be spliced in this orientation.
Transcription of the indicator gene by the viral control

elements does, however, 1lead to the removal of the



10 drug sensitive reference control fromthe sane assay run, and expressed
as a percentage of contifol. These values are fromone to five assays each,
and each val ue was obtai ned using an i ndependent clone for nmutants which
were tested multiple times. All the constructs-that contain the N38S
mutations in 15 PR were found to have reduced |uciferase_ activity conpared
to control. All the constructs with the K20T nutation wede dﬂﬁqunally
inactive in the assay. Table 4 Average-[uciferase ActivitySite-D rected
Mut ati ons( 90 of control)nunber of clones testedL63P163.91L63P,

V77175. 61N88S1. 03Lb3P, N88S20. 72L63P) V771, N88529. 32M46L, L63P, N38S
~28..02M46L, L63P, V771, NS8S53.25N88S K20T<0. 01, |C20T, L63P, N88S<0-011

~ SEC zoc3 Insgrtedragiteran by oAU c$ bt ¢ teg pr eiehsughed Hor i RERcator

anplificati .ganerati ite-directed nutapnts: Table 5. 10 rnmer
nane: #1: P géggii%#ﬁ%$G%E§T REEER 27 352 feFpaniting
PDS/ Apa5' CATGFTECASEECCRE ASTH aARMAGHEET TTRHAATGES 3' HAZ BN 3t he
PDS/ Age5' CACTCCATGTACCGGITCTTTTAGAATYTCYGTG 3'  (34- nei j #4:

Rsr TI 5 ACI 7TCCEACEGTCRPFEEPEEEF TIRATHIFACTGETACAGPS {r4B- iety¢Bation

K20' f 5' CCCCSECAAET ALSEEAMGE! £TAT, ' - NBE) L oy .
MABL5’ GATCISAAACCAAAATTGATACIIIIEA%?JTQG%?}' b%%b@n%r?ﬁ?: circularization of
L63PS GTATGATEACRTAEERATREAAATORGE 811 ¢ 28onTopHB: can be functionally

ocg TR IIRMTIONS. (3P AR Ealse SO IEC
Suscept i bi | LpgreRolhasChearye sReb)onblVi nusesyedth My athoss @ts B2 apd/ or 90
indicator gene itself may contain its own functional
promoter with the entire transcriptional wunit oriented
15 opposite to the viral control elements. Thus the
non-functional indicator gene is in the wrong orientation
to be transcribed by the viral control elements and it
cannot be functionally transcribed by its own promoter, as
the inverted intron <cannot be properly excised by
20 splicing. However, in the case of a retrovirus and HIV
specifically and hepadnaviruses, and HBV specifically,
transcription by the viral promoters (HIV LTR or HBV
enhancer-promoter) results in the removal of the inverted
intron by splicing. As a consequence of reverse
25 transcription of the resulting spliced transcript and the
integration of the resulting provirus into the host cell
chromosome or circularization of the HBV vector, the
indicato; gene can now be functionally transcribed by its
own promoter. The inverted intron, consisting of a splice
30 donor and acceptor site to remove the intron, is
preferably located in the coding region of the indicator
gene in order to disrupt translation of the indicator

gene. The splicg donor and acceptor may be any splice




Percent of viruses with indicated primarymnmutations) whichare drugsensitive
(fol dchangein | C50 <2.5)V82A/ F/ S/ TdrugV82A/ F/ S/ TL90OMand L9OMRTVS. 027. 63. 010
NFV20. 08. 63. 0l Dv22. 731 . 09. 1AMP53. 365. 533. 3SQV73. 396. 621.2 15 Table 7.
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positionn% FC > 2.52p 29201000/&127100%938950/4635890/&047 392

6372799827577% chi square <0.00S <0. 00T <0. 0001 <0.01 <0.05 <0.05 all
virus with VB2A/F/ S/T and no other primary nutations. s cEC zoos -160 5
Tabl e 8. Correl ation Between 82A/F/ S/ T, Secondary Mutations, and SQV

S sceptibi]it 10,15 ositionn% FC > 2.5chi square
588@&OC%EV§%TT?§O %@59& ~ A preferred splgce donor-receptor is

2065%<0 0QGk/ 18M62%e0. H0D1693834%50. 14047 0 CBC%ZS;. 7% 2kl 'rUS 20
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and Nunmberme§oNRk 3 tarile mmr@tredimnaatgl@lmm@rdw (dflnseonnetar)y

Indicator Gene Viral Vector - Construction
10 As used herein, "indicator gene viral vector" refers to a
vector(s) comprising an indicator gene and its control
elements and one or more viral genes. The indicator gene
viral vector is assembled from an indicator gene cassette
and a "viral vector," defined below. The indicator gene
15 viral vector may additionally include an enhancer,
splicing signals, polyadenylation sequences,
transcriptional terminators, or other regulatéry
sequences. Additionally the indicator gene viral vector
may be functional or nonfunctional. 1In the event that the
20 viral segments which are the target of the anti-viral drug
are not included in the indicator gene viral vector they
are provided in a second vector. An "indicator gene
cassette"” comprises an indicator gene and control
elements. "Viral vector" refers to a vector comprising
25 some or all of the following: viral genes encoding a gene
product, control sequences, viral packaging sequences, and
in the case of a retrovirus, integration segquences. The
viral vector may additionally include one or more wviral
segments one or more of which may be the target of an
30 anti-viral drug. Two examples of a viral vector which
contain viral genes are referred to herein as énr"genomic
viral vector” and a "subgenomic viral vector." A "genomic

viral vector"” is a vector which may comprise a deletion of




mut at i onsNunber of sanples%with IDV FC > 2.5% with SQV FC >
2.517577272678230351883993895S0625966061710076 19 C ~ C20E33 -161 5
Tabl e 10. Correl ati on Between L90M Secondary Miutations, and | DV

Susceptibility. position n % FC > 2.5 chi square p 73 13 ?ﬁjﬁp&% @1,10 71 18
89% <0. 001 46 25 88% <0.05 90 58 69% all viruses with L90Mand Q Tabl e 11.

Correl ati on Between L90M Secondary Mft%ati ons, and SQV Susceptibility.
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-162 5 Table 12. Associ ation Between SQV and | DV Susceptibility, L90M and
Nénber of “Rez?&t@hcBORSsHErat edeMasatPonendpanbbe sirnanbepléfawiwnt h | DV

FC % with SQLfe SEFONIATY: SAMLES “ofndrwide ® PHLALLOLS the mrNA
expression and processing characteristics of the complete
virus. In one embodiment for an HIV drug susceptibility
and resistance test, the genomic viral vector comprises

10 the HIV gag-pol, vif, vpr, tat, rev, vpu, and nef dgenes
(some, most or all"of env may be deleted). A "subgenomic
viral vector"” réfers to a vector .comprising Lhe .éééing
region of one or more viral genes which may encode the
proteins that are the target(s) of the anti—viral_drug.

15 In the case of HIV, a preferred embodiment is a subgenomic
viral vector comprising the HIV gag-pol gene. In the case
of HBV a preferred embodiment is a subgenomic viral vector
comprising the HBV P ugene. iﬁ the case of HIV, two

examples of proviral clones used for wviral vector

20 construction are: HXBZ (Fisher et al., (1986) Nature, 320,
307-371) and NL4-3, (Adachi et al., (1986) J. Virol., 59,
284-291}). In the case of HBV, a large number of full

length genomic sequences have been characterized and could
be used for construction of HBV viral vectors: GenBank
25 Nos. M54923, M38636, J02203 and X58795. The viral coding
genes may be under the control of a native
enhancer/promoter or a foreign viral or cellular
enhancer/promoter. A preferred embodiment for an HIV drug
susceptibility and resistance test, 1s to place the
30 gehomic or subgenomic wviral coding regions under the
control of the native enhancer/promoter of the HIV-LTR U3
region or the CMV immediate-early (IE) enhancer/promoter.

A preferred embodiment for an HBV drug susceptibility and
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5 resistance test, is to place the genomic or subgenomic
viral ~coding regions under the control of the CMV
immediate-early (IE) enhancer/promoter. In the case of an
indicator gene viral vector that contains one or more
viral genes which are the targets or encode proteins which

10 are the targets of an anti-viral drug(s) then said vector
contains the patient seguence acceptor sites. The
patient~-derived segments are inserted in the patient
sequence acceptor site in the indicator gene viral vector
which is then referred to as the resistance test vector,

15 as described above.

"Patient sequence acceptor sites" are sites in a vector
for insertion of patient-derived segments and said sites
may be: 1} unique restriction sites introduced by
20 site-directed mutagenesis into a vector; 2) naturally
occurring unique restrictidn sites in the vector; or 3)
selected sites into which a patient-derived segment may be
inserted using alternative cloning methods (e.g. UDG
cloning). In one embodiment the patient sequence acceptor
25 site is introduced into the indicator gene viral vector.
The patient sequence acceptor sites are preferably located
within or near the coding region of the wviral protein
which is the target of the anti-viral drug. The viral
sequences used for the introduction of patient scguence
30 acceptor sites are preferably chosen so that no change, or
a conservative change, is made in the amino acid coding
sequence found at that position. Preferably the patient

sequence acceptor sites are located within a relatively
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5 conserved region of the wviral genome to facilitate
introduction of the patient-derived segments.

Alternatively, the patient sequence acceptor sites are
located between functionally important genes or regulatory
sequences. Patient-seguence acceptor sites may be located
10 at or near regions‘in the viral genome that are relatively
conserved to permit priming by the primer used to
introduce the corresponding restriction site 4into the
patient-derived segment. To improve the representation of
patient-derived segments further, such primers may be
15 designed as degenerate pools to accommodate viral sequence
heterogeneity, or may incorporate residues such as
deoxyinosine {I) which have multiple base-pairing
capabilities. Sets of resistance test vectors having
patient sequence acceptor sites that define the same or
20 overlapping restriction site intervals may be used
together in the drug resistance and susceptibility tests
to provide representation of patient-derived segments that
contain internal restriction sites identical to a given
patient sequence acceptor site, and would thus be

25 underrepresented in either resistance test vector alcne.

Host Cells

The resistance test vector is introduced into a host cell.

Suitable host cells are mammaliair cells. Preferred host
30 cells are derived from human tissues and cells which are
the principle targets of viral infection. 1In the case of

BIV these include human cells such as human T cells,

monocytes, macrophage, dendritic cells, Langerhans cells,




1 ;3 Ga C 2003 Wat is claimed is: A nethod for assessing the

ef fectiveness of protease antiretroviral therapy of an H Vinfected patient
conpri sing eval uati ng whet her a plasna sanple froze said H V-infected
patient contains a nucleic acid encoding H'V protease having a nutation at
colon 88, wherein the presence of said nucleic acid is corfe§ Jiggdpist h

i ncreased susceptibility of said HN to—_gtnprenavir. 2. The nethod o cl ai nn
1, wherein said nutation at colon 88 codes for a serine (S). 3. The nethod
of ;claim 1, wherein said H\-infected patient is being treated with an
antiretroviral agent, 4. A nethod of assessing the effectiveness of

prog ease anhémgtbpybialct rapyceliign &N pteehedopatdents CORRRI Shker
eval uating whether a plasma sanple fromsaid HN-infected patient contains a
nucl ei ¢ aci @etheodi Mgt HINe peaseaseE MRV ngsaibalphei bAasst asdllen Bschrde an .

addi tional yj i on od 63 Of,, /1, OF ombi,nati gn thereaof, wherein
t he pr esenc]lélé%%@éllglgd %tlgti gllr@elss céilier'% ?a’t edﬁll\fmﬁt ngiécr £§§5R§r§usgé%??%i lity
of said H \hé¢pavetfiaayi maandliindi nagllsanhidcr easedbesuseapbichieli tyy of -
said HN to aqgrgnavir The met hod ofclaim4, wherein said nutation at col on
63 encodes PFOFFRAEYRSY d°% ulafi metRey &fd1Sai d MRURN ofSELVEEI oty
encpdes i soteucsngifl) as8urdhenaet hod QfntGl-3iiMA, RS e.mlsaé&ﬂ\kﬂm% ect ed
patient is being treated with an antiretroviral agent”. 7. A nethod o
assessi ng terllffeéfivenasdvyolf apdbt dzse appvertedvi bal tiher apye biular

HNi nf ect ed pajl . CONRLL S eval.uat j er . asma .sanpl.e from said
HN-i nfecte pa)f]ﬁ%%ﬁgc%%f:g?hggg r{%lc%ei %ﬁ%c%ﬁhgéggg I ﬁghMI \]/:e&regtaé]écse e ng a
nmut ati on atofotba 88tardiamladditiinalr mutiddsonsecal scadeu s¥erkedrtd6, or

a conbi nation thereof, whgrein the presence of sajd putations is correl ated
with decr edS&F Yus &t i%i | ifﬁ‘?k&rﬁﬁd ARt oCﬁLiLF'rnavi FEah3t B8 navi ¥t and

I noy eased suseEPt | Bbdt t ¥e 0l spai drHNLhe gARPHRRAVide11sl64 A "packaging
host cell" refers to a host cell that provides the
trans-acting factors and viral packaging proteins required
by the replication defective viral vectors used herein,
such as the resistance test vectors, to produce resistance

20 test vector viral particles. The packaging proteins may
be . provided for by the expression of viral genes contained
within the resistance test vector 1itself, a packaging
expression vector(s), or both. A packaging host cell is a
host cell which is transfected with one or more packaging

25 expression vectors and when transfected with a resistance
test vector is then referred to herein as a "resistance
test wvector host-éell" and is scometimes referred to as a
packaging host cell/resistance test vector host cell.
Preferred host cells for use as packaging host cells for

30 HIV include 293 human embryonic kidney cells (293, Graham,
F.L. et al., J. Gen Virol. 36: 59, 1977), BOSC23 (Pear et
al., Proc. Natl. Acad. Seci. 90, 8392, 1993), tsa54 and
tsa201 cell lines (Heinzel et al., J.Virol. 62,




1 ~UECZ2t)D3 8 The nethod of claim7, wherein said nutation at codon 63
encodes proline (P) or glutamne (Q, said nutation at codon 77 encodes

i sol eucine (n, and said nmutation at eodon 46 encodes | eucine (L) or

i sol eueine (n. 9. The nethod of claim 7, wherein said HlV;i f??ted pati ent
is being treated with an antiretroviral agent. 10- A nethédﬁd}[hﬁmﬁssing
the effectiveness of protease antiretré®ikral therapy of an 111Vinfected
patient conprising: evaluating whether a plasm sanple from said

Hf f-i nfected patient contains a nucleic acid encoding )-TTV protease having
a mutation at codon 88 and an additional nutation at codons 63, 77, 46, 10,
20,5 or 36, 301383 1&@®)i, natfioan tHES edfepGiher ghal Tde gpmeésencei bharsaj d hut ati ons
is correlated w.th decregsed susce tibilitg to nel frmvir and i~dinavir and
i ncreased SIELEF-BITIEY Wo DS ir {1999) 1AL T 1o8:2d1-ai mt B2 wher ei n

sai d nut at ipeaadt Kcogdonab3 encgds yp“fj_)bb@? e ,or2 1d-ytiayi.ne £ Qrasgbd
mutation at codon 77 encodes isoleucine (l), said-nmutation at codon 46
encodes | ebeisite Q91 'orrefsuisede? ne ¢e}l $& danifedreditbyodenisbarreodes

i sol euci ne or | al.anikne_ (P i d tafl en reoni ne
(T), nethi sERe %??}( %Jrl%g%gi%?(rn%i?%% FEORIISN By T neodEs LALEIR
engodes i seketiciveetor absvakkene (N)whi2h éhereethod of; chhibitiOn whier ein

said H V-infected patient is.being treated with_an antjretrovjral _agent.
13. A met ho8r dPCHESEST| H"Ehe e diasres st BRES ESAdR Ok coFH ¥ £0T

antiretroviykal £oMmpauhd: $Risd NBINOM Gk NBumdR) TCWdIUr | Dgukehest cell
in the presence of said candidate H 'V antiretroviral conpound, wherein said

host cel| €6AprideBes t&relwdtrdr Lot si dFQT) Tdhmiclei-c B8 d (3&gRent
encodi ng Hi¥ppRekease-HAV| DB Iﬁ'ﬁg'l@’? ,atygpelgn A%%C@”drl(}i-'l)esf")”, i gdicat or

gene, wherein expression of sai ndi cator gene depends upon the activity
ofi5sai d Hl Wepiottaves Ebereefisuring the anount of expression of said

i ndi cator gene in said host cell fromstep (a); and -165 ~s ~ Ec ~o0~

This invention is illustrated in the Experimental Detais
section which follows. These sections are set forth to
aid in an understanding of the invention but are not
20 intended to, and should not be construed to, limit in any
way the invention as set forth in the claims which follow

thereafter.

Experimental Details
25 . General Materials and Methods
Most of the techniques used to construct vectors, and
transfect and infect cells, are widely practiced in the
art, and most practitioners are familiar with the standard
resource materials that describe specific conditions and
30 procedures. However, for convenience, ~the following

paragraphs may serve as a guideline.

As used herein, “replication capacity” is defined herein




(c) conparing the anmount of expression of said indicatox gene as neasured
in step (b) with an anmount of expression of said indicator gene neasuxed in
said host cell of step (a) cultured in the absence of said candidate HV
antiretrovi xal conpound, wherein; the difference between the anount of
expression of said indicator gene neasured in step (c) relqugfct hat
nmeasured in step (b) correlates with tgg_effectiveness of sald Ca date
FTIV antiretroviral conpound, thereby assessing the effectiveness of said
candidate H'V antiretroviral conmpound. 14. The nethod of ,C aim 13, wherein
said nucleic acid segnent encodi ng H V pxotease further conprises a
mutation at codons_ 63 or Z? or a _conhi nation thereof. 15. The, net hod
of 20l ai m 133 hePef AUEGi 8 nlieMereldcitd S et SRIGRIREH v Prbbelgd
fnxther cogpkicSefe ardilAld PN Ala £OGOPS) 68itddss OF R, oRE EmbBARKMBALI ON ™
thereof. 16. The nmethod of C aim 13, wherein said nucleic acid segnment
encodi ng Hr¢PRicEddsd forpdeitvommn sks anaagusedonbyt evedovedis® The 46,
10, 20, or el ophinat.ion thereof .. . A tes r c psing a.
nucl ei ¢ acﬁ§§%égﬁ%ﬁ?fegggd3%ﬁnﬁﬁVP%réF é%é;ﬁgvfﬁb % %ﬁ%é??oﬁggﬁ&%oggn 88
and an i ndiregflarcagena,. wherei n expression of said indicator gene depends
agon the activity of said HN protease. 18. The test vector of claim17,
8rein said nucleic acid segnment encodi ng H V protease further conprises a
nutation apscodery 63e@eihl, OLoALERIDI RaLiARahREr eebst19vedhBt est gvector;
of claim 17 wherein said nucleic acid segnent encodi ng HTV protease further
conpri ses gefingd ¢ & RGBSR TFst oveqeor opompEbdbfat | shanderdof . 20.
The test v of i 7, ei .d_nucl &G acid,;S nt codi,ng HV
pr ot ease fgg%ggr é%l f?%%% awﬁﬁ{atggﬁﬁg?eéodgﬁ?%GB, ékﬁé%ﬁga fﬁ%QZOQhox 36,
or a conbi hatlicatolregeakt.. 21. A nethod fox $valuating the viral fitness of
aQSHIV froman H V-infected patient, said nethod conprising: -166

As used herein, “normalizing” is defined as standardizing
the amount of the expression of indicator gene measured
relative to the number of viral particles giving rise to
the eXxpression of the indicator geﬁe. For exémple,
20 normalizatibn is measured by dividing the amount of
luciferase activity measured by the number of viral

particles measured at the time of infection.

"Plasmids"™ and "vectors" are designated by a lower case p
25 followed by letters and/or numbers. The starting plasmids
herein are either commercially available, publicly
available on an unrestricted basis, or can be constructed
from available ©plasmids in accord with published
procedures. In addition, equivalent plasmids to those
30 described are known in the art and will be apparent to the

ordinarily skilled artisan.

Construction of the vwvectors of the invention employs




1 Gc C2~~3 (a) culturing a host cell conprising a resistance test vector
conprising a patientderived segnent froma patient's virus and an indicator
gene; (b) neasuring the anount of activity of said indicator gene in said
host cell; and (c) conparing said anobunt of activity of said indicator gene
nmeasured in step (c) wth an anmount of activity of said indicator gene
measur ed when steps (a) and (b) are cargied out for a refer?gpg Eogméol,
wherein a reduction in said amount of activity of said indicat E g
measured in step (c) as conpared to step (b) indicates a reduction in viral
fitness. 22. A nethod of assessing the effectiveness of ritonavir,

nel $i navir, staddaadi rligagomi ¥he ansk @PPEEEYi kedRhi GaEEOIKBdh t harapy of
an H V-infected patjent conprising evaluating whether a plasnma sanple from

sai d HI V-i nfetted P&iS&RO%coht aths @Xtucleee ABPHPBACOH ngl H V Pritase
having a miégkien:at EadaLdRs and oneyd MBig addiibonal, mialigps at
secondary positions, wherein the presence of said nutations I's correl ated
wi t h changeintarsoseepei bit i tMandfatsa del Valo, ri tI%&) r,imeMolreailrar

i ndi navi r, i nivi z .and,apprenavi ur.  23. The od of claim22, wherein
said mut at i SHOM e bdod 82 8RREaEETH) atfaai) | gﬁiﬂw PR (BRTRGH i ne
(S0 or threspornetédy, by.The reshodOf pehaniud?, DMrer ebgusREds, or

H V-infected patient is heing treated with an antiretroviral agent. 25. The
met hod of cP¥M e 25 eCdiiyodaicd eplid deisomare n cdeg¥Rdar yt HbkeX¢dns avhpri se
a nutation al) £98908d 24n0f il Ve PRt g2 46. T}l;?e hod. Qf aL 25y wherein
said nutation %? codonr_124 encodes is%%éﬁci ne (I). 27. The (#ét hg% of "¢l ai m
25, wherei rr@aserHiSs | Afeerpdrphingntsyndhbéing NPeatede weohfasmed by
antiretrovi 8.. A.net.hod, of assessing th eciivene f

pr ot ease anl%ﬁ?flf etgrgg\g%flg% taﬁearlg%;}sof(%nnq-ﬁliﬁ %?e@tqe'd @aﬁ-;e)nt E%‘ESFr‘br ﬁ%tﬁy

evial uati ng Mt heSca. plasmeapiarfrom said H V-infected patient contains
a nucleic acid encoding H 'V protease having a nutation at codon 82 and an
addi tional mutation at codon 71, wherein said nutation at codon 71 encodes
an am no - §figesdt £ B B3 ad 1 tﬁ@tcdt%lgﬁ!i@tcﬂ@awa@@ Fe tHO W
consisting of threonine (T), leucine (L), and isoleucine (1), and wherein
the presencBdt ai FafhraGténs | snegmeel bhetl wEhs deitlbasad sesedptihility
to' indi naddqudedherfetbods 95nclBidnLl8, s wheral nygai d Hhzi pfect

patient is beqlmng. ter%eat 1éd wth annans?i ret’r o%/el‘v?al agent. 30. A %‘t ooggof
as¥kssi ng toes et fEctdny atesgnes Yot dasee ian inee ttoowieradi allier apy idfatdre

H Vi nfecte ti cogprisi.ng eval uati.ng whet he | asma_sanpl.e from
said H V-i %fng:gt eg}q%%ljfi e%?aggﬁ gi nscoarl’cﬁﬁccﬁ ¢ ac?od{aecﬁ%g(;ﬁsl ng Hv portgleerase
havi ng a mudesfuiorensdntcodare SZnountl 86 8HdI branabriliyakkallat araQGdaih.

sel ected fromthe group consisting of codon 54, 46, 10, and _63; oz a
combi nati o C’t%éar%ﬂ,'t%l??e]r P WEFRAT Y mut ¥R ot by %oﬂ%n0%4p&'ﬁéﬁ‘&é‘s o4n DR no

aci d that ifraspleant ek fusua LR QP €0PShsL £ 8008f eBLgRENEN( Abodteusd ne (L)
and t hreoni ne ((92]; said mutation at codon 46 encodes valine (V); said
m#&3ation at?ico botégEodesluhiani no aktltermativel el et ecdXaemn t et group

consi sti ng ,Qf | 4 ( Z?ﬂ‘q enyl al anj E); i.d iy eodon
63 encodes I(aér?t\ai%dﬁg%gci\%l at Ig"Fs %}ségﬁe%?eg%fs&(g% F%@gé%?ﬁp dggtﬁ%feﬁ%nggfof
al ani ne (AthesdfiMmey@tratte.conimeulfdt)ionl uirnes nef (groukyshnei heouxCto and

focr oased SUELASIE 111 yst8eFnal Gavire 43t 4REE rophbl SBPRe FATHatD Ao i
said H V-i rhect bd pablenitées. bei ngtereabadhw ifcdivaehbh) etgidoh agent .
30 removed by extraction with phenol/chloroform and the
nucleic acid recovered from aqueous fractions by
precipitation with ethanol. If desired, size separation

of the cleaved fragments may be performed by



32. A nethod of assessing the effectiveness of protease antiretroviral
therapy of an HNi nfected patient conprising evaluating whether a plasm
sanple fromsaid H V-infected patient contains a nucleic agic£ encodi ng H V
protease having a nutation at codon 82 and a nutation at c rDEﬂOZUﬂaher ein
the presence of said nutations is correlates with decreased susceptibility
to saquinavir. 33. The nethod of claim_3z_wherein said nutation at codon
20 encodes an amino acid that is selected fromthe group consisting of

met hi onine (M, threonine (T), isoleucine (1), and arginine (R). -168 1
9 SEC 203 34. The nethod of claim 32, wherein said H V-infected patient is
bei treat } T oV . . f _assessi.ng the
ef f ggt i venegg)l\é%é%%herﬁl?eé aﬁtélir\eéltlrr g%/ ‘?%FQ% hgrégpyéﬁoggagﬁf%?%séctug& tient
conpri si ng est@nd@ichg whehheques pl asnagearpke f rdemcsaipt iy | nbect ed Aeat i ent

contains a nucleic acid encodi ng HLV protease having a nutation at codon 82
and a nut atior agﬁatclood]osn 35, g%@ eith tb'{“)?ét%ﬁl‘jésé?]‘geg%?glga%ﬁg%uﬁéﬁi‘*(?ﬁs“si@
correl ated widgaecreased susceptibility to saquinavir. 36. The nethod of.
claim 35, wherein said nutation at codon 36 encodes an amino acid that is
selected fromthe group consisting of isoleucine (I), leucine (L), and
valjigne (V). g34+khe Nt h | ai erei,n id H V-infected patient
is Ogi ng trel%tset(f-gvh\ﬁ rH%an%g{r?t('fg‘if"rregt rg\%gg?ng\gégnﬁlsySS?)gA ﬁg'tuﬁgd Sf](éggisegé’i ng
the effectiveweddrng wirtht éhse lamier €rngmenal ofher apylaf par HoViyhfeatsed
patient conpri g%fgne&/?l uatiﬁg whet her a pl srrg sgfg)l e fromsaid

HI V-infected patTent” tont'ai W& aPhGEPBFE & dBRcddity BFOXyPYCe&sEiFsving a
mut ati on at tedghiosdhated agunaddi)t il MUbetboPieh €96RAS 24, a¥dut 54,5 Or

10, ox a conbi %%ti on thereof, wherein the presence of said mutations is
correl ated W% K d8CFREESd 2asudOept i Bi POt YMt Briaqiphavi p) 59. mph¥agdthéd of
cl aism S8, wher elge 1521 d (bt Ofnd@ls oMM 2y pPEOUCEnBNKh SRLEUENG L), sal d
mut ati on at codon 71 encodes an amno acid that is selected from the group
consi sting &flikr dahide §T) stigkiynendy bieuchaes(backinprosoueéingns (1),
said nutatiqQn o en es.an ' acid th i.s selected fromthe
group consi gflln%eof va n%é (%?,naFgﬁ}lﬁ{e? ?%e,' #%‘fj%:i ﬁéﬂ(]?f) A hdPERPESTIne
(T), and saild detarkdn atleoddne 10epaiodesnabe apendosmed bhakupplisyehect ed
fromthe group. consisting of jsoleucine (n, valine, ( henyl al ani ne (F),
and argini n8“?ﬁ) .OnﬁO.OfTPfg’ené’tl“r@&’oPrcl"ﬁi% 3583,1%%?\{12]2%?(1 FiE R LR d&Ced
pagoent is bhembgatieatedidtdtean Byt ithel reytwaé agenthedlst A WEt Radsof
assessing the effectiveness of protease antiretroviral therapy of an

HI Vi nf ect ed®paEF ehFeRBRPRT sYAED Kben@ i nghatmiResre pPasHiraaipte vitdm sai d

HI V-infect eghedfP/chloroform and ethanol precipitated. Treatment
under appropriate conditions with S$S1 nuclease or Bal-31

results in hydrolysis of any single-stranded portion.

25
Ligations are performed in 15-50 ul1 volumes under the
following standard conditions and temperatures: 20 mM
Tris-Cl pH 7.5, 10 mM MgCl,, 10 mM DTT, 33 mg/ml BSA, 10
mM- 50 mM NaCl, and either 40 nM ATP, 0.01-0.02 (we&iss)
30 units T4 DNA ligase at 0°C (for "sticky end"” ligation) or

lmM ATP, 0.3 - 0.6 {Weiss) units T4 DNA ligase at 14°C
(for "blunt end" ligation). Intermolecular "sticky end"”

ligations are usually performed at 33-100 ng/ml total DNA



1 S0 E C 2003 patient contains a nucleic acid encoding HN protease having
a nutation at codon 82 and one or nore additional nutations at secondary
positions wherein the presence of said nutations is coirelated with
decreased susceptibility to indinavir and saquinavir. 42. The nethod of
claim41, wherein said nucleic acid encoding H V protease &omilhCs@83at

| east 3 additional nutations at secondagy-positions. 43. A nethod of
assessing the effectiveness of protease antiretroviral therapy of an

H Vi nfected patient conprising evaluating whether a plasma sanple firom
said H V-infected patient contains a nucleic acid encoding H 'V protease
havisng a nut %tni %qjta&t t(‘i%q%n. 995% ong,or gg{glse@{mar }éoﬁyéﬁtggagony\berei n
t he >presence 0~ Sai'd mitations is correlated with changes iri _

" suscept i bi | ity eofmeslaich e tml untt oradi rligeed farevi fusPAdLHaERl QEQE nivi r
and anprenavir. 44, The net hod of Mai 3, Wherein said qutation at godon
90 encodes A& H%Nt M rﬁ%l.arrh%xﬁ%??]oapoﬁ1E’Ik§irﬁ1)4f,re ee(rjrel n szflldg‘E Lfl

- HTV' -infect ed,Rat i8Ms icenbehRdakieated with an antiretraviral agent. 46. A
met hod of assessing the ef;;'ectiveness of protease antiretrovizal therapy
of an HIVinfected patient conprising evaluating whether a plasma sanpl e
from sai d H|\V-infected j : Sont ains .a nugl elfanasl ok ienr odikpdeskhi¥n

pr ot'ease hav?fﬁgalmas’elﬁr{%at?)gé%%lélc%gon%lgo and an addilfgiqonal xxi_u?ati on at
codon 73, w4areiim tdeoyr esenceapfl teaitharuvaekons i stisrsfelcfiian wi t Ahe
decreased' susceptibility of said HV to indinavit, 47..The f'claim
46, wher ei n %®&dut éﬁ%n gﬁr c558ffs‘}‘§ngnc?)ﬁ%§e§ﬁigﬂ‘i nd a%i dg?%tgggiugar |
sel ected froudiledr R €SI Sid NGefE BRIy Neat H) depureiimigneoy Trevand 1
cysteine (C). 48. The nethod of'claim46, wherein said H V-inf e%ct gdgpati ent
i s being trdacd®sa t @k dT 1 eEPEVITEHATRERNt 3149, “ PR Hod bf T2EEEES ng

the of fect yaness ahyPrRal camm apld | ctrakiiak ibhandmbotdzan HeVrinfierised
pati‘ent conprising evaluating whether a plasma sanple from said

H V- i nf ect edngattilent hesint e hk. a Agehsiieniciakmiroth ¢y PAIMHT oBS8e Hhi&vi ng a
mut ation at eodan 90 and an additional_ 1> ti ££000N EhnMenei n said
nut ati on at p@&%&\ﬁ J:en‘“i’:jlo"’1 e%lcgnkg%gngiafsgl?hl&ﬂi_ QP?% E C 2D acid that is
sel ect ed framet.he igr atan€eribeti agdot rhhiséaniede ( Puringuthas (Hipe drg

i sol eucine (1), and wherein the presence of said putations i rrelated
Wi th decr ea®dds&dst pth B’fr}lﬁtilh%?gsﬁf‘ﬂeit-ﬁg 89 ncaelirIPavf?. E%‘.‘S’?ﬁg&ﬁ& ﬁ%d of
cl aigm 49, Whgkei L, Spdwk H Vrhaf esed patheat rignhetagriteat sdankt h faree
antiretroviral agent. 51. A nethod of assessing the effectiveness

of
prot ease anwiltdimoihcapucherspy BFaBACALOTAPECCEd thst PARETEmrArGhgP
eval uati ng et Ngl. @ Qasmg,saml e cfl{,_qméai e L V- bekeehed patdantowsenf ai ns

a nucleic acrd encoding H 'V protease having a nmutati on at codon 90 and an
addi ti onal wwanatfiestian coben pdasmhér ePNAsam@YnuPEGWH® adedddsitUe Bncodes

val i ne diluted by cell division. Random integration within the

25 cell chromatin occurs.

In general, vectors Mcontaining promoters and control
sequences which are derived from species compatible with
the host cell are used with the particular host cell.
30 Promoters suitable for use with prokaryotic hosts
illustratively include the beta-lactamase and lactose
promoter systems, alkaline phosphatase, the tryptophan

(trp) promoter system and hybrid promoters such as tac




(V), and wherein the presence of said nutations is correlated with
decreased susceptibility of said HV to indinavir. 52. The nethod of claim
51, wherein said H V-infected patient is being treated with an
antiretroviral a-ettt. 53. A nethod of assessing the effecti}v :he@s of
protease antiretroviral therapy of an H Vinfected patienf c n% i?ﬂj].'i

eval uati ng whether a plasna sanpl e fronl\ﬁ%ﬁ”i d H V-infected patient contains
a nucl ei c acid encodi ng HLV protease having a nutation at codon 90 and an
addi tional mutation at codon 73, wherein the presence of said nutations is
correlated wth decreased. susceptibility of said HV to saqui navi x 54. The
met hg)d of cl aiggﬂ53érMerI_I%iwn sai d nﬂiati n_at _cochL)n 73 encodes an am no acid
that’i's sel dtBH TF0m t KRGS DML St FRRCbEC8Rti RECEEFIath RESHHE oT) |
and cyst ei neaf&) srablke nethed Lfqiaaidm 53, p@swwo@@é,d Hikdfqcted |
patient is being treated with an antiretroviral agent. 56. A nethod of
assessi ng t Hel@FRes i vBirels &F pYeeehAsecHALLEESr oWidval atlisezape ofusad.

H Vi nf ect ed i ng:g{g)ari j at i.ng er l.e fr.om sajd
HI V-i nf ect ed‘ci%éa(%ﬁ%ﬁ cont a?%gggfﬁg‘]é%'ei 8Qaccl eér?fcobl nééllla—is\r}yﬁggggége haﬁavi ng a
mut ati on at mexdoncOfmendlyamseitli udnalyomitatmiotradr g=odicim,7 1al wheaghn 4 he
pzesence of sai.d nutatigns is cozzelated with decreaseqauscepti bi hty of

Said MV o AT 0 15t LA Dt & GOy T MG off T A5,
wherei n sai d:cmman‘loimgattg@ﬂ@aﬂ%teaﬁo@%mam@dﬁm achdmbhakiianselsat ed
fromthe group consisting of s threonine (T), valine (V), leucine (L), and
i sol euci ne (99115 BBY Whe WEEHEG DI LI TR 5EOUHhEPBEAC8ai oM \RXarfrdct ed
patient is REGdhsdedol Lh ARl POV £l  HIEN! 5inPan A HRLI0G Of
assessing the effectiveness of protease antiretroviral tﬁerapy of an

HI Vi nf ect ed {F&t4%nt ; adenprisiiag evtlnmatimpashet hepatiplasma sanpke drrdom

sai,d@ HN-i nf ti.e cont ai-ns..a nucl ei ¢, aci ncodi ng HN pnt ease havi ng
a mitation S{%e?}&%%lgo%éﬁf MG 1 oAl mitari'$hs B ecroogloor%%uﬁ “%ﬁrﬁ‘a?:'ol,an

wher ei n t he gafcesareoss ,0f esgl. d fudetiONpddhcr@y el atBek Weklt liydesri@asieste
suscepti bili tly of said H V to_saquinavir. 60. The nethod of claim59,
wher ei n sai ®TARAHSTGh St TR0y 710eNislas 2R EPNETASREH YhAPtiad ned &t ed

fromthe greup ©orei stsp8iefibaoleughlec( vrad 41seonbReafd) aRd Spidh
mut ati on at codon 10 encodes an amino acid that is selected fromthe group

consi sting oRTadoldudine At rapdiiiaed-iow., Fhenyimmegiiate (EBX1yams cmqfian ne
(R)ZO 6l . Th%fn'%th@oclimmand ' %’agl%rr(ﬂé 1@'&1‘1‘?’%&@({&%&2%%)&1 Q%heless .-:-1beI ng

treated with an antlretr(‘)zsjlra agent . A et hod séssing
ef f ecti venedig ngfl Igr & ea@sd ramttiiret Modgrentt.-herCdpycoafrssn  rdineftectse dExpa | ent :

conpri sing al yati_n et her | asma sanpl e .from sai d i nf ected patient
contains a %\l{}gl g’iogta%egqeﬁ&o(ﬁeﬁ‘é’%ﬁﬁpﬁp&@afé‘ﬁ%\ﬂrﬁg uferl%‘y’?a&e&r‘?lé} codon
90 and one or nore additional nutations at secondary positions; wherein the
presence of said nmutations is correlated with decreased susceptibility of

sai d H V t o TRRAVESOF SaNg SSaf@LsahA MaYe FOrERd Mgt 15d &51E 19Mai9aM62, adiét ei n

sabg nucl ei ¢egfkd @NCOMLagL DRI A83%S CONRI kA% Al difagind afdbhikanal
mut ati ons at secondary positions. 64. A nethod of assesSing the

ef f ecti vene®Fosrphot dme Tty efpovithel sumeripyl oprawngwrimi et ad hsztt ent
conpri sing eughuall e él-?rwgtﬂ' H¥ é@%?. f r%’;lasrﬂ!gfeé*' Jx! ’Hu%fé G o
patient contains a nuclelc aclid encodi ng pr ot ease "Savli ng a nu At1on at
codon 82 andelectable markers for mammalian cells include the
dihydroluiate reductase  gene {DHFR) , the ornithine
30 ‘ decarboxylase gene, the multi-drug resistance gene {(mdr),
the adencsine deaminase gene, and the glutamine synthase

gene. When such selectable markers are successfully

transferred into a mammalian host cell, the transformed




-172 1 ~D~ C2t10 90 and one or nore additional secondary nutations,
wherein the presence of said nmutations is correlated with changes in
susceptibility of said HV to ritonavir, nel Fmavir, indinavir, saquinivir
and anprenavir. 65. The nethod of claim64, wherein said nutation at codon
82 encodes an anino acid that is selected fromthe group cdn3iBiG 2B0%f

al anine (A), phenylalanine (F), serine_(;Q)., and threonine (T) and said

nmut ati on at codon 90 encodes a nethionine (1vl). 66- The nethod o clai m 64,
wherein said H V-infected patient is being treated with an antiretroviral
agent. 67. A method for assessing the effectiveness of a candidate HV

ant iy et 1 oVl [l ORI SLA TBLIOISOPLL S| PYG1 (BaCkhAL | 06:80OSL c! |

in tthe presence can i 'Fetrobifa ouhd, Wherern said
host cell cehEdsesea tehbryeatrer wMPIiddng ¢s9d adﬂutimtc aatdgsegqent
encodi ng 111V protease having a nutai YOn_at codon 82 and (ii) an indicatoz

gene, wher ei9f eXpteSsidh SFISRPE- i ndiRt&at 6+r@%n€a8@88ﬁﬂslﬁp(?ﬁsﬂﬁje MRthvity

of said HIV Juiof €asget {401 MBASI Nohd hes@npeng Hiﬁt@ff@rééﬁl opi 9f HAkdn
indicator gene in said host cell fromstep (a); and (c) conparing the

armunt of exX@massi bheofabsdildyi rfm cargw g@ﬂépagdﬁéésmfeda i pUBPEBMEDYedi t h
1 nmount of ecf(pl’eSSI o%%g i tor J%en%F%?fé’?e%l% {;gmiﬂﬁghtcell
In 2)

tep (a) MUt ure ) sence o Ysaid cand da Irretroviral

corrpound W@&fl&lcl‘titdire xellhicf}ereeﬁerbetmeen delle canipunts dferex preessi on_ahysai d

i ndi cat or gene nmeasured in step relative to that r]geasured in stiﬁ (b)
M al

correl ates Wt t hePef FBGt d\?@ﬁeé‘é) fERAPH L ahBFdACE 19N \F dMET3%% r 6Fi

conpound, thergby assessingdnfie effBcdveness of asaigdteandi-dategbbWth
antiretroviral conmpound. 68. A nethod for assessing the effectiveness of a

candi dat e HIof anthasdt rafdilr-al Tdovsoned 1 ssaihd chet®y§ GoRprESi figne(ypuld
culjiuring a Noste Lelly 18-508; R eSGIE Qg SAldgCapds ot endd Va1 LelhQyi ral

survive the selection. Examples of such dominant
selection use the drugs neomycin (Southern and Berg (1982)
J. Molec. BAppl. Genet. 1, 327), mycophenolic acid
(Mulligan and Berg (1980) Science 209, 1422), or
20 hygromycin (Sugden et al. (1985) Mol. Cell. Biol. 5,
4i0—413). The three examples given above employ bacterial
genes under eukaryotic control to convey resistance to the
appropriate drug neomycin (G418 or genticin}, xgpt

(mycophenolic acid} or hygromycin, respectively.

25
"Pransfection” means introducing DNA into a host cell so
that the DNA is expressed, whether functionally expressed
or otherwise; the DNA may also replicate either as an
extrachromosomal element or by chromosomal integration.
30 Unless otherwise provided, the method used herein for

transfection of the host cells is the calcium phosphate
co-precipitation method of Graham and van der Eb (1373)

virology 52, 456-457. Alternative methods for




conpound, wherein said host cell conprises a test vector conprising (i) a
nucl ei ¢ aci d segnent encoding H V protease having a nutation at codon 82
and a -173 7 9 DEG 2003 secondary nutations) at codons 20, 24, 71, 54 or
10, or a conbination thereo, and (ii) an indicator gene, wherein expression
of said indicatoz gene depends upon the activity of said HngDgﬁgﬁﬂg; (b)
nmeasuring the anount of expression of said indicator gene in S st cel
fromstep (a)and (c) conparing the amodff of expression of said indicator
gene as neasured in step (b) with an anobunt of expression of said indicator
gene neasured in said host cell of step (a) cultured in the absence of said
candi date HN antiretxoviral conpound, wherein the difference between the

anount of 39ﬁ+QW g4 @lﬁﬁ&F@Qpéﬁtééﬁe rB&sBFBE-FR*sEep fethosl.ative
to that measyetdeic epd b)oi%qrirs%ligge%x\_e&teglwe (2bbegt b%ﬁgeg‘?fa%fsf%@ d

candidate HN antiretroviral conpound, thereby assessing t ectiveness
of said camdicidbenqseigm:i PetlabeiresbryoMpournd, 69ochAtpet Boeskor. assessing
the effectiveness of a candidate HN antiretroviral conpound, said nethed
conprising: (a) culturing a host cell in the presence of said candi date HN
antiretroviHoalt celpgeundy her €t 4nSed ¢k Shi €1l th€ 08RpLEE§iant §eletwest or

cogprising %i) g nucl ei ¢ aci.d segnent encodi ng ﬂ#ﬁfrqtease havi ng a
mifat i on afrcolibhi RFHHRI ond"IeEPE adadt i BHEIULAR atifonSoRYeasdenadr v

positions agitdiEnt) mEQiNdiCAlieH GeNgs Wher g Pl gssi f ;sai.d.indi cator
gene depends upon the activi;; 3? sai d HfV"g%ggﬁgase; (g?nﬁeéggpgﬁggthe
anmount of EXpPessiréu ofekatdinnditcansfogmaptisn eai drpdstfydeld treamsst ep

(a)a and (g)s¢oMpPay{ng e ammynt f.ex .S of ~.sai d, i ndicator .gene as
measured in step %%% MF%E an annﬁﬁf of gﬁ%ﬁé@@?%n(% ég ?dqﬂ%ﬁﬁ%aﬁégggene
neasur ed i addaidd fgisttageine.o st eph¢a) cutubier edonditdionsensecnf said
CTEdldate ggmggE%E%Eg9VEﬁPJaggngggnqike, are those previocusly used

' with the host cell selected for expression, and will be

apparent to the ordinarily skilled artisan.

The following examples merely illustrate the best mode now
20 known for practicing the invention, but should not be
construed to limit the invention. All publications and
patent applications cited in this specification are herein
incorporated by reference in their entirety as if each
individual publication or patent application were
25 specifically and individually indicated to be incorporated

by reference.

EXAMPLE 1
Phenotypic Drug Susceptibility and Resistance Test Using
30 Resistance Test Vectors
Phenotypic drug susceptibility and resistance tests are
carried out using the means and methods described in US

Patent Number 5,837,464 (International Publication Number



wherein tire diffezence between the anount of expression of said indicator
gene neasured in step (c) relative to that neasured in step (b) correl ates
with the effectiveness of said candidate H V antiretroviral conmpQ n%

t hereby assessing the effectiveness of said candi date HN antﬂr&ﬂ“ﬁbiﬂga
compound. -174 7 8 D ~ G 2DD3 70. A nethod for assessing the

ef fecti veness of a candi date HN antireLQ?yiral conpound, said net hod
conprising (a) culturing a host cell in"the presence of said candidate II11V
antiretroviral conmpound, wherein said host cell conprises a test vector
conprising (i) a nucleic acid segnment encoding HV protease having a

nmut auoa at d onda tatlons donps 10 or 4G
or § conbingg}gﬂhﬁﬁgﬁé f%hzﬁ 6Fi§¥5%E'nﬁ?ggf%?%égﬁg,thgggFﬁgéQEEession of
sai d indicator gene depends upon the activity of said HV protease; (b)
measuri xi g the ampunt of expression of said. indicator gene in said host

cell ;from $fep (&ﬁ?sﬁnd (BFPEOH g t R taPAtodRE 0% x pz8E9PBAT P sai d

i ndi cator geng ASIRmASWEd iy, stepdb) piv h gh-aproyat of agxpressi,epsaf said
i ndi-.cator gene neasured in said host cell of step (a).cultured in the
absence of <$aiatseErditdadtee ¢pddinnt Feeionyi Fakec @died, Pakieretndenaéved

di fference het t nt, of ressiLon_o i.d_Lndicat asured
10 ep (o) PO e A5 e trbds GP Bt EReEPe ot 3ttt PEr R by PRRE R

ef fecti veneshadin sacaccamdi slateotll \(RAMPACRSt novinal viorpouxial, ishézeky

assessing the effebtiveness of said candidate H V antiret i ral, conpound.
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host cel|l ceodps sedirecerd veBtagerdfpfi siodg (3) RIEAEc atWSegmént

o Qdi ng HIY pratease having a.ouyf agjian aty 82 In??o@”dzi%q OENADLG s

addi'ti onal futations at secondary positions and an i ndicator gene,
wher ei n exppesgicameaf swirdy | sidinddod geneedependsieugon Rikkgemt s viloyadf said

H 'V protease; . (b asuring.the anmount of expression of.sai d ingdicator gene
in said hosgN@el SE?P%&P& epY T 5§™ a#gr?“(‘:%ga}fo arcflnsgm% hgﬂZmS%nt B‘g 2210
expressi on gkisgiedt,NdFeatAlsQ9eHE, aSTNEASUr thd N RIt-GTR bprwitidecan aazunt of
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(a).cul turedividere aB8ERce BWOSEH%FQ£EhdidateAHIVrﬁﬁFPWQFFGVirﬁﬁvﬁﬁ%ﬁbund,
whepei t x t he dihkkengragebetyesn tha HEMHNMEN ©XHRTHOX % rahseiptaRd cat or

gene -175 .
(Roche Molecular Systems, Inc., Branchburg, NJ), or avian
myeloblastosis virus (AMV) reverse transcriptase,
(Boehringer Mannheim, Indianapolis, IN}] was used to copy
viral RNA into ¢DNA. The cDNA was then amplified using a
25 thermostable DNA polymerase f[e.g. Tag (Roche Molecular
Systems, 1Inc., Branchburg, NJ), Tth {(Roche Molecular
Systems, Inc., Branchburg, NJ), PrimeZyme (isolated from

Thermus brockianus, Biometra, Gottingen, Germany)} or a

A combination of thermostable polymerases as described for

30 | the performance of "long PCR" (Barnes, W.M., (1994) Proc.
Natl. Acad. Sci, USA 91, 2216-2220) [e.g. Expand High
Fidelity PCR System {Tag + Pwo), (Boehringer Mannheim.

Indianapolis, IN) OR GeneAmp XL PCR kit (Tth + Vent),



1 9 Uc C~0D3 neasured in step (c) relative to that neasured in step (b)
correlates wwth the effectiveness of said candidate H 'V antiretroviral
conmpound, thereby assessing the effectiveness of said candidate HV
antiretroviral conpound, 72. A test vector conprising a nug]ﬁé@@ﬁi d
segnent encoding H V protease having a nutation at codon 8 2003

i ndi cat or gene, wherein expression of said indicator gene depends upon the
activity of said HV protease. 73. The re¥istance test vector of claim 72,
wherein said nucleic acid segnment encoding H V protease further conprises
at | east one secondary nutation at a codon selected fromthe group
consisting of 20, 24, 71, 54, 10 and a conbination thereof. 74. A test
vect & conpri@d e MiQeile adve tsomfive inenc Gdiaig MY 9pr §ddse having a
nmutati on at codon 90 and an indicator gene, wherein expression of said

i ndi cat or gene depends upon the activity of said H 'V protease. 75. The
resi stance té&siRévecTaplef S¢l dilm 74s whedeifromucdedérsactdagegneptiencadi ng

H V protease furthe onprise t |least one secondary. nutation codon .
sel ected fromitife gé%%pgggﬁsicj?ﬂhg o&%%,pr?ferfe, q?%ylanarém%5nﬂiaptr?a$fp(ﬁ1
thereof. 76. TApIe IOd #29r et egEMigKdieap! (FHAR) qapdel By af3)amddd/ tfg om
an H V-infected patient, said nmethod conprising: (a) culturing a host cell
conpfi si ng a 3@t et t hdrestonpratele i b s dSEoTER tsegeitt Amehn

| ndi cat or ge%%qu(emcé?a?%hfgiﬁge iwa%zofa%pmg%-i' OF & g8 foh N sGAL 0T
gene in said host cell, erein”sald anount of expression of said indicator
gene depends bgpawy t Hetaodugiedy ohta géoréhenended &f sdiad g&id emraghrdtvied
segnent; (c) colrgjari.n sai d amount of expression of said indicator gene

from (c) witH W AOURtY6f the expression of said indicator gene neasured

when steps (Redikteugh (Ccleaate peaomd usimemorenting tesle vecttast”
wherein the replication capacity of said HV relative to control, HV is

det &Pri ned f PESAT AGHYET stHImepre ey APPSATUARed )3y described in
US Patent Number 5,837,464 (International Publication

Number WO 97/27319) (see Fig. 1) using an amplified DNA
product of 1.5 kB prepared by RT-PCR using viral RNA as a
template and oligonucleotides PCR6 (#1}, PDSApa (#2) and
20 PDSAge (#3) as primers, followed by digestion with Apal
and Agel or the isoschizomer PinAl. To ensure that the
plasmid DNA corresponding to the resultant resistance test
vector comprises a representative sample of the HIV wviral
guasi-species present in the serum of a given patient,
25 many (>100) independent E. coli transformants obtained in
the construction of a given resistance test vector were

pooled and used for the preparation of plasmid DNA.

A packaging expression vector encoding an amphotrophic
30 MulLV 4070A env gene product enables production in a
resistance test vector host cell of resistance test vector
viral particles which can efficiently infect human target

cells. Resistance test vectors encoding all HIV genes
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5 with the exception of env were used to transfect a
packaging host cell (once transfected the host cell is
referred to as a resistance test vector host cell). The
packaging expression vector which encodes the amphotrophic
MuLV 4070A env gene product is used with the resistance

10 test vector to enable production in the resistance test
vector host cell éf infectious pseudotyped resistance test

vector viral particles.

Resistance tests performed with resistance test vectors
15 were carried out using packaging host and target host
cells consisting of the human embryonic kidney cell line
293 (Cell Culture Facility, UC San Francisco, SF, CA) or
the Jurkat leukemic T-cell 1line (Arthur Weiss, UC San

Francisco, SF, CA}.

20
Resistance tests were carried out with resistance test
vectors using two host cell types. Resistance test vector
viral particles were produced by a first host cell (the
resistance test vector host cell) that was prepared by
25 transfecting a packaging host cell with the resistance

test vector and the packaging expression vector. The
resistance test vector viral particles were then used to
infect a second host cell (the target host cell) in which

the expression of the iirdicator gene is measured (see Fig.

30 2).

The resistance test vectors containing a functional

luciferase gene cassette were constructed and host cells
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5 were transfected with the resistance test vector DNA. The
resistant test vectors contained patient-derived reverse
transcriptase and protease DNA segquences that encode

proteins which were either susceptible or resistant to the

antiretroviral agents, such as nucleoside reverse
10 transcriptase inhibitors, non-nucleoside reverse
transcriptase inhibitors and protease inhibitors. The

resistance test vector viral particles produced by
transfecting the resistance test vector DNA into host
cells, either in the presence or absence of protease
15 inhibitors, were used to infect target host cells grown
either in the absence of NRTI or NNRTI or in the presence
of increasing concentrations of the drug. Luciferase
activity in infected target host cells in the presence of
drug was compared to the luciferase activity in infected
20 target host cells in the absence of drug. Drug resistance
was measured as the concentration of drug required to
inhibit by 50% the luciferase aétivity detected in the
ébsence of drug (inhibitory concentration 50%, IC50 ).
The IC50 values were determined by plotting percent drug

25 inhibition vs. log,, drug concentration.

Host cells were seeded in 10~cm-diameter dishes and were
transfected one day after plating with resistance test

_vector plasmid DNA and the envelope expression vector.

30 Transfections were performed using a calcium-phosphate
co-precipitation procedure. The cell culture media
containing the DNA precipitate was replaced with fresh

medium, from one to 24 hours, after transfection. Cell
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5 culture media containing resistance test vector viral
particles was harvested one to four days after
transfection and was passed through a 0.45-mm filter
before being stored at "80°C. HIV capsid protein (p24)

levels in the harvested cell culture media were determined

10 by an EIA method as described by the manufacturer (SIAC;
Frederick, MD). Before infection, target cells (293 and
293/T} were plated in cell culture media. Control

infections were performed using cell culture media from
mock transfections (no DNA) or transfections containing
15 the resistance test vector plasmid DNA without the
envelope expression plasmid. One to three or more days

after infection the media was removed and cell lysis

buffer (Promega) was added to each well. Cell lysatés‘
were assayed for luciferase activity. The inhibitory
20 effect of the drug was determined using the following

equation:

% luciferase inhibition = [1 - (RLUluc [drug] RLUluc)] x
100
25
where RLUluc ([drug] 1is the relative 1light unit of
luciferase activity in infected cells in tﬁe presence of
drug and RLUluc is the Relative Light Unit of luciferase
activity in infected cells in the absence of drug. IC50
30 values were obtained from the sigméidal curves that were

generated from the data by plotting the percent inhibition
of luciferase activity vs. the log,, drug concentration.

Examples of drug inhibition curves are shown in (Fig. 3).
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5 EXAMPLE 2
An in vitro Assay Using Resistance Test Vectors And Site
Directed Mutants To Correlate Phenotypes And Genotypes
Associated With HIV Drug Susceptibility And Resistance
Phenotypic susceptibility analysis of patient HIV samples
10 Resistance test vectors are constructed as described in
example 1. Resistance test vectors, or clones derived from
the resistance test vector pools, are tested in a
phenotypic assay to determine accurately and
quantitatively the  level of susceptibility to a panel of
15 anti-retroviral drugs. This panel of anti-retroviral
drugs may comprise members of the classes known as
nucleoside-analog reverse transcriptase inhibitors
(NRTIs), non-nucleoside reverse transcriptase inhibitors

(NNRTIs), and protease inhibitors (PRIs). The panel of

20 drugs can be expanded as new drugs or new drug targets
become available. An IC50 is determined for each
resistance test vector pool for each drug tested. The

pattern of susceptibility tec all of the drugs tested is

examined and compared to known patterns of susceptibility.

25
A patient sample can be further examiped for genotypic
changes .correlated with the pattern of susceptibility
observed.
Genotypic analysis of patient HIV samples

30 Resistance téét vector DNAs, either pools or clones, are

analyzed by any of the genotyping methods described in
Example 1. In one embodiment of the invention, patient

HIV sample seguences are determined wusing viral RNA
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Genotypic changes that are observed to correlate with
changes in phenotypic patterns of drug susceptibility are
evaluated by cénstruction of resistance test vectors
containing the specific mutation on a defined, wild-type
20 (drug susceptible} genetic background. Mutations may be
incorporated alone and/or in combination with other
mutations that are thought to modulate the susceptibility
of HIV to a certain drug or class of drugs. Mutations are
introduced into the resistance test vector through any of
25 the widely known methods for site-directed mutagenesis.
In one embodiment of this invention the mega-primer PCR
method for site-directed mutagenesis is used. A
resistahce test vector containing the specific mutation or
group of mutations are then tested using the phenotypic
36 susceptibility assay described above and the
susceptibility prbfile is compared to that of a
genetically defined wild-type {(drug susceptible)

resistance test vector which lacks the specific'mutations.
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drugs comprised members of the classes known as NRTIs )

(AZT, 3TC, d4T, ddI, ddC, and abacavir), NNRTIs

{delavirdine, nevirapine and efavirenz) and PRIs
30 (indinavir, nelfinavir, ritonavir, saquinavir and
amprenavir). An IC50 was determined for each drug tested.

Susceptibility of the patient virus to each drug was

examined and compared to known patterns of susceptibility.
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5 A pattern of susceptibility to the PRIs was observed for
patient sample RTV~0732 in which there was a decrease in
both nelfinavir and indinavir susceptibility (increased
resistance) and an increase in amprenavir susceptibility
(see Fig. 4 and Table 1). Patient sample 0732 was examined

10 further for genotypic changes associated with the pattern
of susceptibility. ~
Determination of genotype of patient 0732
RTV~-0732 DNA was analyzed by ABI chain terminator

15 automated sequencing. The nuclectide sequence was
compared to the consensus sequence of a wild type clade B
HIV~1 (HIV Sequence Database Los Alamos, NM). The
nucleotide sequence was examined for sequences that are
different from the control sequence. PR mutations were

20 noted at positions K14R, I15V, K20T, E35D, M36I, R41K,

162V, L63Q and N88S. KI14R, I15V, E35D, R41K and 162V are
naturally occurring polymorphisms in HIV-1 PR and are not
associated with reduced susceptibility to any drug. M36I
has previously been described to be associated with

25 resistance to ritonavir and nelfinavir (Shihazi, 1998).
N88S has previously been described to be associated with
resistance to nelfinavir (Patick AAC, 42: 2637 11998) and
an investigational PRI, SC55389A (Smidt, 1997).

30 Phenotypic analysis of Patient 627
A resistance test vector was constructed as described in
example 1 from a patient sample designated as 627. This

patient had been treated with indinavir. Isolation of
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susceptibility. .

Determination of genotype of patient 627
- RTV-627 DNA was analyzed by ABI chain terminator autcmated
30 sequencing. The nucleotide sequence was compared to the
consensus sequence of a wild type clade B HIV-1 (HIV
Sequence Database Los Alamos, HNM). The nucleotide

sequence was examined for sequences that are different
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positions 13I/vV, E35D, M46L, L63P, I64V, 173V and N88S.
113V, E35D and 164V are naturally occurring polymorphisms
in HIV-1 PR and are not associated with reduced
susceptibility to any drug. M46L has previously been

10 described to be associated with resistance to indinavir
and amprenavir. L63P has previously been described to be
associated with resistance to indinavir and nelfinavir.
N88S has previously been described to be associated with
resistance to nelfinavir {Patick, 1998) and an

15 investigational PRI, SC55389%A (Smidt, 1997).

Phenotypic analysis of Patient 1208

A resistance test vector was constructed as described in

example 1 from a patient sample designated as 1208. This
20 patient had been previously treated with nelfinavir.

Isolation of viral RNA and RT/PCR was used to generate a

patient derived segment that comprised viral sequences

coding for all of PR and aa 1 - 313 of RT. The patient

derived segment was inserted into an indicator gene viral

25 vector to generate a resistance test vector designated
RTV-1208. RTV-1208 was tested wusing a phenotypic
susceptibility assay to determine accurately and

guantitatively the level of susceptibility to a panel of

anti-retroviral drugs. This panel of anti-retroviral drugs

30 comprised members of the classes known as NRTIs (AZT, 3TC,
a4r, ddl, ddc, and abacavir), NNRTIs {delavirdine,
nevirapine and efavirenz), and PRIs {indinavir,

nelfinavir, ritonavir, saquinavir and amprenavir). An ICS50
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5 was determined for each drug tested. Susceptibility of
the patient virus to each drug was examined and compared
to known patterns of susceptibility. A pattern of
susceptibility to the PRIs was chserxrved for patient sample
RTV-1208 in which there was a decrease in indinavir and
10 nelfinavir susceptibility (increased resistance) and an
increase in amprenavir susceptibility. Patient sample
1208 was examined further for genctypic changes associated

with the pattern of susceptibility.

15 Determination of genotype of patient 1208
RTV-1208 DNA was analyzed by ABI chain terminator
automated sequencing. The nucleotide sequence was
compared to the consensus sequence of a wild type clade B
HIV-1 ({HIV Seqﬁence Database Los Alamos, NM). - The

20 nucleotide seguence was examined for seguences that are
different from the control sequence. PR mutations were
noted at positions I62V, L63P, V77I, and N88S. I62V is a
naturally occurring polymorphism in HIV-1 PR and is not
associated with reduced susceptibility to any drug. L63P

25 has previously been described to be associated with
resistance to indinavir and nelfinavir. V771  has
previously been described to be associated with resistance
to nelfinavir. NB8S has previously been described to be
associated with resistance to nelfinavir (Patick, 1998)

30 and an investigational PRI, SC5538%A (Smidt, 1997).
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Phenotypic analysis of Patient 360

A resistance test vector was constructed as described in
example 1 from a patient sample designated as 360. This
patient had been previously treated with indinavir.
Isclation of viral RNA and RT/PCR was used to generate a
patient derived A segment that comprised viral sequences
coding for all of PR and aa 1 - 313 of RT. The patient
derived segment was inserted into an indicator gene viral
vector to generate a resistance test vector designated
RTV-360. RTV-360 was tested using a phenotypic
susceptibility assay to determine accurately ang
guantitatively the level of susceptibility to a panel of
anti-retroviral drugs. This panel of anti-retroviral drugs
comprised members of the classes known as NRTIs (AZT, 3TC,
d4T, ddz, ddc, and abacavir), NNRTIs '(delavirdine,
nevirapine and efavirenz), and PRIs {indinavir,
nelfinavir, ritonavir, saquinavir and amprenavir). An IC50
was determined for each drug tested. Susceptibility of
the patient virus to each drug was examined and compared
to known patterns of susceptibility. A pattern of
susceptibility to the PRIs was observed for patient sample
RTV-360 in which there was a decrease in indinavir and
nelfinavir susceptibility (increased resistance) and an
increase in amprenavir susceptibility. Patient sample 360
was examined further for genotypic changes associated with

the pattern of susceptibility.

Determination of genotype of patient 360

RTV-360 DNA was analyzed by ABI chain terminator automated
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consensus sequence of a wild type clade B HIV-1 (HIV

Sequence Database Los Alamos, NM} . The
sequence was examined for sequences that are

from the control sequence. PR mutations were

nucleotide
different

noted at

10 positions I13V, K20M, M36V, N37A, M46I, 162V, L63P, N8BS,

and I93L. T13V, N37A and 162V are naturally

occurring

polymorphisms in HIV-1 PR and are not associated with

reduced susceptibility to any drug. K20M has

previously

been described to be associated with resistance to

15 indinavir. M46I has previously been described to Dbe
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associated with resistance to indinavir, ritonavir,
nelfinavir and amprenavir. L63P has previously been
described to be associated with resistance to indinavir
and nelfinavir. N88S has previously been described to be
associated with resistance to nelfinavir (Patick, 1998)

and an investigational PRI, SC55389A (Smidt, 1997).

Phenotypic analysis of Patient 0910

A resistance test vector was constructed as described in
example 1 from a patient sample designated as 08%10. This
patient had been previously treated with nelfinavir.
Isclation of viral RNA and RT/PCR was used to generate a
patient derived segment that comprised viral sequences
coding for all of PR and aa 1 - 313 of RT. The patient
derived segment was inserted into an indicator gene viral
vector to generate a resiétance test vector designated
RTV-0910. RTV-0910 was tested wusing a phenotypic

susceptibility assay to determine accurately and
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5 quantitatively the level of susceptibility to a panel of
anti-retroviral drugs. This panel of anti-retroviral drugs

comprised members of the classes known as NRTIs (AZT,73TC,

d4arT, ddi, ddc, and abacavir), NNRTIs {delavirdine,

nevirapine and efavirenz), and PRIs {indinavir,
10 nelfinavir, ritonavir, saguinavir and amprenavir). An IC30
was determined - for each drug tested. Susceptibility of

the patient virus to each drug was examined and compared
to known patterns of susceptibility. A pattern of
susceptibility to the PRIs was observed for patient sample
15 RTV-0910 in which there was a decrease in indinavir and
nelfinavir susceptibility (increased resistance) and an
increase 1in amprenavir susceptibility. Patient sample
0910 was examined further for genotypic changes associated
with the pattern of susceptibility.
20
Determination of genotype of patient 0910
RTV-0910 DNA was analyzed by ABI <chain terminator
automated sequencing. The nuclecotide sequence was
compared to the consensus sequence of a wild type clade B
25 HIV-1 (HIV Sequence Database Los Alamos, NM}. The
nucleotide sequence was examined for sequences that are
different from the control sequence. PR mutations were
noted at positions M46I, L63P, V771, N885 and 1I931/L.
I13V, KI14R, N37p and I193L, are naturally occuring
30 polymorphism in HIV-1 PR and is not assoclated with
reduéed susceptibility to any drug. V771 has previously
been described to be associated with resistance to

nelfinavir. M46I has previously been described to be
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associated with resistance to indinavir, ritonavir,
nelfinavir and amprenavir.  L63P has previously been
described to be associated with resistance to indinavir
and nelfinavir. N88S has previously been described to be
associated with resistance to nelfinavir (Patick, 1998)

and an investigational PRI, SC553892 (Smidt, 1897).

Phenotypic analysis of Patient 3542

A resistance test vector was constructed as described in
example 1 from a patient sample designated as 3542. This
patient had been treated with indinavir, Isclation of
viral RNA and RT/PCR was used to generate a patient
derived segment that comprised viral sequences coding for
all of PR and aa 1 - 313 of RT. The patient derived
segment was inserted into an indicator gene viral vector
to generate a resistance test vector designated RTV-3542.
RTV-3542 was tested using a phenotypic susceptibility
assay to determine accurately and quantitatively the level
of susceptibility to a panel of anti-retroviral drugs.
This panel of anti-retroviral drugs comprised members of
the classes known as NRTIs {(AZT, 3TC, d4T, ddi, ddC, and
abacavir), NNRTIs (delavirdine, nevirapine and efavirenz},
and PRIs (indinavir, nelfinavir, ritonavir, saquinavir and
amprenavir). An IC50 was determined for each drug tested.
Susceptibility of the patient wvirus to each drug was
examined and compared to known patterns of susceptibility.
A pattern of susceptibility to the PRIs was observed for
patient sample RTV-3542 in which there was a decrease in

indinavir, nelfinavir and ritonavir susceptibility
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5 (increased resistance) and an increase 1in amprenavir
susceptibility. Patient sample 3542 was examined further

for genotypic changes associated with the pattern of

susceptibility.

10 Determination of genotype of patient 3542
RTV-3542 DNA was analyzed by ABI chain terminator
automated sequencing. The nucleotide sequence was
compared to the consensus sequence of a wild type clade B
HIV-1 (HIV Sequence Database Los Alamos, NM}. The
15 nucleotide sequence was examined for sequences that "are
different from the control sequence. PR mutations were
noted at positions 113V, KI14R, N37D, M46I, L63P, NB8S and
I93L. K14R and N37a/D are naturally occurring
polymorphisms in HIV-1 PR and are not associated with
20 reduced susceptibility to any drug. M46I has previously
been described to be associated with resistance to
indinavir, ritonavir, nelfinavir and amprenavir. L63P has
previously been described to be associated with resistance
to indinavir and nelfinavir. N88S has previously been
25 described to be associated with resistance to nelfinavir
(Patick, 1998) and an investigational PRI, SC55389A
(Smidt, 1997). |

Phenotypic analysis of Patient 3654

30 A resistance test vectof'was-constructed as described in
example 1 from a patient sample designated as 3654, This
patient had been previously treated with ritonavir.

Isolation of viral RNA and RT/PCR was used to generate a
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5 patient derived segment that comprised viral sequences
coding for all of PR and aa 1 - 313 of RT. The patient
derived segment was inserted into an indicator gene viral
vector to generate a resistance test vector designated
RTV-3654. RTV-3654 was tested using a phenotypic

10 susceptibility assay to determine accurately and
gquantitatively the level of susceptibility to a panel of
anti-retroviral drugs. This panel of anti-retroviral drugs
comprised members of the classes known as NRTIs (AZT, 3TC,
dA4T, ddi, ddC, - and abacavir}, NNRTIs (delavirdine,

15 nevirapine and efavirenz), and PRIs (indinavir,
nelfinavir, ritonavir, saquinavir and amprenavir). An IC50
was determined for each drug tested. Susceptibility of
the patient virus to each drug was examined and compared
to known patterns of susceptibility. A pattern of

20 susceptibility to the PRIs was observed for patient sample
RTV-3654 in which there was a decrease in indinavir and
nelfinavir susceptibility (increased resistance) and an
increase in amprenavir susceptibility. Patient sample
3654 was examined further for genotypic changes associated

25 with the pattern of susceptibility.

Determination of genotype of patient 3654
RTV-3654 DNA was analyzed by ABI chain terminator

automated seguencing. The nucleotide sequence was
30 compéred to the consensus sequence of a wild type clade B
HIV-1 (HIV Segquence Database Los Alamos, NM). The

nucleotide sequence was examined for sequences that are

different from the control sequence. PR mutations were
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5 noted at positions I13V, R41K, M46I, L63P, V771, NBBS and
193L. I13v, R41K and 1I93L are naturally occurring
polymorphism in HIV-1 PR and is not associated with
reduced susceptibility to any drug. M46I has previocusly
been described to be associated with resistance to
10 indinavir, ritonavir, nelfinavir and amprenavir. L63P has
prgviously been described to be associated with resistance
to indinavir and nelfinavir. V771 has previously been
described to be associated with resistance to nelfinavir.
N88S has previously been described to be assocliated with
15 resistance to an investigational PRI, SC55389A ({Smidt,
1%97) .
EXAMPLE 4 | -
Using Site Directed Mutants To Correlate Genotypes And
20 Phenotypes Associated With Changes in PRI Drug
Susceptibility in EIV.
Site directed mutagenesis
Resistance test vectors were constructed containing the
N88S mutation alone and in combination with other
25 substitutions in PR ({(L63P, V77I and M46L) known to
modulate the HIV susceptibility to PRIs. Mutations were
introduced into the resistance test vector using the
nega-primer PCR method for site-directed mutagenesis.
(Sakar G and Sommar SS {1994} Biotechniques 3{%),
30 404-407). First, a resistance test vector was constructed
that harbors a unique RsrII restriction site 590 bp

downstream of the Apal restriction site. The 590 bp Apal

- RsrII fragment thus contains the entire protease region.
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5 This site was introduced by site-specific

bligonucleotide—directed mutagenesis using primer #4. All
subsequent mutants were constructed by fragment-exchange
of the wild-type Apal =~ RsrlIl fragment in the parent .
vector with the . equivalent fragment carrying the

10 respective mutations.

A resistance test vector containing the HNB8S mutation
(NBBS—-RTV} was teste@ using the phenotypic susceptibility
assay described aboﬁe and the results were compared to
15 that of a genetically defined resistance test vector that
was wild type at position 88. The pattern of phenotypic
susceptibility to the PRIs in the N88S5-RTV was altered as
compared to wild#type. In- the context of an otherwise
wild type background (i.e. N88S mutation alone) the
20 N88S-RTV was more susceptible to both amprenavir and
ritonavir and slightly less susceptible to nelfinavir

compared to the wild type control RTV (see Table 2).

A resistance test vector containing the N88S mutation
25 along with the L63P mutation (L63P-N885-RTV) was tested
using the phenotypic susceptibility assay described above
and the results were égmpared to that of a genetically
defined resistance test vector that was wild type at
positions 63 and 88. The L63P-N88S5-RTV showed decreased
30 susceptibility to both indinavif” and nelfinavir and an
increase in the suscéptibility to amprenavir compared the
wild-type control RTV (see Table 2). Thus it appears that

the introduction of a second mutation, L63P, in addition
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5 to NB8S, results in a reduction in susceptibility to
nelfinavir and indinavir while the increased

susceptibility to amprenavir is maintained.

A resistance test vector containing the N88S mutation
10 along with the L63P mutation and the V771 mutation
(L63P-V771-N88S-RTV) was tested using the phenotypic
susceptibility assay described above and the results were
compared to that of a genetically defined resistance test
vector that was wild type at positions 63 and 77 and 88.
15 The RTV  containing mutations at these positions,
L63P-V77I-N88S-RTV, showed a decrease in susceptibility to
both indinavir and nelfinavir and an increase in the
susceptibility to amprenavir compared to the wild-type
control RTV (see Fig. 5 and Table 2). Thus it appears
20 that the introduction of a third mutation, V77I, in
addition to L63P and N88S, results in a reduction in
susceptibility to nelfinavir and indinavir while the

increased susceptibility to amprenavir is maintained.

25 The N88S mutation was also introduced into an RTV
containing additional mutations at positions L63P and M46L
(M46L + L63P + N88S). The RTV containing mufétions at
these positions, M46L-~L63P-N883S-RTV showed a decrease in
susceptihility to nelfinavir and a slight decrease in
30 susceptibility to indinavir and an increase in the
susceptibility to amprenavir compared to the wild-type
control RTV (see Fig. 5 and Table 2). Thus it appears

that +the introduction of a third mutation, M46L, in
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5 addition to L63P and NB8S, results in a reduction in

susceptibility to nelfinavir and indinavir while the

increased susceptibility to amprenavir is maintained.

A resistance test vector containing the N88S mutation
10 along with the M46L mutation, the L63P mutation, and the
V771 mutation (M46L-L63P-V77I-N88S-RTV) was tested using
the phenotypic susceptibility assay described above and
the results were compared to that of a genetically defined
resistance test vector that was wild type at positions 46,
15 63, 77 and 88. The RTV containing mutations at these four
positions, M46L-L63P-V77I-N885S-RTV showed a decrease in
susceptibility to nelfinavir and indinavir and an increase
in the susceptibility to amprenavir compared to the
wild-type control RTV (see Fig. 5 and Table 2). Thus it
20 appears that the introduction of a fourth mutation, V77I,
in addition to L63P, M46L and N88S results in a reduction
in susceptibility to nelfinavir and indinavir while the
increased susceptibility to amprenavir is maintained.
A resistance test vector containing the L63P mutation
25 {L63P-RTV) was tested using the phenotypic susceptibility
assay described above and the results were compared to
that of a genetically defined resistance test vector that
was wild type at position 63. The pattern of phenotypic
susceptibility to the PRIs in the L63P-RTV was similar to
30 wild type with no significant changes in susbéptibility to

the PRIs observed.

The I163P mutation was also introduced into an RTV
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5 containing an additional mutation at position V77I. The
L63P-V77I-RTV showed a slight decrease in susceptibility
to nelfinavir compared to the wild-type control RTV (see

Fig. 5 and Table 2).

10 EXAMPLE 5
Predicting ‘Response to Protease Inhibitors by

Characterization of Amino Acid 88 of HIV-1 Protease.

In one embodiment of this invention, changes in the amino
15 acid at position 88 of the protease protein of HIV-1 is
evaluated wusing the following method comprising: (i)
collecting a biological sample from an HIV-1l infected
subject; (ii) evaluating whether the biolegical sample
contains nucleic acid encoding HIV-1 protease having an
20 asparagine to serine mutation at codon 88 (NB88S5); and
(iii) determining susceptibility to protease inhibitors

{PRI).

The biological sample comprises whole blood, blood
25 components including peripheral mononuclear cells (PBMC),
serum, plasma {(prepared using various antigoagulants such
as EDTA, acid citrate-dextrose, heparin{;.tissue biopsies,
cerebral spinal fluid (CSF), or other cell, tissue or body
fluids. In another embodiment, the HIV-1 nucleic acid
30 (genomic RNA) or reverse transcriptase protein can be
isoclated directly from the biclogical sample or after
purification of virus particles from the Dbiological

sample. Evaluating whether the amino acid at position 88
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HIV-1 protease is mutated to serine, can be
performed using various methods, such as direct
characterization of the wviral nucleic acid encoding
protease or direct characterization of the protease
protein itself. Defining the amino acid at position 88 of
protease can be performed by direct characterization of
the protease protein by conventional or novel amino acid
sequencing methodologies, epitope recognition by
antibodies or other specific binding proteins or
compounds. Alternatively, the amino acid at position 88
of the HIV-1 protease protein can be defined by
characterizing amplified copies of HIV-1 nucleic acid
encoding the protease protein. Amplification of the HIV-1
nucleic acid can be performed using a variety of
methodologies including reverse transcription-polymerase
chain reaction (RT-PCR), NASBA, SbA, RCR, or 35R. The
nucleic acid sequence enceding HIV protease at codon 88
can be determined by direct nucleic acid seguencing using
various primer extension-chain termination (Sanger, ABI/PE
and Visible Genetics) or chain cleavage (Maxam and
Gilbert) methodologies or nore recently developed
sequencing methods such as v matrix assisted laser
desorption-ionization time of flight (MALDI-TOF) or mass
spectrometry {Sequenom, Gene Trace Systems) .
Alternatively, the nucleic acid sequence encoding amino
acid position 88 can be evaluated using a variety of probe
hybridization methodologies, such as genechip
hybridization sequencing (Affymetrix), line probe assay

(LLPA; Murex), and differential hybridization {Chiron).
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acid position 88 of HIV-1 protease was wild type or serine

was carried out using a phenotypic susceptibility assay or
genotypic assay, respectively, using resistance test

10 vector DNA prepared from the biological sample. In one
embodiment, the pl%sma sample was collected, viral RNA was
purified and an RT-PCR methodology was used to amplify a

patient derived segment encoding the HIV-1 protease and

reverse transcriptase regions. The amplified patient

15 derived segments were then incorporated, via DNA ligation
and bacterial transformation, into an indicator gene viral

vector thereby generating a resistance test vector.
Resistance test vectof DNA was isolated from the bacterial
~culture and the phenotypic susceptibility assay was

. 20 carried out as described in Example 1. The results of the
phenotypic susceptibilify assay with a patient sample

having an N88S mutation in PR is shown in Figure 4. The

nucleic acid (DNA) sequence of the patient derived HIV-1
protease and reverse transcriptase regions from patient

25 sample 0732 was determined using a fluorescence detection
chain termination cycle sequencing methodology (ABI/PE}.

The method was used to determine a consensus nucleic acid
sequence representing the combination of sequences of the

mixture of HIV-1 variants existing in the subjcct sample

30 (representing the gquasispecies), and to determine the

nucleic acid sequences of individual variants.

Phenotypic and genotypic correlation of mutations at amino
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5 " acid 8B of HIV-1l Protease.

Phenotypic susceptibility profiles of patient samples and
site directed mutants showed that amprenavir
susceptibility correlated with the presence of the NB88S
10 mutation in HIV-1 protease. Phenotypic susceptibility
profiles of patient samples and site directed mutants
showed that a significant increase in amprenavir
susceptibility (decreased resistance) correlated with a
mutation in the nucleic acid sequence encoding the amino

15 acid serine (S) at position 88 of HIV-1 protease.

Phenotypic susceptibility profiles of patient samples and
site directed mutants showed reduction in amprenavir
susceptibility (decreased resistance) and a decrease in

20 ’ susceptibility to nelfinavir and indinavir with the amino
acid serine at position 88 when the PR mutations at
positions 63, 77 or 46 were also present (L63P, V77I, or
M46L) .

25
EXAMPLE 6
Using Resistance test vectors and site directed mutants to
correlate genotypes associated with alteraticns in PRI
susceptibility with viral fitness.
30

Luciferase activity measured in theée absence of drug for
the seven resistance test vectors constructed from the

patient viruses containing the N88S PR mutation ranged
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5 from 0.7 to 16% of control {Table 3). Although these
viruses also contain multiple mutations in reverse
transcriptase, which could also contribute to a reduction
in viral fitness, the data suggest that viruses containing
the N88S mutation are less fit than wild type. To confirm

10 this observationr the luciferase expression level for the
site-directed mutant resistance test vectors was also

examined.

Viruses containing N88S as the only substitution produced
15 . only 1.0% of the 1luciferase activity in the absence of
drug {Table 4). This reduction was substantially
alleviated by the addition of the L63P substitution
{20.7%) or by addition of the combinations of Le3P/V77I
(29.3%) or M46L/L63P (28.0%). The L63P or Le3r/vViT71
20 mutants had equivalent or increased relative Juciferase
activity compared to wild type (163.9 and 75.6%,

respectively).

When the K20T substitution was added to the NB88S
25 background, either alone or in combination with L63P, only
background levels of luciferase activity was detected.
Sequence analysis confirmed the absence of additiocnal
mutations, which might render the vector inactive. Thus
the combination of the K20T and N88S substitutions

30 correlates with a severe defect in fitness.
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5 EXAMPLE 7
Predicting Response to Protease Inhibitors by BN
Characterization of Amino Acid 82 of HIV-1

Protease.

10 Iin one embodimenp of this invention, changes in the amino
acid at position 82 of the protease protein of HIV-1 are
evaluated using the following method comprising: (i)
collecting a biological sample from an HIV-1 infected
subject; (ii) evaluating whether the biological sample

15 contains nucleic acid encoding HIV-1 protease having a
valine to alanine (V82A), phenylalanine (V82F), serine
{(V8258), or threonine (VB2T} substitution at codon 82; and
(iii) determining susceptibility to protease inhibitors
(PRI} .

20
The bioclogical sample comprises whole blood, blood
components including peripheral mononuclear cells (PBMC),
serum, plasma (prepared using various anticoagulants such
as EDTA, acid citrate-dextrose, heparin), tissue biopsies,

25 cerebral spinal fluid {CSF), or other cell, tissue or body
fluids. In another embodiment, the HIV-1 nucleic acid
(genomic RNA)} or reverse transcriptase protein can be
isolated directly from the biological sample or after
purification of wvirus particles from the biological

30 sample. Evaluating whether the amino acid at position 82
of the HIV-1 protease is mutated to alanine,
phenylalanine, serine, or threonine, can be performed

using various methods, such as direct characterization of
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5 the wviral nucleic acid encoding protease or direct
characterization of the protease protein itself. Defining

the amino acid at position 82 of protease can be performed
by direct characterization of the protease protein by
conventional or novel amino acid sequencing methodologies,
10 epitope recognition by antibodies or other specific
binding proteins or compounds. Alternatively, the amino
acid at position 82 of the HIV-1 protease protein can be
defined by characterizing amplified copies of HIV-1
nucleic acid encoding the protease protein. Amplification
15 of the HIV-1 nucleic acid can be performed using a variety
of methodologies including reverse
transcription-polymerase chain reaction (RT-PCR), NASBA,
SbA, RCR, or 3SR. The nucleic acid segquence encoding HIV
protease at codon 82 can be determined by direct nucleic
20 acid sequencing using various primer extension-chain
termination (Sanger, BABI/PE and Visible Genetics) or chain
cleavage {Maxam and Gilbert) methodologies Oor more
recently developed sequencing methods such as matrix
assisted 1laser desorption-ionization time of flight
25 (MALDI-TOF) or mass spectrometry (Sequenom, Gene Trace
Systems) . Alternatively, the nucleic ‘“acid’ sequence
encoding amino acid position 82 can be evaluated using a
variety of probe hybridization methodologies, such as
genechip hybridization sequencing {Affymetrix), line probe
30 assay (LiPA; Murex), and differential hybridization

(Chiron) .
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5 In a preferred embodiment of this invention, evaluation of
protease inhibitor susceptibility and of whether amino
acid position 82 of HIV-1 protease was wild type or
alanine, phenylalanine, serine, or threonine, was carried
out using a phenotypic susceptibility assay or genotypic

10 assay, respectively, using resistance test vector DNA
prepared from the biological sample. In cone embodiment,
the plasma sample was collected, wviral RNA was purified
and an RT-PCR methodology was used to amplify a patient
derived segment encoding the HIV-1 protease and reverse

15 transcriptase regions. The amplified patient derived
segments were then incorporated, via DNA 1ligation and
bacterial transformation, into an indicator gene viral
vector thereby generating a resistance test vector.
Resistance test vector DNA was isolated from the bacterial

20 culture and the phenotypic susceptibility assay was

carried out and analyzed as described in Example 1.

The nucleic acid (DNA) sequence of the patient derived
HIV-1 protease and reverse transcriptase regions was
25 determined using a fluorescence detection chain
termination cycle sequencing methodology (ABI/PE). The
method was used to determine a consensus nucleic acid
sequence representing the combination of sequences of the
mixture of HIV-1 variants existing in the subject sample
30 (representing the quasispecies), and to determine the
nucleic acid sequences of individual variants. Genotypes
are analyzed as lists of amino acid differences between

virus in the patient sample and a reference laboratory
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relational database linking these two results with patient
information. Large datasets can then be assembled from
patient virus samples sharing particular characteristics,
10 such as the presence of any given mutation, or combination
of mutations or reduced Susceptibility to any drug or

combination of drugs.

(a) Protease inhibitor susceptibility of viruses

15 containing mutations at amino acid 82 of HIV-1 Protease.

Phenotypic susceptibility profiles of 75 patient virus
samples which contained a mutation at position 82 (V82a,
F, S, or T), but no other primary mutations, were
20 analyzed. According to most published guidelines, such
viruses are expected to be resistant to ritonavir,
nelfinavir, indinavir, and saquinavir. However, 8%, 20%,
23%, and 73% of these samples were phenotypically
susceptible to these four protease inhibitors,
25 respectively (see Table 6). Thus, particulariy for
indinavir and saquinavir, there was poor correlation
between the presence of mutations at position 82 and drug

susceptibiiity.

30 (b) Indipnavir susceptibility of viruses containing
combinations of mutations at amino acid 82 and one
secondary mutation in HIV-1 Protease.

Indinavir resistance in viruses containing mutations at
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5 position B2 was evaluated with respect to the presence of
other specific mutations. Decreased indinavir

susceptibility (fold-change in IC,, greater than 2.5) in
viruses containing V82A, F, S, or T but no other primary
mutations was correlated with the presence of mutations at
10 secondary positiens. Reduced indinavir susceptibility was
observed 1in 20 samples containing mutations at‘”both
positions 24 and 82 (100%) and in 27 samples with both 71
and 82 (100%) (See Table 7). The combination of mutations
at position 82 with mutations at other positions (e.g. 54,
15 46, 10, and 63) also significantly increased the
proportion of samples that  had reduced indinavir

susceptibility "(Table 7).

{(c) Saquinavir susceptibility of viruses containing
20 - combinations of mutations at amino acid 82 and one
secondary mutation in HIV-1 Protease.
Saquinavir resistance in viruses containing mutations at
position B2 was evaluated with respect to the presence of
other specific mutations. Decreased saquinavir
25 susceptibility (fold-change in IC,;, greater than 2.5) in
viruses containing V82A, F, S, or T but no other primary
mutations was correlated with the presence of mutations at
secondary positions. Reduced saguinavir susceptibility was
observed in 4 of 5ﬂéamples containing mutations at both
30 pesitions 20 and 82 (80%) and in 8 of 11 samples with both
36 and 82 (73%) {See Table 8). The combination of
mutations at position 82 with mutations at other positions

(e.g. 24, 71, 54, and 10) also significantly increased the



] 80%&' () -, m¥sntnBo) p, pFpwWX7M ! 4 ; @&10%&' ()-B\ 1 "109%& ()-!\ %40%& ()-!,\
%d0% ()-!Br\ %40%& ()-!N610%& ()-FppgOrrrrrr}rg\:7T4 ! 10%& ()-Y 10 10 10H3
109%& () - @&10%& () -! @&10%& () -! @&LO0Y& ()-rtttuvwxVag\: ! %*%d 0% ()-!%0%
& ()-1%40% ()- W®AOYC& ()-! vAOU&R ()-! vILOUR () - wawxxxxxyz~\:11098 98 y<
(109 ()-,!'%< (109 ()-,!L10% ()- 10 10 10p3
109 () -#y* 0% ()-z{}!~~~~~ w[M!1o% < (10% 10ss 10ss y
(109%ss& ()-,!1y< (10%z& ()-,!#y< (10%%éi )-, 10y< F e BELy 7003
(109 ()-,~"<M!1%1y-)10%h& ()-S#H'y-)10%0& () - SH<

5 proportion of samples that had reduced saquinavir

susceptibility (Table 8).

(d) Indinavir susceptibility of viruses containing
combinations of mutations at amino acid 82 and many
10 secondary mutations in HIV-1 Protease.
Indinavir resistance in viruses containing mutations- at
position 82 was evaluated with respect to the presence of
a defined number of other mutations. Decreased indinavir
susceptibility (fold-change in IC,, greater than 2.5) in
15 viruses containing V82A, F, S, or T but no other primary
mutations was correlated with the number of mutations at
secondary positions. Reduced indinavir susceptibility was
observed in 100% of samples with V82A, F, S, or T and at
least 6 other secondary mutations (See Table 9).. The
20 proportion of samples that had reduced indinavir
susceptibility increased significantly in samples with
v82A, F, S, or T combined with 3 to 5 other secondary

mutations (Table 9}.

25 (e) Saquinavir susceptibility of viruses containing
combinations of mutations at aminc acid 82 and many
secondary mutations in HIV-1 Protease.

Saguinavir resistance in viruses containing mutations at
position 82 was evaluated with respect to the presence of

30 a defined number of other mutations. Decreased saquinavir
susceptibility (fold-change in ICs;, greater tham 2.5) in
viruses containing V82A, F, S, or T but no other primary

mutations was correlated with the number of mutations at
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5 secondary positions. Reduced saquinavir susceptibility

was observed in 60 to 76% of samples with V82A, F

;y S5, or T - -

and at least 5 other secondary mutations (See Table 9).

The proportion of samples that had reduced saquinivir

susceptibility increased significantly in samples with

10 V82A, F, S, or T combined with 3 or 4 other

mutations (Table §).

EXAMPLE 8

secondary

Predicting Response to Protease Inhibitors by

15 Characterization of Amino Acid 90 of HIV-1

Protease.

20

25

30

In one embodiment of this invention, changes in the amino
acid at position 90 of the protease protein of HIV-1 are
evaluated using the following method comprising: (i)
collecting a bioclogical sample from an HIV-1 infected
subject; (ii) evaluating whether the biological sample
contains nucleic acid encoding HIV-1 protease having a
leucine to methionine (L90M) substitution at codon 90; and
(iii) determining susceptibility to protease inhibitors

(PRI) .

The biological sample comprises whole Dblood, blood
components including peripheral meononuclear cells (PBMC),
serum, plasma (prepared using'various anticoagulants such
as EDTA, acid citrate-dextrose, heparin), tissue biopsies,
cerebral spinal fluid (CSF), ox other cell, tissue oxr body

fluids. In another embodiment, the HIV-1 nucleic acid
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15
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(genomic RNA) or reverse transcriptase protein can be
isolated directly from the biological sample or after
purification of wvirus particles from the Dbiological
sample. Evaluating whether the amino acid at position 90
of the HIV-1 protease is mutated to methionine, can be
performed using various methods, such as direct
characterization of the wviral nucleic acid enceding
protease or direct characterization of the protease
protein itself. Defining the amino acid at position 30 of
protease can be performed by direct characterization of
the protease protein by conventional or novel amino acid
sequencing methodologies, ‘epitope recognition by
antibodies or other specific binding ©proteins or
compounds. Alternatively, the amino acid at position 90
of the HIV-1 protease protein can be defined by
characterizing amplified copies of HIV-1 nucleic acid
encoding the protease protein. Amplification of the HIV-1
nucleic acid can be performed using a variety of
methodoloéies including reverse transcription-polymerase
chain reaction (RT-PCR), NASBA, SDA, RCR, or 3SR. The
nucleic acid sequence encoding HIV protease at codon 90
can be determined by direct nucleic acid sequencing using
various primer extension-chain termination (Sanger, ABI/PE
and Visible Genetics) or chain c¢leavage (Maxam and
Gilbert) methodologies or more recently  developed
sequenciﬁg methods such as matrix assisted laser
desorption-ionization time of flight (MALDI-TOF) or mass
spectrometry {Sequenom, Gene Trace Systems) .

Alternatively, the nucleic acid segquence encoding amino

10 1013G-6U=>?@M [NB!!!Xng@ﬁEEQE3310<<
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(O)-#y %409 ()-1 ?2\;wiB_Q!! < %WO0%U& ()-,!<
acid position 90 can be evaluated using a variety of probe

hybridization methodologies, such as genechip
hybridization sequencing (Affymetrix), line probe assay

(LiPA; Murex), and differential hybridization (Chiron}.

In a preferred embodiment of this invention, evaluation of
protease inhibitor susceptibility and of whether amino
acid position 90 of HIV-1 protease was wild type or
methionine, was carried out using a phenotypic
susceptibility assay or genotypic assay, respectively,
using resistance test vector DNA prepared from the
biological sample. In one embodiment, the plasma sample
was collected, viral RNA was purified and an RT-PCR
methodology was used to amplify a patient derived segment
encoding the HIV-1 protease and reverse transcriptase
regions. The amplified patient derived segments were then
incorporated, via DNA ligation and bacterial
transformation, into an indicator gene viral vector
thereby generating a resistance test vector. Resistance
test vector DNA was isolated from the bacterial culture
and the phenotypic susceptibility assay was carried out

and analyzed as described in Example 1.

The nucleic acid (DNA) sequence of the patient derived
HIV-1 protease and reverse transcriptase regions was
determined using a fluorescence detection chain
termination cycle sequencing methodology (ABI/PE). The
method was used to determine a consensus nucleic acid

sequence representing the combination of sequences of the
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5 mixture of HIV-1 wvariants existing in the subject sample
{(representing the quasispecies), and to determine the
nucleic acid sequences of individual variants. Genotypes
are analyzed as lists of amino acid differences between
virus in the patient sample and a reference laboratory

10 strain of HIV-1, NL4-3. Genotypes = and corresponding
phenotypes (fold-change in ICS50 values) are entered in a
relational database linking these two results with patient
information. Large datasets can then be assembled from
patient virus saméles sharing particular characteristics,

15 such as the presence of any given mutation, or combination
of mutants, or reduced susceptibility to any drug or

combination of drugs-:

(a) Protease inhibitor susceptibility of viruses

20 containing mutations at amino acid 90 of HIV~1 Protease.

Phenotypic susceptibility profiles of 58 patient virus
samples which contained a mutation at position 90 (L90OM),
but no other primary mutations, were analyzed. According
25 . to most published guidelines, such viruses are expected to
be resistant to ritonavir, nelfinavir, indinavir, and
saquinavir. However, 28%, 9%, 31%, and 47% of these
samples were phenotypically susceptible to these four
protease inhibitors, respectively (see Table 6). Thus,
30 particularly for indinavir and saguinavir, there was poor
correlation between the presence of mutations at position

90 and drug susceptibility.
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5 (b) Indinavir susceptibility of viruses containing
combinations of mutations at amino acid 90 and one
secondary mutation in HIV-1 Protease.

Indinavir resistance in viruses containing mutations at
position 90 was evaluated with respect to the presence of
10 other specific mutations. Decreased indinavir
susceptibility (fold~change in ICs;, greater than 2.5) in
viruses containing LS0M but no other primary mutations was
correlated with the- presence of mutations at secondary
positions. Reduced indinavir susceptibility was observed
is in 17 of 192 samples containing mutations at both positions
73 and 90 (89%) and in 16 of 18 samples with both 71 and
90 (89%) (See Table 10). The combination of mutations at
position a0 with mutation at position 46 also
significantly increased the proportion of samples that had

20 reduced indinavir susceptibility (Table 10)}.

{c) Saquinavir susceptibility of viruses containing
combinations of mutations at amino acid 90 and one
secondary mutation in HIV-1 Protease.

25 Saquinavir resistance in viruses containing mutations at
position 20 was evaluated with respect to the presence of
other specific mutations. Decreased saguinavir
susceptibility (fold-change in IC,, greater than 2.5) in
viruses containing L90M but no other primary mutations was

30 correlated with the presence of mutations at secondary
positions. Reduced saquinavir susceptibility was observed
in 15 of 19 samples containing mutations at both positions

73 and 90 (79%) and in 14 of 18 samples with both 71 and
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5 90 (78%) (See Table 11). The combination of mutations at

position 90 with mutations at other positions (e.g. 77 and
10) alsc significantly increased the proportion of samples

that had reduced saquinavir susceptibility (Table 1}.

10

(d) Indinavir susceptibility of viruses containing
combinations of mutations at amino acid 90 and many

15 secondary mutations in HIV-1 Protease.
Indinavir resistance in viruses'containing mutations at
_ position 90 was evaluated with respect to the presence of
a defined number of other mutations. Decreased indinavir
susceptibility (fold-change in ICs, greater than 2.5) in
20 viruses containing L90M but no other primary mutations was
correlated with the number of mutations at secondary
positions. Reduced indinavir susceptibility was observed
in 100% of samples with L90M and at least 5 other
secondary mutations had (See Table 12). The proportion of
25 samples that had reduced indinavir - susceptibility
increased significantly in samples with L390M combined with

3 or 4 other secondary mutations (Table 12;.

(e) Saquinavir susceptibility of viruses containing

30 combinations of mutations at amino acid 90 and many
secondary mutations in HIV-1 Protease.

Sagquinavir resistance in viruses containing mutations at

position 90 was evaluated with respect to the presence of
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5 a defined number of other mutations. Decreased saguinavir

susceptibility (fold-change in IC,;, greater than 2.5) in
viruses containing L90M but no other primary mutations was
correlated with the number of mutations at secondary
positions. Reduced sagquinavir susceptibility was observed
10 in 100% of samples with L90M and at 1least 5 other
secondary mutatigns (See Table 12). The proportion of
samples that had reduced saquinivir susceptibility
increased significantly in samples with L90M combined with
3 or 4 other secondary mutations (Table 12).
15
EXAMPLE 9
Predicting Response to Protease Inhibitors by
Characterization of Amino Acids 82 and %0 of HIV-1
Protease.
20
In one embodiment of this invention, changes:in the amino
acid at position 82 and 90 of the protease protein of
HIV-1 are evaluated using the following method comprising:
) {i) collecting a biological sample from an HIV-1 infected
25 subject; (ii) evaluating whether the biological sample
contains nucleic acid encoding HIV-1 protease. having a
valine to alanine (VB234}, ”phenylalanine (VB82F), serine
(VB82S), or threonine (VB2T) substitution at codon 82 or a
~leucine to methionine at position 90 (L30M); and (iii}

30 determining susceptibility to protease inhibitors (PRI).

The biological sample comprises whole blood, blood

components including peripheral mononuclear cells (PBMC),
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5 serum, plasma (prepared using various anticoagulants such
as EDTA, acid citrate-dextrose, heparin}, tissue biopsies,
cerebral spinal fluid (CSF), or other cell, tissue or body
fluids. In another embodiment, the HIV-1 nucleic acid
{(genomic RNA) or reverse transcriptase protein can be

10 isolated directly from the biological sample or after
purification of ‘virus particles from the Dbiological
sample. Evaluating whether the amino acid at position 82
of the HIV-1 protease is mutated to alanine,
phenylalanine, serine, or threonine or at position 90 to
15 methionine, can be performed using various methods, such
as direct <characterization of the viral nucleic acid
encoding protease or direct characterization of the
protease protein itself. Defining the amino acid at
positions 82 and 90 of protease can be performed by direct
20 characterization of the protease protein by conventional
or novel amino acid sequeﬁcing methodologies, epitope
‘recognition by antibodies or other specific binding
proteins or compounds. Alternatively, the amino acid at
positions 82 and 90 of the HIV-1 protease protein can be
25 defined by characterizing amplified copies of HIV-1
nucleic acid encoding the protease protein. Amplification
of the HIV-1 nucleic acid can be performed using a variety
of methodologies including reverse
transcription-polymerase chain reaction (RT-PCR}, NREBA,
30 SDA, RCR, or 3SR. The nucleic acid sequence encoding HIV
protease at codons 82 and 90 can be determined by direct
nucleic acid sequencing using various primer

extension-chain termination (Sanger, ABI/PE and Visible
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5 Genetics) or chain cleavage {(Maxam  and Gilbert)
methodologies or more recently developed sequencing
methods such as matrix assisted laser
desorption-ionization time of flight (MALDI-TOF) or mass
spectrometry (Sequenom, Gene Trace Systems) .

10 Alternatively, the nucleic acid sequence encoding amino
acid positions 82 and 90 can be evalvated using a variety
of probe hybridization methodologies, such as genechip
hybridization sequencing {(Affymetrix), line probe assay
(LiPA; Murex), and differential hybridization (Chiron).

15
In a preferred embodiment of this invention, evaluation of
protease inhibitor susceptibility and of whether amino
acid positions 82 and 90 of HIV-1 protease was wild type
or alanine, phenylalanine, serine, or threonine in the

20 case of p051t10n 82 and methionine at position 90, was
carried out using a phenotypic susceptlblllty assay or
genotypic assay, respectively, using resistance test
vector DNA prepared from the biological sample. In one
embodiment, plasma sample was collected, viral RNA was

25 purified and an RT-PCR methodology was used to amplify a
patient derived segment encoding the HIV-1 protease and
reverse transcriptase regions. The amplified patient
derived segments were then incorporated, via DNA ligation
and bacterial transformation, intc-an indicator gene viral

30 vector thereby generating a resistance test vector.
Resistance test vector DNA was isolated from the bacterial
culture and the phenotypic susceptibility assay was

carried out and analyzed as described in Example 1.
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The nucleic acid (DNA) sequence of the patient derived
HIV-1 protease and reverse transcriptase regions was
determined using a fluorescence detection chain
terﬁination cycle sequencing methodology (ABI/PE). The
10 method was used to determine a consensus nucleic acid
Sequence representing the combination of sequences of the
mixture of HIV-1 variants existing in the subject sample
(representing the quasispecies), and to determine the
nuclei¢ acid sequences of individual variants. Genotypes
15 are analyzed as lists of amino acid differences between
virus in the patient sample and a reference laboratory
strain of HIV-1, NL4-3. Genotypes and corresponding
phenotypes (fold-~change in IC50 values) are entered in a
relational database linking these two results with patient
20 information. Large datasets can then be assembled from
patient virus samples sharing particular characteristics,
such as the presence of any g¢given mutation or reduced

susceptibility to any drug or combination of drugs.

25 Protease inhibitor susceptibility of viruses containing
mutations at amino acids 82 and 90 of HIV-1l Protease.
Phenotypic susceptibility profiles of 33 patient virus
samples which contained mutations at positions 82 (V82A,
F, S, or T) and 90 (L90M), but no other primary mutations,

30 were analyzed. According to most published guidelines,
such viruses are expected to be resistant to ritonavir,
nelfinavir, indinavir, and saguinavir. - However, 9% and

21% of these samples were phenotypically susceptible to
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82 and 90 and drug susceptibility.

10

EXAMPLE 10
Measuring Replication Fitness Using Resistance Test

15 Vectors

A means and method is provided for accurately measuring
and reproducing the replication fitness of HIV-1. This
method for measuring replication fitness is applicable to
20 other viruses, including, but not limited to
hepadnaviruses (human hepatitis B wvirus), flaviviruses
{human hepatitis C wvirus) and herpesviruses {human
cytomegalovirus). This example further provides a means
and method for measuring the replication fitness of HIV-1
25 that exhibits reduced drug susceptibility to reverse
transcriptase inhibitors and protease inhibitors. This
method can be used for measu}ing replicationﬁfitness for
other classes o©of inhibitors of HIV-1 replication,
including; "but not limited to integration, virus assembly,

30 - and virus attachment and entry.

Replication fitness tests are carried out using the means
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5 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.

10 In these experiments patient-derived segment (s)
corresponding to the HIV protease and reverse
transcriptase coding regions were either patient-derived
segments amplified by the reverse transcription-polymerase
chain reaction method (RT-PCR) using viral RNA isolated

15 from viral particles present in the serum of HIV-infected
individuals or were mutants of wild type HIV-1 made by
site directed mutagenesis of a parental clone of
resistance test vector DNA. Resistance test vectors are
also referred to as “fitness test véctors” when used to

20 evaluate replication fitness. Isolation of viral RNA was
performed using standard procedures {(e.g. RNAgents Total

RNA Isolation System, Promega, Madison WI or RNAzol,

Tel-Test, Friendswood, TX). The RT-PCR protocol was
divided into two steps. A retroviral reverse
25 transcriptase [e.g. Moloney MuLV reverse transcriptase

(Roche Molecular Systems, Inc., Branchburg, NJ), or avian
myeloblastosis virﬁ;= (AMV) reverse transcriptase,
{Boehringer Mannheim, Indianapolis, IN)] was used to copy
viral RNA into c¢cDNA. The cDNA was then amplified using a
30 thermostable DNA polymerase [e.g. Tag (Roche Molecular
Systems, Inc., Branchburg, NJ)}, Tth {(Roche Molecular

Systems, Inc., Branchburg, NJ), PrimeZyme (isoclated from
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the performance of "long PCRf {Barnes, W.M., (1994) Proc.

Natl. Acad. Sci, USA 91, 2216-2220) [e.g. Expand High

Fidelity PCR System (Taq + Pwo), (Boehringer Mannheim.

10 Indianapolis, IN) OR GeneAmp XL PCR kit (Tth + Vent),
{Roche Molecular'Systems, Inc., Branchburg, NJ)}]. o
PCR6 (Table 5, #1) is used for reverse transcription of
viral RNA into cDNA. The primers, Apal primer (PDSApa,
15 Table 5, #2) and Agel primer (PDSAge, Table 5, #3) used to
amplify the "test" patient-derived segments contained
sequences resulting in Apal and Agel recognition sites
being introduced inté" both ends ofi the PCR product,

respectively.

20

Fitness test vectors incorporating the "test"
patient-derived segments were constructed as described in
US Patent Number 5,837,464 (International Publication
25 Number WO 97/27319) {(see Fig. 1) using an amplified DNA
product of 1.5 kB prepared by RT-PCR using viral RNA as a
template and oligonucleotides PCR6 (#1), PDSApa (#2) and
PDSAge (#3) as primers, followed by digestion with Apal
and Agel or the isoschizomer PinAl. To ensure that the
30 plasmid DNA corresponding to the resultant fitness test
vector comprises a representative sample of the HIV viral

quasi-species present in the serum of a given patient,
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5 many (>100) independent E. coli transformants obtained in
the construction of a given fitness test vector were

pooled and used for the preparation of plasmid DNA.

A packaging expression vector encoding an amphotrophic
10 MuLV 4070A env gene product enables production in a
fitness test veétor host cell of fitness test vector viral
particles which can efficiently infect human target cells.
Fitness test vectors encoding all HIV genes with the
exception of env were used to transfect a packaging host
15 cell {once transfected the host cell is referred to as a
fitness test vector host cell). The packaging expression
vector which encodes the amphotrophic MuLV 40702 env gene
product is used with the resistance test vector to enable
production in the fitness test vector host cell of
20 infectious pseudotyped fitness test vector viral

particles.

Fitness tests performed with fitness test vectors were
carried out using packaging host and target host cells
25 consisting of the human embryonic kidney cell line 283

{Cell Culture Facility, UC San Francisco, SF, CA}..

Fitness tests were carried out with fitness test vectors
using two host cell types. Fitness test vector wviral
30 paiticles were produced by a first host cell (the fitness
test wvector host cell) that was prepared by transfecting a

packaging host cell with the fitness test vector and the
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5 packaging expression vector. The fitness test vector
viral particles were then used to infect a second host
cell (the target host cell) in which the expression of the

indicator gene is measured (see Fig. A).

10 The fitness test vectors containing a functional
luciferase gene céssette were constructed and host cells
were transfected with the fitness test vector DNA. The
fitness test vectors contained patient-derived reverse
transcriptase and protease DNA sequences that encode

15 proteins which were either susceptible or resistant to the
antiretroviral agents, such as nucleoside reverse
transcriptase inhibitors, non-nucleoside reverse

transcriptase inhibitors and protease inhibitors._

20 The amount of luciferase activity detected in the infected
cells is used as a direct measure of “infectivity”,
“replication capacity” or “fitness”, i.e. the ability of
the virus to complete a single round of replication.
Relative fitness is assessed by comparing the amount of

25 luciferase activity produced by patient derived viruses to
the amount of luciferase activity produced by a well-
characterized reference virus (wildtype) derived from a
molecular clone of HIV-1, for example NL4-3 or HXBZ,
Fitness measurements are expressed as a percent of ths

30 reference, for example 25%, 50%, 75%, 100% or 125% of

reference (Figure B, C).



"1 10% & ()-1r010%\ & ()-v 10F 10FzXJ<=0 10F 10\\
100\ | #8100\ & ()-!"$&10% \ & ()-! $&10% \ & () - %4.0%
"8 ()-m YA0%\ H & ()- noMe=! " @A09R?& ()-)! 1@A0%R?& ()-)!" @L0WR?& ()-)! %o
100028 () -) PLOYRE () - 6#100R& () - =
10\\ MNOP] c~r S1!, y@ (10% | & () - PLOY% ()-"10%& ()- 102? 1072
10721 @L0%R?& ()-) ! 1@A0%?& ()-) ~N [arstl , 1\, ) $8100%& ()- 3 IEE AW () -
10%& ()-y@ (109 ()-!y@ (10%W& ()-1y@ (L0% & ()-wxyz2oMLl, 1\ ) $&10% 1
%4098 ()-' | 9%A0%?& ()-'! LPLO%®?& ()- 10 10 10!
\,) $&L0%&' () - 2AHZX6ML! |, 28109%92& ()- ! 1, 28100028 ()-! 1&" %L0%R?&' () - &! 8&" %L0%
Egg%é?iffkﬂ%gizaﬁgé%z'wereNﬁfﬁdgglé&?}0-cm7?iameter dishes and were

- &' () - oML! ! . ) - %R ()-1 W& ()-
| f109%228& (9rar1@€ﬁ?ctﬁﬁ?gf>)rneotﬁm’x§£fr! pig?!ig%g PR GRTELL QLARA TE O

plasmid  DNA and the envelope expression vector.

Transfections were performed using a calcium-phosphate

co-precipitation procedure. The cell culture media
10 containing the DNA precipitate was replaced with fresh
medium, from one to 24 hours, after transfection. Cell

culture media <containing fitness test vector viral
particles was harvested one to four days after
transfection and was passed through a 0.45-mm filter
15 before being stored at -80°C. HIV capsid protein (p24})
levels in the harvested cell culture media were determined

by an EIA method as described by the manufacturer (SIAC;

Frederick, MD)- Before infection, target cells (293 and
293/T) were plated in cell culture media. Control
20 infections were performed using cell culture media {from

mock transféctions {no DNA) or transfections containing
the fitness test vector plasmid DNA without the envelope
expressioh blasmid. One to three or more days after
infection the media was removed and cell lysis buffer
25 (Promega) was added to each well. Cell lysates were
assayed for 1luciferase activity. Alternatively, cells
were lysed and luciferase was measured by adding Steady-
Glo (Promega) reagent directly to each well without

aspirating the culture media from the well.

30
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Example 11
Measuring Replication Fitness of Viruses with

Deficiencies in Reverse Transcriptase Activity

A means and method is provided for identifying mutations
in reverse transcriptase that alter replication fitness.
A means and methbd is provided for identifying mutations
that alter replication fitness and can be used to identify
mutations associated with other aspects of HIV-1
replication, including, but not limited to integration,

virus assembly, and virus attachment and entry. This

example also provides a means and method for quantifying

the affect that specific mutations reverse transcriptase
have on replication fitness. A means and method for
quantifying the affect that specfic protease and reverse
transcriptase mutations have on replication fitness to
mutations in other wviral genes involved in HIV-1
replication, including, but not limited to the gag, pol,

and envelope genes is also provided.

Fitness test vectors were constructed as described in
example 10. Fitness test vectors derived from wpatient
samples or clones derived from the fitness test vector
pools, or fitness test vectors were engineered by site
directed mutagencsis to contain specific mutations, and
were tested in a fitness assay to determine accurately and
quantitatively the relative fitness compared to a well-

characterized reference standard. A patient sample was
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5 | examined for increased or decreased reverse transcriptase

activity and correlated with the relative fitness observed
(Figure C) .
Reverse transcriptase activity of patient EIV samples
Reverse transcriptase activity can be méasured by any

10 number of widely.used assay procedures, including but not
limited to homopcolymeric extension using (e.g. oligo
dT:poly xC) or real time PCR based on molecular beacons
(reference Kramer) or 5'exonuclease activity (Lie and
Petropoulos, 1996). In one embodiment, virion associated

15 reverse transcriptase activity was measured using a
quantitative PCR assay that detects the 5’ exonuclease
activity associated with thermo-stable DNA polymerases
(Figure C). In one embodiment of the invention, the
fitness of the patient virus was compared to a reference

20 virus to determine the relative fitness compared to
"wildtype” viruses that have not been exposed to reverse
transcriptase inhibitor drugs. In another embodiment, the
fitness of the patient virus was compared to viruses
collected from the same patient at different timepoints,

25 for example prior to initiating therapy, before or after
changes 1in drug treatment, or before or afte;_changes in
virologic (RNA copy number), immunologic (CD4 T-cells), or
clinical fopportunistic infection) markers of disease
progression.

30
Genotypic analysis of patient HIV samples

Fitness test vector DNAs, either pools or clones, are



'10% /& ()-j!'|Y "10%& ()-j!'|Y '10%& ()-j!li109%.L& ()- 101x1x_5 ~\N@! 1000
1000 1000! ?") (&10%0& ()-1?")(&10%}& ()- ) (&10% & ()-a% 10%& ()-N Y

'10% & ()-j -3aBN@! 1000 %40%gw& ()-w 10%g&' ()-]V10%& ()-!j <

$109%&' ()-, L10%g& () - S#10%g&' ()- H M X6N@! |

11\ 194.0%668&' ()-! #\ 19%409%0D& ()-/ 10%g& ()-!*%0%DD& ()-W *%d0%=& ()- W %0%:=
& ()-WWNOP] cuS4! CS 10% & ()-! %CY ' 109%h& () - 0! %Y

'10% i & ()-010% & ()-3"10% & ()-w 1066 1066 1066=}[<usa! 1 9 DEC 2003
8H#YL0Y& ()-! YB#YA0% " & ()-!, &#%40% " & ()- & =10% & ()- 10% & ()-g!

109%wW&' ()-g=~\:! 1Y %409%K& ()-,!Y

5 analyzed by any of the genotyping methods described in
Example 1. In one embodiment of the invention, patient
HIV sample sequences were determined using viral RNA
purification, RT/PCR and ABI chain terminator automated
sequencing. The sequence was determined and combared to

10 reference sequences present in the database or compared to
a sample from the patient prior to initiation of therapy.
The genotype was examined for sequences that are different
from the reference or pre-treatment seguence and
correlated to the observed fitness.

15

Fitness analysis of site directed mmtants

Genotypic changes that are 6bserved to correlate with
changes in fitness were evaluated by construction of
20 fitness vectors containing the specific mutation on a
defined, wild-type (drug susceptible} genetic background.
Mutations may be incorporated alone and/or in combination
with other mutations that are thought to modulate the
fitness of a virus. Mutations were introduced inte the
25 fitness test vector through any of the widely known
methods for site-directed mutagenesis. In one e@odiment
of this invention the mega-primer PCR method for
site~directed mutagenesis is used. A fitness test vector
containing the specific mutation or group of mutations
30 were then tested using the fitness assay described in
Example 10 and the fitness was compared to that of a

genetically defined wild-type (drug susceptible) fitness
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5 test vector which lacks the specific mutations. Observed
changes in fitness are attributed to the specific
mutations introduced into the resistance test vector. 1In
several related embodiments of the invention, fitness test
vectors containing site directed mutations in reverse

10 transcriptase that result in amino acid substitutions at
position 190 (G190A, G190S, G190C, G190E, G190V, G190T)
and that display different amounts of reverse
transcriptase activity were constructed and tested for
fitness (Figure D). The fitness results were correlated

i5 with specific reverse transcriptase amino acid

substituions and fitness.

Example 12
Measuring Replication Fitness of Viruses with

20 Deficiencies in Protease Activity

A means and method for identifying mutations in protease

that alter replibation fitness is provided.

25 This example provides the means and methods for
identifying mutations that alter replication fitness for
various components of HIV~1 replication, including, but
not limited to integration, virus assembly, and virus
attachment and entry. This example also provides _a means

30 and method for quantifying the affect that specific
mutations 1in protease or reverse transcriptase have on

replication fitness. This wmethod can be used for
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5 gquantifying the effect that specific protease mutations
have on replication fitness and can be used to quantify
the effect of other mutations in other viral genes
involved in HIV-1 replication, including, but not limited
to the gag, pol, and envelope genes.

10
Fitness test ve;£ors were constructed as described in
example 10. Fitness test vectors derived from patient
samples or clones derived from the fitness test vector
pools, or fitness test vectors engineered by site directed

15 mutagenesis to contain specific mutations, were tested in
a fitness assay to determine accurately and quantitatively
the relative fitness compared to a well-characterized
reference standard. A patient sample was examined further
for increased or decreased protease activity correlated

20 with the relative fitness observed (Figure C).

Protease activity of patient BIV samples
Protease activity can be measured by any number of widely
used assay procedures, including but not. limited to in
25 | vitro reactions that measure protease cleavage activity
(reference Erickson ). In one embodiment, ©protease
cleavage ofJ the gag polyprotein  (p55) was measured by
Western blot analyis using an anti-capsid (p24) antibody
(Figure C). In one embodiment of the invention, the
30 fitness of the patient virus was compared to a reference
virus to determine the relative fitness compared to

“wildtype” viruses that have not been exposed to protease
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5 inhibitor drugs. In another embodiment, the fitness of
the patient virus was compared to viruses collected from
the same patient at different timepoints, for example
prior to initiating therapy, before or after changes in
drug treatment, or before or after changes in virologic

10 (RNA copy number}, immunologic (CD4 T-cells), or clinical

(opportunistic infection) markers of disease progression.

Genotypic analysis of patient HIV samples
Fitness test vector DNAs, either pools or clones, are
15 analyzed by any of the genotyping methods described in
Example 1. In one embodiment of the invention, patient
HIV sample sequences were determined wusing wviral RNA
purification, RT/PCR and ABI chain terminator automated
sequencing. The sequence was determined and compared to
20 reference sequences present in the database or compared to
a sample from the patient prior to initiation of therapy,
if available. The genotype was examined for sequences
that are different from the reference or pre-treatment

sequence and correlated to the observed fitness.

25
Fitness analysis of site directed mutants
Genotypic changes that are observed to correlate with
changes in fitness are evaluated by construction of
30 fitness vectors containing the specific mutation on a

defined, wild-type (drug susceptible) genetic background.

Mutations may be incorporated alone and/or in combination
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with other mutations that are thought to modulate the
fitness of a virus. Mutations are introduced into the
fitness test vector through any of the widely known
methods for site-directed mutagenesis. In one embodiment
of this invention the mega-primer PCR method for
site-directed mutagenesis is used. A fitness test vector
containing the $pecific mutation or group of mutations are
then tested using the fitness assay described in Example
10 and the fitness is compared to that of a genetically
defined wild-type (drug susceptible) fitne;s test vector
which lacks the specific mutations. Observed changes in
fitness are attributed to the specific mutations
introduced into the fitness test vector. In several
related embodimegfs-of the invention, fitness test vectors

containing site directed mutations in reverse protease

~that result in amino acid substitutions at positions 30,

63, 77, 90 (list from Figure E) and that display different
amounts of protease activity are constructed and tested
for fitness (Figure E}. The fitness results enable the
correlation between specific protease amino acid

substitutions and changes in viral fitness.

Example 13
Measuring Replication Fitness and Drug Susceptibility in a

Large Patient Population

This example describes the high incidence of patient

samples with reduced replication fitness. This example

Q
¢
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2803
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5 also describes the general correlation between reduced
drug susceptibility and reduced replication fitness. This
example further describes the occurrence of viruses with
reduced fitness in patients receiving protease inhibitor
and/or reverse transcriptase inhibitor treatment. This

10 example furthe{ describes the incidence of patient samples
with reduced replication fitness in which the reduction in
fitness is due to altered protease processing of the gag

*} polyprotein (p35}). This example further describes the

’ incidence of protease mutations in patient samples that

15 exhibit low, moderate or normal {wildtype) replication
fitness. This example further describes protease mutations
that are frequently observed, either alone or in
combination, in viruses that exhibit reduced replication
capacity. This example also describes the incidence of

20 patient samples with reduced replication fitness in which
the reduction in fitness is due to altered reverse
transcriptase activity. This example describes the
occurrence of viruses with reduced replication fitness in

patients failing antiretroviral drug treatment.

25
Fitness/resistance test vectors were constructed as described
in example 10. Fitness and drug susceptibility was measured
in 134 random patient samples that were received for routing
phenotypic testing by the ViroLogic Clinical Kererence
30 Laboratory. Fitness assays were performed as described in

Example 10. Drug susceptibility testing and genotyping of the

protease region was performed as described in Example 1.
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5 Reverse transcriptase activity was measured as described in

Example 11. Protease processing was measured as described in

Example 12.

Drug susceptibility of patient viruses
10 Reduced drug susceptibility was observed for a majority of the
patient virus sampfes (Table A}. 66 percent of the viruses
exhibited large (define as >10X of the reference) reductions
- in susceptibility to one or more NRTI drugs. 52 percent of
') the viruses exhibited large reductions in susceptibility to
15 one or more NNRTI drugs. 45 percent of the viruses exhibited

large reductions in susceptibility to one or more PRI drugs.

Fitness of patient viruses
" Reduced replication fitness was observed for a majority of the
20 patient virus samples (Table A). Forty one percent of the
viruses exhibited 1large reductions in replication fitness
(<25% of the reference). Another 45% had moderate reductions
(between 25-75% of the reference) in replication fitness. A
minority of the patient samples (14%) displayed replication
25 fitness that approached or exceeded “wildtype” levels (>75% of

L/

the reference). Viruses with reduced drug susceptibility,
were much more likely to display reduced replication fitness

(Figures F, G, H, and I).

30 Protease Mutations in patient viruses
Greater than 10 mutations in protease were observed in a

majority of the petient virus samples (Table A}. Viruses with
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5 reduced fitness were much more likely to contain 10 or more
protease mutations (Figure 1I). Sixty two percent of the

viruses that exhibited large reductions in replication fitness

{<25% of the reference) contained 10 or more protease
mutations. Twenty two percent of the viruses with moderate
10 reductions (between. 25-75% of the reference) 1in fitness
contained 10 or more protease mutations. Only 5% of the

viruses that displayed replication fitness that approached or
exceeded “wildtype” levels (>75% of the reference) contained
10 or more protease mutations (Table A). Certain protéase
15 mutations either alone (D30N) or in combination (LS0M plus
K20T, or M46I, or 73, or N88D) were observed at high

incidences in viruses with reduced fitness (Figures I and J).

Protease processing of patient viruses

20 Reduced protease processing of the p55 gag polyprotein was
observed in a majority of the patient virus samples (Table A).
Viruses with reduced fitness were much more likely to display
reduced protease processing; defined as having detectable
amounts of the p4l intermediate cleavage product (Figures F, I

25 and K. Seventy one percent of the viruses that exhibited
large reductions in replication fitness {<25% of the
reference) displayed reduced protease processing. Eighteen
percent of the viruses with moderate fitness reductions
{between 25~75% of the reference) displayed reduced protease

30 processing. Only 10% of the wviruses that displayed
replication fitness that approached or exceeded “wildtype”
levels (>75% of the reference) exhibited reduced protease

processing (Table A). Certain protease mutations (D30N,
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Reverse transcriptase of patient viruses

10 Reduced reverse trgnscriptase activity processing was observed
in a minority of the patient virus samples (Table A). Viruses
with reduced fitness were much more likely to display reduced
reverse tlranscriptase activity. Fourteen percent of the
viruses that exhibited large reductions in replication fitness

15 (<25% of the reference) displayed reduced reverse
transcriptase activity. Only 2% of the viruses with moderate
fitneés reductions (between 25-75% of the reference) displayed
reduced reverse transcriptase activity. None of the wviruses
that displayed replication fitness that approached or exceeded

20 “wildtype” levels (>75% of the reference) exhibited reduced

reverse transcriptase activity.

Example 14

Measuring Replication Fitness to Guide Treatment Decisions

A means and method for using replication fitness measurements
to guide the treatment of HIV-1 1is provided. This example
further provides a means and method Ffor using replication
fitness measurements to guide the treatment . of patients
30 failing antiretroviral drug treatment. This example further
provides the means and methods for using replication fitness
measurements to guide the treatment of patients newly infected

with HIV-1.
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routine viral 1load testing (>2,500 copies/mL}. Phenotypic
drug susceptibility testing indicated that these patient
15 viruses were multi-drug resistant. Each patient agreed to
interrupt therapy for a period of at least 12 weeks,
Phenotypic drug susceptibility assays were performed as
described in Example 1 on serial samples collected Jjust prior
to interrupting therapy and weekly during the period of
20 interruption. Fitness assays were performed as described in
Example 10 on serial samples collected .just prior to
interrupting therapy and weekly during the period of

interruption. Protease processing was measured as described

in Example 12.

25
Of the 18 patients that interrupted therapy, 16 patients had
resistant viruses that regained susceptibility to
antiretroviral drugs during the period of treatment
Ainterruption. The phenotypic test results of a representative
30 patient are shown in Figure M. Typically, susceptibility

returned to all drug classes simultaneously, consistent with
the re-emergence of a minor population of drug sensitive

virus. 1In the representative example shown in Figure M, drug
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5 sensitivity was abruptly restored between weeks 9 and 10.
Genotypic analysis (DNA sequence of protease and reverse
transcriptase) are also consistent with the re-emergence of a
drug sensitive virus. These data show the loss of most or all
drug resistance mutation simultaneously {data not shown). The

10 data are not consistent with random back mutations. Back
mutations would predﬁct that restored susceptibility to drugs
would occur unevenly for different drug classes and/or within

a drugs within the same class.

15 Generally, the re-emergence of the drug susceptible virus was

also accompanied by a simultaneous increase in replication

fitness. This relationship is c¢learly evident for the
representative virﬁs”(Figure N}. Several other examples with
less frequent timepoints are shown in Figure O. Virus from

20 patients that did not revert to drug susceptibility after
interruption generally did not exhibit an increase in
replication fitness, nor did viruses from patients that did
not interrupt treatment (Figures 0). The data indicate that
the drug sensitive virus that re-emerged after treatment

25 interruption is able to replicate better than the drug
resistant wvirus that was present before treatment was
interrupted. The re—emergeﬁcé of drug suséeptible virus in
this group of patients was also accompanied by an increase in
viral 1load and a decrease in DC4 T-cells, - indicators of

30 disease progression. Thus, fitness information can be used to
guide treatment of patients that harbor multi-drug resistant
virus and are considering treatment interruption. If the

patient wvirus 1s drug resistant but has low replication
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5 capacity, the patient and the physician should consider
continuing drug treatment to prevent the re-emergence of a
drug sensitive virus with higher replication capacity and
greater pathogenecity. Alternatively, if the patient virus is
drug resistant and has high replication capacity, the patient

10 and the physician may consider interrupting treatment to spare
the patient from the harmful and unpleasant side effects. of

antiretroviral drugs that are not providing clinical benefit.

15 Furthermore, physicians may choose to perform routine
replication fitness assays for patients that have multi-drug
resistant wvirus. This assay could be used to monitor the
replication fitness of patient viruses when complete
suppression of virus replication is not possible due to multi-

20 drug resistance. The assay would be used to guide treatment
decisions that prevent the drug resistant virus with low
replication fitness from increasing its replication fitness.
In this way, physicians may prolong the usefulness of
antiretroviral drugs despite the presence of drug resistant

25 wvirus in the patient.
Guiding-treatment of newly infected patients:

Patients that maintain high Gi}us loads (setpoint) after acute
30 infection are more likely to exhibit accelerated disease
progression. Therefore, it is advantageous for this class of
patient to initiate antiretroviral drug treatment as soon as

possible after diagnosis with HIV-1 infection. 1In conjunction
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5 with viral load, fitness measurements of viruses in newly
infected patients may provide a useful measurement to identify
those individuals that will develop elevated setpoints after
primary infection and consequently are likely to exhibit
accelerated disease progression. Fitness measurements may

10 guide the decision to treat immediately after diagnosis or a

some later time point. F

P

Table 1: PRI susceptibility of selected patient samples.
Viruses displayihg increased susceptibility to amprenavir
15 {5-fold or greater} were genotyped and found to contain the
N88S mutation in PR. Samples were listed in order of

decreasing amprenavir susceptibility.

Table 1

- Prior PRI Fold Change vs. Reference
Sample [D Experience  SQV_IDV RTV NFV AMP PR Mutations
0732 NFv 073 iD08  KI14R, 115V, K20T, E35D, M361, R4IK, 162V, L63Q, N88S
627 DV 026 11317V, E35D, M46L, L63P, 164V, 173V, N8BS
1208 NFV 1.55 0. 162V, L63P, V771, N88S
360 1DV 1.88 . 113V, K20M, M36V, N37A, M461, 162V, L63P, N838S, 193L
0910 NFV 1.4) 116 M46l, L63P, Y771, N88S, [53LL
3542 1DV 1.28 : 6 13V, K14R N37D, M46), L63P, N88S, 193L
3654 1,80 Iy

Fold Change Limits: [EEX] “<0.4
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5 Table 2: PRI susceptibility of site-directed mutants in PR.
Mutations were introduced into the drug sensitive reference
resistance test vector and the susceptibility to PRIs wasl

determined.

Table 2

Fold Change vs. reference
Site-Directed Mutations SQV IDV RTV NFV AMP

L63P 1.04 112 127 143 1.06
L63P, V771 124 172 1.73 249 091
N88S 047 156 036 239 004
L63P, N88S WY 256 Ml 5.10 JEERN
L63P, V771, N88S 1.2 1.39)
M46L., L63P, N88S 1.15 230 0.85§

M46L., L63P, V771, N88S 145Ky 133§

FOLD CHANGE LIMITS: <04 SN
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Table 3: Relative luciferase activity levels for patient
sample virus-derived resistance test vector pools. The
luciferase activity (relative light units, RLU) measured in
the absence of drug for the patient sample was compared to
10 that of the drug sensitive reference control from the same
assay run, and'expressed as a perfentage of control. These
values are from one assay each. All the samples that contain
the NB88S mutations in PR were found to have reduced luciferase

activity compared to control.

15
Table 3
Relative Luciferase Activity
Sample ID PR Mutations (% of control)
0732 KI14R, 115V, K20T, E35D, M36], R41K, 162V, L63Q, N88S 85
627  113/V,E35D, M46L, L63P, 164V, I73V, N88S 0.7
1208 162V, L63P, V771, N88S 14.2
360 113V, K20M, M36V, N37A, M46l, 162V, L63P, N88S, 193L 2.2
0910 M461, L63P, V771, N8SS, 1931/L. 16.0
3542 113V, KI4R, N37D, M46], L63P, N88S, 193L ~4,6

3654 113V, R41K, M46l, L63P, V771, N88S, 193L 12.8
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Table 4: Relative luciferase activity levels for resistance
test vectors containing site~directed mutations. The
Juciferase activity ({relative light units, RLU) measured in
the absence of drug for the mutant was compared to that of the
10 drug sensitive reference control from the same assay run, and
expressed as a percentage of control. These values are from
one to five assays each, and each value was obtained uSiﬁé an
/T) independent c¢lone for mutants which were tested multiple-
times. All the constructs- that contain tHe N88S mutations in
15 PR were found to have reduced luciferase activity comparéd to
control. All the constructs with the K20T mutation were

essentially inactive in .the assay.

Table 4

Average Luciferase Activity

Site-Directed Mutations (% of control) number of clones tested .
L63P 163.9 1
L63P, V171 75.6 |
N88S . 1.0 3
163P, N88S S 20.7 2
L63P, V771, N88S 29.3 2
M46L, L63P, N88S ) 28.0 2
M46L, L63P, V771, N88S 53.2 5
K20T, N88S ' <0.01 5
K20T, L63P, N88S <0.01 1
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5 Table 5: Oligonucleotide primers used for PCR amplification

and for generating site-directed mutants:

Table 5.
10 Primer name:
#1: PCR6 5 CCAATTRYTGTGATATTTCT CATGNTCHTCTTGGG 3" (35-mer)
#2: PDS/Apa 5 CATGTTGCAGGGCCCCTAGGAAAAAGGGCTGTTGGAAATGTG 3 {42-mer)
#3: PDS/Age 5 CACTCCATGTACCGGTTCTTTTAGAATYTCYCTG 3 (34-mer)’
#4: Rsth 5 ACTTTCGGACCGTCCATTCCTGGCTTTAATTTITACTGGTACAG 3 (43-mer)
o #5: K20T 5 GGGGGGCAATTAACGGAAGCTCTATTAG 3" (28-mer)
e #6: Ma6L 5"  GATGGAAACCAAAATTGATAGGGGGAATTG 3 (30-mer)
#1- L63P 5’ GTATGATCAGATACCCATAGAAATCTGC 3" (28-mer)
15 #8: NBES 57 CTGAGTCAACAGACTTCTTCCAATTATG 3" (28-mer)
R=zAwrG
Y=CorT
N=ACG,or T
H= A, C,or T
20
- 25

30



C(V$(10% * & ()-

VWMWWWHL, 4V$(10% * & () -

v

~-159-

<VOVsVt VyVWVeE+4VS(10% * & ()-VS(10%* & ()-  VBELAK:* 290

& ()- V$(10%* & ()- ' (-VB(10%* & ()- V$(10%* & ()-

5 rable 6. PRI Susceptibility (Fold Change <2.5) of Viruses with

Mutations at 82 and/or

90

Percent of viruses with indicated primary
mutation(s} which are drug sensitive (fold
change in ICS50 < 2.5)

V82A/F/S/T
drug VB82A/F/S/T L90M and L90M
RTV 8.0 27.6 3.0
10 NEV 20.0 8.6 3.0
IDV 22.7 31.0 9.1
AMP 53.3 65.5 33.3
SQV 73.3 46.6 21.2
15
Table 7. Correlation Between B2A/F/S/T, Secondary Mutations,
and IDV Susceptibility.
position n % FC > 2.5 chi sguare p
20 24 20 100% <0.005
71 27 100% <0.0001
54 38 95% <0.0001
46 35 89% <0.01
10 47 83% <0.05
25 . _ 63 72 79% <0.05
' 82 75 77%

all virus with V82A/F/S/T and no other primary mutations.
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Correlation Between B82A/F/S/T,

and SQV Susceptibility.

V$(10% * & () -

Secondary Mutations,

position n 2 FC > 2.5 chi square p

20 80% <(.001
36 11 73% <0.001
24 20 65% <0.0001
71 27 52% <0.6601
54 38 47% <0.0001
10 47 40% <0.001
g2 75 27%

all virus

Table 9. Association Between SQV and IDV Susceptibility,
v82A/F/S/T, and Number of Resistance Associated Mutations
Number of Number of % with IDV FC % with SQV FC
secondary samples > 2.5 > 2.5
mutations
1 75 77 27
2 67 82 30
3 51 88 39
4 38 95 50
5 25 96 60
6 17 100 76
7 5 100 60
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Table 10. Correlation Between L90M, Seccndary Mutations, and
IDV Susceptibility.

position n % FC > 2.5 chl square p
73 19 ) 89% <0.01
71 18 89% <0.001
46 . 25 88% <0.05
g0 58 69%

all viruses with L90M and

Table 11, Correlation Between L90M, Secondary Mutations, and
SQV Susceptibility.

position n % FC > 2.5 chi sqguare p
73 19 79% <0.01
71 18 78% <0.001
77 25 76% <0.05
10 34 65% <0.057

90 58 55%

all virses
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109 & () - \ pRichOednbaify a hiicleic acid encoding HIV protease having a mutation at codon 88,

wherein the presence of said nucleic acid is correlated with increased susceptibility of

said HIV to amprenavir.
2. The method of claim 1, wherein said mutation at codon 88 codes for a serine (S).
3. The method ofclaim 1, wherein said HIV-infected patient is being treated with an

antiretroviral agent,

4. A method of assessing the effectiveness of protease antiretroviral therapy of an HIV-
infected patient conaprising evaluating whether a plasma sample from said HIV-infected
patient contains a nucleic acid encoding HIV protease having a mutation at codon 88 and
an additional mutation at codons 63 or 77, or a combination thereof, wherein the presence
of said mutations is correlated with decreased snsceptibility of said HIV to nelfinavir and

indinavir and increased susceptibility of said HIV to amprenavir.

5. The method oficlaim 4, wherein said mutation at codon 63 encodes proline (P) or

glutamine (Q) and said mutation at codon 77 encodes isoleucine (I).

6. The method oficlaim 4, wherein said HIV -infected patient is being treated with an

antiretroviral agent,

7. A method of assessing the effectiveness of protease antiretroviral therapy of an HIV-
infected patient comprising evaluating whether a plasma samiple from said HIV-infected
patient contains a nucleic acid encoding HIV protease having a mutation at codon 88 and
an additional mutations at coden 63, 77 or 46, or a combination thereof, wherein the
presence of said mutations is correlated with decreased susceptibility of said HIV to

nelfinavir and indinavir and increased susceptibility of said HIV to amprenavir.
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17. A test vector comprising a nucleic acid segment encoding HIV protease having a
mutation at codon 88 and an indicator gene, wherein expression of said indicator gene

depends upon the activity of said HIV protease.

18.  Thetest vcctori of ¢laim 17, wherein said nucleic acid segment encoding HIV protease

further comprises a mutation at codons 63 or 77, or a combination thereof,

19.  The test veotor of claim 17 wherein said nucleic acid segment encoding HIV protease

further comprises a mutation at codons 63, 77, or 46, or a combination thereof.

20.  The test vector of claim 17, wherein said nucleic acid segment encoding HIV protease
further comptises a mutation at codons 63, 77, 46, 10, 20, or 36, or a combination
thereof.

21. A method for ¢valuating the viral fitness of an HIV from an HIV-infected patient, said

method comprising:
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susceptibility of said HIV to ritonavir, nelfinavir, indinavir, saquinivir and amprenavir.

0%

23.  The method of claim 22, wherein said mutation at codon 82 encodes alanine (A),
phenylalanine (F), serine (8), or threonine (T).

24.  The method of claim 22, wherein said HIV-infected patient is being treated with an
antiretroviral agent,

25. The method of claim 22, wherein said mutations in secondary positions comprise a
mutation at codon 24 of HIV protease.

26.  The method of claim 25, wherein said mutation at codon 24 encodes isoleucine (I).

27. The method of :'claim 25, wherein said HIV-infected patient is being treated with an

antiretroviral agent.

28. A method of assessing the effectiveness of protease antiretroviral therapy of an HIV-
infected patient comprising evaluating whether a plasma sample from said HIV-infected
patient contains a nucleic acid encoding HIV protease having a mutation at codon 82 and

an additional mutation at codon 71, wherein said mutation at codon 71 encodes an amino
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susceptibility to indinavir.

31.  The method of claim 30, wherein said HIV-infected patient is being treated with an

antiretroviral agent.

32. A method of assessing the effectiveness of protease antiretroviral therapy of an HIV-
infected patient comprising evaluating whether a plasma sample from said HIV-infected
patient containg a nucleic acid encoding HIV protease having a mutation at codon 82 and
a mutation at cc:adon 20), wherein the presence of said mutations is correlates with

decreased susceptibility to saquinavir.

33, The method of claitn 32, wherein said mutation at codon 20 encodes an amino acid that is
selected from the group consisting of methionine (M), threonine (T), isoleucine (1), and
arginine (R).
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said mutation at codon 71 encodes an amino acid that is selected from the group
consisting of thireonine (T), valine (V), leucine (L), and isoleucine (I), said mutation at

codon 54 encodes an aminoe acid that is selected from the group consisting of valine (V),

?:

alanine (A), leucine (L), and threonine (T), and said mutation at codon 10 encodes an
amino acid that is selected from the group consisting of isoleucine (I), valine (V),

phenylalanine (F), and arginine (R).

40.  The method of claim 38, wherein said HIV-infected patient is being treated with an

autiretroviral agent.

41,  Amethod of assessing the effectiveness of protease antiretroviral therapy of an HIV-

infected patient comprising evaluating whether a plasma sample from said HIV-infected

-169-



0 10%%Z&

10929%Z& () -

'l 109Z&Z&

1oo/<20/<z&' ()-

il 10°/<Z&Z§a

O$10% L% &

()- #8&109%%&Z& ()-=10ZZ10ZZ10ZZ ): 109ZZ& ()-09&| [:vU4~: < ¢

< 10929%& ()-G < 109Z&Z& ()- |1!109@&Z& ()- < 10%%@&@ -
()- 9%|[:vUW~ < 9%109Z&z& ()-  "109&@$Z& ()-  c109 G 203
g 109ZB$Z& ()- | g 109@Z& ()- 7#109%%Z&Z& ()-dBHI|[:-410Z8Z 6109%Z&Z& ()- < )1
G </ 109Z9%Z& () 71 %1 10988&8& ()-c Y ) 109Z&Z& () -
y C
e bt SO s OB by

109%=& () -
109%8=& ()
42.

43,

44.

45.

46.

omc FmOeadditionyl mutytionsGysswsdry positipnsh@Bdsin(the presence of said
fkibhg é]c%rreﬁlteﬁ with decreased susceptibility to indinavir and saquinavir.

The method of claim 41, wherein said mucleic acid encoding HIV protease comprises at

least 3 additional mutations at secondary positions.

A method of assessing the effectiveness of protease antiretroviral therapy of an HIV-
infected patient corprising evaluating whether a plasma sample from said HIV-infected
patient contains a nucleic acid encoding HIV protease having a mutation at codon 90 and
one or more secondary mutations, wherein the presence of said mutations is correlated
with changes 111 susceptibility of said HIV to ritonavir, nelfinavir, indinavir, saquinivir

and amprenavir.
The method of claim 43, wherein said mutation at codon 90 encodes methionine,

The method of claim 43, wherein said HIV-infected patient is being treated with an
antiretroviral agent.

A method of assessing the effectiveness of protease antiretroviral therapy of an HIV-

infected patient comprising evaluating whether a plasma sample from said HIV-infected

patient contains a nucleic acid encoding HIV protease having a mutation at codon 90 and

47.

48.

49,

an additional miutation at codon 73, wherein the presence of said mutations is correlated

with decreased susceptibility of said HIV to indinavir.

The method of claim 46, wherein said mutation at codon 73 encodes an amino acid that is

selected from the group consisting of serine (S), threonine (T), and cysteine (C).

The method ofclaim 46, wherein said HIV-infected patient is being treated with an

antiretroviral agent.

A method of as:sessing the effectiveness of protease antiretroviral therapy of an HIV-
infected patient comprising evaluating whether a plasma sample from said HIV-infected
patient contains a nucleic acid encoding HIV protease having a mutation at codon 90 and

an additionzl mutation at codon 71, wherein said mutation at codon' 71 encodes an amino
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51. A method of assessing the effectiveness of protease antiretroviral therapy of an HIV-
infected patient comprising evaluating whether a plasma sample from said HIV-infected
patient containg a nucleic acid encoding HIV protease having a mutation at codon 90 and
an additional mutation at codon 46, wherein said mutation at codon 46 encodes valine
(V). and wherein the presence of said mutations is correlated with decreased

susceptibility of said HIV to indinavir.

532.  The method of claim 51, wherein said HIV-infected patient is being treated with an

antiretroviral agent.

53. A method of aslisessing the effectiveness of protease antiretroviral therapy of an HIV-
infected patient comprising evaluating whether a plasma sample from said HIV-infected
patient contains a nucleic acid encoding HIV protease having a mutation at codon 90 and
an additional rriutation at codon 73, wherein the presence of said mutations is correlated
with decreased susceptibility of said HIV to saquinavir.

54, The method of claim 53, wherein said mutation at codon 73 encodes an amino acid that is

selected from the group consisting of serine (), threonine (T), and cysteine (C).

55. The method of claim 53, wherein said HIV-infected patient is being treated with an
antiretroviral agent.

56. A method of aséessing the effectiveness of protease antiretroviral therapy of an HIV-
infected patient comprising evaluating whether & plasma sample from said HIV-infected
patient contains a nucleic acid encoding HIV protease baving a mutation at codon 90 and
an additional mutation at codon 71, wherein the presence of said mutations is correlated

with decreased susceptibility of said HIV to saquinavir.
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correlated with decreased susceptibility of said HIV to saquinavir.

60.  The method of t::laim 59, wherein said mutation at codon 77 encodes an amino acid that is
selected from the group consisting of isoleucine (I) and threonine (T) and said mutation at
codon 10 encodes an amino acid that is selected from the group consisting of isoleucine
(D, valine (V), phenylalanine (F), and arginine (R).

61.  The method of claim 59, wherein said HIV-infected patient is being treated with an

antiretroviral agent.

62. A method of assessing the effectiveness of protease antiretroviral therapy of an HIV-
infected paﬁenté comprising evaluating whether a plasma sample from said HIV-infected
patient contains a nucieic acid encoding HIV protease having a mutation at codon 90 and
one or more additional mutations at secondary positions; wherein the presence of said
mutations is correlated with decreased susceptibility of said HIV to indinavir and

saquinavir.

63.  The method of claim 62, wherein said nucleic acid encoding HIV protease comprises at
least 3 additional mutations at secondary positions.

64. A method of asiessing the effectiveness of protease antiretroviral therapy of an HIV-
infected patient comprising evaluating whether a plasma sample from said HIV-infected

patient contains a nucleic acid encoding HIV protease having a mutation at codon 82 and
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90 and one or niore additional secondary mutations, wherein the presence of said
mutations is correlated with changes in susceptibility of said HIV to ritonavir, nelfinavir,

indinavir, saquinivir and amprenavir.

The method of claim 64, wherein said mutation at codon 82 encodes an amino acid that is
selected from the group consisting of alanine (A), phenylalanine (F), serine (S), and

threonine (T) and said mutation at codon 90 encodes a methionine (M).

The method of claim 64, wherein said HIV-infected patient is being freated with an

antiretroviral agent.

A method for assessing the effectiveness of a candidate HIV antiretroviral compound,

said method comprising:

(a) culturing a host cell in the presence of said candidate HIV antiretroviral
compound, wherein said host cell comprises 4 test vector comprising (i) a nucleic
écid segment encoding HIV protease having a mutation at coden 82 and (i) an
indicator gene, wherein expression of said indicator gene depends upon the
activity of said HIV protease;

(b)  measuring the amount of expression of said indicator gene in said host cell from
step (a); and

(c) comparing the amount of expression of said indicator gene as measured in step (b)
with an amount of expression of said indicator gene meastured in said host cell of
step (a) cultured in the absence of said candidate HIV antiretroviral compound,
wherein the difference hetween the amount of expression of said indicator gene
measured in step (c) relative to that measured in step (b) correlates with the
offectiveness of said candidate HIV antiretroviral compound, thereby assessing

the effectiveness of said candidate HIV antiretroviral compound.

A method for assessing the effectiveness of a candidate HIV antiretroviral compound,

said method coénprising:

(a) culturin'g a host cell in the presence of said candidate HIV antiretroviral
compound, whetein said host cell comprises a test vector comprising (i) a nucleic

acid segment encoding HIV protease having a mutation at codon 82 and a
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secondai-y mutation(s) at codons 20, 24, 71, 54 or 10, or a combination thereof,
and (i1) an indicator gene, wherein expression of said indicator gene depends upon
the actiﬁty of said HIV protease;

measuring the amount of expression of said indicator gene in said host cell from
step (a); and

comparing the amount of expression of said indicator gene as measured in step (b)
with an amount of expression of said indicator gene measured in said host cell of
step (a) cultured in the absence of said candidate HIV antiretroviral compound,
wherein the difference between the amount of expression of said indicator gene
measured in step (c) relative to that measured in step (b) correlates with the
effectiveness of said candidate HIV antiretroviral compound, thereby assessing

the effectiveness of said candidate HIV antiretroviral compound.

A method for assessing the effectiveness of a candidate HIV antiretroviral compound,

said method comprising:

(2)

®)

(©)

culturing a host cell in the presence of said candidate HIV antiretroviral
compound, wherein said host cell comprises a test vector comprising (i) a nucleic
acid segment encoding HIV protease having a mutation at codon 90 and one or

more additional mutations at secondary positions and (ii) an indicator gene,

‘wherein expression of said indicator gene depends upon the activity of said HIV

protease; 7

measuring the amount of expression of said indicator gene in said host cell from
step (a); and

comparing the amount of expression of said indicator gene as measured in step (b)
with an amount of expression of said indicator gene measured in said host cell of
step (a) cultured in the absence of said candidate HIV antiretroviral compound,
wherein the difference between the amount of expression of said indicator gene
measured in step (c) relative to that measured in step (b) correlates with the
effectiveness of said candidate HIV antiretroviral compound, thereby assessing

the effectiveness of said candidate HIV antiretroviral compound.
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A method for assessing the effectiveness of a candidate HIV antiretroviral compound,

said method comprising:

(a)

(®)

(c)

culturing a host cell in the presence of said candidate HIV antiretroviral
compound, wherein said host cell comprises a test vector comprising (i) a nucleic
acid segment encoding HIV protease having a mutation at codon 90 and a
secondary mutation(s) at codons 73, 71, 10 or 46, or a combination thereof, and
(i1) an indicator gene, wherein expression of said indicator gene depends upon the
activity of said HIV protease;

measuring the amount of expression of said indicator gene in said host cell from
step (a); and

companng the amount of expression of said indicator gene as measured in step (b)
with an.amount of expression of said indicator gene measured in said host cell of
step () .cultured in the absence of said candidate HIV antiretroviral compound,
wherein the difference between the amount of expression of said indicator gene
measured in step (c) relative to that measured in step (b) correlates with the
cffectiveness of said candidate HIV antiretroviral compound, thereby assessing
the effectiveness of said candidate HIV antiretroviral compound.

A method for assessing the effectiveness of a candidate HIV antiretroviral compound,

said method eomprising:

(@)

(b)

(c)

culturing a host cell in the presence of said candidate HIV antiretroviral
compound, wherein said host cell comprises 2 test vector comprising (i) a nucleic
acid segment encoding HIV protease having a mutation at 82 and 90 and one or
more additional mutations at secondary positions and (ii) an indicator gene,
wherein expression of said indicator gene depends upon the activity of said HIV
proteasg;

measuring the atnount of expression of said indicator gene in said host cell from
step (a); and

comparing the amount of expression of sajd indicator gene as measured in step (b)
with an amount of expression of said indicator gene measured in said host cell of
step (2).cultured in the absence of said candidate HIV antiretroviral compound,
wherein the difference between the amount of expression of said indicator gene
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measured in step (c) relative to that measured in step (b) correlates with the
effectiveness of said candidate HIV antiretroviral compound, thereby assessing

the effectiveness of said candidate HIV antiretroviral compound.

A test vector comuprising a nucleic acid segment encoding HIV protease having a
mutation at codon 82 and an indicator gene, wherein expression of said indicator gene

depends upon the activity of said HIV protease.

The resistance test vector of claim 72, wherein said mucleic acid segment encoding HIV
protease further comprises at least one secondary mutation at a codon selected from the
group congisting of 20, 24, 71, 54, 10 and a combination thereof,

A test vector comprising a nucleic acid segment encoding HIV protease having a
mutation at codon 90 and an indicator gene, wherein expression of said indicator gene

depends upon the activity of said HIV protease.

The resistance test vector of claim 74, wherein nucleic acid segment encoding HIV
protease further comprises at least one secondary mutation at a codon selected from the
group consisting of 73, 71, 46, 10 and a combination thereof.

A method for determining replication capacity of an HIV from an HIV-infected patient,

said method comprising:

(2)  culturing a host cell comprising a test vector that comprises a patient-derived
segment and an indicator gene,

(b) measuring the amount of expression of said indicator gene in said host cell,
wherein said amount of expression of said indicator gene depends upon the
activity of a gene encoded by said patient-derived segment;

(©) comparing said amount of expression of said indicator gene from (c) with an
amount of the expression of said indicator gene measured when steps (a) through
(c) are performed using a control test vector, wherein the replication capacity of

said HIV relative to control HIV is determined from said comparison.
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