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20
Technical Field

This invention relates to antiretroviral drug
susceptibility and resistance tests to be used in
25 identifying effective drug regimens for the treatment of
human immunodeficiency virus (HIV) infection and acquired
immunodeficiency syndrome (AIDS). The invention further
relates to the means and methods of monitoring the clinical
progression of HIV infection and its response to
30 antiretroviral therapy wusing phenotypic or genotypic
susceptibility assays. The invention also relates to novel
vectors, host cells and compositions for carrying out
phenotypic susceptibility tests. The invention further
relates to the use of various genotypic methodologies to
35 identify patients whose infection has become less

susceptible (“resistant”) to a particular antiretroviral



WO 01/96611 PCT/ US01/ 18882 2 drug reginen. This invention also relates to
the screening of candidate antiretroviral drugs for their capacity to

i nhibit Woose®11 sel ected viral sequences and/or viral pPOT/ESeI$1888DTr e
particularly, this invention relates to 5 using phenotypic susceptibility
tests and/or genotypic tests to identify patients whose virus/viruses
exhi bit drug-dependent stinul ation of repﬁlcatlon in the presence of

anti -retrovi¢aydagesiscnio Woig1/986rtipeTAlSQ1red882s FOBAIeySOHREBING he

I nvention H i nfeedicnd saeharacterkizaed by-hhgh fat e%h@&rwé acitynaver
t hroughout the di sease process, eventually | eading cD4 epletlon and

di sease progteREPbh (VEFUSES Ghoddl R eFayTigralVE, Sei-ﬁueé?ces( 199%Y Nat Wigrads 3,
117-122) (HopEEkeihaumanmon, Ferels@naAby, ettrals (A988riNat k&1 3d8: 13-

126). The aimof antjretrovira theragg iiS.,to achieve substantial and
prol onged supptaEsi BREBPEVPEEI FUBFRREEPOHItY0 ABRLEVI RGNSt aidrdl iRl

control is Iw@&y tigo i rm&melﬁ}he patstertfs Seqiead | ati ddoraphefes geneliaily
each t herapy risi conmbi.nations of three_or npre antiretroviral

drugs. Choi c%ﬂbﬁ’ ?ﬁ’?l? NHnd teibs&qdent } eFﬁB}lg%&PB 1% hePBf FESBE Srade
on a ratlOnaifb@@tﬁ,r@tf@vkﬁ@Mﬂ@@@ﬂt@f 15 resistance and cross-resistance
patterns being vital to guiding those decisions. The primary rational e of
conbi nation therapy relates to synergistic or additive activity to achieve
greaterignhibition of viral replication. The tolerability of drug regi nens
will remain 20 critical, however, as therapy will need to be naintained



over many years. In an untreated patient, some 1010 new viral particles are
produced per day. Coupled with the failure of HV reverse 25 transcriptase
(RT) to owopwedelt ranscription errors by exonucl eol ytic prpofiusadissege, this
high level of viral turnover results in 104 to 105 nmutations per day at
each position in the HV genone. The result is the rapid establishnment of
extensi ve genotypic variation. Wile sone 30 tenpl ate positions may be nore
error prone, Bagkaseynd\pf thej fnwentions) J Virol 69, 5087-5094) (Schinazi
RF, Lloyd RM Ramanathan CS, et al. (1994) Antim crob Agents Chenot her

38, 268-274), mat hepatical npdeling suggests. WD 01/96611 PCT/USO1/ 18882 4
that, at everyVnuth %?Fﬂ%npokﬁtiQH%%%ﬁﬁé%¥%ﬁ¢lnBV og&ab 193te®i s perrafay

in infected m-_elziwirdﬁatﬁro&ggo?at thet a?\sg'ea@le rrdg eleesi %&@m@f aﬁQyOq(‘éHdiﬁIé"e

t ar get en t he nodifie ile preserving,its function in_ the
presence§of %%gEP%E%ﬁpggF}Oﬁoﬁﬁ&ﬂﬁﬁ%ﬁﬁ%ﬁi@?@ﬁﬁﬁ% 1R (URlafi nGresiy SK
substitutionrapyoresutt igt changesivosshapesursi 3@3,0r 1¢change) of (ke metive

site, substrate binding site,_ or surrounding regions of the enzyne.
Mit ant s resiBFERF o aREFPeEPBViASal @fertls hava beed'aleit 3d3at 15w

level s beforgsfhe ik adign o LheiapyroWobel HnSHagh WK €51 ngeh WY et
al. (1993) Proc Natl  Acad Sci USA 90, 25-29) (Najera’l, R chman DD

Oivares |, ®tPafapidak) anfpRrRASNIFHNFREPEEFFLGEe &1 01 TR 7 FeRIg®at s er a

|, Hol gudn AcHbehgonastiihed Eirell dontrkA95)s J1iMe1Pl £69:in2313L) -the
However, these nut%nt stralns,reprggent only a small __proportjon of the

total viral $82d S4d nSTHEREIA r EBPFEREPSn ordbHpEiY i vedalsadvisieRie
conpar ed W tdombtdsihypecotibisatiaid i REIM01885) obCimnee 261 483 A8Na1 The

drugs. Choice of initial and subsequent therapy should,

therefore, be made on a rational basis, with knowledge of
15 resistance and cross-resistance patterns being wvital to
guiding those decisions. The primary rationale of
combination therapy relates to synergistic or additive
activity to achieve greater inhibition of viral
replication. The tolerability of drug regimens will remain
20 critical, however, as therapy will need to be maintained

over many years.

In an untreated patient, some 1019 new viral particles are
produced per day. Coupled with the failure of HIV reverse
25 transcriptase (RT) to correct transcription errors by
exonucleolytic proofreading, this high level of wviral
turnover results in 104 to 10° mutations per day at each
position in the HIV genome. The result is the rapid
establishment of extensive genotypic variation. While some
30 template positions may be more error prone, (Mansky IM,
Temin HM (1995) J Virol 69, 5087-5094) (Schinazi RF, Lloyd
RM, Ramanathan CS, et al. (1994) Antimicrob Agents
Chemother 38, 268-274), mathematical modeling suggests



20 selective pressure of antiretroviral therapy provides these
drug-resistant nutants with a conpetitive advantage and thus they cone to
repr esentwo bgd@om nant quasi species (Frost SDW MLean ARCT/US@4i88sa DS 8,
323-332) (Kellam P, Boucher CAB, Tijnagal JMGH (1994) J Gen Virol 75,
341-351) 25 ultimately leading to drug resistance and virologic failure in
the patient. A nutation or nutations_that r4e$ul ts in virus that can not
only replicatBafn Bffe Pieseiiciotrdr) Pesttiersi BRAAELOBOMAYT @scusutl Coul d

actual l'y reptigateplpr8a9f ihcigpthyenihfievpagsence of drug than in the
absence of drug (i.e. drug- dependent stinulation of virus), would present

an especially inportant phenotype to identify. In this case, WD 01/96611

PCT/ US01/ 18883r Sard rdigrSOit4l ackwdl | Yeacsehgeat a-d heckake of hdestduedd on
to the Lmmune system and progressi on of di sease. 5 Non-nucl eosi de Reverse

Tr anscri pt asBPFRRR LIS s PRNBPODE 1eQonvit? e BEFPEE L REr Sl ¢ r AHBEEL PRas

inhibitors (dRThgkseate arched caldibiioer sepgiadpmat acoBRaUNdS MhLh Ar e
potent inhibitors, of H V-1 Reverse Transcriptase (RT) in 10 vitro. These
conpounds i n&PuBBPr PG o i TediaY b eF ikt ef BaFYRTIBRperaZliigs
(BHAPs) suchsasedebavihedirge afidthat avichigiene. tihe sibpyragedidzeRinpRe e,

(nevirapine), the t?sﬁ i,ne deri,vati vg g;joups TSAO and HEPT), an a-anilino
phenyl acet anfHe AR ?”é@r’rﬁSgﬁfinFI Bvi 8ef?zéﬂ‘§'15%aﬁgfalqeﬁé-sé:laé’sts to
i nhibitdds (BY:DOTyovihel bengadiazepiwe orenandettbtese 471 BQw carpais,
and the pyridi pone eri,vati.ves %L- 7,,661). Far overyie ee_(Ded ercq
E. (1996) FREREG Foﬁ“éftl 1P 7)0%?%%3% @Vi%%%‘} Rt PoPPR) My Ggiing
Resi st ance, wdy, DR2tR eliman,(19e08n Whkey &fens.adddl) sc20 ThreesNNRBIss:29)
nevi rapi ne (NVP, Viranune, Boehringer _
(Najera I, Richman DD Olivares I, et al. (1994) AIDS Res
Hum Retroviruses 10, 1479-1488) (Najera I, Holguin A,
15 Quifiones-Mateu E, et al. (1995) J Virol 69, 23-31).
However, these mutant strains represent only a small
proportion of the total wviral load and may have a
replication or competitive disadvantage compared with wild-
type virus (Coffin JM (1995) Science 267, 483-489). The
20 gselective pressure of antiretroviral therapy provides these
drug-resistant mutants with a competitive advantage and
thus they come to represent the dominant quasispecies
(Frost SDW, McLean AR (1994) AIDS 8, 323-332) (Kellam P,
Boucher CAB, Tijnagal JMGH (1994) J Gen Virol 75, 341-351)
25 ultimately leading to drug resistance and virologic failure

in the patient.

A mutation or mutations that results in virus that can not
only replicate in the presence of drug (i.e. resistant
30 virus) but could actually replicate more efficiently in the
presence of drug than in the absence of drug (i.e. drug-
dependent stimulation of wvirus), would present an

especially important phenotype to identify. In this case,



I ngel heim | ngel hei mam Rhein, Germany), delavirdine (DLV, Rescriptor,
Phar maci a & Upj ohn, Kal anazoo, M, USA), and efavirenz (EFV, Sustiva,
Dupont, WoOni/gion, DE, USA) are licensed for use in thePUBKS0I2(3882

Hi gh-1evel resistance to individual conpounds appears to develop rapidly,
often within a few weeks of initiating nonotherapy, frequently involving
only single-point nutations, and in nmany cases |eading to considerable
cross 30 reststangecPylot REFURNKRYI §CCRbstakft AhPok3dtrepdr Cegtareldon ka he
codon gr oups: HO0: ARAEnaNgyd8dm 1883 Woi- 6586088 $Orqiddesdwo b-sheets

adj acent to the catalytic site of the RT enzyne (Kohlstaedt LA, Wang J,
Friedman JM et al. (1992) Science 256, 1783-90). The NNRTI bi ndi ng
pocket, as it has WD 01/96611 PCT/US01/ 18882 6 been described, is a

hydr ophobi ¢ non-substrate binding region of RT where these agents directly
i nt eract® wi tfeRMmucipeFidpnReyeraet TorRgehpiPtater Foringtars h(l?%%'ﬂﬂ y of
the “thunb' subdomain, or disrupting the orientation of 5 conserved
aspartic acid side chains essential for catalytic actiyvi.t D il]la RT
(1564) ' Gt Tob fG T9 S85 A0t 0t Aot PRy R RiRee st )
(1995) Curr &pén a Stahestidilaly 5di22x38) . gtbupltaf i csrsmpombds r iwig ated ueed

susceptibility to nevirapine hayve scribed _at HV, codons_98,, 100,
103, 106, 1%%‘?611%1,1“{’@%@5%819%¥(ﬁ!}g’ﬁﬁaﬁgﬁfr%vlTFﬁnﬁFré@ 6&F SRT) (£694)
J Virol 168, &559%166@)@sérhecampbuﬁﬁggu%abuugalegekéw&adnméi ala\tj\shxdbbﬁaitagresl,
nevi r api ne notherapy is.a 15 Tyr a tatiaqn jich results
T 000 oS Pahieraaivth SERETErviey TBTRRED BHGHt 2oaRd A LRONBG e
suscepti bi | idtyetDrdwe pyr idHenondigerivdatiisesp{hohf6, 28%athpine), the

thymine derivative groups (TSAO and HEPT), an a-anilino
phenylacetamide (a-APA) compound (loviride) , the
15 quinoxaline-class inhibitors (HBY-097), the benzodiazepin-

one and ~thione (TIBO) compounds, and the pyridinone
derivatives (L-697,661). For overviews, see (DeClercqg E.
(1996) Rev Med Virol 6, 97-117) (Emini EA (1996) Antiviral
Drug Resistance, ed. DD Richman, John Wiley & Sons, Ltd).
20 Three NNRTIs: nevirapine (NVP, Viramune, Boehringer
Ingelheim, Ingelheim am Rhein, Germany), delavirdine (DLV,
Resgcriptor, Pharmacia & Upjohn, Kalamazoo, MI, USA), and
efavirenz (EFV, Sustiva, Dupont, Wilmington, DE, USA) are

licensed for use in the USA.

25
High-level resistance to individual compounds appears to
develop rapidly, often within a few weeks of initiating
monotherapy, frequently involving only single-point
mutations, and in many cases leading to considerable cross-
30 resistance to other NNRTIs. Most mutations reported occur

in the codon groups 100-108 and 181-190 which encode for
the two b-sheets adjacent to the catalytic site of the RT
enzyme (Kohlstaedt LA, Wang J, Friedman JM, et al. (1992)
Science 256, 1783-90). The NNRTI binding pocket, as it has



L-697,661) (Arnold, Ibid). TSAO also has limted activity 1in the presence
of the Y181C nutation, but maintains 20 activity in the presence of

mut at i ondaveIbWI4eTL at codons 100 and 103, and in vitro sel BCT/ASH16188% uni que
mut ati on, @G.U138alLys (E138K), in the region where it nost closely
interacts wwth RT (Richman, DD, Ibid) (R chman DD, Shih C K, Lowy I, et
al . (1991) Proc Natl Acad Sci USA 88, 1124%- 25 11245). Resistance to

| oviride whePee@edlaSCHbPREherbpy aleVaidmphabimpsomaubsiratsy wWeldizg |t

has been ﬂapﬁggléﬂ @frﬁﬁg%ﬁgfe}ﬂﬁégg_ éppeéépy }ége%ggi y@@% RT.

comonl y codon 103 30 (St aszewski | er V, Kober” A et al 1996)

Anti viral 'ﬂ%ﬁyllnﬁébﬁé)aQﬁkY%EVc%ﬁbﬂﬁé??éﬁrﬂﬁgr&&%hﬁﬂ@kﬂlbﬁYrp@ethﬁth

zi dovudi ne ortZihfeVudisi@®dRiias nl, am yHdi ResrUBEE ARt S tale CQHPBS-98:18Ad 103
wer e the nost frequent nutatlons detect ed 01796611 PCT/ US01/ 18882 7 at

24 weeks? ( StEREWEKFI SOSRRFTAF YCiRefifEE Shodnsapsseptdssd) tArpsat@lymicy) .

Al t hough theaclftlﬁéﬁcyKJ(%MquananJ{@ﬂC (T9bal | Qs Rl BApCUULr 14D 393- 423)
cross-resi stance to BHAPs, (Bal zari ni J, Karl sson A, Perez- Perez MJ,

al . (1992) Videnehy ¥o2, @mz%) tiegheshaflet @t stie FASHIS)suBsret lﬂpzcm

sel ected for heg eng vitro appears to sensitize RT to sone
ot her NNFH1§9¥?%duc$%éa?he ?C%% for nevirapine, for exanple, 7 10 to

10-fold, without influencing sensitivity to nucleoside anal ogues

(St aszeygki nﬁma&pwg cHiES AYLRL T P0G eeoeel@ce%%%&qatge observed iin

clinical isolates durin atevirdine thera hough
resi st ance- coaifer PER§ fikrd at éﬁﬂanTlGEXhﬂu31%§,hé#@ bekd3 r egdiet.ed

during 15 nongs herapy aﬁsgﬂfebhdasl@d ¢RUENSaA0DD 188,233 #Nd @38pe dYring

conbi nation therapy with zidovudine.
(1994) J Virol 68, 1660-1666). The most frequently

selected variant during nevirapine monotherapy is a
15 Ty'lsléCys (Y181C) mutation, which results in a 100-fold
reduction in sensitivity to this agent, and with reduced
susceptibility to the pyridinone derivatives (L-696,229 and
L-697,661) (Arnold, Ibid). TSAO also has limited activity
in the presence of the Y181C mutation, but maintains
20 activity in the presence of mutations HIV RT at codons 100
and 103, and in vitro selects for a unique mutation,
GL&fBBéLys (E138K), in the region where it most closely
interacts with RT (Richman, DD, Ibid) (Richman DD, Shih C-
K, Lowy I, et al. (1991) Proc Natl Acad Sci USA 88, 11241-
25 11245) .

Resistance to loviride when used as monotherapy develops in
most patients by week 24. It has been mapped to a range of
HIV RT codons 100-110; 181-190), most commonly codon 103
30 (Staszewski S, Miller V, Kober A, et al. (1996) Antiviral
Ther 1, 42-50). During combination therapy using loviride
with zidovudine or zidovudine plus lamivudine, variants at

codons 98 and 103 were the most frequent mutations detected



VWhile HBY-097 may initially select for a nutation at HHV RT codon 190 in
vitro, further passage consistently selects 20 for nutations at HV RT
codons 74v@nd966B; wi th sone nmutant viruses show ng decr eaBedUS@rsSBs2 vity to
di danosi ne and stavudi ne, but not zidovudine (Kl eimJ-P, Rosner M W nkl er
I, et al. (1995) J Acquir Imune Defic Syndr 10 Suppl 3, 2). 25 Mutation
at codon 181 has been reported to antagoni Ze zi dovudine resistance due to
the typical al &fd ¥esksodbbtammewskodbns, (MhdAagrD,V CalRedmuis: AR, Eeon all, et

al. (1994 LAy C nt nmot her 38, 282-287) suggesting that 30
( ) f‘gébéﬂ 5 9B AYE! §1QKET ) sugg 9

conbi nati on erapy wth sonme NNRTIs and zi dovudi ne may be feasible.
Al t hough an HV nutant with triple resistance to zidovudine, didanosine

and nevi rapi e d Lbed | VL t.[50; rd " I P, SD
(1993) Nt are: Se2eo ey 7/ Bo0ts Pty oot PTHs33 55 4 She i clto
this triple ¢opdFnaesbAtdoes torBYLHE, sUBalreriniminoKegilssionadd Pérez-

vi r ol ogi cal ns@s+s th treat hthizi in | us did in | one
over a 48-ﬁ%§ﬁgger?og'inégat%ghtgan?%?CIAaggﬁF%gguﬁﬁg’<3§%Fﬂ%§g%5(%ﬁ%
Conbi nat i on ¢lverapyenwtshici RRAM nesvisd itthé oy | dehentceddefpyvathwe these

L- 697, 661 pr t Rsay a t C L tpan | cal

sel ected duf%%§%%%not e?gpy mﬁ?ﬁgeggfshﬁNR%%%ﬂﬁé %%igg&?hggaﬁ%%ﬁéaﬁgg%%

hi gh-1 evel INNREESst zrcactodt Hilse cH@Epoufcdr Crarigesine,suScepekbinpiley to-

oo 408, "SSP P IR SO AN 5 i

al t er nat i ng ahaibydigefe (Ehesgsystidess - nofbdd) ay t Fbiappedredrics ohtr esidgirance

during nevirgpinepnss peen observed in clinical isolates during
atevirdine therapy, although other resistance-conferring
mutations at codons 103 and 181 have been reported during

15 monotherapy as well as at codons 101, 188, 233 and 238

during combination therapy with zidovudine.

While HBY-097 may initially select for a mutation at HIV RT
codon 190 in vitro, further passage consistently selects

20 for mutations at HIV RT codons 74 and 75, with some mutant
viruses showing decreased sensitivity to didanosine and
gtavudine, but not zidovudine (Kleim J-P, Rdésner M, Winkler
I, et al. (1995) J Acquir Immune Defic Syndr 10 Suppl 3,
2).

25
Mutation at codon 181 has been reported to antagonize
zidovudine resistance due to the typical 41 and 215 codon
mutations, (Zhang D, Caliendo AM, Eron JJ, et al. (1994)
Antimicrob Agents Chemother 38, 282-287) suggesting that

30 combination therapy with some NNRTIs and zidovudine may be
feasible. Although an HIV mutant with triple resistance to
zidovudine, didanosine and nevirapine has been described in

vitro, (Larder BA, Kellam P, Kemp SD (1993) Nature 365,



15 therapy (R chman DD, Ibid) (Nunberg JH, Schleif WA, Boots EJ, et al.
(1990) J Virol 65, 4887-4892) (Dedong MD, Loewenthl M Boucher CAB, et al.
(1994) Jwebwede1Di s 169, 1346-1350) (Cheesenman SH, Havl i PCDUSMZ18882gN] i n
MM et al. (1995) J Acquir Imrune Defic Syndr 8, 141-151. However, 20 the
181 nmutant is not being observed during treatnment with this conbi nation,
and the nost comon nutation occurs at codon 190_(Ri chman DD, |bid Thi s

suggests t h&4PlrRE3¢oddireatdenfut #1'oh, WhAtEh F§1§ﬁteagcﬁﬂ“§qllr@ttj&ril Qi ne

resistance pRovhHEO, sﬁ@em&rcolrmaiﬂcm&glﬁl nekldpr eﬁ@6l6§1b8125ré’é;}_y@msé\ést h
sel ection favoring other nutati ons whi ch al I ow educed suscegtl bility

to nevirapi REBoEERUTERE W Z4APRATH Sllff‘?e L over a

devel opnent sef weedugedisdseeppblikhnty tv@thhemSQeNNREbslnmggastos/mm nted
utility of these agents, particularly as nonotherapies, and has led to the

modi fication of these nolecules in an attenpt to del ay the appear ance of
drug- reSlSt@@hbihéu&onA theeape genehat zoaovuliNeE| , ahfie pysi dbywohdinone

derivative 702 ted WO 01/96611 PCT/US01/188 9 only a

3T ol 0 changEXRRoFeRs Hettbbrt ol L HETYBat g EodOiP - XET Fit aht HRv-ao%afd
required rrutLB[LplﬁuﬁHtﬂbnOntSyprabngerﬂtééred‘hegh dewehgr esbsbaherapGol Wiveln VE,
O Brien JA _ Ruffi , et (.1993) Antl nts e

947-949). }?llﬁarl@,ng[aw r%ﬁiz %EIL—QZ) I u%e/g%%s ao?gcg?o&?generatl on
NNRTI 1@l at lr\eellystla@centth tkEfsavclchrethuMS aChangqselprcﬁudceepmmtﬂafttytto

retains activi.t VA %q i ns“tielyel ruses gtg"%c[%ghal rH n@higeseag’ggo %@Hn 103,

Y181C. In viztlrd avi renz se atl ons
108, 179, 18131,ssamd ¥&8. Kdbex |le, sétm hAr t(09PBReE Un mfext Dis 171, 1159-

1165) . Concomitant or alternating zidovudine therapy does
not delay the appearance of resistance during nevirapine
15 therapy (Richman DD, Ibid) (Nunberg JH, Schleif WA, Boots
EJ, et al. (1990) J Virol 65, 4887-4892) (DedJong MD,
Loewenthl M, Boucher CAB, et al. (1994) J Infect Dis 169,
1346-1350) (Cheeseman SH, Havlir D, McLaughlin MM, et al.
(1995) J Acquir Immune Defic Syndr 8, 141-151. However,
20 the 181 mutant is not being observed during treatment with
this combination, and the most common mutation occurs at
codon 190 (Richman DD, Ibid). This suggests that the codon
181 mutation, which is antagonistic to zidovudine
resistance in vitro, is not compatible, or not preferred in
25 vivo, with selection favoring other mutations which allow
for reduced susceptibility to nevirapine concomitant with

zidovudine resistance.

The rapid development of reduced susceptibility to the
30 NNRTIs suggests limited utility  of these agents,
particularly as monotherapies, and has led to the
modification of these molecules in an attempt to delay the
appearance of drug-resistant virus. A ‘second generation’

NNRTI, the pyridinone derivative L-702,019, demonstrated



resi stance profile, which includes mutations at codons 100, 103, 108, 190
and 225, (and possibly 101, 179, 181 and 15 188). (Wnslow DL, Garber S,
Reid C, iwoalMesEburth International Antiviral Therapy 19FC@T/U$¢1Bsg82 . 1): 6
Conference on HV Drug Resistance Sardinia, Italy, (1995) (Wnslow DL,
Garber S, Reid C, et al. Antiviral Therapy 1997; 1 (suppl. 1) :6) (Young
SD, Britcher SF, Tran LO _et 20 al. Antim ctobial Agents & Chenot her apy
1995; 39.260201¥6@9. 3 - {BaéhehangeT, iranf 6n0 EbeYefelereywEl detypal andAmtadan al

Therapy 1998; 33( Syaphnt) - u3%-16) GRBachelefik-Ty Y&ii1sliow O, ﬁ%?é%ﬂbﬁ%éi nna
G 12th Wrld AIDS Conference, 1998, Ceneva, Switzerland, stract 41213.)
25 1t is an oBpecdesf RiFR-leveht iksFitamsvi d6cddapng MBuscepBiEeni tdA and

resistance testreagallie ofc show ng oowhethers & viial %’Qﬂ’l:'lsa?h%ﬂloit@ie% paj I ent

is resistant to a iven prescribed drug. Another object o I's invention
is 30 todpro¥tde®4®test that will enable the physician to substitute one
or nore drugs in a therapeutic reginen for a patient that has becone

resistant to a given drug or drugs after a course of therapy. Yet another
obj ect of tﬁémliﬁvémioﬁf%w%ﬂﬁr o{FBe) a wast IHafodieed erphl @ seatandn

WO 01/96611 PGTLLSO14A8888RTA0 Qf1 AN wiffectibvendnyg redirepifoh-thess o

treatnment of HV infections and/or AIDS. Yet anofher object of this
i nvention i SYRYIRF oRFRELLRe iediet oft i BRPR 1Ry AGLENetHr gRines WHiTIPas

patientjfias begoABniRSi StRAL , cofindr tREBUlRAIL A islent i¥yd N resis)ancs £o
non- nucl eosi de reverse transcriptase inhibitors. (NNRTIs) Still another
obj ect of tHFRVIFGRAt iS6H S of PF oPGetaonestatangorerRods® G.or 10dvallfati ng

the biol ogi cahgef et i venessaal candi datrgidr U similar to the in vivo
resistance profile, which includes mutations at codons 100,
103, 108, 190 and 225, (and possibly 101, 179, 181 and
15 188). (Winslow DL, Garber S, Reid C, it al. Fourth
International Antiviral Therapy 1977; 1(Suppl.l): 6.
Conference on HIV Drug Resistance Sardinia, Italy, (1995)
(Winslow DL, Garber S, Reid C, et al. Antiviral Therapy
1997; 1(suppl.l) :6) (Young SD, Britcher SF, Tran LO, et
20 al. Antimicrobial Agents & Chemotherapy 1995; 39.2602-
2609.) (Bacheler LT, Anton E, Jeffrey S, et. al.
Antiviral Therapy 1998; 3(Suppl.l): 15-16) (Bacheler LT,
Weislow O, Snyder S & Hanna G. 12 World AIDS Conference,
1998, Geneva, Switzerland, Abstract 41213.)
25
It is an object of this invention to provide a drug
susceptibility and resistance test capable of showing
whether a viral population in a patient is resistant to a
given prescribed drug. Another object of this invention is
30 to provide a test that will enable the physician to
substitute one or more drugs in a therapeutic regimen for a
patient that has become resistant to a given drug or drugs
after a course of therapy. Yet another object of this

invention is to provide a test that will enable selection



conpounds whi ch act on specific viruses, viral genes and/or 10 viral
proteins particularly with respect to viral drug resistance associ ated

wi th nonwaol/e®si de reverse transcriptase inhibitors (NNRTT/#P01/18882i s al so
an object of this invention to provide the means and conpositions for
evaluating H'V antiretroviral drug resistance and 15 susceptibility. Still
anot her object of this invention is to, pr Ui de a nmeans of deternini ng
whet her a caflli &t e Sfftgctirvg r 6¥1Pal TePimeRm 1o atde i hEpebBertorof HIV

stinul ated vifgbcriepki cahbigBr ThAdsand otber abieebs obhkics | RMentdpny
will be apparent fromthe specification as a whole. 20 .V\E)_Ol/ 96611
PCT/ USO1/ 18882VERE 108, hRnfy BECVRES| APENTFPERSTHE TpLesent fvaventiien 48138 es

to methods, wsi nghidienet ypheieadd @anobyRichaTetBadst hat Monih ondhe &lidy cal
progr essLon man i mmunodeficiency virus infection and its response

.5 of . hu
to antivi rallgﬁ%\;h%ifl Fhe i TVRHETCTs ald badP TUFigRttde on Mfyerse
di scovery t hatageaeibtacbangrsbitotkV r ¢NERTEs)t BAASCr bpbase ( BE;jeathigh

confer resistance to_ antiretroviral therapy, may be ra idgl det ey m ned
directly 10 FPbi pHEVERE LB asha HIY AR Phertty piihr Mt ¢OF
met hods. Theev@l hadsnygt ithiez ebpol yperabeetliachiveaetsornt (PARIiNased BagayS.
Al ternati vel% mrreltnqus ﬁvg uag%ng Vi [aal. nucl eic acid_or \éti ral prot %’[/1 in
the absence Bf™a Rpl' i FRaft6n "8t BRSESGIE ULFPPSE t e TPdadTs GPYN%s 15
inventi d® tovimml t graveios meditficdetilyet waehr abegbecapyto Thixsal n\danig on
is based in pa n the discovery of a nutatiaon at_codon 230 either alone
or in conbi nlg?%iosngﬁl%% a GRitA Ji%:ﬁa at c‘é‘)’g](é)}ﬁ 10?%1?_r11§§19% SHIS RTHSY SNRTI
i nhi bitor tresmedrpatasatsnhibinbirsh (FRRTpsksente 0f bheomanhablbdrest of
this invention to provide the means and compositions for
evaluating HIV antiretroviral drug resistance and
15 susceptibility. Still another object of this invention is
to provide a means of determining whether a candidate anti-
retroviral drug will cause increased or stimulated wviral
replication. This and other objects of this invention will
be apparent from the gpecification as a whole.
20



20 correlates with decreased susceptibility to delavirdine, nevirapine and
efavirenz, and with drug-dependent stinulation of viral replication in the
presence Vo o1/g®lavi r di ne, nevirapine or efavirenz. The nmuPET/USHIZISEr e

found in plasma HV RNA after a period of time following 25 initiation of

t herapy. The devel opnent of the nmutation at codon 230, in addition to the
mut ati on at codon 103 or 181 in HIV RT, whs found to be an indicator of

t he devel opneum * 3¢ ahgw anul timately of inmunol ogi cal decline.
Resi stance test vectors contalnlng the single site mutation 30 at codon 230
(M230L), and M230L in conbination with a nutation at either 103 (K103N) or
181 (Y181C) Therbvepsat fimyiestrion slalere tonvetieded using sheadivde ed
nut agenesi s £.gar gého@yp%mﬁeét&%s(&89%n1%lo9te&mﬂayﬁﬁlc§14 4401 Hiese
nmut ati ons were observed to be aSSOC|ated WO 01/96611 PCT/USOQ1/18882 12
with dec?easetl EHEEBpLMBIUCAF Hls LERE YNNI USant L § $F e e o b Pn AEispesse

drug- dependend siivmtiaidiontabrupial Rl i cavépiod Th saiBvertdony s shased
in part on the dlscovgéé of. a nutation at codon 230 in conblnatlon wth

nut ati ons atP2Ebdon8 digsovesy Dot HRPSEE LRI nEANRTEVaLSSat ed

patients, i ncidmedribies s esenaer)of thwhquhatl0@@nf@@rraﬁggg%a@ﬁébaa to
decrease in sus eptibili rapi ne and efaV|renz and

%% tg 10 deIaV|rqD

wi th drug- WEOE&¥ | SRPHAPEY V?WaIQWﬁﬁQ% ¥ oORCFRTPRBEDr BL&REE 1Yof

del avi r th ne, fmm papuaatorpleaf@\a rzem RNAI s:dim¢edheaibtsoinsed genpakiien

t he dlscover qh tatio a 241 of  RT that %gi di scovered to
occur Néﬁ? ?giated St i BRES & %ﬁ d&EncBOLY M ReSfutHtd igh &E3C54P1 in
addi ti on to OedreY Wédrwkesi}amce mm{ﬂelr@mﬁvteh@se methods evaluating

viral nucleic acid or viral protein in the absence of an

amplification step could wutilize the teaching of this
15 invention to monitor and/or modify antiretroviral therapy.
This invention is based in part on the discovery of a
mutation at codon 230 either alone or in combination with a
mutation at codon 103 or 181 of HIV RT in NNRTI inhibitor
treated patients, in which the presence of the mutations
20 correlates with decreased susceptibility to delavirdine,
nevirapine and efavirenz, and with drug-dependent
stimulation of +viral &replication in the presence of
delavirdine, nevirapine or efavirenz. The mutations were
found in plasma HIV RNA after a period of time following
25 initiation of therapy. The development of the mutation at
codon 230, in addition to the mutation at cddon 103 or 181
in HIV RT, was found to be an indicator of the development
of resistance, and ultimately of immunological decline.
Resistance test vectors containing the single site mutation
30 at codon 230 (M230L), and M230L in combination with a
mutation at either 103 (K103N) or 181 (Y181C) in reverse
transcriptase were constructed using site directed
mutagenesis (Sarkar G, Sommer SS. (1990). Biotechniques

8:404-407). These mutations were observed to be associated



mut ati ons may include previously described NNRTI-resistance nmnutations such
as: K10l1lE, K103N, V106M 1135T, E138A and 20 GL90A) correlates with
decreasedv@usg®pt i bility to del avirdine, nevirapi ne and BPEBVRIIEN$382

Resi stance test vectors containing patient sequences with these nmutations
exhi bited reduced susceptibility to delavirdine, nevirapine and efavirenz
as well as drughde endent stimulation of %3 replication in the presence of

all three driiy Feafiacht PHACPBthRISAtYn trar then YNRTH| e86ver ynofsome

nut ations atc6aE9Ra246n8] RT dhaf-odseriesnover edik@186¢8h | o ANRTL it Lat ed
patients. The presence of the nutation at 30 245, in addition to other

NNRTI - r esi st Bfleel @@t 4P ons (which may include previously described
NNRTI - resi stance nmutati ons such as: A98G K101E, K103N, 1135T, E138A,
Y181C, 90A and P225H), correlates w th decreased susceptibility to

del avi r d? ne, TAsSi rdpiSiE 4T éﬁas??%% . ‘ResParEnct &8¢ WBHIETPYBEYL of a
PCT/ USO01/ 18882t adBoN e Or ogent a2 b Ngi patdoaiins@dencest thutdesshs at

nmut ati ons exhibited reduced su ptibility to_del avirdine, nevjrapine and
ef avi renz asC&PPas! Hrug l@épenaéﬁt ﬁbﬁnul%‘tq oft> Bf O]%' eptfivcakffont T n NHerT

presence of attatddepadriegss,Retn stvaned SHespreechoes cAONtAE NG sk iSMg| €
site mutation at fodon 245, é¥245E or. %} and as_well as tes .%e%;ors
contai ni ng VPABESTBFET i ntbbi ndti oK ERSRut at-Fons SHECER l%k 038 ark® 135
(1135T7) 10n Releverdomst r uotetirasing sahé defeetednzput agenesiish Wairhe;-
V245E al one had n fect o 0 _suscept.ihilit o the NNRTI,,The triple
conbi nati on %?pe%ﬁ?gﬁigﬁ%m ET%%R@ fﬁg Eﬁﬁjfééif?%ﬁlﬁs Was "B6s ERFEFIT be
associ at ed wf hdelbzveadioke susseptabine tgr t@fdherdNRTI and drug- dependent
stimulation of viral replication. 15 This invention is based in part on the

di scovery of a
This invention is based in part on the discovery of a

15 mutation at codon 241 of RT that was discovered to occur in
NNRTI-treated patients. The presence of the mutation at
241, in addition to other NNRTI-resistance mutations (these
mutations may include previously described NNRTI-resistance
mutations such as: K101lE, K103N, V106M, I135T, E138A and
20 G190A) correlates with  decreased  susceptibility to
delavirdine, nevirapine and efavirenz. Resistance test
vectors containing patient sequences with these mutations
exhibited reduced susceptibility to delavirdine, nevirapine
and efavirenz as well as drug dependent stimulation of

25 replication in the presence of all three drugs.

This invention 1s based in part on the discovery of
mutations at codon 245 of RT that was discovered to occur
in NNRTI-treated patients. The presence of the mutation at
30 245, in addition to other NNRTI-resistance mutations (which
may include previously described NNRTI-resistance mutations
such as: A98G, K101lE, K103N, I135T, E138A, Y181C, Gl90A and
P225H) correlates with  decreased susceptibility to

delavirdine, mnevirapine and efavirenz. Resgistance test



mutati on at codon 270 of RT that was discovered to occur in NNRTI-treated
patients. The presence of the mutation at 270 in addition to other

NNRTI - r esV@oaswel nmut ati ons (whi ch may i ncl ude previ ousl yPduese1/13882

NNRTI - r esi stance nutati ons 20 such as: K103N, 1135T and P225H) correl ates
W th decreased susceptibility to delavirdine, nevirapine and efavirenz,
and drug-dependent stimulation of viral repbication. This invention is
based i n partedirthecdnsedvanyg dfataiqt | eaguedeesyved tdegnkate conttaithias

I tipl i ; 6 : . . 202,
AT Pl S i i i
that was di std¥ercd@viiresz NRRTI et bata®l gaubendepeméenst spicontlestivmctadt s

cont ai ni ng path e, Seghenceshui bhestheseopubati 9H§eéXBEcH'?Tse.d reduyced .
susceptibility to 30 delavirdine, nevirapine and efavirenz as well as dr ug

dependenl stiSRl af¢OFCHF FePErEBINGnai ARG présenrtafian att kosderd2dds.

Si te-direct edyseyer st O@f of asReGd i IUtA | 0O (erpPsLr abad -t NatgMRw: s9f
the mutations play a role in the drug-dependent stinulation of Viral
replication,®hutf ERatCADFHIEEL 1W T/ WabaF 188822t14 GoneKb§3¥heandt d3i%ns

is sufficientzonsdt’ sigwn g0 cRelse  sdebrancebhectysiSpeci fical | vy fadatd ons

at 106, 189, 227, 283, 284 _and 286 are observed to nodul ate the resistance

and sti nul atTYPEmSATA rdPiicati dR4sfen dPRethikads W o1/dderE  on

PCT/ USOfg 18887sceléc BsieftpPesed i pieconnmkTihe Fhgures: § Qurmbi Haasiast ange

Test Vector. Schematic resentati oné of the H V-1 genone (top panelb) and
e

the 5 residtrel bt (FHEERr Eb3bFoRMBandr) B comF) sTag @beerved’ £o

associated with decreased susceptibility to the NNRTI and

drug-dependent stimulation of viral replication.

15 This invention i1s based in part on the discovery of a
mutation at codon 270 of RT that was discovered to occur in
NNRTI-treated patients. The presence of the mutation at 270
in addition to other NNRTI-resistance mutations (which may
include previously described NNRTI-resistance mutations

20 such as: K103N, I135T and P225H) correlates with decreased
susceptibility to delavirdine, nevirapine and efavirenz,
and drug-dependent stimulation of wviral replication. This
invention is based in part on the discovery of a patient-
derived segment containing multiple mutations at HIV RT

25 codons 35, 67, 69, 70, 106, 189, 200, 202, 208, 211, 215,
218, 219, 221, 227, 228, 283, 284, 286, 293 and 297 of RT
that was discovered in an  NNRTI-treated patient.
Resistance test wvectors containing patient sequences with
these mutations exhibited reduced susceptibility to

30 delavirdine, mnevirapine and efavirenz as well as drug
dependent stimulation of replication in the presence of all
three drugs. Site-directed reversion of specific mutations
demonstrated that many of the mutations play a role in the

drug-dependent stimulation of viral replication, but that



patient derived segnent and an indicator gene viral vector. Figure 2. Two
Cell Assay. Schematic Representation of 10 the Assay. A resistance test
vect or i sv@engsat ed by cloning the patient-derived segnmePCT/PDAB882Nt 0 an

i ndi cator gene viral vector. Using defective PR and RT sequences, it was
shown that luciferase activity is dependent on functional PR and RT. The
resistance test 15 vector is cp-transfecté&zwjth an expression vector that
produces anpiv®er opf c tREr it At &S visd€ icieur Qﬁwégbﬁeqmqn%ﬁncéﬂséther
viral or celdudnaraproteins, whkehrepabhe, i pheelkiiohs Ryeudst ypego Vi @ébo

particles are_ produced containing the protease (PR) and the reverse 2
transcri pt agé3(RT 8 GeREDrotuctiCefTHETHY ERhepatilehe- e i veaisegnent
(PDS). The pakt iseligiiane dhest Raregstesh iand useddedn ivifractrfiresh cells.
The assay is perforned in the absence of drug and in the presence of drug
over a -w de range of concentrations. Protease PR inhibitors are 25 added
to the cells following transfection, and are thus present during particle
maturation. In contrast, RT inhibitors are added to the cells at the tine
of, or prior to, viral particle infection. The amount of luciferase is
determ ned and the percentage (o) 30 inhibition is calculated at the
different drug concentrations tested. Figure 3. Exanples of phenotypic
drug susceptibility profiles. Data are anal yzed by plotting the percent WO
01/96611 PCT/ USO1/ 18882 16 inhibition of luciferase activity vs. |loglO
drug concentration. This plot is used to calculate the drug concentration
that are required to inhibit virus



replication by 50% (1 C50) and by 95% (1 C95). Shifts in 5 the inhibition
curves towards higher drug concentrations are interpreted as evidence of
decr easeava@pugpeisuscepti bility, ("drug resistance"). ThreRCTYPIICE®BS2 curves
for the NNRTI's delavirdine (DLV), nevirapine (NVP) and efavirenz (EFV)
are shown. A reduction in drug 10 susceptibility (or "increased

resi stance") manifests as a shift in the 4Pug susceptibility curve toward
hi gher drug BrrkefitPasdnig ¢ ghtJunes conpared to a baseline
(pre-treatnent) sanple, or as conpared to a drug susceptible virus
control, such as PNL4-3 or HXB-2. 15 Figure 4. Exanples of phenotypic drug
suscepti bi | it Fi1HHeti | s showi R§SdEG§GEpendeRt stYaTFati on of SEhesatic
replication. Dadprasenedelyssdoly tHothing: t BenBRECetop | Phhdi L i gAG0fhe

| uci ferase_activity vs. 10910 drug 20 concentration. This plot is used to
cal cul at e 1 he ¥R3FETFRent Pabi oRKSERAE arlBOFEQH r 8UES) i nhicoPPTdEigg 2
replication bypDOfeht Collgrandd bys&pfedd CAUd Idh t NesE caHAPhgenst | Rulyatl on
of viral replication manifests as percent inhibition | ess than zero (i.e.
negative 25 i nfiB 2T on). Three typical curves show ng drug- dependent
stinmulation of viral replication in the presence of the NNRTI's

del avi rdi ne (DL neyi r aplne ) .and efavjirenz  (EFVY) are shown. The
resul ts obt ai %engH%m\ét he "é?ié%yf 8&FVed o C%?T%EWrBEPESSﬁBEQHﬂOH of
resi stanck) t esthevedisaresy .30 &k e recipanedet otees ultes: it ati Bedgdtiara wedr Gy
suscepti bl e vilr us. cont rt%Ie, suctg. asDP L4—3Cgr HXB- 2. V\Dﬁ#ﬁ%%ll

PCT/ US01/ 1888F 1AV guFE®s. BHpI e ot Patfent GFPUSES co ni ng"*hot aions
at HV RT codamdiosatoong286, vasadescrdtmd. | nUBXapgpldestedtive PR and RT

sequences, it was shown that luciferase activity is

dependent on functional PR and RT. The resistance test
15 vector 1is co-transfected with an expression vector that
produces amphotropic murine leukemia virus (ML\V)
envelope protein or other wviral or cellular proteins,
which enable infection. Pseudotyped viral particles are
produced containing the protease (PR) and the reverse
20 trénscriptase (RT) gene products encoded by the patient-
derived segment (PDS). The particles are then harvested
and used to infect fresh cells. The assay is performed
in the absence of drug and in the presence of drug over a
wide range of concentrations. Protease PR inhibitors are
25 added to the cells following transfection, and are thus
present during particle maturation. In contrast, RT
inhibitors are added to the cells at the time of, or
prior to, wviral particle infection. The amount of
luciferase is determined and the percentage (%)
30 inhibition is calculated at the different drug

concentrations tested.

Figure 3. Examples of phenotypic drug susceptibility
profiles. Data are amnalyzed by plotting the percent



4, and 5. 5 Figure 6. Reduced susceptibility and drug-dependent
stinmulation of viral replication of three site-directed nutants: KLO3N,
M230L, amdo K@M conmbi ned with K230L, as described in Expapsoisssthe
results fromeach site- directed nmutant are conpared to each other, as well
as to 10 those results obtained froma dru% susceptible virus control,
such as PNL4-3, or HXB-2. In these graphs stinulation of viral
replication maRnibitions pef certiCERRPERL i OMCEEEEEY haVSzer 01 PPLlE. raTi v

inhibition). dgnFkauiat{onReduseds syseeptiisbidddy @vdcdnegideperdantdrug
stimulation of viral replication for three sitfe-directed, nutants Y181C,

M230L, and Y182UCEBRERREAN tHAD30PICas T4t Ehed i EtBRpPEt3. “iets

results from eapghishi@ondigyecied (utaps faga %@C@MRthégﬁlaVIMﬂt% in
efavirenz,_ 20 and nevirapine) are co argg B g §%her as well as to
F b &IV Fru

t hose reséltstB%téQH%?HﬁﬁﬂﬂEFQFYEFSE \irs) TYSh YT SR SR S

PNL4-3, or |ﬂnﬁ:€@‘|§>@e@é@phsas st ieRtdlcaicen ofofvi r aledw@pldeant i afrug
mani f ests as percen bition | ess than, zero ) tive inhibit o
25 Figure 8. ﬁ%@%?gélﬁﬁgé ¥nesi's G V7 LIS p%3|t|o%§'efﬂl R

Pat i ent 11073cuﬂfre§esﬁbkb66hén ﬁxmrpi@ Gdeléﬁhercﬂme pa(EﬂLV)OI trieey £ 1 ot 102
shows the graphs Rron1th atlent whi ch contains_the V241S

nut at i on. e?@dg Tz (FEXT SR RAYE Fepi TR ST mfhi 1547 s
as percend inbhbbépﬁﬂbh&iﬁytham zem@r@ased negdtdtesmcd Nhinzirtiifeyt  as ahl

freo Mo LHSkRvLrCLiG, LAY Slkoy 00 00V LA ey The LSO At
this V[)01/966éﬂcBﬁkaS@bh$8&$b tlge right) as compared to a baseline
(pre-treatment) sample, or as compared to a drug
susceptible virus control, such as PNL4-3 or HXB-2.
15
Figure 4. Examples of phenotypic drug susceptibility
profiles showing drug-dependent stimulation of wviral
replication. Data are analyzed by plotting the percent
inhibition of Iluciferase activity wvs. log10  drug
20 concentration. This plot is used to calculate the drug
concentration that are required to inhibit wvirus
replication by 50% (ICsg) and by 95% (ICgs). In these
graphs, stimulation of wviral replication manifests as
percent inhibition less than zero (i.e. negative
25 inhibition). Three typical curves showing drug-dependent
stimulation of wviral replication in the presence of the
NNRTI’s delavirdine (DLV), nevirapine (NVP) and efavirenz
(EFV) are shown. The results obtained from the patient-
derived or site-directed mutant resistance test wvectors
30 are compared to results obtained from a drug susceptible

virus control, such as PNL4-3 or HXB-2.



graph, there is no |longer negative inhibition (stimulation of viral
replication) in any of the three NNRTIs (delavirdine, efavirenz, or

nevi r api meQ 01/%6Fi gure 9. Susceptibility curves of two ti MRPEPOSOLS882
separated by 32 weeks in the course of therapy of Patient 014451, as
described in Exanple 7. The top panel of the figure shows susceptibility
curves from patient sanple 014459, (week ](% The bottom panel shows
suscepti bi | it yi189*€urires TrBHEpafi 1@ el DRSS 10O e bkl 32) MUAE ERNShow
both reduced suseent ifd ldddbroidics HUY-depgadenive§t L AUERLLENQS 3Vi r al
replication in the presence of all three NNRTlIs, which coincides with the
ener gence of A VATRT Smut at i ons at codons 101, 106, and 190. 15 Fi gure 10.
Tabl e of patient viruses containing nutations at H 'V RT codon position
245, as descrihed in Exanples 8, 9, 10 and, k11, 20 Fig re_11. Reverse

mut agenesPs of *BPYERT ScodonRpIEFERoNE1S99BE1b34it 772 égzérﬁgséeaﬁadgg‘? in
Pat i ent 0108(2]'%tia1511adlew icﬁ)ﬁdyﬁlﬁgﬁ;(af&lﬂﬁida]tio—?heofewiﬁefe fé@ﬁ’éeéﬂﬁeﬁdédrt
are conpared to result ai ne rom r susceptihl e, virus_control,
Such ae Prt 4. 3:CantRRe 0 e WEf tmnerd RLBEN, HETER Gt Sehha T M or hs
fromthe pati éabcsdielde, inc@Haaiglieng4t.he mMHeat repslat choan pesit i ense245,
270, 277, 292, 293, and 297. In these graphs, stinul.ation of | ral
replication r]rﬁegg:teéiaggltﬁélrtce%ﬁe iqﬂﬁlﬁﬁﬁ%cgﬁt? SN NI Ter P (‘f’?ﬁ ABghPi ve
i nhi bitide) fehoakl rbeetthMNRIbisadfeddefmvmr di neruef aguseaptibhd virus

nevirapine) . The_second ane| rgphs_sh the site-directed reyersion
of the nutat |C8H%§t0%¢od%lrl1c 4§S fB&P%V\gd b?/rt%fé&r te2\/ersi£orf‘| % “Cire gﬁﬁ]?g?i’on
at codon 270. sBotnhlsitngine o€vevseahutraplsi catetal n npmdffidses censi péeaenwi t h

druQ'dependenEnhibition less than zero (i.e. negative inhibition).

15 Figure 7. Reduced susceptibility and drug-dependent
stimulation of viral replication for three sgite-directed
mutants: Y181C, M230L, and Y181C combined with X230L, as
described in Example 3. The results from each site-
directed mutant for each NNRTI (delavirdine, efavirenz,

20 and nevirapine) are compared to each other, as well as to
those results obtained from a drug susceptible wvirus
control, such as PNL4-3, or HXB-2. In these graphs,
stimulation of wviral replication manifests as percent
inhibition less than zero (i.e. negative inhibition).

25
Figure 8. Reverse mutagenesis of HIV RT codon positions
241 and 277 in Patient 11073, as described in Example 6.
The top panel of the figure shows the graphs from the
patient sample, which contains the V241S mutation. In

30 these graphs, stimulation of viral replication manifests
as percent inhibition 1less than zero (i.e. negative
inhibition) for all three NNRTIs (delavirdine, efavirenz,
and nevirapine). The bottom panel shows the results of

site-directed reversion of the mutation to 241V. In this



WD 01/96611 PCT/US01/18882 19 stinulation of viral replication (negative
inhibition) in the presence of any of the NNRTlIs (delavirdine, efavirenz,
or nevir apdnedescll The bottom panel shows the reversion of PEI/USKTISK’R at i ons
at codons 245, 270, 277, 5 292, 293, and 297. In this final panel of
graphs, there is no |longer negative inhibition (stinmulation of viral
replication) in any of the three NNRTIs (dé?avirdine, efavirenz, or
nevirapi ne), a¥¥#Rfigh tBRSTSiteldiredfed lancedt rdegaisieedudedlidriigion
susceptibil ity &eig1addonerstanss) . iy tlidn)Regucadsuscephibiditye and
drug-dependent._stinmul atjion of viral replication in of a site-directed
nmutants with HNRRS midat oRsdiaosnNetagsrenandoy28sriragias) descri bed in
Exanpl e 13. The results fromeach nutant are conpared to results obtained
froma drug susceptible virus contro|,, K such as PNL4-3, or HXB-2. Although
nut at i ons gt SBEPUFRY BT codore pRRE P &Y ond1HYeE ntt  rtédul ttime-points

drug- dependentsgparatadi By, 3bhaebkiphia mueariouwd@eeWH MHeS o rdepandant
stimulation for_all_three NNRTI, (del avi rdi_ne,_efavjrenz, or nevirapine),
In these graph®'443tinfifaffsrrdPed ridt iRt on HRAi £t 2a8lp&lcdrite
inhibition | essidited Zelows( | s@scepgabi¥etinhddiddOn)frodd Fhgueet 1FanpeMmer se
nmut agenesi s of \A odo sitign 270 in Patient 13522 as desgribed in
Exanpl e 12. Tﬁgﬂﬁééﬂ]gge?goﬁﬁeac#%ﬁn%ﬂ?t%?ep88 aPb8 o FUEGAR Hhed
froma dri susecepts bEeowi pasieant reamplsicin 465 PNL4w8ek 0B 2) HXBhA chThehdwp
panel of the figure shows the_graphs.f.ram 30_t he ient s | e, contai.ning
the 1270S nut alf(?%ﬁ. ené)ucf éeséq rca&%:s,blgﬁ@%l afi oﬁgﬁ ik al(ﬂ%pﬂe@aeﬁ €
mani fests as gpeimebdtiohi bift vdnrdlessephacazern (n. ehanegedsawce of all

three NNRTIs, which coincides with the ewmergence of HIV

RT mutations at codons 101, 106, and 190.

15
Figure 10. Table of patient viruses containing mutations
at HIV RT codon position 245, as described in Examples 8,

9, 10 and 11.

20 Figure ‘11. Reverse mutagenesis of HIV RT codon positions
245, 270, 277, 292, 293, and 297 in Patient 010829, as
described in Example 11. The results from each mutant are
compared to results obtained from a drug susceptible
virus control, such as PNL4-3, or HXB-2. The top panel

25 of the figure shows the graphs from the patient sample,
containing the mutations at codon positions 245, 270,
277, 292, 293, and 297. In these graphs, stimulation of
viral replication manifests as percent inhibition less
than zero (i.e. negative inhibition) for all three NNRTIs

30 (delavirdine, efavirenz, and nevirapine). The second
panel of graphs shows the site-directed reversion of the
mutation at codon 245, followed by the reversion of the
mutation at codon 270. Both single reverse mutants

retain profiles consistent with drug-dependent



inhibition) for all three NNRTIs (delavirdine, efavirenz, and nevirapine)
The second panel of graphs shows the WO 01/96611 PCT/US01/ 18882 20
site-direvdedvsmerersi on of the mutation at codon 270. Al p&DUS§N/13882] onger
exhi biting negative inhibition (stinulation of viral replication) for any
of the three NNRTIs (delavirdine, efavirenz, or nevirapine), the site 5
directed nutant retains reduced drug susceb?ibility (drug resistance) to
all three NNRTEimEgiteniaf vispé serpéiicatéan Hinspeity.vef imhdibig iwmalin

sanpl es from Patd ent,, 1Q33c.as gescrdled bp Bxappl eplérrs 10 %1%4@34&%%1
drug regi men, duration of drug reginméen, viral |oad, phenotypic fcﬁ - change
in susceptibi |$E5ViveTes OFel BRYVEARHQ) dr ugieenbPEEoR Watsl cehevsl thaich

as PNL4-3, or FE=2siandgergenirhegatibyeonahid t kgacher o4910sgrganpl-£es,
exhi biting drtlgédependent stinmulation of 15 virus production. Figure 15.
Tabl e of H V- RP%am A83acP@middti ons fiohis t hbhed DAR&l S&npre®berom™as ent

1033, as describegd nlorE@félﬁmn%é;h%-iv@ bheuper16n EifraeduiefieRechii &iral
mut ati ons on 1033-3 virus, as discussed in Exgnpl e 14, as determ ned by
site- directed fRthGRNESRS. Fhe3¥suPt s HiontBAER MNENES arldelegiaiat 1 o

resul ts obtai nefbdiesma, drdi sksGeppiblks ,25aVihtEgBONMHQE , Sweh BSR4t 3,
or HXB-2. In these grglpq}s] ., Stimul aqii on, of yiral i Cat'ilﬁ,ﬂ. mani fests as
ss" ¢t )

per cent i nhi bi THH'F e ' er U negitide rsle W BMLEY30 Fidgire
17. Effect0of MBdtamta)rion on stinulation phenotype as described in
Exanpl e 14, as determ ned by
Figure 12. Reduced susceptibility and drug-dependent
stimulation of viral replication in of a site-directed
mutants with HIV RT mutations K103N, 135T, and V245T, as
15 described in Example 13. The results from each mutant are
compared to results obtained from a drug susceptible
virug control, such as PNL4-3, or HXB-2. Although
mutations at each HIV RT codon position alone did not
result in drug-dependent stimulation, the triple mutant
20 exhibits drug-dependent stimulation for all three NNRTISs
(delavirdine, efavirenz, or nevirapine), In these graphs,
stimulation of wviral replication manifests as percent

inhibition less than zero (i.e. negative inhibition).

25 Figure 13. Reverse mutagenesis of HIV RT codon position
270 in Patient 13522 as described in Example 12. The
results from each mutant are compared to results obtained
from a drug susceptible virus control, such as PNL4-3, or
HXB-2. The top panel of the figure shows the graphs from

30 the patient sample, containing the I270S mutation. In
these graphs, stimulation of wviral replication manifests
as percent inhibition Iless than =zero (i.e. negative
inhibition) for all three NNRTIs (delavirdine, efavirenz,

and nevirapine) . The second panel of graphs shows the



site-directed nutagenesis. Reversion of the mutation at H 'V RT codon 184
results in increasing |levels of drug- dependent stinulation of viral

repl i cat ivodor/g@1mani f est ed V\D 01/96611 PCT/ USO1/ 18882 21POy/URErisest
inhibition | ess than zero (i.e. negative inhibition). Figure 18. Patient
014451, reduced susceptibili ty to 5 NNRTI _an drug dependent stinulation of
viral replication associated with nutati of% at codon 101, codon 106 and
codon 190 (Exafbie F3reEfenr & eMpr Eiqrec PLof LMy 8 AV tRItigT oRtoncodon  270.

dr ug- dependenta] fi0gdth Mul i on ek faéxh?EitEE&}%' OMhedZitAR09 QY9661
PCT/ USO01/ 18882, 22 Detailed Description of the Tnvention The present

i nvention rel af%%lrf“él?w%%%dé’fof"% t BEPhycat ekl fRCcA™Yprofyr e8si dhrsie HI v
infection in patRen:s(dS1&eceavhay ankiiethoyi pal nék)@&é@inepar tein@Ulardar non
nucl eosi de_reverse tr nscrlgt ase_1 nhi bi t@g %NNRTI antiretrqviral therapy,
and to the detTATULOWERRENFetabRS HEGIPRSE SXHPbPLSERRG8dpdrdendrug

stinmul ati on ofredseptdied) oo idll hehpeesaneer®f one or more NNRTIs. 10 In
one enbodi nent, the present invention provides for a nethod of assessing

the effectiveness of antiretroviral therapy of a patient conmprising (i)
collecting a H’.quﬂu@@i qal. samplgef rom an ildivallnflecses-patifentwe Bid (ilnal1ls

H VR having SIS GROR SRE 97" - TOPG podl | FORG LBin ‘v FRERAS The

mutation($¥) dmtreel aIIE:lme.tl nietng wddni mdrangesiran iphenofypdug regimen,
viral load, phenotypic fold-change in susceptibility
values relative to a drug sensitive virus control, such
as PNL4-3, or HXB-2, and percent negative inhibition for
those samples exhibiting drug-dependent stimulation of

15 virus production.

Figure 15. Table of HIV-RT amino acid mutations for

twelve viral samples from Patient 1033, as described in

Example 14.

20
Figure 16. Effect of specific mutations on 1033-3 wvirus
as discussed in Example 14, as determined by site-
directed mutagenesis. The results from each mutant are
compared to results obtained from a drug susceptible

25 virus control, such as PNL4-3, or HXB-2. In these
graphs, stimulation of wviral replication manifests as
percent  inhibition less than zero (i.e. negative
inhibition) .

30 Figure 17. Effect of M184V mutation on stimulation

phenotype as described in Example 14, as . determined by
site-directed mutagenesis. Reversion of the mutation at
HIV RT codon 184 results in increasing levels of drug-

dependent stimulation of viral replication, as manifested



susceptibility/resistance. 20 In a specific enbodi nent, the invention
provides for a nethod of assessing the effectiveness of NNRTI
antiretrovo@pabesther apy of a patient conprising (i) coll er€T/go1z188820! ogi cal
sanple froman H V-infected 25 patient; and (ii) determ ni ng whether the

bi ol ogi cal sanple conprises nucleic acid encoding HV RT having a

mut ati on at codon 230 and 103 or 181. Usi ng a phenotypic susceptibility
assay, this i RentRPYRCeRE abtpRHeitiar Le8e athls ASOdoh 230, regatelve
alone or in cohinsdt o B0 With a nmutation at codon 103 or 181 of HV RT,
correlate wth a decreased susceptibility to delavirdine, nevirapine and
efavirenz. Patient derived resistance test vectors containing the nmutation
mut at | ons. YO 1/ 98611 PCTI USOL] 1888225 Show reductLone r stseant1bi 15
mut ati ons show reductions in susceptibjility
t hat rangegl\or JM bt f 8Fd A >dzlﬁ§?ﬁl?%rﬂ:f%'fl‘8 A PRI AE, ViESh SR iFaion

>250-fold forasfavisesd, vandh f motatohel did 0c2600- fDdM, f odorevivapidred
The percent stinul at] vi ral plication 5 in patient derived

resi stance tes(for%e%tioé)(g @%ﬁ?ﬁ?ﬁ? nz)e nutations at codon 230 in H 'V RT ranges
fromO0%to -100% for all three NNRTIs. Site-directed resistance test
vectors contaihing nutation t 230, €] al gne .or in_ conbination with
103 or 181 V\erﬁ;l%grnestﬁ%cit ed%‘ﬁﬁg%ldﬁwkg?g{én q%a%@%l e d%él?s_ |
suscepti bidi t ysttionuldet avi rof mel (HB- fep ) cansom r apine3 ¢40-f ol d) and
efavirenz (23-fold), and drug-dependent stimulation of replication in the

presence of nevirapine (-.50% and delavirdine (-.50%. The conbination of
nmut ati ons at 230 and 103



15 causes reduced susceptibility to delavirdine (>250-fold), nevirapine
(>600-fold) and efavirenz (>470-fold) and drug-dependent stinul ation of
replicat ivomoi/gesihe presence of delavirdine (-.100% nevi PE@PURE/188827099 ,
and efaviraenz (-.40%. The conbination of mutations at 230 and 181 20
causes reduced susceptlblllty to deIaV|rd|ne (>250-fold), nevirapine
(>800-fold) and efaV|renz (25-fold) but no2 drug dependent stimulation of
replication i PetailedcRescription| afjthie nEnvemiompi ne, or efaviraenz. 25
I n anot her speC|f|c enbodlnent t he |nvent|on provides for a nethod of
evaluating th f es I iretroviral therapy o at i ent
conprising (i )eﬂ?g %C;él?% f wggcéfle%s%%np et ré“r%%an% \fgfgn e&l%cfprlng
patient; and (ilg (ﬂﬁxnunaﬁ n@rwheeﬁéaonheObi@ﬂbgiéafesﬁlsanpi@ CRpirdrsEs
nucl ei ¢ ac{ d | V mut t c a 35
or at codd% 2 1.%%# |ﬁggfgﬁﬁa#%ﬁgﬁﬁtat?%ﬁggg? %%%é&lﬂ%g? 1§%H%nd
190. Using a rpr@mfy-pi% suseeptsdi | itgprEETaptads s |mleimjitcmf esMBBTBhed
that nutation i nat| / / 24
Sar?élfgﬁi%v%&l 'tﬂeﬁ} mEB? %thfhoV\Qrgel 8@%%&5% gg a%c%%

with a nmutation at codon 103, ations at 1 :
are correl at edim tHIHecrfef@iéd e§b§bé§t| Mﬂqﬁyﬁqﬁmedstéﬁuéﬁéh@é) taf

del avirdine, AgyifapiNenand ehavhrenencdals et dSF i HEF: rRghBiance test 5
vectors containing nutations at 241 in addition to other NNRTI-resistance

nutationlee g. 101, 103, 106, 135, 138 and 190) displayed reductions in

susceptibi l'ityrd aggen@mddBmeti f ote t pradafrf ki el 1@%—&9&@@ £8rd a
showed high level reductions in susceptibility to neV|rap|ne 10

(>600-fol d) aftFidtei PENAISERLID| Bie. Phadraassedl Padiigehvaw it
vectors contaidid¥hpit abifons atp@ddehd comprising (i) collecting a

biological sample from an HIV-infected patient; and (ii)

15 determining whether the Dbiological sample comprises
nucleic acid encoding HIV RT having a wmutation at one or
more positions codon in the RT. The mutation(s)
correlate positively with changes in phenotypic
susceptibility/resistance.

20
In a specific embodiment, the invention provides for a
method of assessing the effectiveness of NNRTT
antiretroviral therapy of a patient compriging (i)
collecting a biological sample £from an HIV-infected

25 patient; and (ii) determining whether the biological
sample comprises nucleic acid encoding HIV RT having a
mutation at codon 230 and 103 or 181. Using a phenotypic
susceptibility assay, this invention established that
mutations at codon 230, either alone or in combination

30 with a mutation at codon 103 or 181 of HIV RT, correlate
with a decreased susceptibility to delavirdine,
nevirapine and efavirenz. Patient derived resistance
test wvectors containing the mutation M230IL, either alone

or in combination with other NNRTI-resistance mutations



conbi nation with other NNRTI-resistance nutations (e.g. 101, 103, 106,
135, 138 and 190) displ ayed drug-dependent stinulation of viral

replicat iveaot/eqegi ng from 70 - 100% 15 for all three NNRTPET/US6L/®BR2 her
speci fic enbodi nent, the invention provides for a nethod of assessing the
effectiveness of NNRTI antiretroviral therapy of a patient conprising (i)
20 collecting a biological sanple from an V-infected patient; and (ii)
det er mi ni ng wEtHer reHeChi endgiBaFuSsaRpbl bl tbRpr Fhas naepei £ras dle ng

H 'V RT having @ Rutatirendatr&pderizds-qid,and-da5saravifng amutaidien
at codon 245 |n conbi nation with additional nutations 25 that coul d i ncl ude

98, 101, 103, &y, €88VirgLEz.19@nchndi®em2230-Beildyg £ PphenbbYpfeld for

suscepti bi | it yhass@pind hi SThévﬁé’C:b@ﬁt estahlil shednt Bat varaut akibon t: ieedon
245 in cof{;fl nation with ations at codons 103 and 135, or a nutation at
codon 245 Wi t itTaddAAG G %?rf‘ VEGnsTERAPCRRGS30F e (RSO S 16PntPgRings,

138, 181, 190 mﬁﬁ&l@f atl Modaili ogor datad it hrslegs easeemsugcept i-hidoist y
to delavirdin ne ra;%I ne anﬁNgi virenz PatC%l ent d ived ., resi stancett est
t

vect ors cont ai ati’oTs a Sand  Hddft RASHEHdShc &S

nmut ati ons as dmmb@dcahWEn‘i\@gOM%&hbﬂ%CTa(ﬂJS@M18&8.2he&5 £Ndrdi bed in

reducti ons |n su ce t|b|||t ran 413g from 28% foeld to >2 -f%I f or

del avi rdi ne, ?tojr%nt o ol &% or’-L eviFEB n& AR TESR%S- f ol 0¥

>470- f ol d1G or mLe:fasnmqsrenat Pai o eaﬂoderla/aadses@srrstianee‘l tastcymctlat ity to

cont ai ni ng nut t . n déiltl on NNRT esi Lance (mut ti.ons as

descri bed abovd;,l eX %g ?gg]gOf génla ?r%}t)lnel é??o% ?n i raI éaE{I i"¢ati on

ranging from @®B- de)cﬂ)P/ofandalerllghld@@eNNRﬂts.stSlmelachrcacteﬂ regpilstanden
in the presence of nevirapine (~50%) and delavirdine
(~50%) . The combination of mutations at 230 and 103

15 causes reduced susceptibility to delavirdine (>250-fold),

nevirapine (>600-fold) and efavirenz (>470-fold) and

drug-dependent stimulation of replication in the presence

of delavirdine (~100%) nevirapine (~70%), and efaviraenz
(~40%) . The combination of mutations at 230 and 181

20 causes reduced susceptibility to delavirdine (>250-fold),
nevirapine (>800-fold) and efavirenz (25-fold) but no
drug- dependent stimulation of replication in the

pregence of delavirdine, nevirapine, or efaviraenz.

25 In another specific embodiment, the invention provides
for a method of evaluating the effectiveness of NNRTI
antiretroviral therapy of a patient comprising (i)
collecting a biological sample from an HIV-infected
patient; and (ii) determining whether the biological

30 sample comprises nucleic acid encoding HIV RT having a
mutation at codon 241, 103 and 135 or at codon 241 in
combination with mutations at 101, 106, 135, 138 and 190.
Using a phenotypic susceptibility assay, this invention

established that mutations at codon 241, in combination



test vectors were constructed containing nutations at 10 245, 103 and 135
and in various conbinations as descri bed above. Miutations at H V RT codon

245 (V245¥001/9662U5T) al one cause no significant reducti oRCT/S01/18882

susceptibility to delavirdine, nevirapine or efavirenz. The conbi nati on of
nmut ati ons at 245 (V245E) with 103 (K103N) g%d 135 (1135T) 15 causes reduced

susceptibility to delavirdine (169-fold), evi rapi ne (244-fold) and

ef avi renz (93-Yot@) 2amiirtiRn ddper@ser stGml afi MG e i 2at L8A i nt&he
presence of dgh@vi ndione dr 2084 v angdrnevidapi derfe15%qbulyipat RIS L.

The conbination of nutations at 245 (V245T) 20 with 103 (K103N) and_ 135
(1135T) causesSHeRRetPLILtc¢epl iBFFRE§eto deFAFEREPRS ($950-Fediagyirdine,

nevirapi ne (54 iebgina@ngdnef avhtrengnkl7éatokd) -andideugrdependente test
stinulati gg of replication iin,the presence of del avjrdi
(_

nevi rapin
t he inventi on NNRVI dessifbsinde matihadiohseval.yat i1t heoef f eoti veness 0fs

NNRTI tiret iral .thera of . a tient conprisin i .collecting a
b ol ogi ool sarid fo0m daryia orBR-E0onae Bt SuBfabE b Fikverm
whet her the bifttegi cal-fcahpke conpo i 8ebd nuelrei deaairdrdnaedi ngnddl \sHSwed

having a nutatign at codon 270 .and additional nutations at codons 103
135, with or \%i”t%bual n\ﬁet%at TSN S 18 on 12255 VT ETRG O & Jp’ﬁ%ngq?/pinc,e"lraplne
suscepti bl®it y(:ass@yfoldl s anaeaf o 01/-36601F RAT/.USOPal8R82 - Rb-ived

establishedtt}%%i Lon.at .c %in nmbi.nation _w th_ mutations .at
codon 103 and rgvg%éegr t\%istth%%&% aflpg(r%%éfllglgdorﬁu{—zigl% SHla\T? R%’A?gr el
correl at ed wi tdrrebinetieased tdusceEptt bNNRI -tre sdeltavicedi met antons apiene; .
101, 103, 106, 135, 138 and 190) displayed drug-dependent
stimulation of wviral replication ranging from 70 - 100%

15 for all three NNRTIs.

In another specific embodiment, the invention provides
for a method of assessing the effectiveness of NNRTI
antiretroviral therapy of a patient comprising (i)
20 collecting a Dbiological sample from an HIV-infected
patient; and (ii) determining whether the biologicél
sample comprises nucleic acid encoding HIV RT having a
mutation at codon 245, 103 and 135 or having a mutation
at codon 245 in combination with additional mutations
25 that could include 98, 101, 103, 135, 138, 181, 190
and/or 225. Using a phenotypic susceptibility assay,
thig invention established that a mutation at codon 245
in combination with mutations at codons 103 and 135, or a
mutation at codon 245 with additional mutations that may
30 include 98, 101, 103, 135, 138, 181, 190 and 225 of HIV
RT correlated with decreased susceptibility to
delavirdine, nevirapine and efavirenz. Patient-derived
resistance test vectors containing mutations at 245 and

additional NNRTI-resistance mutations as described above

B ne ., SL 509 ,
AFFOLRHICBREFI ARG 115844 On55 3t 2ot Her a§§és- PRc tentsidisient ,

and

and



5 efavirenz, and drug-dependent stinulation of replication in the presence
of del avirdine, nevirapine and efavirenz. Patient-derived resistance test
vect ors ovoOvHIGlNG nutations at 270 in addition to ot her POINBY0L18882 St ance
nutations (e.g. 103, 135, with or w thout 225) displayed 10 high-1evel
reductions in susceptibility to all three,.NNRTIs and drug-dependent

. . . . . . 25
Stinmulations in viral _replication ranging from.@80 - 110% for | three
NRTs UndePRIHEEE6Re G APt AR B R D p ot Spre g From 26°
suscepti bilitygblésitst apzeo pfold| €ocandlegenatydire profohe 8-dblttheedH Y690F us
infecting the_patiept has been altered, _reflect] sone chapge in the
response to tlflgildan ?Fetrfe&ﬁﬁaé?lnaegeﬁfl. Iﬁr?ﬁee%afscgp%f QCI\CI}\IRf?E}Baﬁ H}et ?8& ral
t herapy, the HEMviireng.i nf petingttler2@epati easimgbynbe resestantvéctany

combinatign of tbeLhnge MRS, fescupbed fierebfy FULNRNTRLG, Logryblus
may be found P6 replll ate nore efticrentl’y 1n e presence 0 one Or nore
drug(s) than irestibéaabsenue-aificnmsesdrdggsriligd t heepweorexiydpy Usel désugabl e

after detect!gg bh8eAe @E%ﬁd%iérp £ht R4 NCLERS Lol DECAOSA0Ri0l; | Afom

antiretroviral agent, change another antiretroviral agent,” or d one
or nore additRonal 1806 ety @ddilr dihresydMRI ko t hel patderecised heeapeuaice

regi men. For np. it ti i n i Leenz. 30
(DWP- 268), el CEhe. 550" 8K8 109 Ui o oy ot R pat ol S P ReF Roett ¢
regi nen ffly deépraBlOy lbadall3ér @dichyin ramiqitg | GRUNNITELQmS | et deverabed

agents, such ag..del avifidhpeonsf @Y neRz R RRMAAPLDS; (gadbar Jd iy 2] ng
another antiretroviral agent to the patient!s therapeutic WO 01/96611
PCT/ US01/ 18882lope cagisreio FHETEfFieRty srpdictoion et npiasFeRBtPbhity to

t her apy delavirdine, nevirapine or efavirenz. The combination of
mutations at 245 (V245E) with 103 (XK103N) and 135 (I135T)
15 causes reduced susceptibility to delavirdine (169-fold),
nevirapine (244-fold) and efavirenz (93-fold) and drug-
dependent stimulation of replication in the presence of
delavirdine (~20%) and nevirapine (~15%) but not
efavirenz. The combination of mutations at 245 (V245T)
20 with 103 (K103N) and 135 (I135T) causes reduced
susceptibility to delavirdine (>250-fold), nevirapine
(544-fold) and efavirenz (174-fold) and drug-dependent
stimulation of replication in the presence of delavirdine
(~50%), nevirapine (~40%), and efavirenz (~25%).
25
In another specific embodiment, the invention provides
for a method of evaluating the effectiveness of NNRTI
antiretroviral therapy of a patient comprising (i)
collecting a Dbiological sample from an HIV-infected
30 patient; and (ii) determining whether the biological
sample comprises nucleic acid encoding HIV RT having a
mutation at codon 270 and additional mutations at codons
103 and 135, with or without mutation at codon 225. Using

a phenotypic susceptibility  assay, this invention



may be evaluated by nonitoring viral burden such as by H 'V RNA copy

nunber. A decrease in H 'V RNA copy nunber

ef fecti vavessy@iiia 5 treatnent reginen. The phrase "corrPCHUSE/18882
_ as used herein, indicates that a particular result renders a
particular conclusion nore |ikely than otéder conclusions. 10 Another

preferred, non; léﬂ? kﬂgt SREC! Tk éFﬁ@Pﬂg'%%ntcéaonth£7onM@mttOmbnﬁaa$on

positively,"

fol l ows: A mECHS
patient, conmpritdi ng:mutaious | et i PRARE bil@PogRAl Sampl'e

asse55|ng t ef fectiveness of NNRE theragghof a

r &t afjr thout

H V=i nf ect ed &H% I%%{ | e“m@d&oﬁ r aH5Ciebimpyt Re HiMe eroadieng tRNA Wwith he

bi ol ogi cal

(ri1) anplifyin atj.ent - der| d.
(PDS) "usi ng |d|e\¢x1a@|%qﬁ|m$@ephh%l%‘ém o %%‘%ﬁé&ﬁbﬁ o Ve %%g?%“ﬁr
gene; (iv) perdormng S&ﬂ&ea%ggdeg@ﬁaeans sliﬁlrrﬂgLaﬂlldrerefthaplylce—Itdon

sequences 20
and 181; and
codons 230,

non- Ilnltlng,

of assessi ng mutwE edteciitvehbSs 16f 1herd

conprising wl pe or t d
bk o PheaptekeHtoND: HBSaReE o S SroAs AL

aé}g} I8 -foin t hesispguences tedt Yetveanotdser prafterdnddg
specific enbodiment of .the in ent|§$ S \@RTroll-Qus A Jeet

a pati ent, conpri si

(i) collecti Qﬁh@atbié}@g(&zdj sagp) e isem amthl-lbv- wnteoued 2601 ehtsplEved
INn

transcribing t

(iii) anﬁ1|fy¢1qhzﬁeﬁ%&leﬁﬁd%Eﬁ%@%% SEYNEHt=Y Usi ng

e Hl V-enco

30 RNA in the b |.qgical Sﬁ#€|%' 0 ¢PWAe

primers

ggghengfsmt Nﬁﬁﬁggrodgﬁa coapﬁgsaagﬁhaenRT gsnemuQav}ongermenlnqlral
ng reactions usin rimers t ie
type or mut arﬁel%]ni%th%‘ildgalg?l% %i?r@a%qy %Uﬁ%l@% SRPERMIRARgs Y | d

15

20

25

30

Under the foregoing circumstances, the phenotypic
susceptibility/resistance profile and genotypic profile
of the HIV virus infecting the patient has been altered,
reflecting some change in the response to the
antiretroviral agent. In the case of NNRTI
antiretroviral therapy, the HIV virus infecting the
patient may be resistant to any combination of the three
NNRTIs described herein. Furthermore, the virus may be
found to replicate more efficiently in the presence of
one or more drug(s) than in the absence of those drugs.
It therefore may be desirable after detecting the
mutation, | to either increase the dosage of the
antiretroviral agent, change to another antiretroviral
agent, or add one or more additional antiretroviral
agents to the patient's therapeutic regimen. For
example, if the patient was being treated with efavirenz
(DMP-266) when the 230 and 103 mutation arose, the
patient's therapeutic regimen may desirably be altered by
eliminating NNRTI antiretroviral agents, such as
delavirdine, efavirenz or nevirapine; and/or (ii) adding

another antiretroviral agent to the patient's therapeutic

correlates positively with the

103

hod
ng:



28 codons 230, 101, 103, 190, 221, and 238; and (v) determning the
presence or absence of nutations at codons 230, 101, 103, 190, 221, and
238 fromwoelveegquences. 5 This invention al so provides fPRET/&@SomEtsB&2d of
assessing the effectiveness of non nucl eosi de reverse transcri ptase
antiretroviral therapy of an HI V-infected,patient conprising: (a)

N bi o 1
cval ESE: Rg O R RIT 'Cafh agﬂfgct{fé%gé‘s Qf“'k%{e'ﬂéa%%ap%he% %‘}ag;&) g

00i ca 1S5 coher MeE ftdrare aci d enc
H Vv reversermnanbenqua%HBWmW|hg ammutamn@g atuﬁﬁbohuﬂgen &ushe a8 by

conblnatlon}ﬁéf ﬁmgyt uﬁﬁﬁbﬁﬁdoﬂ-%g%fgééé gyt@ﬁWO@mg ggggnn%%%er

wherein the sence mitation correl ates wth a decrease in
non- nucl eosi deorrelfeet@e t parstivpiase withi bi tbe sefd@stiipianase andaf dr @g-

dependent%stlrgn§g$égkqéﬁ%bﬁg%_replication. This invention al so provides

for a net od'%or assessl t he bi ol ogi cal effectiveness of a candidate
H V antiretroviral drug conpound conprising: (a) introducing a resistance

test vector éégg pagbggglggégvegos§ggqgm9 fiur bher yeeRPr g ry
nmut ati on at co alone or in conbination with a nutation at. codon 103

or a 25 nutatL@hl@ﬁt@@d@ﬁa28fiaﬁﬂréhcﬂ%@Fcé?@Plﬁeﬂ§ﬂqﬁ¥?aahé?F"%ﬁH 2L (b)

cul turing the &E’éiug%ﬁ Hi& L §$]€e91§ral)harﬁc&thé@aécbkﬁéll@si@esexpreSSI on of the
i ndicator gene in a target host cell; and (d) conparing the nmeasurenent of

the expré&3sion of the indicator gene fromstep (c) with 30 the neasurenent
of the expresgjom,o0f thedddiLat ohofieneni FEASYN etbariefi st epSodaent (F are

carried out |nh€ﬂh absence of 't he _candi dat e antlretéov%rassggg n_oqﬁgund
e invention is as follows:
effectiveness of NNRTI therapy of a patient, comprising:
(i) collecting a biological sample from an HIV-infected
15 patient; (ii) transcribing the HIV-encoding RNA in the
biological sample to cDNA; (iii) amplifying a patient-
derived segment (PDS) using HIV PCR primers that result
in a product comprising the RT gene; (iv) performing
sequencing reactions using primers that yield sequences
20 comprising wild type or mutant amino acids at codons 230,
103 and 181; and (v) determining the presence or absence
of mutations at codons 230, 103 and 181 from the

seguences.

25 Yet another preferred, non-limiting, specific embodiment
of the invention is as follows: A method of assessing
the effectiveness of NNRTI therapy of a patient,
comprising: (i) collecting a biological sample from an
HIV-infected patient; (ii) transcribing the HIV-encoding

30 RNA in the biological sample to cDNA; (iii) amplifying a
patient-derived segment (PDS) using HIV PCR primers that
result in a product comprising the RT gene; (iwv)
performing sequencing reactions using primers that yield

sequences comprising wild type or mutant amino acids at



wherein a test concentration of the candidate antiretroviral drug conpound
is present at steps (a) WD 01/96611 PCT/US01/18882 29 (c); at steps (b) -
(c); or avostepi(c) and wherein a decrease in expressi onPOT/UBHIEISBS2dI cat or
gene neasured in the persence of the candidate antiretroviral drug
conpound is indicative of the biological gffectiveness of 5 the conpound.

Thi s invention provi for resj st anc est cto co i.singy (id,an
H V pati ent-d:eorchpésd g%orfentl%i chié%’onp??éés %%gérsém{ir a%ggr'i ptgglse h(éf\zi ng a

mut ati on in atetkrthieaistg onchof wotkee23®r 16®semcEg] cfandutisiticasd af

i ndi cat or ge_ncedc%ov\r@er el the, expr ef%on pbothesbndi cahgr og@ne el gdepgpdent
upon the patieén eri'ved segneht. is Tnvention’al so provides for a method
of assessi ng sédudrnmesffecti veness of non nucl eosi de reverse transcri ptase
antiret ro§/i ral therapy of an H V-infected patient conprising: (a)
collecting a biological sanple froman H V- infected patient; and 20 (b)
eval uati ng wBtier invenbionogilst paApldecoinY ses M9ila%i ef adsFs&Ttd ng

HV reverse tgﬁgfgff?é@§9engégi89 ﬁpﬂuhﬁbh%BSQHeCQ@Q%r%%ob@dﬁy%ﬂﬂpﬂdbe
combi nation w at Teast one nutation at a codon _se] eﬁt ed fromthe group

consi sti ng ofanteerravirabs &GWwHIRPI03, °€odoP™ 1901 ¥t YA and 238,

wherein the presence; of. thg)mital1onsiser el Bieloyhi &l a Leglleaseérbm an
non-nucl eosi de reverse transcriptase inhi Pi tor_susce ti bil |ﬁey Hand drug-
dependentO st i BV ainEecedviPaAF1¢%hl | @4 oniPl3p evaluating whether

biological sample comprises nucleic acid encoding HIV
reverse transcriptase having a mutation at codon 230
alone or in combination with a mutation at codon 103 or a
mutation at codon 181, wherein the presence of such a
15 mutation correlates with a decrease in non-nucleoside
reverse transcriptase inhibitor susceptibility and drug-

dependent stimulation of viral replication.

This invention also provides for a method for assessing
20 the biological effectiveness of a candidate HIV
antiretroviral drug compound comprising: (a) introducing
a registance test vector comprising a patient-derived
segment further comprising a mutation at codon 230 alone
or in combination with a mutation at codon 103 or a
25 mutation at codon 181 and an indicator gene into a host
cell; (b) culturing the host cell from step (a); (c)
measuring the expression of the indicator gene in a
target host cell; and (d) comparing the measurement of
the expression of the indicator gene from step (c) with
30 the measurement of the expression of the indicator gene
measured when steps (a) - (c¢) are carried out in the
absence of the candidate antiretroviral drug compound;
wherein a test concentration of the candidate

antiretroviral drug compound is present at steps (a) -



Yet another preferred, non-linmting, specific enbodiment of the invention
is as follows: A method of assessing the effectiveness of NNRTI therapy of
a patientwoovoaspri sing: (i) collecting a biological sanplBCTUSMISE82ND
01/96611 PCT/ USO1/ 18882 30 HI V-infected pati ent; (ii) transcribing the

H V-encoding RNA in the biol ogical sarrp to cDNA, (iii) anmplifying a

patient-deriv PDS S|ng rlrrerstht S Ln._a

product conpr @l'ng tﬁ(f-) 338}] (l % CS’ p8lrfoa& ng %eéu ncﬁ%cg ‘?Hél%g PLS'nsa

usi gg prinmer Sdédfwéasje eifl espgeesdes cdnrlisi igdivddot ygener mrasamedanimo

acids at codagns 241, 103 and nd det.er m nc

absence of rrﬂiq'éﬁl oRS TEFUESdon? 3%24_r[h;%l a\[addlq%ﬁgf %%Egr%ggggﬁﬁégcegdr%

anot her pr ef esemshoumdni i nmﬁmgtlspeoff tbee iiodiogeire 1 @ffﬁeh?et]{VTW@rﬁEI orfis

as foll ons: ﬁ‘tpl?mt hod of sseSS| ng the effectiveness of NNRTI therapy of a
co

patient, ?om | “collecting a biological sanple froman 15
H V-i nfected pati ent (ii) transcribing the H V-encoding RNA in the

bi ol ogi cal sapple t&@moﬁllpﬁo@r&sfw a babieﬂanderlwmtseg&mr
(PDS) using H'V PCR p rrzrs t hat resu
S

ct t
gene; (iv) p‘é?ff‘l%?h?hﬁg #len@fng 84 ct?%ﬁ%eﬁg ﬂarb}’?%;??é?h‘%t“tg. el dN;%
sequences CoMpshsingew kdviorpe Ofrant@nipemaochacidy at mooddohsn24n, 401,

106, 135, 138, and 190; a de t he esence bs e
mut at i ondOat 1%%%%9%10910%33% 5%)5 n“ldslg 5nd1p§l]9/0 frt om{ 2 gggue%ﬁes
25 Yet anot hein@iehestedenaon- lwimited ing, tlsq-aeexpressmbndpﬁfertthe mdlcator

gene is dependent upon the patient derived segment.

This invention also provides for a method of assessing
15 the effectiveness of non nucleoside reverse transcriptase
antiretroviral therapy of an HIV-infected patient
comprising:
(a) collecting a biological sample from an HIV-
infected patient; and
20 (b) evaluating whether the biological sample comprises
nucleic acid encoding HIV reverse transcriptase
having a mutation at codon 230 alone or in
combination with at least one mutation at a codon
selected from the group consisting of: codon 101,
25 codon 103, codon 190, codon 221 and codon 238,
wherein the presence of the mutations correlate
with a  decrease in non-nucleoside reverse
transcriptase inhibitor susceptibility and drug-

dependent stimulation of wviral replication.
30
Yet another preferred, non-limiting, specific embodiment

of the invention is as follows: A method of assessing
the effectiveness of NNRTI therapy of a patient,

comprising: (i) collecting a biological sample from an



of the invention is as follows: A nethod of assessing the effectiveness of
NNRTI therapy of a patient, conprising: (i) collecting a biological sanple
froman 300BiAs6Nf ected patient; (ii) transcribing the H REPUSOdistg RNA in
t he bi ol ogical sanple to cDNA; (iii) anmplifying a patient-derived segnent
(PDS) using H'V PCR prinmers that result 4g a product conprising the RT

gene; (iv) orm.ng_sequenci ng .reacti ons_usin I A

01/ 96611 PCT/ ‘ff%%‘g"zegﬁagé&ﬂghce@180%??%%59"WP‘{‘%N?§%£§3} ﬁ%%c?rﬁin\a/ﬁ no
aci ds at codaws 245:h@8 bitdmopnchll Sdgmpane o) cA¥her fiiniing atmpe 1 fpriegerce or
absence of nutation t _codagn 98, 5 _a lxgﬂaﬂ ughgeges. 5
Yet anot her &?ae Je??éa‘?eﬁ%ﬁ? |%1e§|§h§8t S(ppt]a)(%*ﬁf i gﬁ%o I me%tefxn %)?gtn%ggsi nvention
is as fol |l owsredubet hod of agswsBialy ¢depwifiony i velhessREf NNREL t herdpy of
a patient co ising. (I ecti b i f an; 4

H Vi nf ect ed PorT SRl Ig)e)ltuﬁégkéggl B‘J;%%‘&act %%ﬂ%%ﬁ%o%?ﬁgé?%ﬁi@ﬁ ?hlé&l .

bi ol ogi cal sasgpiresthoesDaMPElisipcanplid yEnge a Orpatitentt defived agdgfertt
(PDS) using H.V4POR primer st bah 1pesubhal N3 RIGUIGH LIPS Ra-ddundd
gene; (iv) perforning Sequencing reactions using priners that )él eld 15
sequences conpri sbsgngicl df ypet aF 1 emE ankt &l?ﬁﬁélsag%% at03 c888nd 324501,

103, 135 and gg%ﬁélagﬁééésdeterm ning the presence or absence of nutations

at codons 245, 135, and 190 fromthe sequences. 20 Yet anot her

preferred® non-limiting, specific enbodinent of the invention is as
follows: A meyhod ,0f, 233e55i ok rtdig, eﬁéﬁ?ilr\if{@@ﬁ?, oL pMNRE ot hanspyi éng
patient COTT(};):{I::I ?:Ihneg' ir(nlrgnt?fclarllegtsl r:’:xgs afgllf&?sgl: ca A Sr?gt?llquf E)%maasnsessing
the effectiveness of NNRTI therapy of a patient,
comprising: (i) collecting a biological sample from an
15 HIV-infected patient; (ii) transcribing the HIV-encoding
RNA in the biological sample to cDNA; (iii) amplifying a
patient-derived segment (PDS) using HIV PCR primers that
regult in a product comprising the RT gene; (iv)
performing sequencing reactions using primers that yield
20 sequences comprising wild type or mutant amino acids at
codons 241, 101, 106, 135, 138, and 190; and (v)
determining the presence or absence of mutations at
codons 241, 101, 106, 135, 138, and '190 from the
sequences.
25
Yet another preferred, non-limiting, specific embodiment
of the invention is as follows: A method of assessing
the effectiveness of NNRTI therapy of a patient,
comprising: (i) collecting a biological sample from an
30 HIV-infected patient; (ii) transcribing the HIV-encoding
RNA in the biological sample to cDNA; (iii) amplifying a
patient-derived segment (PDS) using HIV PCR primers that
regult 1in a product comprising the RT gene; (iv)

performing sequencing reactions using primers that yield



H V-infected patient; (ii) transcribing the H V-encoding 25 RNA in the

bi ol ogical sanple to cDNA; (iii) anplifying a patient-derived segnent
(PDS) usiwgot#héé1PCR prinmers that result in a product conpe€T/Esegsssze RT
gene; (iv) perform ng sequencing reactions using prinmers that yield
sequences conprising wild type or nutant r{n no acids at 30 codons 245, 103,
225, and 270; and (v) determ ning the. _présence or absence.of nuta iong at

codons 245, 16SIUSFECsy PRI VhedsyRenUs. "o D1/ G861 acids @
PCT/ US01/ 18882c332sYetsanotder posf esnéd,1310n- khdi t (g, depeeidind ngmbodenment
of the invention is as follows: A thodC qif assessi ng4 %Qeﬁfg ecéé veness of
NNRTI t her apy PEESEH5E: i ¥nt 2PSEBABr P4 AT TAGHC0I FectPRGNE Bi*ol'ogi tal *2anpl e
froman 5 H Vanaf estied roat icért seduendesanscri bing the H V-encoding RNA in
the biological sanple to cDNA; (iii) anmplifying a patient-derived segnent
(PDS) using H'V PCR prinmers that result in a product conprising the RT
gene; (iv) paetoraisithseqpeatengedeactorcis misiimg,praperst thaemppdiideno
sequences conprd si,ng w | d e ar a inho acjd C n . 135
and 138; and P\];J) & erlﬁ‘lvﬁin%é Fhelsprn%ée%%eﬁ%'abs%nﬁlg%%f)dwq?%tlégﬁéég%ﬁé
codons 245, 13heandefiBéctivemetbe oEqUERREL 18haeepwnother Prebeaiiedt.

of 'assessi ng TREGATGET venks S tor TATE t Rorany oF & patrants  eomor ol ng:
(i) col | et i ngry-hirdleagiechl paaiphe; f (oM arrapseriffios ddhpalii Bnenceiing
ranscrl i Wi, - eneodiingesh A baete o sgal ool semh el osg b -
that result pauiqnﬁxﬁﬁﬁiVEﬁ¢ﬁ¢gmﬁ@tt%ED&W gepag HLY) PCR primers that
regsult in a product comprising the RT gene; (iv)
performing sequencing reactions using primers that yield
15 sequences comprising wild type or mutant amino acids at
codons 245, 101, 103, 135 and 190; and (v) determining
the presence or absence of mutations at codons 245, 101,

103, 135, and 190 from the sequences.

20 Yet another preferred, non-limiting, specific embodiment
of the invention is as follows: A method of assessing
the effectiveness of NNRTI therapy of a patient,
comprising: (i) collecting a biological sample from an
HIV-infected patient; (ii) transcribing the HIV-encoding

25 RNA in the biological sample to cDNA; (iii) amplifying a
patient-derived segment (PDS) using HIV PCR primers that
result in a product comprising the RT gene; (iv)
performing sequencing reactions using primers that yield
sequences comprising wild type or mutant amino acids at

30 codong 245, 103, 225, and 270; and (v) determining the
presence or absence of mutations at codons 245, 103, 225

and 270 from the sequences.



perform ng sequencing reactions using priners that yield sequences
conprising wild type or nutant am no acids at 25 codons 245, 98, 103, 135,
181, andwWOO019@mnd (v) determ ning the presence or absenceCDUSHMMS882 ons at
codons 245, 98, 103, 135, 181, and 190 fromthe sequences. 30 Yet another
preferred, non-limting, specific enbodinmppt of the invention is as

follows: A od_of assessi the effectl o] RTL .t A
patient, cgﬁéﬁ' s‘??@?ﬁ??) BESTH ércrtei%r‘ig %Orb'iclojlﬂ\é]"gaﬁr&%?aqs' sa ggg#?o%%go%%}ingnta

HI V-i nf ect ed qrat trat ;irfdnt itaranssr ebi rfgptlhereHl V- éncesditmgd WoE 0 B586EBLENY

PCT/ USO1/ 188 33 Ln_th i ol ggi np = (L) ldfwying a
patient-deri &é’he seage%%:lcfﬁ%ﬂ%sgsi r?gngc@h%%ﬁ p%ﬁﬁgggﬁ}%f r%su trglirﬁé z;cy'
product conprdsipg gieg RT (génegoliadt immr forld airSeepukncianty Lleeak¥PBnSIUsi ng
primers that yield e npri;siyng .| gL MPe, o + AUt aitty 3y a6t ds
at codongsj Ziﬁ\?aln%éigggyaﬁgg?sgledet(éLrS'Lr%i %ir%ﬂ%\e reés)en(;e or absenclee}%of
mut ati ons at Rkohs 24E, bdied cbGRafly crATHe @éq@éwges.(l}@)Yéf“Péﬁéﬁ’Hé&g a
preferred, non-Jjmiti ; CLll Gy N, 519y tiftey | B¥RNLEQRek S ashat
follows: A neé%%%é%% g%?éz‘%?négb@ﬁggggf ecti.\}les,nlesgs of NNRTI EOt he?apy o,faa
patient, comeswsing: ipi) acolueshidly £PIBToYinAl aepl BT rgfrgd ~ (1V)
HIV-infected patient: fil g5l DA ihe Hosaneoghgeds RNACL R 1dTes

bi ol ogi cal sagpn%{fe&{}gl%méq%{e?? gnp,l i fyilng Sa plgﬁﬁt - deéri, ved sen]rrent

(PDS) usihg HiuRORCeEi rereTEhdnd reski t LYRE aofr S ot PSi AG e R
gene; (iv) periosdi HgsSegyenshng:1keacknanvysdRe eptiiiRiy thal pheidhce
sequences conprising wld type or nutant am no acids at_20 cadons 245, 103,
135 and 225; endapgpnget &rini iRyt Prs at codons 245, 135 and 138 from

the sequences.

15 Yet another preferred, non-limiting, specific embodiment
of the invention is as follows: A method of assessing
the effectiveness of NNRTI therapy of a patient,
comprising: (i) collecting a biological sample from an
HIV-infected patient; (ii) transcribing the HIV-encoding

20 RNA in the biological sample to c¢DNA; (iii) awmplifying a
patient-derived segment (PDS) using HIV PCR primers that
regsult in a product comprising the RT gene; (iv)
performing sequencing reactions using primers that yield
sequences comprising wild type or mutant amino acids at

25 codons 245, 98, 103, 135, 181, and 190; and (v)
determining the presence or absence of mutations at
codons 245, 98, 103, 135, 181, and 190 from the

seguences.

30 Yet another preferred, non-limiting, specific embodiment
of the invention 1is as follows: A method of assessing
the effectiveness of NNRTI therapy of a patient,
comprising: (i) collecting a biological sample from an

HIV-infected patient; (ii) transcribing the HIV-encoding



presence or absence of nutations at codons 245, 103, 135 and 225 fromthe
sequences. Yet another preferred, non-limting, specific enbodinent 25 of
the i nvew®onvdesl as foll ows: A nethod of assessing the eP€BUBINEBESS oOf
NNRTI therapy of a patient, conprising: (i) collecting a biological sanple

froman H V-infected patient; (ii) trans%rlblngthe HI V-encoding RNA in

the biological sanple to cDNA; (iii) a I|f3|n a__30 a,tJetd d
segnent (I%DS) RN3; % Hive Iﬂ@ﬂ?b?gigr‘é‘?% Fﬁggle éé’uI%iDI\]An a'pr Jo)dﬂ?ff‘pﬁb V%lgi fg

the RT gene; (¥} enReHlQliRidE] SRAMENCI (BDS pagkings HIS MECHIpiEnsré hahayu el d
sequences conprising wld type or nut ant _am.no_aci %%fat odons 270,,.1

and 135; and F@?uééterlrﬁ nl‘?lg PRRIPFEs e ICEPWO 6 2E96 U749 888317 4 or

absence Of fTU atifermial casansndiity ﬁ@&c’aﬂdnéi%ﬁsﬁhgmprtﬂmzsaeqmeyleIl:le
presence e nutations at codons 2?% nd ei t her t 03 Qr lﬁ'\ﬂ\iéfrHl¥ RT
i ndi cat es thatSeHH@néjﬁsec(f‘?%’ﬁjé%n%f Wi ¢ ent B -prospéctive

t her apy haS beedond 48 shedd As3shewd uyrttda:a:nmenmg)ri;h@ poéathoa at
codon 230, onbi nat i mut ati_gns ej,t FAEAU

dr ug susceptl E&Fﬁ“ﬁe aﬂ r‘%‘éﬁr{ijso?% &ru cﬁﬁola%preb%l‘dse’nt g? i mu (ﬂ’gtlfgf’lo of C&%;lf%r al
replication. Wegogndag. met hods of this invention, change in the NNRTI
therapy would be indicated. Simlarly, using the neans and nethods of this
invention 15 the presence of nutations at codons 230, 101, 103, 190, 221,
and 238 afo t heel \éﬁt}g@ﬂepmdema'eés trhvat- Itihie £ ¥t e cepeehBss eMbpRA Temtr ent

or pr ospectlve N ther begn hed SIS Y Lhis
i nvention, ?\s ons ggl&%lmfaf,fs 19% %2%21 and €3§l sing

the effectlveness of NNRTI therapy of a patlent
comprising: (i) collecting a biological sample from an
HIV-infected patient; (ii) transcribing the HIV-encoding
15 RNA in the biological sample to cDNA; (iii) amplifying a
patient-derived segment (PDS) using HIV PCR primers that
result in a product comprising the RT gene; (iwv)
performing sequencing reactions using primers that yield
sequences comprising wild type or mutant amino acids at
20 codons 245, 103, 135 and 225; and (v) determining the
presence or absence of mutations at codons 245, 103, 135

and 225 from the sequences.

Yet another preferred, non-limiting, specific embodiment
25 of the invention is as follows: A method of assessing
the effectiveness of NNRTI therapy of a patient,
comprising: (i) collecting a biological sample from an
HIV-infected patient; (ii) transcribing the HIV-encoding
RNA in the biological sample to cDNA; (iii) amplifying a
30 patient-derived segment (PDS) uging HIV PCR primers that
result in a product comprising the RT gene; (iv)
performing sequencing reactions using primers that yield
sequences comprising wild type or mutant amino acids at

codong 270, 103 and 135; and (v) determining the presence



20 reduce drug susceptibility, and result in drug-dependent stinulation of
viral replication. Using the nethods of this invention, change in the
NNRTI t hav@apydasoul d be indicated. 25 Simlarly, using thePCHE&es18832d

met hods of this invention the presence of mutations at codons 241, 103,
and 135 of the HV RT gene indicates that,the effectiveness of the

current or prospective NNRTI thera has been di m nish this
i nvention, nuPati € 9 owggiﬁigxfoﬁi éﬁ)?ﬂf;%épfegggeéﬁﬁbgﬂﬂ¥nfpgm
suscepti bi | i t yheaBdquesulets.i n drug- dependent stimulation of viral
replication. Using the mnmethods of this invention, change in the NNRT
therapy would be indicated. WD 01/96611 PCT/US01/18882 35 Simlarly,

usi ng the neambeanskeméodsodf tHe smitbyendnsnatt heogweseldé omdrueathens at

codons 241, 1 106, 5 -1 f .t I i pgl t JEhe
effective essgé? He %%fr%ﬁtﬁgg SgogﬁéggFggsN%%?ﬁ ¥ﬁgg£%§g%9ﬁg§é%%%% ok
ggnlnlshed. As hehowutwenthi sornvembepactivat allNBAS atthsothans 244s 1bgeni06,
5, 138, and . 190 .reduce drug pi, bikity, It i - dent
stimul ation oélyﬁpéﬁ%Fg%Iic%%ion. Eﬁi%g Fﬁékie%aogégo 'tﬁigmg%%%ﬁgfgﬁ?
change |3 t he chNBTI 230er apy awodhidhdiet orl 0vi i eat el orss it agiyhelisiAg PKe
means and net s of this_i i : ce  98S ns
245, 98, 135, E%ﬂd Taidees, RETY \/gﬁﬁc,&ﬁg%ggﬁgﬂ héat?{dt Eye_ég%%ggtil\?{enggggof
the 15 culr entepengeospestimalaNRrn tdfer dpyahagarddradiiithi shétbinas t8fown

by this invention Jutaktiqas at; codoRs,245cn38ge 139, tand fidry eduee
susceptibiIitb%ggﬁﬁﬂ$e§ulgﬂﬁh lrug-de%ehdgnt gﬁinulation of viral 20
replication. Wsiulgl be indicated.

Similarly, using the means and methods of this invention
15 the presence of mutations at codons 230, 101, 103, 190,
221, and 238 of the HIV RT gene indicates that the
effectiveness of the current or prospective NNRTI therapy
has been diminished. As shown by this invention,
mutations at codons 230, 101, 103, 190, 221 and 238,
20 reduce drug susceptibility, and result in drug-dependent
stimulation of wviral replication. Using the methods of
this invention, change in the NNRTI therapy would be

indicated.

25 Similarly, using the means and methods of this invention
the presence of mutations at codons 241, 103, and 135 of
the HIV RT gene indicates that the effectiveness of the
current or prospective NNRTI therapy has been diminished.
As shown by this invention, mutations at codons 241, 103,

30 and 135 reduce drug susceptibility, and result in drug-
dependent stimulation of wviral replication. Using the
methods of this invention, change in the NNRTI therapy

would be indicated.



the nethods of this invention, change in the NNRTI 20 therapy woul d be
indicated. Simlarly, using the neans and nethods of this invention the
presence Voo omeeat i ons at codons 245, 101, 103, 135, and RODUsI/IBR H V RT
indicates that the effectiveness of 25 the current or prospective NNRTI

t herapy has been dim nished. As shown bythis invention, nutations at

codons 245, 101, .103, 135, .and ,190 reduce_dru eptd hility ul t
in drug- qepengémlgffﬁﬁful S8 ttljl?e VT r 8Bt %g%:?%ﬁl% %T}: E%ﬂjt%eirﬁg%ﬁ%%gﬁof
this 30 i nventhenpmsdwmnge: | of t hethNRPhst ladr apydavomil d4be 1i0Adi cdited. 135,

Simlarly, usi t he an nd th o] I Sodb NV I he en of
mut ati ons at éggOns %ﬁ%, i8§, ég%, gﬁ% v@ggglég%llgg%}?%ES%/1§§%§§ 3gﬁ370
of the HI V RTeiffidictdtvesicdsatoft heheefdartante mes pufspeet Lcar ¥EREI ofherapy
prospective NNRTI therapy ;b di m,yj sh As,shown :hy this.j tion
nutations%at 8§on§b%%%, ?g§?n9§§§§'an Q%?dggggﬁcebg}ugﬁgﬁiceg??%??¥§§f and
result in 5 drugaddpersdeat stodmrist 28A,of 191 rallOtepl Leati o8 Usigmgt ©LHE

met hods of this . inventi , o N I Lap: l.d_ j Lecat ed.
S Lar v, usrRg The e e R e
of mutations aticodertsiamsof 18%radnderddcgitiothe HWART ithd degidedhallt he

effectiveness of the  current or,praspecti vacNNFATE hanapyahias JLeam b

di m ni shed. @lghoaﬁvgy t%lﬂs' inven?‘?on, mut gti ons at codoanﬂga245, 135, © and
138 redud® drugddgscept.i bility, and result in drug 15 dependent stinulation
of viral replication. Using the nethods of this invention, change in the

NNRTI therapy would be indicated. . .
Similarly, using the means and methods of this invention

the presence of mutations at codons 245, 98, 135, and 181

of the HIV RT indicates that the effectiveness of the
15 current or prospective NNRTI therapy has been diminished.

As shown by this invention, mutations at codons 245, 98,

135, and 181 reduce drug susceptibility, and result in

drug-dependent stimulation of viral replication. Using

the methods of this invention, change in the NNRTI
20 therapy would be indicated.

Similarly, using the means and methods of this invention
the presence of mutations at codons 245, 101, 103, 135,
and 190 of the HIV RT indicates that the effectiveness of
25 the current or prospective NNRTI therapy has been
diminished. As shown by this invention, mutations at
codons 245, 101, 103, 135, and 190 reduce drug
susceptibility, and result in drug-dependent stimulation
of wviral replication. Using the wmethods of this
30 invention, change in the NNRTI therapy would be

indicated.

Similarly, using the means and methods of this invention

the presence of mutations at codons 245, 103, 225, and



Simlarly, using the nmeans and nethods of this invention 20 the presence
of nmutations at codons 245, 98, 103, 135, 181, and 190 of the HV RT

i ndi cat evohutesthe effectiveness of the current or prospRCTUSE/ISBETI

t herapy has been di m nished. As shown by this invention, nutations at
codons 245, 98, 103, 135, 181, and 190 25;¢educe drug susceptlblllty, and

et hods Of | CHG ThveRti BR %ﬂ‘;%at%’l?%t?ﬁe%ﬁﬁﬁep'ebf%%‘*%r%% b e

i ndi cated. 3QSirdd@ardy, pnespgcthEeHEHREIahUeHBphOdsSObeEMI§MM¥N¥ﬂhQﬁ} t he

presence of gﬁgatlonstﬁi §uron§ %4§t§8§ 193¢ ElgHﬁNﬁ$|¥0gEn%n%@%at qxghat

the effectiv rent or prbspec rve t herapy has ‘been
di mi ni shed. ARzhoand 7 hirsdiwneentriugn, swaceaptdhslatycodows Rasudhd 103

reduce Vg 01190011, FCTLUSA/ 18902, 1314 Uge syseet Uil fope g espliod

drug- dependen i'on of "viral l'1cation. Usi'ng the nethods of
this inventi othe chesigeods tde NMRE tm%m/l%ul dﬂk?éﬁgﬁ ndittattéle ZWRTI

Simlarly, u fhodsgof this invention the presence of
mut ati ons at%%% OHQFZ E @d@gdﬁ and 225 of the HV RT indicates that
the effectiveness of the current or prospective NNRTI therapy has been

di m ni shed. P(f#m ENYRALON ndUhSthoas 8k %@a@nsuaﬂe'iltll&{s
135, and 225 ré@ﬁke UggéﬁégegPibl lity, Q%d result in _drug-dependent

stimul ati®n ofheipakseapki edt mw.atusngg 2t EHRRMHSS of LERi s 2RAvemd Gt
change in the JNNRThryt hefapy,youdeede dmghi calied. diffectiveness of the

current or prospective NNRTI therapy has been diminished.
As shown by this invention, mutations at codons 245, 135,
and 138 reduce drug susceptibility, and result in drug-
15 dependent stimulation of wviral replication. Using the
methods of this invention, change in the NNRTI therapy

would be indicated.

Similarly, using the means and methods of this invention
20 the presence of mutations at codons 245, 98, 103, 135,
181, and 190 of the HIV RT indicates that the
effectiveness of the current or prospective NNRTI therapy
has Dbeen diminished. As shown by this invention,
mutations at codons 245, 98, 103, 135, 181, and 190
25 reduce drug susceptibility, and result in drug-dependent
stimulation of wviral replication. Using the methods of
this invention, change in the NNRTI therapy would be

indicated.

30 Similarly, using the means and methods of this invention
the presence of mutations at codons 245 and 103 of the
HIV RT indicates that the effectiveness of the current or
prospective NNRTI therapy has been diminished. As shown

by this invention, mutations at codons 245 and 103 reduce



Simlarly, using the nmeans and nethods of this invention the presence of
mut ati ons at codons 270, 103, and 135 of the HV RT indicates that the
ef fecti vamess9aiii t he current or prospective NNRTI ther appChasoibmses:
di m ni shed. 20 As shown by this invention, nutations at codons 270, 103,
and 135 reduce drug susceptibility, and r%§ult in drug- dependent

e

stimulation of viral replication. Using t met hods, of this inventio
change in t he RARTI %Wﬁﬁéﬁﬁﬁ%%&ﬁhX} be 3 icﬁ?ﬁHiQZS Ahot HEHDr Qﬁqdﬁék
non-limting,sspeel bt cosmpadiviardl ofepl heat hvent i ansirsy ashé ohkeohwerdsA aet hod
of evaluating the effectiveness of antiretrovi herapy_of an V-

i nfected patiems conpraEs Ry (iC%a@éjflel etti ng*a W%&i %é Béaysa‘“r'r?:)lllgé{f Fotn an
H V-infected padieatedand (ii) determ ning whether the biol ogical sanple
conprises.nucleic acid encoding the H'V RT gene, and having a nutation at

codon 23D and either codon 103 or 181. Usi ng the phenotypic
suscepti bi | i tgimsbaylyit usdagohder vethrichaand heephedencé WHiG1/966Ition

PCT/ US01/ 18882 38 of nutation ns, .23 either apd =181, .4
correl ates positi V& SHTh Oecﬁggégggggsiae%t ?%la{gﬁ‘t?’y zt%e’ d%%'zl’vi ?Lgflsr’le,]an
nevirapi ne, ampsebdvichenEIFNRTr esdlitcstios tdedg-tdepafdant isanadsatdfonclet
viral replication. In r Cihire e RQJ! thad R&dptated, cadon 230
of HV RT encédes" eagiﬁgg%ggftaﬁgle t%g gﬁ%ﬁfgﬁncgﬁin 103 encodes an
asparagi t@ (N.s shoansbil khiier ihwengpen f it admerdi mentCodHe Mft%at el T odon

230 of HV RT, encodes; beucinen(l) andt Besuubeied10e9on aig18Lsaneodas a
10 cysteine (O)~"Yet another preferred, non-limting, "specific enbodi nent
drug-dependent stimulation of wviral replication. Using
the methods of this invention, change in the NNRTI
therapy would be indicated.
15
Similarly, using the means and methods of this invention
the presence of mutations at codons 270, 103, and 135 of
the HIV RT indicates that the effectiveness of the
current or prospective NNRTI therapy has been diminished.
20 As shown by this invention, mutations at codons 270, 103,
and 135 reduce drug susceptibility, and result in drug-
dependent stimulation of wviral replication. Using the

methodse of this invention, change in the NNRTI therapy

would be indicated.

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

whether the biological sample comprises nucleic acid
encoding the HIV RT gene, and having a mutation at codon
230 and either codon 103 or 181. Using the phenotypic

susceptibility assay, it was observed that the presence



of the invention is as follows: A nethod of evaluating the effectiveness
of antiretroviral therapy of an HI'V 15 infected patient conprising: (i)

col I ecti mgoai/bionl ogi cal sanple froman H V-infected pati BOT/USGM3sK2 i)
determ ning whether the biological sanple conprises nucleic acid encoding
the H 'V RT gene, and having nutations at i} odons 230, 101, 103, 190, 221,

and 238. Using the enotypi ¢ 20 s Iscep lity, a S er that
t he presence gJEof ‘?ﬂfltoni Efct odJns r}éﬁ()%%‘%%& 21% 3?1 %@[
correl ates prdJ:t:de;/]eityeSI\/I tpfmajﬁtom&edwwmequmme@ tmlsqmdtemhlrldlme tO

nevi r api ne, av fenz and.r ts i r e ti

viral repli caff? 7% andt hlé:‘raa slf)leedl flg(l;l en%%??ﬁg%ﬂg r(J-i-,érrul'%agt eé"l co on 230
of HV RT erﬂmﬂ_;eai@émimme s{tLJ)mtha‘temrut atfed wioton mplelr@@d@sl -a glt@anic

aci d ()5t he, mylaled,Codop; 103-£080ES: ANcnasRaagkaecbbbn be wet aied
Osenc

codon 19 es codon 221 encodes a tyrosine
(Y), and 30 Rhe anncadessj d(ﬁ]lxmrﬁi?,s (élﬁcod@bléet heeenimedTgd vadoghotdver

preferred, non-li %lgg SR aé]'l empedi mert, pfgther i pYephien dhecdFic

foll ows: Amﬁrh eévaludatin eeffectlveness of antiretroviral
t her apy of areﬂmdd.’m}s@ill 96818 W@IU&U%%L/ tegen  330i npEctielY pdtT emicodes

conpr i si ng: §9,ggec 119 2l ARO! GRkacsaTPLEabrOmEAn HY. idHesad &
patient; and etermning whether the biological sanple conprises
nucl eic &¢id cmt@mﬂg (€he HI'V RT gene, and having nutations at codons 5
241, 103, and 135. Using the phenotypic suscepti bility assay, it was
observed that the presence of nutations at, codons 24 03, an

correl ates pogeti palyhgirt IPrefeiitated Qustept F bRy t?PFSl%éFa\ﬂ“}bdﬁd#é“ent

nevirapine, agf rgbavif/Nz @l {esukt 1N okikuy- depradest sifi ravediizon rof
the effectiveness of antiretroviral therapy of an HIV-

15 infected patient comprising: (i) collecting a bioclogical
sample from an HIV-infected patient; and (ii) determining
whether the biological sample comprises nucleic acid
encoding the HIV RT gene, and having mutations at codons

230, 101, 103, 190, 221, and 238. Using the phenotypic

20 susceptibility assay, it was observed that the presence
of mutations at codons 230, 101, 103, 190, 221, and 238
correlates positively with decreased susceptibility to
delavirdine, nevirapine, and efavirenz and results in
drug-dependent stimulation of viral replication. in

25 another specific embodiment, the mutated codon 230 of HIV
RT encodes a leucine (L), the mutated codon 101 encodes a
glutamic acid (E), the mutated codon 103 encodes an
asparagine (N), the mutated codon 190 encodes a serine

(s), the mutated codon 221 encodes a tyrosine (YY), and

30 the mutated codon 238 encodes a threonine {(T) .

Yet another preferred, non-limiting, specific embodiment
of the invention is as follows: A method of evaluating

the effectiveness of antiretroviral therapy of an HIV-



10 viral replication. In another specific enbodinent, the nutated codon
241 of HIV RT encodes a serine (S), the nutated codon 103 encodes an
aspar agi meo (Me6and the nutated codon 135 encodes a thr eoRCTHVESEITIS88215 Yet
anot her preferred, non-limting, specific enbodinment of the invention is
as follows: A nmethod of evaluating the effectiveness of antiretroviral

t herapy of an V- ipfected patient .conmprisi.ng: . (4 | lecti i;0l.q0i cal
sanpl e from att C\F'aldr:f]%%Yje%n aFPrenﬁff;l%éﬁ '(i(i])r} fecglefrencﬁﬁllﬂngg %Ogaﬁe?%é%at he

bi ol ogi cal saiel e oy s MIGH Bifeacéd pantedt nganfe (HLY RAFtgsmanizsd
havi ng nutati gns .at caqdons, .2 10%, 35, and 1904 WYsi ng tihe
phenot ypi c e(s:%beﬁ biq-1 i ybégglidﬁljﬁ%[]l mésglﬁ%;eer\?gg]%%ﬁat %t he preesenceClof
mut ati ons at eadehisn@4ihe 181V RU6 gel®5, 88, hawnnd 9oubst tens epht €9dons
positively with decreased susgceptibility tio. ggbayviygineguaerikapiingcyand
efaviren anaztirﬁe/suﬁpg’i %‘%er ug-dep?ﬁ&gﬁt sl%i ngl ati o{(\gof \7iur al br epli caty?on.
In another spewayj cienbedi vbservede thatattér dcosererzd of MRFRtRPIEnAddes

an i sol euci ne t t at cadon 3Q 8N1e0deS A Hddianke1aci il ,
the nutated c%(%%)gnnioyzlgﬁlcgl es an_net h]i%ésni (r:::e (M, the %Jut (;:ILI; ed cg}gon l13
encodes a thisonemeed Tpuschptiabidtied codotehBSelehctlesnaN BPFBA fe a(“}&f

and the mitalerg 190,encodgs: an @l aniig-EAbenMOn01/ 96fikdlation of
PCT/ US01/ 1888 4 et another preferred, non-lim tf:ffg e;ﬁe ific e di ment

of the i tWentvorel sreplichtons: A Rt REQTHLTe\ SRS At glerFBEY | SS

of anti re”ovrhﬁé%té@erc%%n%@ﬁ HeV-niwnf eet echsddenk caiprdesi 0g) , (he
collecting a biological 5 sample froman H V-infected patiﬁzt; an (iie)
determining wkered tIRdast ofl8gi cRNCSARPI AT oMSFPLEI G e act drtodi ng

the H'V RT gene..88d Hoybnor iyt ahbonssat €Rgodsine (T) .

15 Yet another preferred, non-limiting, specific embodiment
of the invention is as follows: A method of evaluating
the effectiveness of antiretroviral therapy of an HIV-
infected patient comprising: (i) collecting a biological
sample from an HIV-infected patient; and (ii) determining

20 whether the biological sample comprises nucleic acid
encoding the HIV RT gene, and having mutations at codons
241, 101, 106, 135, 138, and 190. Using the phenotypic
susceptibility assay, it was observed that the presence
of mutations at codons 241, 101, 106, 135, 138, and 190

25 correlates positively with decreased susceptibility to
delavirdine, nevirapine, and efavirenz and results in
drug-dependent stimulation of wviral replication. In
another specific embodiment, the mutated codon 241 of HIV
RT encodeg an isoleucine (I), the mutated codon 101

30 encodes a glutamic acid (E), the mutated codon 106
encodes an methionine (M), the mutated codon 135 encodes
a threonine (T), the mutated codon 138 encodes an alanine

(1), and the mutated codon 190 encodes an alanine (a) .



245, 98, 135, and 181. Using the phenotypic susceptibility assay, it was
observed that the presence 10 of nutations at codons 245, 98, 135, and 181
correl at 880 opowitively with decreased susceptibility to deCEVSeIdIsER,
nevirapine, and efavirenz and results in drug-dependent stimulation of
viral replication. In another specific m)odi ment , the nmut at ed codon 245

of HV RT encod | ut id
dycine (O ,Yoe[tﬁza%‘%%?gd%c?% ﬁrf%s e'gwo elsmla Jt% ‘eon 689?%] %%bg)%q%% :
mut alt ed tcodomﬂBﬂh@Pande%adomysLeelm fGllowet arotterhed ebér lee@luatlng
non-limtin ci.fic, e t

g&ﬁﬁgtﬁﬁae Fﬁge%FFSEPIf %9t9§e%9§X§9%§ntﬁ @E%ﬁya%ff éﬁo

nmet hod of ev veness o iretrovir therapy o
H V- infectedmpatdent panpensi agmpipiogl:| eGh)i nephl¢iblrgi ealbloééaﬁi-l@]f rom

an H V-i gsfect ed patient. %dﬁg{égg_ngg&gé@ 55 gen\g/neraggr tihe Bi@lQgGAIng

sanpl e conpri ¥ nuctei'c aci encodi ngt V RT gene and havi ng
nut ati ons at vdosidresr 45 Mplomszallsssarmikﬁ 1e@mm%@@tﬁ@ca+ﬁerfotmkd

suscepti bi 1t a55ak, | hvavohserat [ Nata UhevDhgsaneer: i shaMukatdcamsat

codons 245, 1 and 19 correl ates ﬁOSI tively with decreased
susceptibilit3a%o 3@adel atBhdi neanqaqevﬂr%{lm ne, aH8iBFPavitlMz AETLIMIS in

dr ug- depende ofsukial freplhsabiRRrvkd @t hehespaeddrc
enbodi nment , n%] génﬁ@at edigg%on8§4gaofl HV RT engodes a_glut aan Eﬁ% (eE)

the mutat@®d cotlonutetiosscadescedeptut affe &8id B, L AdtatcRF 503

WO 01796611 ;gé 18882 ndherncodes) aspacagi t8i (Ny the dqultatiedinpson
135 encodes reon| he (T), and the nutate n 190 e code an altani ne

(A). 5 Yet anegvwerapieser Pag eAiTeR%i Agd slffg%fdlﬁ% eftb

stimulation of wviral replication. In another spec1fic
embodiment, the mutated codon 245 of HIV RT encodesg a
15 glutamic acid (E), the mutated codon 98 encodes a Glycine
(@), the mutated codon 135 encodes a threonine (T), and

the mutated codon 181 encodes a cysteine (C).

Yet another preferred, non-limiting, specific embodiment
20 of the invention is as follows: A method of evaluating
the effectiveness of antiretroviral therapy of an HIV-
infected patient comprising: (i) collecting a biological
sample from an HIV-infected patient; and (ii) determining
whether the biological sample comprises nucleic acid
25 encoding the HIV RT gene, and having mutations at codons
245, 101, 103, 135, and 190. Using the phenotypic
susceptibility assay, it was observed that the presence
of mutations at codons 245, 101, 103, 135, and 190
correlates positively with decreased susceptibility to
30 delavirdine, nevirapine, and efavirenz and results in
drug-dependent stimulation of wviral replication. In
another specific embodiment, the mutated codon 245 of HIV
RT encodes a glutamic acid (E), the mutated codon 101

encodes a glutamic acid (E), the mutated codon 103



of the invention is as follows: A nethod of evaluating the effectiveness
of antiretroviral therapy of an H V- infected patient conprising: (i)

col | ecti mgo ar/piool ogi cal sanple froman H V-infected pati PET/US@S8E2 i)
determ ning 10 whether the biol ogical sanple conprises nucleic acid
encodi ng t he HIV RT gene, and having nutatjons at codons 245, 103, 225,

and 270. Usin henot uscept.,bi observed t hat
the presence © af"F‘Bﬁlégganﬁ’od@ﬁ o75e Tﬁé 23 é Oad‘r?({l1 %corre ates 15
positively W‘dktk@tﬁ@i@@_sedr)spsmml bihlei t yputatddl avbddinel 90 nerigajese,arand
efavirenz and results, in drug-dependent stinulation of viral replication.

In anot her s o odi ment, the nutated codon 245 of HIV RT encodes a
glutamc acid (E), the nutated codon 103 encodes 20 asparagi ne (N), the

nut at ed cpdo 2%5 ene des a St d ne, r(l—QJf ated coE 21 £

encodes a rret n?ﬁg ano 'het pret er e FI mting, speci
enbodi ment  offt hiei rl\mirdntomn simsafolfbdhewsA mek hm)@t@bde@él @aitail{@iztsﬁq he

effect] veness, of AR LPeraRs.lc, A0 M LALEGHOY Rl baNtrry-

conpri sing I'ecting a ogi ca rom an V-1 nfected
patient; and {nfdctdedepaineny asmEtiaindte biol 091 tart sagpPe Rishng st

nucl eic acid i he_H a ng t atsisgn £9donsy 30
245, 135, andsafg@Pngig%{% tgl ehgvggggﬁﬁgds%ggggﬁtbl Ialmtdya(lggsg/%éelt vvagf§g
{

obser ved10 hatwhdéisher esenee lofohowhea bnssatPle oA REES 13 C I 135°1d
correl ates poé%&&&?hél WD Hﬂ;eqﬁeaggﬁie susgePhLbLhit utardehaviddi d®ions

nevi r api ne, renz and results in drug-dependent_ stimulation of WO
01/ 96611 PCT/2sD1/ 18882 422Bir ala2@pl 2d&ti on. IUF &%t hERespdlightypic

enbodi ment, tQ&sc§E£§E§gle9d%%s%$§ of t HYsRbaneedes endbr eori nerddgncd he
of mutations at codons 245, 103, 225, and 270 correlates
15 positively with decreased susceptibility to delavirdine,
nevirapine, and efavirenz and results in drug-dependent
stimulation of wviral replication. In another gpecific
embodiment, the mutated codon 245 of HIV RT encodes a
glutamic acid (E), the mutated codon 103 encodes
20 asparagine (N), the mutated codon 225 encodes a histidine

(H), and the mutated codon 270 encodes a methionine (M).

Yet another preferred, non-limiting, specific embodiment
of the invention is as follows: A wethod of evaluating
25 the effectiveness of antiretroviral therapy of an HIV-
infected patient comprising: (i) collecting a biological
sample from an HIV-infected patient; and (ii) determining
whether the biological sgample comprises nucleic acid
encoding the HIV RT gene, and having mutations at codons
30 245, 135, and 138. Using the phenotypic susceptibility
assay, it was observed that the presence of mutations at
codong 245, 135, and 138 correlates positively with
decreased susceptibility to delavirdine, nevirapine, and

efavirenz and results in drug-dependent stimulation of



nmut at ed codon 135 encodes a threonine (T), and the nutated codon 138
encodes an glycine (G . 5 Yet another preferred, non-limting, specific
enbodi mrewo ou9esthe i nvention is as follows: A nmethod of eP@l/W&01/13882 t he
effectiveness of antiretroviral therapy of an H V- infected patient
conprising: (i) collecting a b|olog|cal 1Q sanple froman H V-infected

patient; and (i,i) _determnin er th b|oIo L¢ l IS
nucl ei ¢ acid @&dr?ﬁ?%*ﬁ??#&?ﬂ?T %aﬁP%g %ufatﬁ%ﬁ?hggggédogﬁe
245, 98, 103,mh35teBBbodﬂK12£® ofBng Rmeephedesypl¢hxﬂﬂnxﬂﬁlbI]ltyhe
assay, it was o rved t at t presen 15_of S cod 2

ﬁg 8Freﬁ§t nodHEs mﬁ?%éﬁhﬂ@ 2y rouahs éﬁl|lty

103, 135, 181™ es p05| |ver ecreased suscept |

to deIaV|rd|mﬁtamew|b@@bme;3@n¢n@b@msr@ngdw@imesdﬁﬁs in drug-dependent
stinulatiﬁn of viral replication. In another specific enbodi ment, the
mut at ed codon 245 of HI'V 20 RT encodes a threonine (T), the nutated codon
98 encodes avgitutmmittheci greéCerretie moratdmicsnen OB eHeesnpodiment

asparagine (NLc Uiie, MiLaLed;5a00n L5 siendes. @ WhReANe of Thvalligciubat ed

codon 181 encg es 'a cyst e nutated codon 190 encodes an
al anine (A). ﬂh@kﬁféﬂoth@enﬁﬁeféﬂ}eénthéﬁtrPﬁifﬁ%gthﬁﬁﬁﬁﬁ|@feﬁﬁbdﬁﬁgnt

of the invention i %h %M@ c@h%EHQQHgOf gyakﬁggyégllrkpeaegﬁggb g@agss
an Hl

of antiretroviral I nfected patient conpr si ng
col lectinig a mamgiy(ﬁﬁomxﬁgaﬂ%Velmf%@ﬁ%ﬁaF#NA??ﬁec%%@ pat! eﬁ?teawaneps)

det er mi ni ng t I ikplcasamgpienpebsgsibdel ehccaetid egaadi ng
the HV RT geﬁg%k%'g. ESF£ Q%S?égﬁéhs at cghons 35 and 103. Lblng t he

phenot ypi ¢ susﬁépmimnq|¢®ea§§§yRT BﬁnﬁasQQQNQQM&PQfﬁﬂt?WﬁpﬁﬁegEnE dgps
nutations at ¢QdONSgg 103, 135, 181, and 190. Using the phenotypic

susceptibility assay, it was observed that the presence
15 of mutations at codons 245, 98, 103, 135, 181, and 190
correlates positively with decreased susceptibility to
delavirdine, nevirapine, and efavirenz and results in
drug-dependent stimulation of wviral replication. In
another specific embodiment, the mutated codon 245 of HIV
20 RT encodes a threonine (T), the mutated codon 98 encodes
a glutamic acid (G), the mutated codon 103 encodes a
asparagine (N), the mutated codon 135 encodes a threonine
(T), the mutated codon 181 encodes a cysteine (C), and
the mutated codon 190 encodes an alanine (A).
25
Yet another'preferred, non-limiting, specific embodiment
of the invention is as follows: A method of evaluating
the effectiveness of antiretroviral therapy of an HIV-
infected patient comprising: (i) collecting a biological
30 sample from an HIV-infected patient; and (ii) determining
whether the Dbiological sample comprises nucleic acid
encoding the HIV RT gene, and having mutations at codons
245 and 103. Using the phenotypic susceptibility assay,

it wag obgerved that the presence of mutations at codons



WO 01/96611 PCT/ US01/18882 43 245 and 103 correlates positively with
decreased susceptibility to delavirdine, nevirapine, and efavirenz and
resul ts iwodtagidependent stimnulation of viral replicati PET/USoL/18882 her
specific enbodi nent, the nutated 5 codon 245 of H V RT encodes a threonine
(T), and the nmutated codon 103 encodes g,gasparagine (N). Yet another
preferred, naon-limting, ecific adj nment__ . of i ion |

foll ows: A me%]qhéod S‘fldeva]rﬁgti r%jgOr rgtti:heceg ef Pé%%?%g%ggs (r)"%/fglrllti ;&eetc%g\%%rea

t herapy of amsuHdepnilectsdy pabi eetl aggmeliinsi, nqreinawioid ecehdg edabiigleay cal
sanpl e froman H V:inf ed ;pati - i) de LU g, Whekher st heg

bi ol ogi cal saarfr'b e %%rgr%?%es l%ucl%?}cg %b%r{dégr%todi%g{ﬁe H‘Ig?/nRT geng.,l and
havi ng nut at il atatcodons 16 a1s6theén3spe8sLignemRegimesitng thige TG pi ¢
susceptibylit Wt gpagrapsgrvathddals t he pLasante. afr)ut #haomet
codons 245, 1% , 13 ,4éan(3lwg1 correl ates Spositi'vely withqdécreased
suscepti bi | i tyutated| eudeni he3 emevdeapr resparrEEiavi¥enz and results in
drug- dependent 20 stinulation of viral replication. In another specific

enbodi ment, the nmutated codon 245 of H 'V RT encodes a nethionine (M, the
nut at ed codorvdi93asntbess nuief iRt agior- 1AL tIne nFP&Ced 1o fHPorSE e odes

a threonine (d)nand. thedugpated sedeni2afsencaodescenbisbitdidialdsip Yet
anot her pref errea, non-limting, specific enbaodiment of the i nvention is
as fol | oWd: Alhet kdfestivenass il AHd rotroditfdneSeehFPENAT e PoviTal

therapy of an; bV iof getednpatdciyiGamRY: S{1)0: cédi)e60ihgChi ng <l dy ity cal
30 sanple froman H V-infected patient; and (ii) determ.ni n% whet her the
bi ol ogi cal saspielechpPiised H&Yrdnfegepd patient; and (ii) determining

whether the biological sample comprises nucleic acid
encoding the HIV RT gene, and having mutations at codons
15 245, 103, 135, and 225. Using the phenotypic
susceptibility assay, it was observed that the presence
of mutations at codons 245, 103, 135, and 225 correlates
positively with decreased susceptibility to delavirdine,
nevirapine, and efavirenz and results in drug-dependent
20 stimulation of wviral replication. In another specific
embodiment, the mutated codon 245 of HIV RT encodes a
methionine = (M), the mutated codon 103 encodes an
asparagine (N), the mutated codon 135 encodes a threonine
(T), and the mutated codon 225 encodes a histidine (H) .
25
Yet another preferred, non-limiting, specific embodiment
of the invention is as follows: A method of evaluating
the effectiveness of antiretroviral therapy of an HIV-
infected patient cowprising: (i) collecting a biological
30 sample from an HIV-infected patient; and (ii) determining
whether the biological sample comprises nucleic acid
encoding the HIV RT gene, and having mutations at codons
270, 103, and 135. Using the phenotypic susceptibility

agsay, it was observed that the presence of mutations at



encoding the H'V RT gene, and having nutations at codons 270, 103, and
135. Using the phenotypic susceptibility assay, it was observed that the
presence Voo omedeat i ons at WO 01/ 96611 PCT/ USO1/ 18882 44 chdDUS012(8882 103,
and 135 correlates positively with decreased susceptibility to

del avirdi ne, nevirapine, and efavirenz aq%:results in drug- dependent
stinmulation of viral replication. In anot iCIfIC enbodi e

mut at ed codonC2POnst AP RT 07codédcda déPi nECEsFLaERS HﬁFéFéHeggdoWlf@S

encodes aspar agiche sy ansed E&EfﬁﬁdtoCQQQ&VEﬁﬁﬂﬂﬁxxhﬁwfmi@iﬁ@nIaad(T)
This invention also provid ans an ods to use 10 .t
resi stance t eSEaVEEERH= c6ﬁ§r|%9 Sh BV %% TER ?ntcﬁﬁﬁ¥?%54%f?ﬂ1 RRT

mutation for @rleelsCfepniegtlwre ]p'arhnotlhefl)epddiéﬂmvan]bmd)mmlsprithes
t he reS|stance te ec o ri HLV reverse transcr| {ase having
mut ati ons “at Eﬁﬁ' ﬁoé efﬂﬁe? h]'%E8fnig(5>r S§r Uy IS scree |%g t$%
i nvention alS@uﬂaﬂadknﬁddmelmmséﬁéedmm asestagece ofNLonpnisthg tiué aldked

reverse transcrlptas hav ons .at CQﬂons 230 and 101, 103, 190,
221, and 238C°fRE eﬁ?F: 31 S5 tHe resistance test vector

conprising the H'V reverse transcrlptase 20 having nmutations at codons 241,

A e T VTP 2180 HESOIdbe S ADenLERL SLARC L ABla YR We

conprising th anscr? ase havi ng trons at codons
101, 106,10190 tH3x ek 138 Thst Vawequoumerseldesen|ﬂé§ ghoer Syirsiharce

test vector 25 coqpr|5|ngath%ﬁgﬁﬁjﬁﬁeg§eoﬁrqﬂﬁpragﬁgs%éy@@ﬂﬁhfmta§k9@§

at codons 245, CFR* 13t he rnventi on al so “descri bes the
resi st ance tegtnﬂﬁmmxwaniywntbengnvﬁet$¢m’d%%@e;bestthﬁs@ﬁﬁeﬁ§§@cﬁa¢ﬁﬁ§

mitations at CO%RP%SZé%mprlslng the HIV reverse transcriptase having
mutations at codons 230 and either 103 or 181 for drug

15 screening. The invention alsc describes the resistance
test wvector comprising the HIV reverse transcriptase
having mutations at codons 230 and 101, 103, 190, 221,

and 238. The invention also describes the resistance
test vector comprising the HIV reverse transcriptase

20 having mutations at codons 241, 103, and 135. The
invention also describes the resistance test wvector
comprising the HIV reverse transcriptase having mutations

at codons 241, 101, 106, 190, 135, and 138. The
invention also describes the resistance test vector

25 comprising the HIV reverse transcriptase having mutations
at codong 245, 98, 135, and 181. The invention also
describes the resistance test vector comprising the HIV
reverse transcriptase having mutations at codons 245,

101, 103, 135, and 190. The invention also describes the

30 resistance test wvector comprising the HIV reverse
transcriptase having mutations at codons 245, 103, 225,

and 270. The invention also describes the resistance
test +wvector comprising the HIV reverse transcriptase

having mutations at codons 245, 135 and 138. The



101, 103, 135, and 190. The invention al so describes the 30 resistance test
vector conprising the HV reverse transcriptase having nutations at codons
245, 103wQ@abyes1and 270. The invention al so describes theP€BRURGIB®BR2E t est
vector conprising the H'V reverse transcriptase having nutations at codons
245, 135 and 138. The WD 01/96611 PCT/USO&é18882 45 invention al so

descri bes the, resi stance test gector élsing th% H V rgyerse
transcri pt ase' haH M ut 3t F8ns eﬁFrﬁgaﬁn g5, T§81°5165C°135 5581 VeGP 90.
The inventi orcombsis tiegcthberIvVheereskst aneestesprueet traviopmigiatg drixe 5

H V reverse transc ta ha ta ns caod n 45 nd .103. . The

i nvention al st° d%gé?gﬁeéthegb }g?a %ég’tégﬁ vgc i ?onpﬁ%ﬁnﬁ?%ﬁ?tﬁﬁa/

reverse tran$m3¢nasecrhbesnghaﬂnﬁsxntanuecbﬂmmsvédspr1@©m@r35;ngndﬁ225
The inventi | so_descrihes the resistar e Vv i.Si t he
H V reverde ﬁ%gﬂsg?l SEESe AT %atlond¥%é ﬁ&t0§§5§%0§91%§@85 . The
structure, |idmedcydze andrmnenwenehenerﬁbcmf deﬁ@rlheﬁuselsevme@hat@nqt be

tested in thq:drug,§§§§$Pt|%%$é%¥él%$|l |n t e a fégn 9ty %gqfi tlon

woul d be known ?o one 0 IS use
practice of LMHElmgv&ﬂt&GnOHEO@ua@ﬂﬁﬂﬁﬁ 2@5undéﬁstd@§,t¢ndlﬂﬁé cy@ﬂéiof a

retrovirus, a@ﬁ%& 88 tQ éﬁ' Bbscdehes requl rg% 1%ﬁza5%ter OJS rRSGUS- and

|nfect|V|ty rOV|ra y infected cells sh a menbrane virus
cont ai ni by a clipboidiRNALhendA¥. rENereer franscrd®éas fRviay snid toipas

gl ycoprotein é@h+§g?ﬁ§r¥§§ tpodetggm e the host range of infectivity),

attaches to a ce receptor in the plasm nenbrane of the cell to be
25 infected. After receptor binding, the virus is

The structure, life cycle and genetic elements of the
viruses which could be tested in the drug susceptibility
15 and resistance test of this invention would be known to
one of ordinary skill in the art. It is useful to the
practice of this invention, for example, to understand
the 1life cycle of a retrovirus, as well as the viral
genes required for retrovirus rescue and infectivity.
20 Retrovirally infected cells shed a membrane virus
containing a diploid RNA genome. The virus, studded with
an envelope glycoprotein (which serves to determine the
host range of infectivity), attaches to a cellular
receptor in the plasma membrane of the cell to be
25 infected. After receptor binding, the wvirus 1is
internalized and wuncoated as it passes through the
cytoplasm of the host cell. Either on its way to the
nucleus or in the nucleusg, the reverse transcriptase
moleculeg resident in the viral core drive the synthesis
30 of the double-stranded DNA provirusg, a synthesis that is
primed by the binding of a tRNA molecule to the genomic
viral RNA. The double-stranded DNA provirus 1is
subsequently integrated in the genome of the host cell,

where it can serve as a transcriptional template for both



internalized and uncoated as it passes through the cytoplasm of the host
cell. Either onits way to the nucleus or in the nucleus, the reverse
transcri pv@se9osmpl ecul es resident in the viral core driveP€h&Eseysssresi s 30
of the doubl e-stranded DNA provirus, a synthesis that is prinmed by the

bi nding of a tRNA nolecule to the genomc, viral RNA. The doubl e-stranded
DNA provirus is subsquctfntly i.ntegrated in the genane of the host@l,
where it can SBYHE aPHHEhsAHFt oRAPEEENTI £ f ST-B6Fh i'811 %6 '
PCT/ USO1/ 1888w¢nhidh nRNAs pacqtidkphadd ainpootwinsl andrei rpaort igeieosd ¢ RNA,
which wi Il be_packaged into vir car rtjcl On __their way out of the
i nfected cel IFREBFe%ﬁ% Y egkrrgi?g Jtnr(é;fr §3zger§{t(ﬁ€f%yt 5BF 8s M At ach 7 YFe

i nsi de of thethktasgh bheerbtapéasefn,t hétneW yo nfectiedicdel Iof ante pidgstaki ng
with themtracts of nepbrane contai.ning.the viirall ode nvel

gl ycopr ot 8i n Iﬁﬂér@?gdﬁgﬁ? hlnsewgycIlélfg%te:anfc&lt]i’or?\ﬁ-de?)glvd;r gtea]glr}lge with
transcri pti onthémansedis i o, mdmtarsieat confaviningn Essenmblgl landembemidkdg -
repeats 10 itself oaver ai i iQn spr . The.vir RNA
and, as a res%f“tf?i?ﬁ% p?gggggﬁﬁ)ﬁ% en 8%% fé‘ﬁ\%/)gﬁlé:%ci s-glgjtq;ssng Ieln%anfc'tsfthat
are vital to théecsiuonessful cevplrsE on tofartswrintian| i f eosasiscrieienri on
15 RNA carrie LE pr ooot at i . en R jcatlve a 1 LS
pl ace the vi rgrggg%%%g'g#’at gg%ggé' tag’r?gﬁlg?yt’he%adovﬁg&ggnone a%s eﬁg
genore i 40r evétselft puascenbedveduspaldn ge tLhéestipnt ppYEREE-LTR lies the
viral packaging site. The retroviral lifecycle requires 20 the presence of
virally encoded transacting factors. The viral-RNA-dependent DNA

pol ymer ase ( p8h}- meverls RNA rander PPt @serg ikl sot@onParHedani DA $HEW r al

core and gseveral cis-acting elements that are wvital to the
successful completion of the viral lifecycle. The virion
15 RNA carries the «wviral promoter at its 3! end.

Replicative acrobatics place the viral promoter at the 5
end of the proviral genome as the genome i1is reverse

transcribed. Just 3' to the 5' retroviral LTR lies the

viral packaging site. The retroviral lifecycle requires
20 the presence of virally encoded transacting factors. The
viral -RNA-dependent DNA polymerase (pol) -reverse

transcriptase is also contained within the viral core and
is wvital to the +viral 1life cycle in that it 1is
responsible for the conversion of the genomic RNA to the
25 integrative intermediate proviral DNA. The viral
envelope glycoprotein, env, is required for wviral
attachment to the uninfected cell and for viral spread.
There are also transcriptional trans-activating factors,
gso called transactivators, that can serve to modulate the
30 level of transcription of the integrated parental
provirus. Typically, replication-competent
(non-defective) viruses are self-contained in that they
encode all of these trans-acting £factors. Their

defective counterparts are not self-contained.



is vital to the viral life cycle in that it is responsible for the
conversion of the genomc RNA to the 25 integrative internedi ate proviral
DNA. The wonabe61envel ope gl ycoprotein, env, is required fBETURIIZISSS2
attachnent to the uninfected cell and for viral spread. There are also
transcriptional trans-activating factors, _so called transactivators, that
can serve to nodulate the 30 | evel of tra gcription of the integrated
parental pro¥irushe TFssal P, 7 epNcaltsHSconpétns (RoleRRIERY VEYS

viruses are sghfi=e08haingg ichet hatkfet key1ceneeUe iddl Aeddieseaduansg agbtng
factors. Their _defective coun%giparts are not self-cont %:jrned, WO 01/ 96611

PCT/ US01/ 188821 E@9EERDt He® cHEBIBE £ DNARGI FF&CtdGén 35 F HEpatmasR T Hen -
undferlst andi EgTh@e ﬂ)i’cﬁ@e@?dcﬁf apEbwi éatrgeme@shrewﬂ rbéefHO][ well Df e@éfmidis
useful to_the_practice o is_invention. _The process of HBV entry S not
been wel | 2def REE 1catEap P%a PYn USESHBY (¥ BRI R fediRt e § enpf Bt e.

In the infectrd celfedtal feesl shep firsepkieatiion +eplbeattonversi oie of
(R ity oo Lelened.olucls, ML O, oeavaentiy chipedelngle o
cell's, 10 invabvesvearplati alafed hei file pDEAt i(eeeBNRANd sBnithesisceand
[ getion o, he, DA snds, LA bh, serend,sisn, Hie s seclin lo dpanseri fod by
Thi's prégenomrvbivesnploaxde tvicnh ¢f otlee NDNA.  tofves iviirved - storaend 1Sy dtieeshs r d
SLep, ol ves, Lie SUIes) Sop e byt Shnapeseit s aengs O sand b
transcri pt aseccThSAP psoteranadsibsd@r s adiet hbogitnu8NA  polymerase to
generate a 3.5 kB RNA template (the pregenome). This
pregenome is complexed with protein in the wviral core.

15 The third step involves the synthesis of the first
negative-gense 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

20 positive-sense DNA strand occurs by copying the first DNA
strand, using the P protein DNA polymerase activity and
an oligomer of viral RNA as primer. The pregenome also

transcribes mRNA for the major structural core proteins.

25 The following £flow chart illustrates certain of the
various vectors and host cells which may be used in this

invention. It is not intended to be all inclusive.



strand DNA priner. Finally, the synthesis of the second 20 positive-sense
DNA strand occurs by copying the first DNA strand, using the P protein DNA
pol ynmer ad0avedevi ty and an oligonmer of viral RNA as pri nRPET/UShIeI8R82egenomne
also transcribes nRNA for the major structural core proteins. 25 The
following flow chart illustrates certain of the various vectors and host
cells which may be used in this inventioa8 It is not intended to be al

i nclusive. Wor04d+ 96wdAc PCT/ US01/ 18882 48 Flow chart Vectors |ndicator
gene cassette_+ Viral vector (functional/nonfunctional (genom c or
subgenom c¢) Yectafeat or gene) Indicator Gene Viral Vector
(functlonal/npmiﬂ@&tmﬁn@énendasaebtegene) +10 + Pdtiment wsstjusnce acceptor

sites .15 + P |ent der e n Resista S C :
(pati ent - derlv %bﬂ%ﬁ nﬁn?ﬁ ?%a %r gene) E%%?;%%%f%gﬁagﬁgégﬂgli%st Cel |

- transfefted imdhcpackageng) expression vectors 25 Resistance Test Vector
Host Cell - a packaging host <cell transfected wth a resistance test
vector Target Host Cell - a host celﬂ to be infected by a 30 resistance
test vector viral particle produced by the

Indicator Gene Viral Vector

(functional/nonfunctional indicator gene)

10
+ Patient sequence
acceptor sites
15 + Patient-derived
segments
l
Resistance Test Vector
20 (patient-derived segments + indicator gene)
Host Cells
Packaging Host Cell - transfected with packaging
expression vectors
25
Resistance Test Vector Host Cell - a packaging host
cell transfected with a resistance test vector
Target Host Cell - a host cell to be infected by a
30 resistance test vector viral particle produced by the

registance test vector host cell

Resistance Test Vector



resi stance test vector host cell Resistance Test Vector WO 01/96611

PCT/ USO1/ 18882 49 "Resi stance test vector" neans one or nore vectors which
t aken togeohsvsetont ai n DNA or RNA conprising a patient-dreTvsa/s88ent and
an indicator gene. In the case where the resistance test vector conprises
nore than 5 one vector the patient-derivedssegnent nmay be contained in one
vector and the_indicator &en%ti n a%di,fferent vector.  sSuch a.resistance
test vector coRBPiErAGCRorESY NAH Oie VETTYT PYSr8felPEf 10 érel n"as” a
resi stance teskewecteosgsyhéem famtpunposesAof .ol aRNdy buobmpsiddng a

nevert hel ess understood to be a resistance test _vye r. The DNA-or of
a resistance P& fLe%}%EESFlFfﬁgl tHEHE E8ft &'he nlgzhg%ﬁ%ro Tor'e of
mol ecul es. | ncase werbredithentreditet s Stemric erda@sir vamimrisess meekes byhan

insertion.of a_patient-derjve nt. i n. 1 ndi cat 15 _ge '
vector. | R angtt ervee#boo]%li #é%t %at%ﬁ%%;%egegg té’%gg S%%g%rg%e@%gr %ies é‘%ﬁé&%@éd
insertion of anpabtnentvalerowechndegirent indtoaopadey ngveest ol Whgtent he

| ndi cator geng,ck8,Cont 8LRRM d N-8598E0NdC VRN . v Of o EX VRS 180 g hGAL OF
gene viral vector. "As used herein, "patient-derived 20 segment" refers to
one or nore vihah ssymenestobt al medelfdiricedt |50 f heifrdnpaAas edt 1TRTWYCIBEF ous

nmeans, for exggglte, vellgeul are &l pnifg. O Rl RS assE chai hr18actihen (PER)

anplification a population of patient-derived segnents using viral DNA
or conpl dfent aeyebihellebRA)upteipaieer f FOMOES & FEPLIRNANCEr éS& Tt TeCEPe-

celI's (e.q. p%h%pftlﬁd;]pgl oP! ead Jngnuelear apekl S RBMAat ST AL Ol RN She

bodily fluids o ntected patients. \Wen a viral segnent is "obtained
directly" frompatpatieéntin tong ekt M Whheut HHsshgkecules. In one

embodiment, the resistance test vector is made Dby
ingsertion of a patient-derived segment into an indicator
15 gene viral vector. In another embodiment, the resistance
test vector is made by insertion of a patient-derived
segment into a packaging vector while the indicator gene
is contained in a second vector, for example an indicator
gene viral wvector. As used herein, T"patient-derived
20 segment" refers to one or more viral segments obtained
directly from a patient using various means, for example,
molecular cloning or polymerase chain reaction (PCR)
amplification of a population of patient-derived segments
using viral DNA or complementary DNA (cDNA) prepared from
25 viral RNA, present in the cells (e.g. peripheral blood
mononuclear cells, PBMC), serum or other bodily fluids of
infected patients. When a viral segment is "obtained
directly" from a patient it is obtained without passage
of the virus through culture, or if the wvirus is
30 cultured, then by a minimum number of passages to
essentially eliminate the selection of mutations in
culture. The term "viral segment" refers to any
functional viral sequence or viral gene encoding a gene

product (e.g., a protein) that 1is the target of an



of the virus through culture, or if the virus is 30 cultured, then by a

m ni mum nunber of passages to essentially elimnate the selection of

mut at i onavo 19wl t ure. The term "viral segnent” refers toPE@RYSOHISRR2t i ona
viral sequence or viral gene encoding a gene product (e.g., a protein)

that is the target of an WO 01/96611 PCT/ Ugp1/ 18882 50 anti-viral drug.

The term "functional,vifal sequence" _as ysed herein refers _to any nucleic
aci d sequencei?f%ﬁ(%ﬁra£@é§u%ﬁth@$ﬁng Gna u%%?%?? § Suc iagegHﬁgﬁgergf
pronoters, polysnybation reiftes, S tasy ohuateionacfids de@mspaet (DYA or
factors, such rg@tar A9, RRE,, packag) ng acscequ‘i%gﬁesm&ﬁt egrat | Siuasl el
or splicing se nces. "1f a %rug Were to target nbré than one functi oral
viral sequengeramotersl gerleygtadictt idren sidtdsent sdésisvedf segitpns of
correspondi ng .to each said viral gene would be 10 insert in th .

resi stance t estt VECIBF- 19 t aé%coéﬁggé ofsucglon%lsna%‘?%n atrhc{erg%yé’v\h ?gk?%‘ngr
nore anti - vi r adsqudraraget | hgtewwadidbherentichoret, | anal syl talng egagneasesr.

viral gene pr cts.are bein va , i -derive S.,»
correspondingqﬂg %agﬁu?uﬁg?Fgﬁg é%?é%gsgggénggﬁi %ﬁev??gﬁgggﬁ%ipyg S%t
woul d be i nserdesrlidmcd heor esvstahcegenest pvedtor. Thenpapeentndedeveged

segnepts arei%§§ﬁ#§%%158%geg Eﬂaﬁnge%%*é&&ﬁ”@éi&e%19%15 -J!ﬁguld be
| ocations, ca pati ent seuence-acceptor sites, in the indicator gene
viral vect®r omsgertekaipl shea ysaclkdgingg veestorveotdependithg-lon ¢hee of

particul ar consipuictlon, be eaeeaggsasﬂhéﬂﬁécrmsd hereifbrds Used_harehn,

"patient-derived segnent” enconp es segnents derived from human and
vari ous ani maltaasidsg D8 Sdéhfspesitesfvnerigeal pifizggle MEIUEIFSSed OF0

chinpanzees, ira1 gene products are being evaluated, patient-derived
segments corresponding to each functional viral sequence

15 or viral gene product would be inserted in the resistance

test wvector. The patient-derived segments are inserted

into unique restriction sites or specified locations,

called patient sequence acceptor sites, in the indicator

gene viral vector or for example, a packaging vector

20 depending on the particular construction being used as

described herein.

As used herein, ‘"patient-derived segment" encompasses
segments derived from human and various animal species.
25 Such species include, but are not limited to chimpanzees,

horses, cattles, cats and dogs.

Patient-derived segments can also be incorporated into
registance test vectors using any of several alternative
30 cloning techniques. For example, cloning wvia the
introduction of class II restriction sites into both the
plasmid backbone and the patient-derived segments or by

uracil DNA glycosylase primer cloning (refs).



horses, cattles, cats and dogs. Patient-derived segnents can al so be
incorporated into resistance test vectors using any of several alternative
30 cl oni Mo vERdemi ques. For exanple, cloning via the introBOTUS@S8E2 cl ass

Il restriction sites into both the plasm d backbone and the
patient-derived segnments or by wuracil DNAS | ycosyl ase priner cloning
(refs). WO 01/96611 PCT/USQ1/18882 51 The patient-derived segnent may be
obt ai ned by ani®ePRbécnbf daplEedl GRICEBRI HgYoPegeREAdRSE PV afTYometgiod

nodi fications dherapdsedyrdnt r odugh NGy patdent FEAUENGR1AGTRRIoS t €Sy as
described below, _at, the ends of the 5 patient-derived segnent to be
i ntroduced i nt®dhel CiekPRE arfdeiRh: vE¥t ot REFRFVEkREDIRAtI$RG gERRience

anplification jeideeosuehtas, PCR He8EFiBEHOBSIIWES a€0kLhes ol ngrt a-Hde
pati ent - sequence accegctlor,si es can be incorporated at_ the ends of the
primers used iRREHRPATFIPER FRactroNeTSi niltr ¥ i i aR WS ar 18F8ni ddie
met hod such ase€idagteni RgstsaivkdRst.ri cti gBrsi te@aingAR be ihncar peyated
at the ends of the primers used for first or s nd strand cDNA synt hesi s,
or in a met hodSucH HeAt HoR mePS PR r“BF2DNAS whokher ZEFbHE Lo mun gt
fDNA, ﬁS sai d restréegiddingt €6 che hedirgor{dAieattd r&@céﬂﬂ@orpéﬁgeés diged
or the repair_reaction. The .patient sequenc cceptaor sites and,priners
are dosi gned (5 FREPOIRZERESY att bt BPRGn G DAT: BRATHER VAR S e Heiiie
Sets of r&8i sterrRertastivact orsithavanhy deshgredngbddenir 201 sadgugnagethod

acceptor sites Lgrovi de r Aes%rito%t.i aon of igati ent -derived segnents that

woul d be under¥ lFesaes’ntec i n “one Fesi stance ?%Sstfr%/%%%%rrl atone. FR&ST stance

test vectors armqrmpeteed byt nodef gndg ah the primers used for first or
second strand cDNA sgsynthesis, or in a method such asg
primer-repair of DNA, whether cloned or uncloned DNA,

15 gsaid restriction sites can be incorporated into the

primers used for the repair reaction. The patient

sequence acceptor sites and primers are designed to

improve the representation of patient-derived segments.

Setg of resistance test vectors having designed patient

20 seguence acceptor sites provide representation of
patient-derived segments that would be underrepresented

in one resgistance test vector alone.

Resistance test <vectors are prepared by modifying an
25 indicator gene <viral vector (described below) by
introducing patient sequence acceptor sites, amplifying
or cloning patient-derived segments and inserting the
amplified or cloned sequences precisely into indicator
gene viral vectors at the patient sequence acceptor
30 gites. The registance test vectors are constructed from
indicator gene viral vectors which are in turn derived
from genomic wviral wvectors or subgenomic wviral vectors
and an indicator gene cassette, each of which is

described below. Resistance test wvectors are then



25 indicator gene viral vector (described below) by introducing patient

sequence acceptor sites, anplifying or cloning patient-derived segnents

and i nsew@ngodshe anplified or cloned sequences precisel pPCT/AB@/i888% cat or

gene viral vectors at the patient sequence acceptor 30 sites. The
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ance and susceptibilrty téest'that is reterred 10

may be introduced into packaging host cells together with
packaging expression vectors, as defined Dbelow, to
produce resistance test vector viral particles that are
used in drug resistance and susceptibility tests that are
referred to herein as a "particle-based test.™ In an
alternative preferred embodiment, the resgistance test
vector may be introduced into a host cell in the absence
of packaging expression vectors to carry out a drug
regsistance and susceptibility test that is referred to
herein as a "non-particle-based test." As used herein a
"packaging expression vector" provides the factors, such
as packaging proteins (e.g. structural proteins such as
core and envelope polypeptides), transacting factors, or
genes 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
produce the trans-acting or missing genes required to
regcue a defective wviral genome present in a cell
containing the enfeebled genome, the enfeebled genome

cannot rescue itself.
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herein as a "non-particl e-based test." As used herein a "packaging
expression vector" provides the factors, such as packaging proteins (e.g.
struct ur Vo pr/edeei ns such as core and envel ope pol ypept i de€y/UsSevmssgact i ng
factors, or 25 genes required by replication-defective retrovirus or
hepadnavirus. In such a situation, a replljsfati on-conpetent viral genone is
enfeebled in a manner such_that it cannot“Teplicate on its own. This
means that, alfHBiRAEeReoPatRELFRECEXFFRBSi on vect or can 30 produce the
trans-acting orrmdsshbgrgenesifi@ihted fenerescareias debect i Necveial garpMe
present in a cell _.containing.the egﬁ%bl ed %gggme t he enfeebl ed

g3

nome
cannot rescue FISFHIIWG 0PFo661E P St 1 U hdT Gat'of*or Shdiat or
Gene "I ndi cat digscthdi cat bhrgegk"” ar ebatsibn ginuel eiiecatioda ereedidadla
protein, [%\IA or_. RNA ﬁtrucéfre tQat gither di gectloy_( or %hroggh a re%ction
gives rise to & meaRut4brE S ofhothteabl 8 aspect®8%g. ©& corstor A gt of
a neasurabl e meahesigid eavehehbehcase iof PNA oasBNAfudaNh as ANAI noiechat or
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exanpl es of a3 ndi-cat or gene i s cZ géeneé i ch-encodes
bet a- gal act osiatas&NA hetkuctgeae whiPthfentedesitam ey asoé @it Hedifoadmr f or

exanpl e, Photonis pyralis (the firefl ., or-Renilla renifqrm,s (the sea
pansy), the E.ITHT i th%A tg;heene ii chcé%(l:ode%a% kalT e phé"’gqplhca as€'q rdge n

fluorescem prigtied ngahactbeidast eriht CAF gene which thcedeed@siciferase
i cator - gend WS ELEF Elled Eop SOATHR S BB Fouki {REER GGt SLNE CHEE I
readily or Renilla reniformis (the sea pansy), the E. coli phoA
gene which encodes alkaline phosphatase, green

fluorescent protein and the bacterial CAT gene which

15 encodes chloramphenicol acetyltransferase. Additional
preferred examples of an indicator gene are secreted

proteins or cell surface proteins that are readily

measured by assay, such as radioimmunoassay (RIA), or

fluorescent activated cell sorting (FACS), including, for

20 example, growth factors, cytokines and cell surface

antigens (e.g. growth hormone, Il-2 or Cbh4,
respectively) . "Indicator gene" is wunderstood to also
include a selection gene, also referred to as a
gelectable marker. Examples of suitable selectable

25 markers for mammalian cells are dihydrofolate reductase
(DHFR) , thymidine kinase, hygromycin, neomycin, 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, i.e. distinct and

30 separate genes. In some cases a patient-derived segment
may also be used as an indicator gene. In one such
embodiment in which the patient-derived segment

corresponds to more than one viral gene which 1s the

target of an anti-viral, one of said viral genes may also



measured by assay, such as radi oi nmunoassay (RIA) or fluorescent activated
cell sorting (FACS), including, for 20 exanple, gromh factors, cytokines

and cel | wapf/eeer anti gens (e.g. growth hornone, 11-2 or BDHUS01/18882
respectively). "Indicator gene" is understood to also include a selection
gene, also referred to as a selectable nqg¥ Exanples of suitable

sel ectabl e 25 markers for mammal i an cells e d|h ofolate reduct ase
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| ndi cat or case o0 TUncti onal i ndi cator gene" the

Functional Indicator Gene

In the case of a ‘"functional indicator gene" the
15 indicator gene may be capable of being expressed in a
"packaging host cell/resistance test vector host cell" as
defined Dbelow, independent of the patient-derived
segment, however the functional indicator gene could not
be expressed in the target host cell, as defined below,
20 without the production of functional resistance test
vector particles and their effective infection of the
target host cell. In one embodiment of a functional
indicator gene, the indicator gene cassette, comprising
control elements and a gene encoding an indicator
25 protein, is inserted into the indicator gene viral vector
with the same or opposite transcriptional orientation as
the native or foreign enhancer/promoter of the wviral
vector. One example of a functional indicator gene in
the case of HIV or HBV, places the indicator gene and its
30 promoter (a CMV IE enhancer/promoter) in the same ox
opposite transcriptional orientation as the HIV-LTR or
HBV enhancer-promoter, respectively, or the CMV IE

enhancer/promoter associated with the viral vector.



15 indi cator gene may be capabl e of being expressed in a "packagi ng host

cell/resistance test vector host cell" as defined below, independent of

t he pati evootemilved segnent, however the functional indiea@r/osoigsss: coul d
not be expressed in the target host cell, as defined below, 20 w thout the
production of functional resistance test ctor particles and their
effective infection of the target host cett. In one enbodi nent of a
functional i rRRpRaEeeCkbeeal Hadlieatan:@eleene cassette, conprising

control el emertis:anehed GENE €RE0dhATcafok Nkl Ohazd Her ORI furkdiksgy1ted
into the indicator gene viral vector wth the sane_or

\ opposite
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t hrough the action of one or nore of the patient-derived segnent products.

An indicator gene is rendered non-functional through genetic mani pul ation
10 accordi ng tho. tkesmibeénPromotdér PeEnnmohedembodvtient| anoriaderscdimersnean

i ndi cat or 9€N& ¢ rendered non-functional due to the location of the
promoter, in that, although the promoter is in the same

15 transcriptional orientation as the indicator gene, it
follows rather than precedes the indicator gene coding
sequence. This misplaced promoter is referred to as a
"permuted promoter." In addition to the permutéd
promoter the orientation of the non-functional indicator

20 gene 1s opposite to that of the native or foreign
promoter/enhancer of the wviral wvector. Thus the coding
sequence of the non-functional indicator gene can neither

be transcribed by the permuted promoter nor by the wviral
promoters. The non-functional indicator gene and its

25 permuted promoter is rendered functional by the action of
one or more of the viral proteins. One example of a
non-functional indicator gene with a permuted promoter in

the case of HIV, places a T7 phage RNA polymerase
promoter (herein referred to as T7 promoter) promoter in

30 the 5' LTR in the same transcriptional orientation as the
indicator gene. The indicator gene cannot be transcribed

by the T7 promoter as the indicator gene casgsette 1is
positioned upstream of the T7 promoter. The

non-functional indicator gene in the resistance test



is rendered non-functional due to the l|ocation of the pronoter, in that,
al though the pronoter is in the sane 15 transcriptional orientation as the
i ndi cat ow@enmgelit follows rather than precedes the indi BET/OR0IGSEE codi ng
sequence. This m splaced pronoter is referred to as a "pernuted pronoter.
In addition to the pernuted pronoter the grientation of the non-functional
i ndi cat or 20 gene is gpposite to that of t 8 natjve or forei
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target cell tr@Pf&ﬁf.:Q€§o£he iI'Hgi .CL?LH@Eator gene cannot be transcribed by

the enhancer-promoter as the indicator gene cassette is
15 positioned upstream. The non-functional indicator gene
in the resistance test wvector is converted into a
functional indicator gene by reverse transcription and
circularization of the HBV indicator gene viral vector by
the repositioning of the enhancer-promoter upstream

20 relative to the indicator gene coding region.

A permuted promoter may be any eukaryotic or prokaryotic

promoter which can be transcribed in the target host

cell. Preferably the promoter will be small in size to
25 enable insertion in the wviral genome without disturbing
viral replication. More preferably, a promoter that is

small in size and is capable of transcription by a single
subunit RNA polymerase introduced into the target host
cell, such as a bacteriophage promoter, will be used.
30 Examples of such Dbacteriophage promoters and their
cognate RNA polymerases include those of phages T7, T3
and Spé6. A nuclear localization sequence (NLS) may be
attached to the RNA polymerase to localize expression of

the RNA polymerase to the nucleus where they may be



gene. One exanple of a non-functional indicator gene 10 with a pernuted
pronoter in the case of HBV, places an enhancer-pronoter regi on downstream
or 3' of whne19demdi cat or gene both having the sane transcrPETUSHZAISSS2
orientation. The indicator gene cannot be transcribed by the
enhancer-pronoter as the indicator gene cassette is 15 positioned upstream
The non-functional indicator gene in _the Tésistance_ test vector is
converted int eededinkpi SFansCrdibest SheyeirPHiredvErSECIFRRSERTPt i orfusid

circul ari zat i ofy ofyridhe HBY Hadi G DInGeNe W ahnyect efi e at R ansported
repositioning of the enhancer-pronoter upstream. 20 relative to the

i ndi cat or genePEeRHY rBHiItbn3SA et nFVéd pf oY Ei9Say beffang RI@FIGoRN: or
prokaryotic psOIphera¥bi 6 capls/dd anskriibedrindlt heidsar! Basty @alde
Preferably_the frormter will be small in size to 25 enable insertion in the
viral genotre witRont @SEurBihge HMFaliFEHI PcalPomATRBRESHr FEFARI Y UTR)
prgmoter t hat r}m@y spal | atifedi ZQnanﬂrbﬁtCﬁb&m ehef ﬁh&lﬂ&@tbﬁti @flénléﬁ a gl e
subunit RNA pol ynerase, i nt roduc into the target host cell, such as.a
bact eri ophage %f%t_rl,ow I Pgbe g’?ed.t%ad“%@rﬁﬁgses 1Sch®hEct EFREH

pronot ers and dheippedognate Rite palkyeerasedivc! utde thoseutodd phagestet T3
and Sp6. A nuc]ear. Localization_sequence (NLS) nay be, attached to the RNA
pol ynerase to Jrib%%]r%z8a8xé?ees%PBﬁocheﬁh@(tRl\ﬁ%%oPéﬁégégg t"‘bﬁi nE]E?e%s
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repaired indicator gene,.Such n_NLS may..he obtai.ned fromany,.
el ar -t r anspoT A TR bt el n Seudr et $helBad Rl ert “TPeataaye e
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the EMC virus égsyn&ﬁﬁﬂﬁﬁéhﬁgrr%%k%&ngTg% functionally important and
highly conserved regions of U5 and R. In the case of

15 HBV, the permuted promoter can be placed at any position
that does not disrupt the c¢is acting elements that are
necessary for HBV DNA replication. Blocking sequences

may be added at the ends of the resistance test vector
should there Dbe inappropriate expression of the

20 non-functional indicator gene due to transfection
artifacts (DNA concatenation). In the HIV example of the
permuted T7 promoter given above, such a blocking
sequence may consist of a T7 transcriptional terminator,
positioned to block readthrough transcription resulting

25 from DNA concatenation, but not transcription resulting
from repositioning of the permuted T7 promoter from the

5'" LTR to the 3' LTR during reverse transcription.

2. Permuted Coding Region In a second embodiment, an

30 indicator gene is rendered non-functional due to the
relative location of the 5' and 3' coding regions of the
indicator gene, in that, the 3' coding region precedes
rather than follows the 5' coding region. This misplaced

coding vregion is referred to as a '"permuted coding



may be added in front of the indicator gene, for translation of the
transcripts which are generally uncapped. In the case of H'V, the pernuted
pr onot er WO bgedefilt can be i ntroduced at any position w thi nP€ESE/18882 LTR
that is copied to the 3 LTR during reverse transcription so long as LTR
function is not disrupted, preferably vvitg%n the U5 and R portlons of t he
LTR, and nost_preferably outside of functionally inportant and i gh
conserved regi ot oR - Us éﬁﬁ RriPREER&CRASE BPelgloﬂB‘&unFﬁéoﬁéllnﬂtn@&Cﬁrt&ﬁ)ter
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el ements that are . necessar %ng]\n/ﬁe llshteatl on._ Bl ocki ng sequences
may be added a 01{%‘?%@5@6\0 §nc% &5 VELTRL  VEREGd tRRr
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hative or upstream location of the HIV genome, with each coding

region having the same transcriptional orientation as the

15 viral ©LTRs. In both examples, the 5' and 3' coding
regiong may also have associated splice donor and
acceptor seguences, respectively, which may be
heterologous or artificial splicing signals. The

indicator gene cannot be functionally transcribed either
20 by the associated promoter or viral promoters, as the
permuted coding region prevents the formation of
functionally spliced transcripts. The non-functional
indicator gene in the resistance test vector is converted
into a functional indicator gene by reverse transcriptase
25 upon infection of the target cells, resulting from the
repogitioning of the 5' and 3' indicator gene coding
regiong relative to one another, by copying of the 3' LTR
to the 5' LTR. Following transcription by the promoter
associated with the 5' coding region, RNA gplicing can
30 join the 5' and 3' coding regions to produce a functional
indicator gene product. One example of a non-functional
indicator gene with a 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



foreign pronoter/ enhancer of the viral vector, as nRNA coding for a
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regions to pro—\ﬁlu%%la unc ]:I'%Pa i%ﬁ?gg?%?@ggggeeﬂeprgduc Oébnng %(é?ﬂ%p e oJT@a
non- f unct i onalpos hdi ca¢dr dgenetweth @2mper’'mit@dtkedenganggicoprrnothe cask
of HBV, places.a 3 _4.ndic n di i u r egm ; t
enhancer - pr orri& erggrﬁléggjhe%ﬁ%%%i ﬁ'&%%gﬁ onrﬁﬁgH)Irl1g Rele nf%rgpt%n s
mRNA which can be gpliced to generate a functional

15 indicator gene coding region.

3. Inverted Intron In a third embodiment, the indicator

gene 1s vrendered non-functional through wuse of an
"inverted intron," i1.e. an intron inserted into the
20 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 cassette including its own, linked
promoter, 1is opposite to that of the wviral control
25 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 does not
lead to the production of functional transcripts as the
inverted intron cannot be spliced in this orientation.
30 Transcription of the indicator gene by the wviral control
elements does, however, lead to the removal of the
inverted intron by RNA splicing, although the indicator
gene is still not functionally expressed as the resulting

transcript has an antisense orientation. Following the



WO 01/96611 PCT/US01/18882 59 of the indicator gene. The transcriptional
orientation of the indicator gene 5 and 3' coding regions are identical
to one amvodhevgeland the sane as that of the indicator geP€TNR0IAISS82eCt OF .
However, as the indicator 5 gene 5 and 3' coding regions are pernuted in
the resistance test vectors (i.e., the 5 coding region is downstream of
the 3' coding region), no nRNA is transcrfPBed which can be spliced to

generate a funcevonsae tiradscatptigenefcodity tegnenripPbl kodi g begrstsieon 0

transcription 8f‘dt°}1'er cul atd 2ald 0pepholieal NHhGat oL, gene c\{L'Irc%!g'La\ﬂsqcztaﬂ'{]’ oif he

i ndi cator gene 3' coding region is_positioned downstream or
enhancer - prono?er dRPadnagiodifiy PEG-onsthfus petimatathg okaest r ap@eri pg on

of NMRNA whi Chf&l%t%némycgéahgcg%@aah@la fupet bopah inked pdicRIQ ggne
coding region. 3. Inverted Intron |n ath % enbodi nment, the’indicator

gene is r ender'gee nbRVeHRes| éﬁ&lfoflhi‘léﬁgHeﬁélepéﬁvéﬁ’us'lﬁ’nW@moédel -nt gh this e

an intron insesigd, i ntge t highQHQ0 n%éﬁﬂ”&'ﬁ%@l@f hhe 1aghealor gene Wih a
transcri ptional ori entation opgom te to that of the "indicator gene. The

overal | transcFipfibPaRL oPFERPAEF oML LY o $HGHERT BFaaéﬁéleaégaﬁtle unit

including its @M@entéﬂk pdéﬁ@:@ti% the GpResi t echerbhate nmdidies Vi r athug
control 25 el ements, whi the0|entgt|on of the artjficial intron is the

same as the vitaf cBREF ané?Itéf'?él ot iBE of 1% helPndiFE8t oM 58I by
its own |iOkedopionpieiofloesonobe | eadnkertibedpr Bguctihen efidbuncidenatol

transcripts as inverted intron_cannqt be spliced in this orj tatlon
30 Transcripti erPanFﬁeapﬁ%dFEaFépnagngebg l\??‘f—"é{ﬁycgﬁf’lf‘]@lcrlgle s tdbes,

however, | ead éwnt pecmerevral =8 the inverted intron cannot be properly
excised Dby splicing. However, in the case of a
retrovirus and HIV gpecifically and hepadnaviruses, and

15 HBV gpecifically, transcription by the wviral promoters
(HIV LTR or HBV enhancer-promoter) results in the removal

of the inverted intron by splicing. As a consequence of
reverse transcription of the resulting spliced transcript

and the integration of the resulting provirus into the

20 host cell chromosome or circularization of the HBV
vector, the indicator gene can now be functionally
transcribed by its own promoter. The inverted intron,
consisting of a splice donor and acceptor site to remove

the intron, is preferably located in the coding region of

25 the indicator gene in order to disrupt translation of the
indicator gene. The splice donor and acceptor may be any
gplice donor and acceptor. A preferred splice
donor-receptor is the CMV IE splice donor and the splice
acceptor of the second exon of the human alpha globin

30 gene (“intron A”").

Indicator Gene Viral Vector - Construction
As used herein, "indicator gene viral vector" refers to a

vector(g) comprising an indicator gene and its control



inverted intron by RNA splicing, although the indicator gene is still not
functionally expressed as the resulting transcript has an anti sense

ori ent at ivo@01/#@liti ow ng t he WO 01/ 96611 PCT/ US01/ 18882 60PCEVEIIZESSS2
transcription of this transcript and integration of the resultant
retroviral DNA, or the circularization epadnaV|rus DNA, the indicator
gene can be functionally_transcribed ushggﬁlts own Ilgked ronpter as 5

the inverted iTtFERHAs2BRen™pr 8%i BasfyV vBERSPn t <EatPke goNE

i ndi cat or genariﬁ§BI¢reaaarcmgt abBeinb3e@WirofuBaat iadakapbenptee Wia'fsh;etﬂt%
entire transcri e.to the viral .con

i onal riente i
el enent s. Thu§ﬂR§H% H%hr? hE?FBﬂEIL ﬂﬁ?gg?a £§éﬂ¥ is rhSt F8FE §r1§ene
orientation towb:fal r aigetobbed rriay t heldd tisdnaddnt r olnckh@srents arthhiathoeannot

be functiopall ranscri bed hy moter, . fs t he |nverted |ntron
cannot be % d%?i é%%lsed%&?%ﬁf?tlng dg &/ eﬂy ACLRE case oIUgRces:
retrovirus andcHnsspaetiocal |y aadmnapadmavlrUSBs anidhdb HBYegulatory

speci fically, tranggéégtlogdgxtagga&ngséﬂgwﬁga égﬁgé£$%h%T§%?élH$gctor

enhancer-promﬁ%ﬁ%eresurts nthere ron b
splicing. As anapnbequenus igfnak ever swnfarscongtli.on @ﬁiﬂhﬁr@%@htlm@at

spli ced tra”59%<£tv1ﬁgf LB§mLAL §9LAL LANARL E?S ES?%E%‘B@ R QVEE%E—%QE%lthe

20 host cell fonosone or C|rcular|zat|on 0
i ndi cat or 1geneldnan avw betf dmciliudesl |4n uhqwmmdl¢&kbbygems Ummaprwwnmam

R R “oPey SrE5480: 81 2 3588bhae 0RGE. ANEaGGERL AL B! Bdd

renmove the in era Iy | ocated I'n t e coding region o
i ndi cat or gen&m&s&hﬁ%? tGO@pgﬂﬁﬁs1m&nwlaﬂdéﬁabﬁrth@eﬁauﬁ@ﬁﬁorqyﬂﬁﬁﬂThe

splice donor alfLACKER! Of AK® flosP! keeefantl ANdy8EEEP! Rbmpising
P P some or all of the following: viral genes encoding a gene

15 product, control sequences, viral packaging sequences,
and in the case of a retrovirus, integration sequences.
The wviral vector may additionally include one or more
viral segments one or more of which may be the target of
an anti-viral drug. Two examples of a viral vector which
20 contain viral genes are referred to herein as an "genomic
viral wvector"™ and a ‘subgenomic viral vector." A
"genomic viral vector" is a vector which may comprise a
deletion of a one or more viral genes to render the virus
replication incompetent, but which otherwise preserves
25 the mRNA expression and processing characteristics of the
complete virus. In one embodiment for an HIV drug
susceptibility and resistance test, the genomic wviral
vector comprises the HIV gag-pol, vif, vpr, tat, rev,
vpu, and nef genes (some, most or all of env may be
30 deleted). A "subgenomic viral vector" refers to a vector
comprising the coding region of one or more viral genes
which may encode the proteins that are the target(s) of
the anti-viral drug. In the case of HIV, a preferred

embodiment is a subgenomic viral wvector comprising the



donor-receptor is the CW | E splice donor and the splice acceptor of the
second exon of the human al pha globin 30 gene ("intron A"). Indicator Cene
Viral Veswoni1/9e6Constructi on As used herein, "indicator geP€TVS01ZI8882ecCt or "
refers to a vector(s) conprising an indicator gene and its control WD

01/ 96611 PCT/ USO1/ 18882 61 elenents and one or nore viral genes. The

i ndi cator gene viral vector is assenbled om an i ndi cator gene cassette
and a "viral VEEY org29dePinedeBet oWt R ThERfndFe&Bor O©§en8BVi Pal Drededirarhy

addi tionally i&gldienai: enRangekubeesPhiiel NG S4 DN oR0! YSHSRYL Bhd0R he
sequences, transcriptional _termnators, or_other regulatory sequences.

Addi tional Iy tHRY iRd¥®a€or GBnENG| FaFeveEt BEV. nkyobe*PIRLEFoREI Paoviral

nonfunctional .cidghdéde eyent that vihe vivealtsegrmmst Mhitchhrar erddhe tarmget
of the antl-V|raI 10 drug are not included in the indicator gene viral

vector thdy afBl§heyi 8d din -a S5ER®MU Yettse: A4 nthitatty) gend dsdette”

conpr i ses an i piLatprogeng andﬁlq;grgrqy %@ggntssg Vigead _oegot or " thefigfs to
a vector conprising sone or all of the foll T "viral genes encodi ng a

gene 15 productaseomf oHBYequénceésrae rﬁ‘lmﬂpﬁlék ngslequdittiedh  gigehamy G he

case of a'“ﬂréé%déﬁceé”hﬁgéa%é@ﬁ5%%&%55%6&12§@eaﬁar%bd%ﬁﬂﬁg B¥d for
additionally include one or nore viral_ segnents one or nore of which

may
be the target ¥NSERIEM PR vPLalRH uftTaho VELERBPés Qﬁ’ﬂBéI’\}? r]?i‘l?sveé’ft5ér92\ﬁhl ch

20 contai g vi r@s@%e-ﬁj@j@oj eil@cﬂ rﬁ§|91795 her'@h@ @8radl c gamﬁg Qen\élsr glayvest or”
and a "subgenom ¢ vi ral vector." A genom Q viral vector™ Is a vector

whi ch may conptid®F a tiel EPREROMf %for?e BRtAEPe SAPAPCHENRECTRLRENGRF the
virus replicatdndmcenpel el daatl uihkihepidierar 58 R®SEF VER preferred

embodiment for an HIV drug susceptibility and resistance
test, is to place the genomic or subgenomic viral coding
15 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 resistance test, is to place the
genomic or subgenomic viral coding regions under the
20 control of the CMV immediate-early (IE)
enhancer/promoter. In the case of an indicator gene
viral wvector that contains one or more viral genes which
are the targets or encode proteins which are the targets
of an anti-viral drug(s) then said wvector contains the
25 patient sequence 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, as described
above.
30
"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

gsite-directed mutagenesis into a vector; 2) naturally



25 the nRNA expression and processing characteristics of the conplete
virus. In one enbodinent for an HV drug susceptibility and resistance
test, thev@enwosiic viral vector conprises the H 'V gag-pol PCUiUR)1/A8882, t at,
rev, vpu, and nef genes (some, nost or all of env may be 30 deleted). A
"subgenom c viral vector" refers to a vectﬁé corrprl sing the coding region
of one or nore viral genes, 6 which nmay enco the proteins that are the

target(s) of QFHERINIvIPAEVEr difsqﬁcttﬁé)rba%ét%? F-IPVthe? pYefeeFedor 3)

embodi ment i s HBAUPGEAORHE rﬁitdeﬁhﬂéhC@%alLSiékg:ld&m&légéﬁéﬂm may
PCT/ US01/ 18882 62 HI V gag- po e In the case qf HBV eferred
enbodi nent i s 28 3&5‘6@55%@: ‘E‘?Jrrz‘ﬂg iE?BPaEbYr%rl CRg “ehdne P &n8- PG he

case of HV, tamoexagpl es OfInprQiﬂel’a|eml§d>@ﬂﬁ§nwsedhé0rpwtfi%htve@élj’uence
constructipn are: HXB2 5, 1j(tF i sher g gl "d( 19 ga %0 367-371) aglPd
NL4-3, (AdacHiCEEPEPT, 5118885 FRCHPPEFE 02§ 2@?)%‘10 Q% FENS AsE

HBV, a | arge nwdesrof fulthd engahlgﬁﬂomsequsa@eenca&scélay@rbeemtes are
characteri zed and_co b d for. .construction iral vectors:
Bk NooC eHeESna By skt GhuS il R atean Che SRS et Rt B
may be under thee vmmallolpx@fteamami/meﬂharnher/twmgmi esf otha amarieivgn-adi ral
or cellular en ancer/ onot er for HLV. dru

susceptibilit " re hset a‘ﬁ'crealtEgguenge?ouﬁleggce%jq%e%een%%tgogucg&s&e
viral codithg Xmtbsghonseunderet ke ceptiorolsidfes tmrmapraéeeahhycehb}semmtcer

of the H V- LT%USCregI 2Ragct Ne O IRl pher AT (I E) 55 made drpihs

enhancer/ prono rug suscepti
and resi st anceartiess, asuﬂo pbdtegt hsquenom cfounéubQEnomrih@tw rals idadimg

regions under‘ﬁég%égéﬁf?trgheOfp%QQegyviégaﬂgﬁgé¥egg$ébé$£3 sites are
located within a relatively conserved region of the viral

15 genome to facilitate introduction of the patient-derived
segments. Alternatively, the patient sequence acceptor
sites are located between functionally important genes or
regulatory sedguences. Patient-sequence acceptor sites

may be located at or near regions in the wviral genome

20 that are relatively conserved to permit priming by the
primer used to introduce the corresponding restriction
site into the patient-derived segment. To improve the
repregsentation of patient-derived segments further, such
primergs way be designed as degenerate pools to

25 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 overlapping restriction site intervals

30 may be used together in the drug resistance and
gsusceptibility tests to provide representation of
patient-derived segments that contain internal

restriction sites identical to a given patient sequence



enhancer/pronoter. In the case of an indicator gene viral vector that
contains one or nore viral genes which are the targets or encode proteins
whi ch ar avohgdsar gets of an anti-viral drug(s) then sai dPeBUB@r1888Nt ai NS
the 25 patient sequence acceptor sites. The patient-derived segnents are
inserted in the patient sequence acceptor _site in the indicator gene viral
vector which is then referred to as the resistance test vector, as
described abg¥RCEBROT patitent SeheWO¥ldccBpber RPt edrdapreriesanted o in
vector for insgrhdpn-8fipahhest detivedcsLoaEsLS, and said sites may be:
1) unique restriction sites introduced by site-directed nutagenesis into a
vector; 2) naturally W 01/96611 PCT/ US01/18882 63 occurring uni que
restriction sigesr i deifg vector; or 3) selected sites into which a
patient-deLiv nment m be inserted using alternative clonin t hods
(e.g. UDG cloﬂ?‘ﬁg) esﬁ%ad‘f\;% %‘&?&l mehttPhe tilé‘:lfffogg“&?@ﬁcéngoac%egt%&r{
site is introdieED. i nto Shﬂtahﬂecam@mtgeneeylgalaxwectmammiheapatkﬁﬁnls
seqguence acce site ferabl l.ocat e near t he codi g
eqion of -t neP U F R o WA Loty neSrar el TN it s Bhppiiee

The viral sequesites whﬁdhfaretbhelptnndmpﬂeonamget@ pdt iventals eoferteon.
acceptor sites_ar preferabl C en at - n ange, copservatjve
change, is made i %ht gnlﬁﬁfaﬂeg éang s%%&%%%eq?éﬁ%d atl?hat d%%ltﬁ%n
Preferably)thémmnmenl semmsncwmmnnﬁteﬂ,sn@esoahegd(xﬁ&mmKMWihlmails,

relatively co rve i f t ﬁi n%P? ot &dac I LLate.
i ntroduction ot %9%%§$e%%l§efln$ & erna]iJ%Iy &héK?%ﬁS%§t
sequence accepmee)lls, and other cells In the case of HBV, suitable

host cells include hepatoma cell lines (HepG2, Huh 7),
primary human hepatocytes, mammalian cells which can be-
15 infected by pseudotyped HBV, and other cells. Human
derived host cells will assure that the anti-viral drug
will enter the cell efficiently and be converted by the
cellular enzymatic wachinery into the wetabolically
relevant form of the anti-viral inhibitor. Host cells
20 are referred to herein as a '"packaging host cells,"
"regsistance test vector host cells," or "target host
cells. " A '"packaging host cell" refers to a host cell
that provides the trans-acting factors and viral
packaging proteing required by the replication defective
25 viral vectors used herein, such as the resistance test
vectors, to produce resistance test vector viral
particles. The packaging proteins may be provided for by
the expression of wviral genes contained within the
resistance test vector itself, a packaging expression
30 vector(s), or both. A packaging host cell is a host cell
which 1is transfected with one or more packaging
expression vectors and when transfected with a resistance
test vector is then referred to herein as a "resistance

test vector host cell" and is sometimes referred to as a



sites are | ocated between functionally inportant genes or regulatory

sequences. Patient-sequence acceptor sites nmay be |located at or near

regi ons iwoObhegsevi ral genome 20 that are rel atively conserP€UUS@/¥8832mi t

primng by the prinmer used to introduce the corresponding restriction

site into the patient-derived segnment. To % rove the representation of
pr

patient-derived segnents further, _such, rs nag be designed as
degener at e podPRCEPIDBI o D FSLE /FEEAP teBGEenEeShet BRORRCINGEL oty

incorporate resigtesrs@8Choas dedxyi Fes ied las Whehadigvg houttbtpies for
base-pairing capabilitjes. Sets of resistance test vgctors h&ving pati ent
sequence acceptbf stPesUtRat 2°def FHBAEheSERFECBL CovELPREYI nGerldst ri@on

site interval sg@hamy berused taget er deh therslr ugs ¢ eskst anee7and Bosc23
susceptibility tests to provide representation of patient-derived segnents
that contaln i e halt raktri do6n staks: i d6Ad-cafcto &%i veirpat L&)

sequence WO 01/ 96641, RETL WS04 18882 164-aCeaR AL 3 &, a2Nd VO dhugbe

underrepresented in either resistance test vector alone. Host Cells 5 The
resistance test’3®ctd88ls i fBPFodiB¥d HAPE2a hnE3tleceprrd sibeabretRost Leel | s

are mammel i an Cellsim Preterredphost rell.! 1@/ )defd vedz &5 om wman tigsues
and cells which are the principle targets of viral infection. In the case

of HV these iVedadeKhatmrloelMigodpoty a9 hukfeth T2E21256) nondcytegget
macr ophaggy derchéé t&%lfel Eéfer%a@ge%hadlﬂlceéé Spe NEARLOPOS Egclré%g@t%.?llcles or
I'Ts, an I tabl e

precursor ce other cells. I'n the case of HBV, sui ‘host cells
i ncl ude hepat omsteMedtiofesviFebGRarHiklep, Pprdyeey BYnmiphdepasocFease

manmel i an cel lis.yhi GR.€AR BRst cell in which expression or inhibition
of the indicator gene takes place. Preferred host cells

for use as target host cells include human T cell

15 leukemia cell lines including Jurkat (ATCC T1B-152), H9

(ATCC HTB-176), CEM (ATCC CCL-119), HUT78 (ATCC T1iB-161),

and derivatives thereof.

This invention is illustrated in the Experimental Details

20 section which follows. These sections are set forth to
aid in an understanding of the invention but are not
intended to, and should not be construed to, limit in any
way the invention as set forth in the claims which follow
thereafter.

25



15 infected by pseudotyped HBV, and other cells. Human derived host cells
w Il assure that the anti-viral drug wll enter the cell efficiently and
be convemedli/twsit he cellular enzymati c nmachinery into theCHEs@iskscal |y
rel evant formof the anti-viral inhibitor. Host cells 20 are referred to
herein as a "packagi ng host cells,” "resistance test vector host cells,"
or "target host cells.” A "packaging hostggell" refers to a host cel

that provides gheetimastattihgaf{pgtors and viral packaging proteins
required by the replication defective 25 viral vectors used herein, such as
the resistance test vectors, to produc&XPMPLE: dnce test vector viral

particles. The packagi ng proteins nay be provided for by the expression of
viral genes cont ai si stan J,}ciest vector jtself, a

t h t
packagi ng expreSS|gﬁh%RPE¥éi%w§E%9 FSERR DI 10 3R REFHEEaRes | TeSt a host

cell which is transfected w UsiogeResistrecpaTkagi Ngctexpr essi on vectors
and when transfected with a resistance test vector is then referred to
herein as a "resistance test vector host cell" and is sonetines referred

to as a WO 01/Beg1at yrdw USyeo18BeTenss hidditayi aed hasts isdlanoee st st tamcareest

vector host c r S e (o] § k t.ce for
H V incl ude Zgghﬁﬁﬁgaagﬁ%rggﬁﬁg EPgng%ég% a§H§§g%§Kﬂ%§ ﬁgé8§£Q€& ﬁ Eb%

Gen Virol. 36:IHermafignaioséppldcepdan etN%l Hﬁr%iswaims%ad f$a,|ed 90

8392, 199f), dmand-andabsa2@boegel lyhings (Eei %%leb?yt al noodpA-40L
3738, 1988), for HBV Hep&2 (Gall e and Thei |l mann, Arzhel m™-For sc y ug

Res. (1990) 4G SIiPIgILor 82) . (Huh, Ueda, K et aI. Virol ogy *1989) 169,
213-216) . A "target 10 host cell" refers to a cell to be infected by

resi stance . . .
In these experiments patient-derived segment (PDS)

corresponding to the HIV protease (PR) and reverse
15 transcriptase coding regions were either patient-derived
segments amplified Dby the reverse transcription-
polymerase chain reaction method (RT-PCR) using viral RNA
isolated from viral particles present in the sgerum of
HIV-infected individuals or were mutants of wild type
20 HIV-1 made by site directed mutagenesis of a parental
clone ofvresistance test vector DNA. Isolation of wviral
RNA was performed wusing standard procedures (e.g.

RNAgents Total RNA Isolation System, Promega, Madison WI

or RNAzol, Tel-Test, Friendswood, TX). The RT-PCR
25 protocol was divided into two steps. A retroviral
reverse transcriptase [e.g. Moloney MuLVv reverse

transcriptase (Roche Molecular Systems, Inc., Branchburg,
NJ), or avian myeloblastosis wvirus (AMV) reverse
transcriptase, (Boehringer Mannheim, Indianapolis, 1IN)]
30 was used to transcribe viral RNA into cDNA. The cDNA was
then amplified using a thermostable DNA polymerase [e.g.
Tag (Roche Molecular Systems, Inc., Branchburg, NJ), Tth
(Roche Molecular Systems, inc., Branchburg, NJ) ,

PrimeZyme (isolated £from Thermus brockianus, Biometra,



test vector viral particles produced by the resistance test vector host
cell in which expression or inhibition of the indicator gene takes place.
Preferreavtostostel | s for use as target host cells includeChusemsssacel | 15
| eukemi a cell lines including Jurkat (ATCC T1B-152), H9 (ATCC HIB-176),
CEM (ATCC CCL-119), HUT78 (ATCC T1B-161), _and derivatives thereof. This
invention is illustrated in the Experinent &/ Details 20 section which

fol l ows. TheseCReetNgns. ar@eyeany bt t P o2 afembanahioRde?St divimmpsiahire

i nvention but gre.RataskBt efdedlo.idad shopl diot e reoRstidedofo,nid Mt
in any way the invention as set forth in the clains which follow
thereafter. 25P¥ 01BP96BES PETMUSOILP8882Pre6 - Bperi msmcal SDdt ailSP EXAMPLE

1 Phenotypic Dysifs Spsgeptifilg.t m%ﬁ%i@m&a&%& z&:zébé?gtaﬁsi@aanqe
Test Vectors Phenotypic drug susceptibilify and resistance tests are

carried ou? ust¥y t hdBREERATNGRE ARIMEEd HestRHRRPRHL POT T1ht ORN Squsfame
Appl i cation Noxr, PEFRURIY OHBA9,+ fydee) 10 (d88Har Mo28cull97 Mhicehs, s Tes eby

i ncorporated b ref erence, t hese experinents patient-derived segnent

( PDS) corresp%ﬁﬂ?ﬁ%b?ﬁgthﬁJ V protease(PR) and reverse 15 transcriptase
coding regions were either patient-derived segnents anplified by the
reverse transcr.iption- polynerase chain reacgion net hod (RT-PCR) usi ng

)
viral RNA i sol%tedPFrBRES r al*Bidr t iR 6 r e SENPARP) t helder dFRgf Primer
H V-i nf ect@d i mpihsAgenl s @wgederes memsitsEwf did d " patient-derived

segments contained sequences resulting in Apal and Agel

recognition sites being introduced into the 5' and 3!

termini of the PCR product, respectively as described in

PCT International Application No. PCT/US97/01609, filed
15 January 29, 1997.

Resistance test vectors incorporating the "test" patient-
derived segments were constructed as described in PCT
International Application No. PCT/US97/01609, filed
20 January 29, 1997, using an amplified DNA product of 1.5
kKB prepared by RT-PCR using wviral RNA as a template and
oligonucleotides PDSApa (1) and PDSAge (2) as primers,
followed by digestion with Apal and Agel )or the
isogchizimer PINAT.) To ensure that the plasmid DNA
25 corresponding to the resultant resistance test wvector
comprises a representative sample of the HIV viral quasi-
species present in the serum of a given patient, many
(>100) independent E. coli transformants obtained in the
congtruction of a given resistance test vector were

30 pooled and used for the preparation of plasmid DNA.

A packaging expression wvector encoding an amphotrophic
MuLV 4070A env gene product enables production in a

registance test vector host cell of resistance test



20 H'V-1 nmade by site directed nutagenesis of a parental clone of

resi stance test vector DNA. Isolation of viral RNA was perfornmed using

standard woovedur es (e.g. RNAgents Total RNA |sol ati on SPET/ER91/18882nEQA,
Madi son W or RNAzol, Tel-Test, Friendswod, TX). The RT-PCR 25 protocol
was divided into two steps A retroviral reverse transcriptase [e.qg.

Mol oney MULV reverse transcriptase (Roche 58bl ecul ar Systens, |nc.

Branchburg, Nigcter uirah pperoblast ubiishyicrus efAN) engder safect human
transcriptase, P%NAV IRg8l Na“]!@@&értaﬁ@é“ %@%EO'x}e%tdx'\é)] 1? Ué?? t}PLv
transcri be vira into cDNA. The cDNA was hen anp

t her npst abl e CPEPD| YirERasbe[ exgertiag (Hodew wvéeuuaedsyet élﬂfﬁnslfﬁe?t a

Branchburg, Nl%ac]lé@lnéR@l@)@% M iecul ghcsy st-amB £ebReq, %rr?en('}%’é'i 9eeM) i
Pri mezZynme ated from Thernus brocki anus, Bionetra, WO 01/96611

PCT/ US01/ 1 882re%&rr7€%f1t itRyeAS Ger NERFIFLAACE oMb nFECERTof Leotier msdidbl e

pol yner ases a%@@scklale@ﬁgfﬁ@t /{mé@imnceeef:o Iommlc@pR eﬁgeaees M,
(1994) Proc. Natl cad. Sci 2216- 2220 g Expan

Fidelity POR SyeRkprrImiais u%j’cm?%o%ﬁ?’l HgBF %ﬁﬁH@ mis| H&.eenaegh $hq N)

OR GeneAnp Xlr&6RsKahcé Tt BeetVeﬂea\,tofRoebe bakeckl aprousitei®n | Ae . the

Br anchbur g, The r| mers, Apal priner PDSAp nd Agel prinmer 10
( PDSAge) , usedr%%l er tHSE t este ad! i eftede \i%eolal é%%ent OGRS

sequences1 esybd ot PodPate ant Hyed téeeogémtwnvﬁraes;p@eu@lwt roduced
into the 5 and 3 termni of the PCR product, respectively as described
in PCT International Application No. PCT/US97/01609, filed 15 January 29,
1997. Resi st areesiesinvecterss s noarpormdd ngithe rdeisttagad | €8t vectors

were carried out using packaging host and target host
cells consisting of the human embryonic kidney cell line
15 293 (Cell Culture Facility, UC San Francisco, SF, CA) or
the Jurkat leukemic T-cell 1line (Arthur Weiss, UC San

Francisco, SF, CA).

Resistance tests were carried out with resistance test
20 vectors using two host cell types. Registance test
vector viral particles were produced by a first host cell
(the resistance test wvector host cell) that was prepared
by transfecting a packaging host cell with the resistance
test vector and the packaging expression wvector. The
25 resistance 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.

The resistance test +vectors containing a functional
30 luciferase gene cassette were constructed and host cells
were transfected with the resistance test vector DNA.
The resistant test vectors contained patient-derived
reverse transcriptase and protease sequences that were

either susceptible or resistant to the antiretroviral



derived segnments were constructed as described in PCT |International
Application No. PCT/US97/01609, filed 20 January 29, 1997, using an
anplifi esv@bdro@ribduct of 1.5 kB prepared by RT-PCR usi ngP@TNaé/BB as a
tenpl ate and oligonucleotides PDSApa (1) and PDSAge (2) as priners,

foll owed by digestion with Apal and Agel )6%5 the isoschizinmer PINAI.) To
ensure that the plasm d DNA 25 corresponding to the resultant resistance
test vector QHfHISes £S4dpredent atql\?éeé”&%ee of SVRESAI V VFPRPCqaREPSE

Epeci Ie_s ItOF ese][}_tnﬂirb{&”@rasb,ter_tmgt_sa ?ihdfﬂrl‘n@ﬂté'tc%ltd{e_ rrp@w?réeleahng@dﬁp@a@%nt

. coli transformants obtained in the _construction o iven resistance
test vector wer¥IBHHEDl edNEhd StsedPRdr t%@tﬁraéﬁaraﬁﬂaﬂb%oﬁ?asmd 5%& A
pacléagi ng eﬁﬁrﬁ@'i@iﬁﬂ@t OtegBcogdiBgoan anphkal r qpitci cIMaV léﬁ&&wiéclzeav @sne
product enables productjon in a resistance test vector cell o

resi stanc testir%gﬁ‘?@ﬁlﬁl e/ ’8%51??[%@%? 6% e VEOF OV P@ﬁipr}ﬂq%l &é’s\}-ﬂhi ch
can efficientlyelid eceibuarn it arlget peelsksiceRest sthaeactestt VBRI ®f Swere

encoding all HV .genes,w.th the exception of v were used _to transfect a
packagi ng hostUS§d | (Oonﬁﬁ%??:ﬁns agcq{egcd, hf’ﬁg host™ el 5%%%‘%% ejdqtg%ées a
"resistance testsarecd orohoNRTHE | "'Or NNREIpackagi ngnexphessporseeckeor ofhi ch

encodes the anphotrophic MULV 4070A env n ro IS d w h
resi stance test %ec?%rn?océ)ﬁlacbelné:%g%&(?glgti%ﬁ ﬁ'ﬁp hggﬁéési s?lgl%ce%éelg?g vg)gtor
host cel | 1®f inhiectease Hripselidot ypedives] stiancd nfestt edecttargeitr ahost

particles. Resjstance_tests d_w i t_acgpﬁg . 0 r
carried out us(%eﬁlgf%agﬂagt?lﬁg Eﬁ%és%%ér% <tjgllr é}%{r&/ﬁ%@f ce ét%i%tnlsoﬁgi%g gﬁlgﬁe
human enbr yonivaki deswasesld Epnethls 20®urCel PICUlvek teFaze | innpdudedann

Franci sco, SEié%Qcégd target host cells in the absence of drug. “Drug
resistance” was measured as the amount of drug required

15 to inhibit by 50% the luciferase activity detected in the

absence of drug (inhibitory concentration 50%, IC50).

The IC50 values were determined by plotting percent drug

inhibition vs. logl0 drug concentration. Stimulation of

viral replication was measured as the percent increase in

20 luciferase activity detected when infection occurs in the

presence of drug as compared to in the absence of drug.

Host cells were seeded in 10-cm-diameter dishes and were
transfected several days after plating with resistance
25 test +vector plasmid DNA and the envelope expression
vector. Transfections were performed using a calcium-
phosphate precipitation procedure. The cell culture
media containing the DNA precipitate was replaced with
fresh medium, from one to 24 hours, after transfection.
30 Cell <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 used to infect target host cells, or being

stored at -80°C. HIV capsid protein (p24) levels in the



the Jurkat | eukemc T-cell line (Arthur Weiss, UC San Francisco, SF, CA).
Resi stance tests were carried out with resistance test 20 vectors using
two host webl/vdsypes. Resi stance test vector viral particPepuserssger oduced
by a first host cell (the resistance test vector host cell) that was
prepared by transfecting a packagi ng host700ell with the resistance test
vector and the packaging expression vector.” The 25 resistance test vector

viral particl 88rNessechefebiseuléurenfiRdia veEsndHeyidd Prhent aFgat

host cell) inmahheld Sheiediriass oy afhd heahneh cal s geseTd s reaguredx, The
resi stance test vectors containing a functional O luciferase gene

3
cassette wer eMPdnst AFGEE it Hdsiotel 1 ISteretranst Lt ¥ wi DB/ Thewere

resist ance t e@%a\t%@t 0 nDNAe11 T@lm@&iestﬁ@%i&estcmw S i@l@@:tc%ii@ﬁl@ were
patient-derive reverse transcri pt an rot ease seqguences tnat were
3 #ht ancie Gl

ei t her suScepPEBILETBEY esitH I t o° anfHr&tFEvi r i€ 01/ 1 mock
PCT/ USO1/ 18882 ra68 fagenivhs SUad aNA)UCbeositkend Pvet Send r aRsCkiipliase the

i nhibitors, (NRTILs) non-nucl eoside reverse t cri se_inhibitor

(NRTI's) and pROEEEEA I tiT'or YCRRE. FGEMichr ol | WEETORE: Gk FaPeLope

particl es prodwpeeskydn tpaashedti ngohke tesitdirarceotrestomeciiar sDNAFtato

host <cells, either .int resence or absence .of PRIs re .used

i nfect target lﬁ%gtct&gﬂ’s h@?%mﬂegiltahe‘?aﬁ nTthgvedh ec%}’x‘(\eNl%ﬂSslSorkal%Fs,

(i(r) :n _tpelOpr es(@meg[a) | wes easideg] cguo](c:eaéma:lat {m@iﬂ .of tdft:al]dr ﬂlgflsaf!@e aweuat of
uci ferase_activity:pr ed in in ar st gells in .

t he- presence 81}5%%3/%% nfgéa%ﬁlg(gln%ra ?%n%ggﬁsgﬂig (9\$\g§§20npa1ﬁ%a% %%hi&ﬂ:étg%unt

of luciferaseeffedticedfi rthe nfleugedvasar getehwsnedellsing the abskhoeing

drug. "Drug equation:

15 % luciferase inhibition = 1 - (RLUluc [drug] + RLUluc) x
100

where RLUluc [drug] is the Relative Light Unit of
luciferase activity in infected cells in the presence of
20 drug, and RLUluc is the Relative Light Unit of luciferase
activity in infected cells in the absence of drug. IC50
values were obtained from the sigmoidal curves that were
generated from the data Dby plotting the percent
inhibition of luciferase activity vs. the logl0 drug
25 concentration. The drug inhibition curves are shown in
Fig.3. The percent luciferase stimulation is the
negative of the % inhibition calculated using the formula
above. Curves showing drug-dependent stimulation of
viral replication are shown in Fig. 4.
30
EXAMPLE 2

Correlating Phenotypic Susceptibility and Genotypic
Analysis



resi stance" was neasured as the amount of drug required 15 to inhibit by
50% the luciferase activity detected in the absence of drug (inhibitory
concentr W0 onyeOLy | C50). The 1C50 val ues were determ neBCHysS@l/B8s2 ng
percent drug inhibition vs. 10gl10 drug concentration. Stinulation of
viral replication was neasured as the percgnt increase in 20 |uciferase
activity detected when infection occurs inthe presence of drug as
conpared to in the absence of drug. Host cells were seeded in

10- cm di anet ephdndeidn GutRicd tilvanthe Gl vl ol avierf eV Ratdings W th
resi stance 25 test vector plasm d _DNA and the envel ope expressio ector.
Tr ansf ect i ons NErE 55T r Wedt u¥PHRGC4Sc 4% uﬁ?nf)’ﬁjé’é‘%g%eaﬁr %‘??Jg?e?%nln
procedure. Th@xeeidleCult uries tethice onleitni igctbes PNAPr edicpicsat @evwased
replaced with fres‘[éarredi um . fromaone to 24 hours, .after tr%ns&e tion. 30
p&rE s

Cel | cultore mEqMh Tont ACATAGPES siiceEEEPTVESLHS ViTal cl¥s fa
har vest ed onephenboytpidays aktey transfecidtarmang was apassedeclilyr oughnd
0.45-mm filter_ _bef.ore _.bein sed,to jnfect target.host _cells, or bein
stored at - B0 Y EkiS cd iordtel W {par T | BVELEPERDtRE WO L bEeTaST OF
PCT/ USO1/ 18882nt10 reairvesitred cdlrlugeul t urenimediceensdr eodiet enti nedt byvanakl A
nmet hod as descti bed h nufact ur Al C- F er| ) ... Before

i nfection, ta%%ggsce%%gt(%Qg@gﬁ§%?ngﬁ§e%§regfpléﬁ%d F%ggg ?Dgﬁp tire #8dia.
Control il0f echivodsosecde Sepmdfay nechnsimipioedd tnliihrteoned(BRTE®M Mook -
transfections or. f i ﬁgg; [ i 1g. es) t
vector plasm cIjl(J%gv%ﬁ%dﬁmﬁet\{ e eﬁé\:/éea}rgép}'zrl expseraéegﬂsriﬂ'glnlg p %rsém' gﬁﬁ%]?ggfb %ﬂ%iee
or nore days afpseasenfaéshibhtorhe BRAEN wafheemverll apd céthas ysias bhéf er

10 (Pronega) @?{Eaﬁ%%q (=25 eaﬁ&/v\e!ijruggel L)rl ysates ci’i‘?;[ge targets become

available. An IC50 is determined for each resistance

15 test vector pool for each drug tested. The pattern of

susceptibility to all of the drugs tested is examined and

compared to known patterns of susceptibility. The effect

of drug on viral replication (i.e. luciferase activity)

is further analyzed for any evidence of drug-dependent

20 stimulation of viral replication, which would appear as a

negative percent inhibition in the drug susceptibility

graph. A patient sample may be further examined for

genotypic changes correlated with the pattern of
susceptibility observed.

25

Genotypic analysis of patient HIV samples
Registance test vector DNAs, either pools or clones, are

analyzed by any of the genotyping methods known to one of
ordinaryt standing in the art (see PCT International
30 Application No. PCT/US97/01609, filed January 29, 1997).
In one embodiment of the invention, patient HIV sample
sequences are determined using viral RNA purification,
RT/PCR and ABI chain terminator automated sequencing.

The sequence that is determined is compared to control



assayed for luciferase activity (Fig.3). The inhibitory effect of the drug
was determ ned using the following equation: 15 %/l uciferase inhibition =
1 - (RLUweojeisug] = RLU uc) x 100 where RLU uc [drug] PETAR&/1®882ati ve
Light Unit of luciferase activity in infected cells in the presence of 20
drug, and RLU uc is the Relative Light Unit of luciferase activity in
infected cells in the absence of drug. |1C532 val ues were obtained fromthe
si gnoi dal cur vESAVRBEFSRerregpitler dhedtie oApthbagat by 1pl ctemprrede tperzent

i nhibition of Lughbferasecthyi b)ét‘i%ntt fiﬁcﬂ&m@o di 49 23 GBACRIH rald L1}, The
drug inhibition curves.  are shown in Fi The percent |uciferase

stinulation i sifhe@vakhlblee of ThRe 91 t £8n waEEned edolsi srRAYGRCES

fornul a —abovernQHr vese Show Agr&htig- ﬂeﬂ@n@%@t sbhiubat i 6f Qlre ViFd&l tment
replicati OB are shown in Fig. 4. 30 EXAVMPLE 2 Correl ati ng Phenotypic
[

Suscept i bi Pi t yS&AHSEEROEPPi EOrﬁﬁéﬁfr?ﬁs taothbe/ 9682TVRPETPRSDPLYB882 71
Phenot ypi ¢ susceptibility analysis of patient H 'V sanples Resistance test
vectors are constructed as described in Exanple 1. Resistance test
vectors, or clBREBOH¥PLGed SHSeRhitHd 1tdsi stnmbEs st ofectditepociireaied
tested in a plaaBahypi c assay to determ ne accurately and quant| tatively

the |l evel of s Lol I etrovira dru Thi s
panel of anti d;’% g%?%l é%au%eg Q%% 8'rfclese mer%eri \oé tﬁe ¢cf %E%s Vkl%}\llm
as 10 nucllBosi dbangeér de Iph&nv@(twptcasv@tlt@hmbl odr sSIUREwGeptoipility are

evaluated by construction of registance test 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 known
15 drug resistance mutations that are thought to modulate
the susceptibility of HIV to a certain drugs or class of
drugs. Mutations are introduced into the resistance test
vector through any of the widely known methods for site-
directed mutagenesis. In one embodiment of this
20 invention the mega-primer PCR method for site-directed
mutagenesis 1is used (Sarkar G, Sommer SS. (1990) .
Biotechniques 8:404-407). A resistance test vector
containing the specific mutation or group of mutations is
then tested wusing the phenotypic susceptibility assay
25 described above and the susceptibility profile is
compared to that of a genetically defined wild-type (drug
susceptible) resistance test vector which lacks the
specific mutations. Observed changes in the pattern of
phenotypic susceptibility to the antiretroviral drugs
30 tested are attributed to the specific mutations

introduced into the resistance test wvector.

EXAMPLE 3



nucl eosi de reverse transcriptase inhibitors (NNRTIs), and protease
inhibitors (PRIs). The panel of drugs can be expanded as new drugs or new
drug targeosi/pweone available. An 1C50 is determ ned forPERTRIWISSS2St ance
15 test vector pool for each drug tested. The pattern of susceptibility to
all of the drugs tested is exam ned and c,p{rpared to known patterns of
susceptibility. The effect of drug on viral replication (i.e. luciferase

activity) is §eirdctesharinet Toft alsceiticinrd diterRireeheddintanbs

st ih'mtJ>! ation of % r@d,rf@pai:&a@é@%r;yy& c&n&m&h&h@w@g ms@ci@e@@twe%per cent
Inhibirtiron int suscgptibillty. .gra atient sa e e
further exani neg\?q’g#f %t%‘g?%e% Ja%%]e’sg%o%}?%ll%%dséﬁl?ﬁet h%;%;?? h of
susceptibility Dependedt ZFiGuiettjipinc odnRepldicatiopatineBIVH M238dpHes

Resi stancestest vector DNAs, either poofsgq clones, are analyzed by any
of the genotypi ng nethods known to one of ordinaryt standing in the art
(see PCT International 30 Application No. PCT/US97/01609, filed January 29,
1997). I n onepeshochtent off t heeditend onediat MesicdilsV S| hesRBYQACeS

are determned using, viral RNA purjficati RT/ PCR and ABI chain

t er mi nat or aut%??aft%%l%e%ﬁe%%'h e Al%gé"@]e%ﬁ'g'ﬁ\ées?%e?s deternined is

gormgr ed to caddDit WROH1£8661 1 cBEDHEISALEB&EhsthdiGafluensegepeespal iim t he
at abase

of thorapll | {TEIBT abl EToTa IGEROREIS G T { GFoBeftencee e ar e
different fromdieegontatol tat-epr esépLpdtr@ntt inke Spguanee andrcaf r alsatedit o
the observed phenotype. FNSNOLYPLC BUSCEPtLOLLT Ly analysis of site dlirected
two NRTIs (didanosine and lamivudine) and a PRI
indinavir. At the time the first sample (designated 98-
15 773) was obtained, the patient began taking a new anti-
viral regimen including an NRTI (abacavir) an NNRTI
(nevirapine) and two PRI’'s (nelfinavir and saguinavir)
(PRIs). The gecond sample (98-1046) was obtained 8 weeks
later and a third sample (98-887) was obtained 16 weeks
20 later. Viral load measurements showed that the patient
experienced a transient reduction in viral load (at week
4) followed by a return to baseline viral load (~60,000
copies/ml) at weeks 8 and 16. Isolation of viral RNA and
RT/PCR was used to generate patient derived segments
25 (PDSg) that comprised viral sequences coding for all of
PR and aa 1 - 313 of RT.

The PDS were inserted into an indicator gene viral wvector
to generate resistance test vectors designated RTV-773,
30 RTV-1046 and RTV-887. These RTVs were then tested in a
phenotypic 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



mut ant s Genotypi ¢ changes that are observed to correlate with 10 changes
i n phenotypic patterns of drug susceptibility are evaluated by
constructwonl/ofeltr esi st ance test vectors containing the speTiliicisssrt ati on
on a defined, wild-type (drug susceptible) genetic background. Mitations
may be incorporated alone and/or in conbination with other known 15 drug
resi stance nutations that are fhought to dul ate the susceptibility of

HV to a cert aFAPVHGE S cl ast®BFVudings. MICASBRE NG e i nt bR ft o
the resistanceatestabieetor tdHdughaBayaoiri he wingdgyr Kknowndaesihogdsiher
site- directed _nutagenesis. In one,enbodi pent of .this_20 inyention the
mega- pri ner PERPNEERGE f oPTEi t ePEYFEEPERS) mut agBfesi BRTE ustPRERPRALTG
Somer SS. (%Qaa)mavf&zqt ecdf (esiB; 4&4—t4ﬂu?a¥vin% r eatistenpeiiaesirvect orn
containing t ecific tation.or. gr of nutations is, then tested
Using t hedphenGeypitASUSEERETBRF Rt § ks dalP 255 GLSEPPERd AB6V S SikPY HeoOL
suscepti bilityopr afddre dsugceepaedd t arhidapadteangefetdwcaddpt idefliited to
wi | d-type (drug SU%Cq:gléi bl e}l res1i: stance test vect OgdWth | acks tI&e c
speci fic mutafionsOt O0sst vEI ERanged th 178 paEEBricEt “'FheqSIPsiree t°
suscepti bi lit ¥nbant hepantermes r ovitr al suseryst Bt Bsy ed ar eA at prithietred toft he
specific nutatiaons . i.nt.roduced into t IS ce vec . 3
T 01/ 66611 PEHPOERE TigaTY SEo Usnﬁthneg RRTR hADC Oy TheL ST
Di r ect ed 1IRUt anbsplies CBAVellaré CGendt yBEY-8Ad.Phénot ypashAsthberat edami t &

NNRTI  Dr S i.bil i i St , d - ' '
of Repl 1 Cat i ORCERTAIG: NBSOL T 5 yigney 2 CEHOL-CRResERiest 1AM atyon
and a gignificant decrease in nevirapine (>600-fold) and

delavirdine (>250-fold) susceptibility.

15 Determination of genotype of patient HIV samples
RTV-773, RTIV-1046 and RTV-887 DNA were 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,
20 NM) . The genotype was examined for sequences that are
different from the control sequence. In RTV-773
(bageline sample) mutations were noted at HIV RE codons
41, 74, 184, 210, 211, 215, 228, and 296 compared to the

control sequence. Mutations M41L, L74I, M184V, L210W
25 and ‘T215Y are associated with NRTI resistance. The
mutations R211K and T2965 are known sequence

polymorphisms found among different wild-type (drug-
gsengitive) variants of HIV. 1In RTV-1046 and RTV-887 two
additional wutations appeared at 181 and 230. The
30 mutation Y181C has been previously shown to be associated
with resistance to the NNRTIs nevirapine and delavirdine
but not efaviren=z. We examined the mutation, M230L,
alone, and in combination with Y181C, using site directed

mutagenesis and in vitro phenotypic susceptibility



Preparation of resistant test vectors and phenotypic analysis of patient
ARG 014 H V sanpl es Resistance test vectors were constructed as descri bed
in 10 Ewveopl/esell from virus sanpl es obtained from an i ndi PCOUS1/18882L | ent at
three separate tine points over a 16-week period. This patient had been
previously treated with two NRTIs (di dan%g ne and | am vudi ne) and a PR
indinavir. At the time the first sanple (designated 98 15 773) was

obt ai ned, thetgatildit begatPTekiFHe® a théw aREFTVOTr A3 fred i neéfREr¥eean
NRTI (abacavi k) tan JN¥RBtyplenevi rapine) and two PRI's (nelfinavir and

saqui navir) PRI s).  The second sanpl e (98- 1046% was obtai ned 8 eks

| ater and a t K& sﬁﬁﬁ?%t?é&r@ﬁ:ﬂg%%t HPREd Y% weBkdTPD Hag erolg raf

| oad neasur emppfes ighenestdtontdei paphenbrypiperdaieet idilliaRsient anti-
reduction_in viral I,oaq at week 4)Vfollovved by a return to baseline viral
| oad (60, 600 *E&FCFER ;jﬂ‘g\ﬁeéﬁ‘s}% and 16. Isolation of viral RNA and

RT/ PCR was used to generate patient derived segnents 25 (PDSs) that

conprised vir S ences coding for all_of. PR and as 1 - 3 of . _The
e wer o i nsedisn T aRerea Gh BRE o SHETOFREPD, 0TS, = (bl Yoront e (dFud
resi stance teskenedetiogry dessgnsdmecke RE¥sT73ject3fy REViHQ46G hendndJd/-887meFhese
RTVs were then sted.in a.phenotyplc .ass tQ deterniLne_accurately and
guantitati vel Ve:tﬁng eJ?/Ole 81‘1%0@(1:5%%’ |dl ir?lia/tyaf erlaesplasnel %Farar?ﬁd?é?rrx% Ttal
drugs. THOs paneld.of. anthereesolting rdsigsacoeprbiesed \neriber scofitdeing

cl asses knowngs MBI WO 04 96613, PCTL USHH 18882 174, (A1 SQWdiec e
| ani vudi ne, Stavuditie,” di'danosi ne, -zal'citabine. and abacavi r), JIﬁ?\i‘-?Tilzs
(del avi rdi ne, phefhaxrivirdnz msshnedeseapilped, eantiPRl s apdmibenatgsylts were

compared to those determined using a genetically defined

resistance test vector that was wild type at position

15 230. We  determined the pattern of phenotypic

susceptibility to the NNRTIs, delavirdine, nevirapine and

efavirenz, in the M230L-RTV. On a wild type background

(i.e. M230L mutation alone) the M230L-RTV displayed a

moderate loss of susceptibility to efavirenz (23-fold),

20 nevirapine (39-fold) and delavirdine (58~fold) compared

to a wild type control RTV. The M230L-RTV showed a drug-

dependent stimulation of <viral replication in the

presence of delavirdine (~50%) and nevirapine (~50%) but

not efavirenz. A resistance test wvector containing the

25 M230L mutation and the Y181C mutation (Y181C/M230L-RTV)

was constructed and tested using the phenotypic assay

desgcribed earlier and the results were compared to those

.determined using a genetically defined resistance test

vector that was wild type at positions 181 and 230. We

30 determined the pattern of phenotypic susceptibility to

the NNRTIg, delavirdine, nevirapine and efavirenz, in the

Y181C/M230L-RTV. The Y181C/M230L-RTV displayed a

moderate reduction in  susceptibility to efavirenz (25-

fold), and high-level reductions in susceptibility to



indinavir, nelfinavir, ritonavir, and saquinavir) . An 5 |1 C50 was

determ ned for the resistance test vector pool for each drug tested. The
pattern ovosusweptibility to all of the drugs tested wasPerafImsesand
conpared to known patterns of susceptibility. A pattern of susceptibility
to the NNRTIs was observed for patient 10 sanples RTV-1046 and RTV-887, in
which there was a noderate decrease (5-folkkd) in efavirenz susceptibility

and a significasyidepiaase (Ds06vEsa@] Ne 4@00-dol )1 A0the de'@‘éﬁdﬂﬂ@ﬂc{}
(>250-fold) susceptibility. 15 Determ nation o%gggnot pe of patient
sanpl es RTV- 773°TRRYEL058  and1RAVEEB? ORATHELe RaNal y B 841/ M2 g TRTV

term nator autenaied sequengi-AgpehBenBugkeaiilde i opedFeRGe-MaS-GAMRAed, | 0
t he consensus sequence _of a dade B HV-1 (HV Sequénce Dat abase

wi | type
Los Al anos, ZOlRmiheTﬂ€e§§ﬂ8?yBg ﬁﬁé 8kahPfied RofSsequences that are
different $romthe control sequence. In RTV-773 (baseline sanple)
nmut ati ons were noted at HV RE codons 41, 74, 184, 210, 211, 215, 228, and

296 conpared to the control sequenceE¥%M£E%i ns MA1L, L741, ML84V, L210WN
25 and T215Y are associated with NRTI Sistance. The nutations R211K and

T296S are known sequence pol ynorphisms found anong different wild-type
(drug- sensitivejoualy &S MandeVreldt FFEYTLI46 ard S@T:\é' %%%‘etc\%d WAL nal
mut at i ons gppeared at” 181 and 230. The 30 nutation Y181 as been

previ ousl Y9 shown TP GRFERLRLS aPEROtYPER PES SIRARIEYRES hBSARRFRSSAeWitdpi ne
and del avi rdi ne NNRTINnODrefavEuee&ptYBibxew naedt heedalednad, MBObrug-

al one, and in coghinaty 1 Y181C. _usi.ng, si.te directed t age is and
invitro phenoty%%%ggﬁise%%p}tl\%%ﬁ? ?tWOTFQgﬁlﬁiﬁgblfﬁ8§@' %Q?SL *
K

3N

15 Preparation of resistant test vectors and phenotypic
analysis of patient CCTG-2165 HIV samples
Resistance test vectors were constructed as described in
Example 1 from virus samples obtained from an individual
patient at two separate time points over an 15-week
20 period. This patient had been previously treated with
two NRTIs (stavudine, laminvudine and a PRI nelfinavir).
At the time the first sample (designated 99-2-009089) was
obtained, the patient began taking a new anti-viral
regimen including two NRI'’s (zidovudine, lamivudine and
25 an NNRTI). A second sample (99-2-009839) was obtained 4
weeks when viral loads were undetectable,  later and a
third sample (99-2-010835) was obtained 15 weeks after
baseline. A brief cessation of therapy was noted (8
days) between the second (wk 4) and third (wk 15) visits.
30 Viral load measurements showed  that the patient
experienced a transient reduction in viral load (at week
4), followed by a return to baseline wviral load (~2,000
copies/ml) at week 15. Isolation of viral RNA and RT/PCR
was used to generate patient derived segments (PDS) that

35 comprised viral sequences coding for all of PR and aa 1 -



testing to correlate the observed changes in genotype wth phenotype. Site
directed nutagenesis used to confirmthe role of specific nutations in
phenot ypiveosuseepti bility to anti- 5 retroviral drugs in PCWUS611888230L
mutation was introduced into a wild-type (drug sensitive) resistance test
vector using the nega-prinmer nethod for site-directed nutagenesis
(Sakar-and Sommar, 10 Ibid.). The resulti nZJ resi stance test vector

contai ning thelWp30LRAuEEEMORLEMPBEEL RIY) 2iRds WEREN 16e SPER1ESI-ng Tiige PDS
phenot ypi ¢ assgyrdesgiddiadpanhier , agnd ddie-diesdll Leneer 1§k &ht 0 ddose
determ ned using a genetically defined resistancé test vector that was
wild type at pdRieTdre 1FISECaRCetErk nEACEAES paleErRafebh &t PHiae s
susceptibilitys49 theyNNRI$ss . del amhdsh nerTieViad nerdid  fAdd enz, in
the M230L-RTV. On a wi|d type background éi .e. M230L nutation alone) the
M230L- RTV Wi spPRSRCEP FodertsteY osst8f sudeERpIPhifi ty 3T ER3RRenz and
(23-fold), 20 qevtapitevéB9-tnkdleand dg avidatipe 58wl €) gsoppaced oft 0 a
wild type control, RTV. The I\@SO -RTV showed a drug- dependent stinulation
of viral repli@TdttorerRCYHe™" pr e of | éFav??%&ne Of- ~&RF AT ne
(-50% but nadrefavidsizriskd eaetbanse dfestheead dsant &nbivag dde NI 30L
mut ati on and thedY18%C mut at i qn .Yllg‘%C/ M230L- RgV)V was constéuat ed and
tested using tAEPRERGEpI ¢ agsaéé/lv ST bed EXAVUE A t hedf 88UPES Ner e
conpar ed 1@ t hoskcitsabbia) nedd usbagaaigenENRTaEl {ddebiviedinesi sifande drest
vector that was wld ty.pe at %gositi ogTs 1@% and 230. W\ 30 determ.ned.the
pattern of phendtypiSUsERTbi1i 8% o “The NNRTEESHE A r ditRgIavEr,
nevi r api ne anthef@vmaehz, imitdeavivd81GMR38kgRTIWavIke . Y1814 MAIMHO R s

displayed a npderate, 1gdpghi @0 4N RUSERRLIY 1ddt LR HIAVT L80F €82 cach
drug tested. The pattern of susceptibility to all of the
15 drugs tested was examined and compared to known patterns
of susceptibility. A pattern of susceptibility to the
NNRTIs was observed for patient sample RTV-010835 in
which there was a significant decrease in efavirenz (270-
fold), nevirapine (>600-fold) and delavirdine (>250-fold)
20 susceptibility.



fold), and high-level reductions in susceptibility to WD 01/96611

PCT/ US01/ 18882 76 nevirapi ne (>600-fold) and del avirdi ne (>250-fol d)
conpar ed WO 0nYasill d type control RTV. The Y181C/ M230L- RTV PETHORd 8882

drug- dependent stimulation of viral replication in the presence of any of
the NNRTIs. 5 EXAMPLE 4 Using Resistance Test Vectors and Site Directed
Mutants 10 to Correl ate CGenotypes and Phgﬁotypes Associ ated with NNRTI
Drug Suscepti PeterpinadiRssioft aesetame Bfugathepdn Gt sSmphsisati on of

Regl [ ﬁati on i RTM-‘QS:olsl%@O_ )L afhd KO8N 11%%Gm216gﬁéﬁf)@ ﬁanyﬁé@%ﬁ?AEES&hﬁﬂﬁt ors
an P enotyplc anal ysis O patle t \ Sa S | stance t est
R g P8 LU D B b e i o o LS r A

obt ai nEd fromwar | achyheedl topathentcoaisanmss epafatrcti IBF PRI ALiS. DVEYpan
15-week 2Q period. Thi tie ad, been preyiously treateq with t NRTI s
(S i o3 Pl e P ad Sl e R T PaRRaten ot ma oY b
sanpl e (desi gmaked $h=wRH008@hswaexapdittaidnedf ot he spaticantsbegdamtd akang a
new anti-viral RI zi dovudi ne,

. r-eqgi men i_ncl udi t wo S am i 25
o NRT ) A SaER B e orb0 F52008835F Chas “EHEIHED 4 dBokiT YHORSOREal
| oads wer e undetectiablse wdrat etotadd ¢ dgdBitd eanpl e, (0@ 2-0ADB3BFoWas78,
obt ai ned 15 s after sel.i.ne. brj at o he y wa ed
(8 days) bemgn s c@?fdgj(lvek_ ﬁ&dnoiﬁﬁ _rﬁd;'%’\/\ké%g’) %/Flﬁsi_ CLERY ARR 28Y) oad
measur endiit s showedethat tohe pad¢i ertontexpler i erceeknaet.r anSnent REFEAUt0BBA i n

viral Toad (ol 6k oo LG oA RHEDL dRAAS S5 YA R) o] 0Pt

mutation K103N has been previously shown to be associated
with resistance to the NNRTIs nevirapine, delavirdine and
efavirenz. We examined the mutation, M230L, alone, and
15 in combination with K103N, using site directed
mutagenesis and in vitro phenotypic susceptibility
testing to correlate the observed changes in genotype

with phenotype.

20 Site directed mutagenesis is used to confirm the role of
specific mutations in phenotypic susceptibility to anti-
retroviral drugs in HIV
The M230L mutation wag tested alone and is described in

Example 3 above. A resistance test vector containing the
25 M230L mutation and the K103N mutation (K103N/M230L-RTV)
was constructed and tested using the phenotypic assay
described earlier, and the results were compared to those
determined using a genetically defined resistance test
vector that was wild type at positions 103 and 230. We
30 determined the pattern of phenotypic susceptibility to
the NNRTIs, delavirdine, nevirapine and efavirenz, in the
K103N/M230L-RTV. The K103N/M230L-RTV displayed high-
level reductions in susceptibility to nevirapine (>600-
fold), efavirenz (>470-fold) and delavirdine (>250-fold)



copies/m) at week 15. Isolation of viral RNA and RT/PCR was used to
generate patient derived segnents (PDS) that 35 conprised viral sequences
codi ng fovoaldesof PR and as 1 WO 01/96611 PCT/ US01/ 18882PCT/PS@1Bssyf RT
fromthe baseline and week 15 sanples. The PDS were inserted into an

i ndicator gene viral vector to generate resistance test vectors designated
RTV- 009089 and RTV-010835. These RTVs weregsthen tested in a 5 phenotypic

assay to determmpaasdur:at el wiaad ty@iéa%dt&blvﬁdﬁfth@HeeW@Oﬁ/M23fOL -RTV

susceptibility anel antL-ret rov ral drugs. This panel
anti-retroviraf (ar u%%o‘@%ﬂpr?%%lﬁllhb UG 1CREITEs KOs IR of

zi dovudi ne, | anvaili neplstoaidimein dtﬂan@_ﬁle&%ndeo aal ﬁéb@?‘aﬁ@geggﬁim %),
OR3-S S S T .3 (L S TSR 1/ O M1 S
was det erfi nededor vesdtor eso&tamn&nges&ha/hemeglol,pooklctﬁmt ﬁgﬁh %Héumﬂﬁﬁéed-
The pattern of scetlbll rugs tested was exam ne

p HEEERAL D kb b Bl bBTeiRvT ) HRep attern rorted | and

and conpared t'0" KT OWA pattern _ _
suscepti bili tytetxantedheusNNBTHshava@hehseyped faers agatdesd r Sl eaRTYe01Q835 in

whi ch there La ecrease | favi.renz (2 ), nevirapine
( >600- f ol d) ang %e?lae\%{ur @%g% Oc?rrclﬁa&ecy O5 ek i E?] eﬂﬁln\‘ﬂ% 04798811
PCT/ US01/ 188823e17®t£3eab1}7n detfiordofregdratayme o:fesrratv@dﬂttoﬂ Vhaambkes wild
RTV- 00908 V;01 - werg a I yzed, BI ain ter m nat_or

aut omat edﬁ?seqtr}g’r}%rngg %%g?t%lﬁeotl rslgcé]lue ceby%lés cOnparadifoopngt the
consensus seqUénEV ofubapidd pppe 5h@ dled BT HIM2 0T HhacSeguencesRatabase
Los Alands, NM. rcyersal of the drug-dependent stimulation of wviral

replication.

15 EXAMPLE 5

Using Resistance Test Vectors to Correlate Genétypes
and Phenotypes Associated with NNRTI Drug
Susceptibility And Resistance and Drug-Dependent
20 Stimulation of Replication in HIV: M230L + K101lE +
K103N + @G190S

Preparation of resistant. test vectors and phenotypic
analysis of patient CCTG-1025 HIV samples

25 Resistance test vectors were constructed as described in
Example 1 from virus samples obtained from an individual
patient at two separate time points over a 48-week
period. This patient had been previously treated with
four NRTIs (zidovudine, stavudine, didanosine,

30 lamivudine, and a PRI nelfinavir. At the time the Ffirst
sample (designated AA2919) was obtained, the patient
began taking a new anti-viral regimen including two NRTIs
(stavudine and abacavir) and one PRI (indinavir). The

viral load in this patient fell below detectable and



The genotype was exam ned for sequences that are different fromthe
control sequence. In RTV-009089 nutations were noted at positions 49, 102,
122, 169,wWQ#89661184, 195, 200, 211, 245, 250, 275, 276, 2FQT/U8@6GI88%8:nd 294
10 conpared to the control sequence. In RTV-010835 additional mutations
appeared at codons 103 and 230. The nutation K103N has been previously

shown to be associated w th resistance to®?he NNRTI s nevi rapi ne,
del avi rdi ne aneemeiBeir eRdafecErPtenedtehe Abt ataHtiIEBOL, 4Ponaleskst 15

i n conbi nati ong & D K123 dISiR@e t €odi 186t g i AIeRESS aNdyddlc Vit O
phenotypi ¢ susceptibility_ testing to correlate the observed changes in

genotype wi t hSpheRdt PAEP1Z0 §ie? NIV waeagdredined £L8iswacks ediran m

the role of speei fherMHtabhoRs igtuRenHaPi hsUsLeRt | bbbt Ynkeealbly to
retroviral dru%g< in HV The M230L nutation was tested alone and is

described n Banmpl Falabte. o r a5itstlanE¥A e8Rdy RTOFCR o3 nitiFd he© 25

M230L nut ati Of%@rﬁl@réﬂﬂ@ CHRIN It abi-@he A KIEEWMIVEIDL (BDY) Weisa €€ ORI Gied and

tested using the g enot%/%lc assaé, degcri b ? e%rlier, and the results were

conpared to thoserl dBedraPRed GSPhfTa BEn@‘tf' c8FI YRdBFPNBE resi Stantd st

vector that wasrawm! dltypshade poshpless 10hanpD@3Gerde 3:dseaiel nined the
NNRTI s, del avi rdj ne,

pattern of pheno iC susceptibility to th

Revi rapi ne and:SHA0Fiehy SR (FEFR I BIRFRBI0C. RIVSIRE KADSIPEa0E- fAFT

di spl ayedihi ghvedeyets deduehiagrs iRTWUETEPt &hdl RIY-DO2000I.r apThesé>®i0/ks
fold), efavirenz >470-fo|td anog del avirdj ne (>250-f ol dg V\lg 01/96611 .

PCT/ US01/ 18882"C%8 cohpar ¢3S Wil d®t yBeSESY Yo RIRPa¥hd K1 € RTV

al so showed sigmddtraaely dand- depehdeatiseilpubhei dpvell of susceptibility
to a panel of anti-retroviral drugs. This panel of anti-
retroviral drugs comprised members of the classes known

15 as NRTIs (zidovudine, lamivudine, stavudine, didanosine,
zalcitabine, and abacavir) NNRTIs (delavirdine, efavirenz

and nevirapine), and PRIs (amprenavizr, indinavir,
nelfinavir, ritonavir, and saquinavir). An IC50 was
determined for each resistance test vector pool for each

20 drug tested. The pattern of susceptibility to all of the
drugs tested was examined and compared to known patterns

of susceptibility. A pattern of susceptibility to the
NNRTIs was observed for patient RTV-012090 in which there

was a significant decrease in sgusceptibility to efavirenz

25 (>450-fold), nevirapine (>600-fold) and delavirdine (144-
fold) susceptibility and significant drug-dependent
stimulation of viral replication in the presence of
nevirapine (~80%), delavirdine (~30%) and efavirenz

(~40%) .



viral replication in the presence of nevirapine (-.70%, efavirenz (-40%
and delavirdine (-.100% . A resistance 5 test vector containing the M230L,
K103N an@vo hedel84V nut ati ons (KLO3N M230L/ ML84V- RTV) waBCT/ORGH 18882t ed and
tested using the phenotypic assay described earlier and the results were
conpared to those determ ned using a gen%gli cally defined resistance test
vector that was wld 10 type at positions 103, 184 and 230. The addition of
the ML84V nmutation onto the KL1O3N, M30L backbone results in a reversal
of the drug-de ea@\ﬁﬂha%tliowloatlc:@_@g&fvo@ b&_patgRhnitC AtrivoRampd sEBXAVPLE 5 USijng
Resi st ance Test..,V r types type sociate

w t h NNRTI Drggv gﬁggep 82236& esi's aﬁcléear‘{’1 %ﬁy %%e%gn%gr?ts %aln
Stinul ati on oteRaphiatatd @rmtlorma}’dle‘d SRBGNCcE NGL01 Fhe M@Kﬂb&iﬁgﬁé‘quence
Preparati@n of _res t t he lys f | ent
CCTG 1025ng V(,@g #&ﬁsﬁ%ge eg%stea/tlg%e%t ésstgﬂgggt o&%&%%%(ge c%%gtérlug’tiég ag%é
described in CEmdﬁpl B HTW-dm VHiVs Saysiress obehkhedef rlovs ahlondisvi did) -
patient at t eparat e poLnt . Qy8L & 485 ek Lhod, Thi at t
had been pre://\?oésl trcgt ed Q}% %our I;Rﬁlll%ls %do% |ﬁne gtav&%tp Sa

di danosi ne, 30if&sireudi nircand BheR cpRtTPhavBEIUANCERe ti Mgl t HRTY 2819
sanpl e (desi %a\aséléﬁ%%%)ré/vaéoﬁ)@&aaeeﬁxvt e RIS chegar  takjng fa BOW

anti-viral reginmen including t NRTI s stavudi ne and abacavir) ‘and ohe
PRI (i ndilRavi £f2, TH&E8 vi @R | é&é:l nlﬂu s2phti @dtt.f 415 bePdd: dét’dot adb¥ €, and

WO 01/ 96611 PghhUS0344888241 80 sesmified urdet echabhedf ofcan-gddi tionak, 48
weeks.

sequence. In RTV-012090 additional mutations appeared at
codons 101, 103, 190 and 230. The mutations K101lE, XI103N
and G190S have been previously shown to be associated
15 with resistance to the NNRTIs nevirapine, delavirdine and
efavirenz. In this patient sample the appearance of the
mutations KI101E, KI103N, G1908 and M230L are correlated
with the sgignificant drug-dependent stimulation of wviral

replication in response to all three NNRTIs.

20
EXAMPLE 6
Using Resistance Test Vectors to Correlate Genotypes and
Phenotypes Associated with NNRTI Drug Susceptibility And
25 Regsistance and Drug-Dependent Stimulation of Replication

in HIV: V241S + K103N + I135T

Preparation of resistant test vectors and phenotypic
analysis of patient 011073 HIV samples

30 A resistance test vector was constructed as described in
Example 1 from a virus sample obtained from patient
011073. The prior and current treatment regimens are
unknown. Isolation of wviral RNA and RT/PCR was used to

generate a patient derived segment (PDS) that comprised



Ef avirenz was added to the reginen after 9 weeks. A second sanple
(00-2-012090) was obtai ned 48 weeks after the initiation of study when the
viral |oadoonessensed to 5 455. Isolation of viral RNA andP®ITUBRGRSS#s used
to generate patient derived segnents (PDS) that conprised viral sequences
coding for all of PRand as 1 - 313 of RT _fromall three sanples. The PDS
were inserted into an indicator gene vira¥2vector to generate resistance

test 10 vect or'éi iRk §RIVEICRTV-IHHRDNPRTYL61269FR Thede 2RTVS ~welé tdHen

tested in a phenotypiHe assay whe detdFidE iA€6ULAL el ng Ak Sagbhbativelly
the | evel of susceptibilit to a panel of anti-retroviral drugs. This

panel of anti-"§€tovitPal ITrHHRER ofpriSetE ehter $65¢ t heCkPas Se€IFches
as NRTls (zi daovidioeiotam wadi-na,1 oykaviigs neheti dedgséde,in zal gHealivigiand

abacavir) NNRTIs (delavirdine, efavirenz and nevirapine), and PRI's
(anprenavit, iFHEHAviTO q?#%r,aqq%lﬁfﬁr}ix, a&ﬁ% Qé’(f\iftr%ﬁﬁl)"eaym 50
was determ nekfor eaChsteseptabpeeitgsttyect opapedl $or each r2@ rdrtigal
tested. The pattern of Hsceptibiiité%to gl.l og t he ?ru s tested was
exani ned and ed t o"kFowPPat t &ms@bf ~SG5ERPELT Bi| i‘?’i}?gSA FERA YRS
suscepti bilityndmibéhe OHNNRTEtBewaslabserveldnben pati emRTREV- QEAQQLudinshi ch
there was a sjgnificant decrease.in susceptibility to efawvirenz 25
(>450-f ol d) ?}e"’gﬁ‘:'r‘élb(g 1 >600-3 Br ¥ %nd AN (1AL Ge and
suscepti bl it wisnehswignj f i CaNNRUL8g- deféatlent rdshenpul at edavafrewizr al and
replication in the presence % E%$vir N % 9 . | .avi.rdi ne (-30%. and
ef avirenz (-f(ﬁ%l.r%%ﬁ)/ ’96%’% ?Ué%%?f§§ ¥§981tL g?@%%lﬁét Flgr%(folfn%g@gr%type
of patient H \tiszmphesr RTen29EhanichaRMV-)012080 DNAOWeras adatgzeinby ABIr
chain each resistance test vector pool for each drug tested.
The pattern of susceptibility to all of the drugs tested
15 was examined and compared to known patterns of
gusceptibility. A pattern of susceptibility to the
NNRTIs wasg observed for patient RTV-011073 in which there
was a gigificant decrease in efavirenz (>450-fold),
nevirapine (>600-fold) and delavirdine (>250-fold)
20 susceptibility and a gignificant drug-dependent
stimulation of wviral replication in the presence of
nevirapine (~70%), delavirdine (~90%) and efavirenz

(~80%) .

25 Determination of genotype of patient HIV samples
RTV-011073 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
30 genotype was examined for sequences that are different
from the control seguence. In RTV-011073 mutations were
noted at HIV RT codons 20, 67, 69, 70, 102, 103, 118,
I135T, 162, 211, 214, 218, 219, 241 and 277 compared to

the control seguence.



term nat or automated sequenci ng. The nucl eotide sequence 5 was conpared to
t he consensus sequence of a wld type Aade B HV-1 (H V Sequence Dat abase
Los Al any0 o611 The genot ype was exam ned for sequencesPCHVEB0IAISES2
different fromthe control sequence. In RTV-2919 nutations were noted at
H'V RT codons 67, 86, 102, 118, 10 122, 15§ 162, 174, 177, 211, 214, 215,
272, 275, 276, 277, 278, 281, 286 and 293 %onpared to the control

sequence. In RTV-012090 additional nutations appeared at codons 101, 103,

190 and 230. Téprauiaiddnsed1ftEagki@3Ns aub£198S howei BeeRn evbods|oE
shown to be associated 15 with reslsba?ce to the NNRTlgaggilraplne,

del avi rdi ne antPSetayf r BHEAEERREN IS RATIYRHEIpFESERR AFEnce & tie
nmut ati ons KlO0lfetid03dhl GAB0&= aimd WPBOL are correlated wth the

significand drugzdepepdent sblpulaldl ol Alind €11 Cakl QR %Jé%%&ﬁh%e to
all three NNRTIs. 20 EXAMPLE 6 Using Resistance Test Vectors to Correlate
Genot ypes and PyzeE ypes RAYs§ELAT8d SHCeRtNNRE  HraigVBhbse epifibithiet 28K 25

Resi stance and,JXx ug-dependants Skhaul @lsosg ofud3eR | €8kl Ofhehdt M kLS +
K103N + |1 135T Preparation of resistant test_vectors and phenatypic
anal ysi s of pasenpribadoErHieBanplies BOSALFesilghceompatredectdr ipse

constructed aszdeschihed iu%in?a@meplaﬂeh@mmwwﬁofﬁwpl 8 biitRGgh iffM
patient 011073. The prior an current,treatnent,reﬂynens are. unknown.
| sol ati onl®f i@l PRUESERD T/ PERIQBREPLS e FUSEePGdReldltey & pathendNEdrisved

segment (PDS) ddmdvLeadhd sehMRRALi9661dnRCHAIROL LBB82 1 n82- é I aleveaaurnces

coding for al lveocf;tgrR alQTdV?‘glj:.LO'; ;24§1\?;277T. The RTV-011073/241V/277T
digplayed high-level reductions in susceptibility to
nevirapine (126-fold), efavirenz (54-fold) and

15 delavirdine (50-fold) compared to a wild type control
RTV. The RTV-011073/241V/277T showed no drug-dependent
stimulation of wviral replication in the presence of any
NNRTI tested. A resistance test vector containing all of

the mutations present in RTV-011073 except for the V2418

20 was constructed and tested using the phenotypic assay
described earlier. The results were compared to those
determined using the parent RTV-011073. We determined

the pattern of phenotypic susceptibility to the NNRTIs,
delavirdine, nevirapine and efavirenz, in the reverted

25 vector RTV-011073/241V. The RTV-011073/241V displayed
high-level reductions 1in susceptibility to mnevirapine
(146-fold), efavirenz (54-fold) and delavirdine (59-fold)
compared to a wild type control RTV. The RTV-011073/241V
showed no drug-dependent stimulation of viral replication

30 in the presence of any NNRTI tested. In this patient
sample the correlation of drug-dependent stimulation of
viral replication with the mutation at V2418 is wvery
striking. A resgistance test vector containing a single

mutation at V2418 (RTV-V241S8) was constructed and tested



RT. The PDS was inserted into an indicator gene viral vector to generate a
resi stance test vector designated RTV-011073. RTV-011073 was then tested
in a phenoOypd@1b assay to determ ne accurately and quant PCBUSWEI8§82t he

| evel of susceptibility to a panel of anti-retroviral drugs. This panel of
anti-retroviral drugs conprised nenbers of, the classes known as NRTIs

(zidovudi ne, |am vudine, stavudine, didanosine, zalcitabine and 10
abacavir), NNRTstPgel REARAFARIC e PEFAY eI Poey PREPILRE), HMY PRE§Lts

(anprenavir, ipgidaddmpdiedd | RV Ehoskl t @8N Hhinadd Sad Nayi kild Ayked0
was determ ned for each resistance test vgct r pool for each grgg t est ed.
The pattern of¥Hsceht Fhd-ity i GFFSHPIRR cfﬁ't?gsp?EEF’éH 15 wWRECERE P&

and Corrpgr ed t@;é@@mh iRl 1 ey %oothesmmp%iPﬂéhayiréiﬁ@ttﬁéﬂiabpine and ]
susceptibility to the NNRTIs S 0 rve or pati RTV-011Q73 in i C
There” wat o SHRVICSE dact oibe bt A tne (TB80 BT G274 (e BRimHE
(>600-fol d) anshael aviedlidel §@R50:1f olsd)s 2P rdlsidaptt bitd t yieandapisiegni(i-cant
dr ug- dependent i mul ation _of vir plicatign in the presence of

nevi r api ne (- 7%/5%) del SvirdiiEZ(-9 /Z)ir%ﬁn%) ef 3(7‘|8r en%l?\pé%g/br?e 25%6"f01d)

Det er m nati on cdmgerad ype ob patiéntte/ sampled RTV-0110H: DRAVWER41S
anal yzed by ABI,_chain.ternnato aut omat ed. sequenpci ng. - The_nucl eot i de
sequence was Sgb%ea# e(?irltl%n(]f1 e%%%%%nssﬁlsmlég?ﬁle%%eggfV:ég\?\nll EeP%Sa%lé’a‘e B

H V-1 (H M Sequencerdestabasef Losvirapbse KM 03 Thed8Dagendtiype (was séxdmtned

I e B L
| 135T, 162, 2Idrexidce 248, efd@ red4. and 277 conpared to the control
sequence.

15 EXAMPLE EXAMPLE 7

Using Resistance Test Vectors to Correlate Genotypes
and Phenotypes Associated with NNRTI Drug
Susceptibility And Resistance and Drug-Dependent
20 Stimulation of Replication in HIV: V241S + KI101lE +
V106M + I135T + E138A + G1l90A

Preparation of resistant test wvectors and phenotypic
analysis of patient 014451 HIV samples

25 Resistance tesgst vectors were constructed as described in
Example 1 from virus samples obtained from an individual
patient at two separate time points separated by a 32-
week period. The prior and current treatment regimens are
unknown. Isolation of wiral RNA and RT/PCR was used to

30 generate patient derived segments (PDS) that comprised
viral sequences coding for all of PR and aa 1 - 313 of RT
from all three samples. The PDS were inserted into an
indicator gene viral vector to generate resistance test

vectors designated RTV-014459 and RTV-014451. These RTVs



WO 01/96611 PCT/ US01/ 18882 83 Site directed nutagenesis used to confirm
the role of specific nmutations in phenotypic susceptibility to anti -
retroviravodragsiin H'V 5 A resistance test vector contai PCHgSal188gef t he
mutations present in RTV-011073 except for the V241S and the T277K was
constructed and tested using the phenotypig assay described earlier. The
results were conpared to those _determ ned Usi ng.the parent RTV-011073. W
det er ni ned 10 YHe® patReR n tstRtbndtyphc BUCRRPYPHFI 135530 e KRAmIine
del avi rdi ne, W&mﬁ@i@%a@ﬂde&a&ht@ﬂétibélyhghée!éﬁrb@;d ofVe&isleptibility
RTV- 011073/ 241V/ 277T. The RTV-011073/241V/277T di spl ayed hi%h-level ,
reductions in SUsteRERBT | PEyRbL ~hebFPYpFAL FE8E5F of rd'“;, SePaVrets @iol d)
g_r;sl/ éilg%a\zlzrl%%ﬁﬁﬁ%i Oﬁd‘)lgﬁoémﬂripﬁd.stéﬁ gnwaberé_y@el Cee r@h?ngy. lkHwn

- showed no._drug-dependent stimulation of vjral .
Fopl oati oh i 74 nERGT e BraEi NRRET CEdeEad. & 8 TaSt SF ancd HsGE 1Rt o
cont ai ni ng al lzgfcitdieinalf ahhd@nsbacesen] NNRRIY- Q2033 iexdept fedawtihen241S
20 was constructcﬁd and test.ed \usi ng t.he gé not ypi ¢ _assay._descrihed .
earlier. The rB&hlt SSNErERDiar ed™ s t hose® det W HEd Usi ng lf‘ﬁigmﬁéfrl%t
RTV-011073. Wanglef eiawvhed titerpatiwernasid pbenotypvérsuscepanbiidiy twast he
NNRTI s, del avirdi ne, nevirapine,and efaviren i,h the reverted_ 25 vector
RTV: 011073/ 24 W CTHG RN 605079754 10 S0 Cr Sy M HTavel SrehusProredth
suscepti bidi t yditwgg newstepi neThé¢ 14t telrd) pfebavcephzbibdfotd) adAddof the
del avirdine (59-fol d d il p I The
RTV- 011073/ 241 u@%oéﬁﬁgﬁgp%gg-eé{%ﬁ“gﬁ éin%rgc%/ﬁ%ﬁ#écf% %ggfl?gp PESSEES on
30 in the presshceusteptybNURTY -t esBedatitenrhi sf patiserspt iddnpltey t he the

correl ation ofy,drag: dependsnt ~sLEMHLA 9P 85t RTV-014451 in which there
was a significant decrease in efavirenz (>450-fold),
15 nevirapine (>600-£fold) and delavirdine (41-fold)
gusceptibility and a gsignificant drug-dependent
stimulation of wviral replication in the presence of
nevirapine (~100%), delavirdine (~90%) and efavirenz

(~70%) .



viral replication with the nutation at V241S is very striking. A

resi stance test vector containing a single nutation at V241S (RTV-V241S)
was constwaeot/e@iand tested WO 01/96611 PCT/ US01/ 18882 84PCTUBHIEIsgsenot ypi
assay described earlier. The results were conpared to those determ ned
using a wild type control RTV. W determ ned the pattern of phenotypic
susceptibility to the NNRTI S, deI avi rd| ne 8%nevi rapl ne and 5 efavirenz, in

t he RTV-V241SDeTiea LI oYY glalt iren o reanipl es sceptlblllty
t o nevirapi nerf9- oflql4®9 aafcavm\eﬂm@séobm %@@ed@rﬁ\l'yrz@d"%y( 6a ol hain
conpared to a wld t)é pe control RTV. The RTV-V24,1S showed, drug-dependent
stinmul ation ofSFHEESOIFCATGET Fe@ SR eseree BRCHRVF 4D REAFCB0%)

del avi rdi ne (wé2%cbupars® @iclgrHepeREensiy nﬁé@uéﬂﬁe()foﬂ” salwinepl tepei on
in the presence of efavirenz. EXAMPLE EXANPE:E?Z?EUSI n% R Si stance est

15
Vect ors té CoF8r&: B Gdhotyiped FL¥n o PHETSS pR&t i al ug
Suscepti bi |'i t yhAnd Resbisfpancewand [rigriPependest 2@e§1ubm¢batl (ﬂham‘ are

Replication in. H 41S + KIQ1E + V106M + 1135T + E138
Pr epar ati on oglE r?r“i:n %ré’g’t \Qf Ct of S"&HE-phBRBEYPLE - anaf?si%@fobéﬁgnt
014451 H V sanpkes i2nResirsd aited exi WBECIRT S353EF e4 Lot y ugt edl@s, desgri bed

Lo separate LPie poIn o dhphraiied by 3% wed ‘pe bt “The Adlor ARG"

current tl0eat pest, PSR nEnd :a97e congaved. tbsahat icamtofolviNid - Rl\lée@ndn%/ PCR

ViTal Sequencel chay A TFar ol Toof Cppih o HEEN Sy Aobegila CREP' L38Ens

101, 106 and 190 The mutations K101lE, V106M and G190A

have been previously shown to be associated with
resigtance to the NNRTIs nevirapine, delavirdine and
15 efavirenz, but not with stimulation of viral replication.
In this patient sample, the appearance of the mutations
K101E, V106M and GLl90A on the gpecific genetic backbone
present 1in this virus is correlated with the significant
drug-dependent stimulation of viral replication in
20 regponse to all three NNRTIs. The results shown in
Example 6 above suggest that the mutation V241I may
contribute to the stimulation of viral replication seen

in this wvirus.

25 EXAMPLE 8

Using Resistance Test Vectors to Correlate Genotypes
and Phenotypes Associated with NNRTI Drug
Susceptibility and Resistance and Drug-Dependent
30 Stimulation of Replication in HIV: V245E in combination

with multiple other mutations

Preparation of resistant test wvectors and phenotypic

analysis of patient 005738 HIV samples



fromall three sanples. The PDS were inserted into an indicator gene viral
vector to generate resistance test vectors designated RTV-014459 and

RTV- 014430 oTTpese RTVs WO 01/ 96611 PCT/ US01/ 18882 85 werBCT/&o/188%2ted in a
phenotypi c assay to determ ne accurately and quantitatively the |evel of
susceptibility to a panel of anti-retroviral drugs. This panel of anti-
retroviral drugs conprised nenbers of the tfasses known 5 as NRTIs

zi dovudi ne, | &% Ya8ilAEanseaFeditnéeidaitdy neonsalet edbpfe degrdiedc i r)

NNRTI s (del avigdingi cefavigelg And;new raphper, SN ORS (A enavifont
indinavir, nelfinavir, ritonavir, and saquinhavir) . An | C50 was
det erm ned for0@aéh8resi $hENABr1VSt 2RECt G PIBT fEeadaentlorey igepestass

The pattern of,susceRt i Didddettiomlds of i+he rAUGS I a8t astvas, §Xagkaed and
conpared to known patterns of susceptibility. A pattern of susceptibility
to the NNRTI s99RRTdBRery P TN hatlPERYCRTPEIIERE1 {RP%hi ERat he@Pridgedy

significant degieaseséfuehaskrepding458rfahd) of1dbrneviar api ne -( 2680-Jrolxd)
and del avirdine (41-fold) susceptibility and a signifjcant drug-dependent
stinul ation of E¥9PFal PPER i BAFPLH i n th@"%r ethcdYfe ﬁ&ﬁ%c{]e D ORR
del avirdi ne (-903)cavdrefarerenzal(vEe¥r YO 62h866LE BCLEIIRL13882 o6
e O L BEnOI e oL R Y ool ST, 01450, a0 i v
The nucl epd i deiseqaeng@ensdypd@Tpalthit 0 tdhie dobsensis saquereec0f, a amd d
Lype o G ade B0\ 1 [HY Soouencs patabess, Los A am, MM, Thg g5notyee
anti-retroviral drugs. This panel of anti-retroviral
drugs comprised wmembers of the classes known as NRTIs
zidovudine, lamivudine, stavudine, didanosine,

15 zalcitabine, and abacavir) NNRTIs (delavirdine, efavirenz
and nevirapine), and PRIs (amprenavir, indinavir,
nelfinavir, ritonavir, and saquinavir). An IC50 was
determined for each resistance test vector pool for each
drug tested. The pattern of susceptibility to all of the

20 drugs tested was examined and compared to known patterns
of susceptibility. A pattern of susceptibility to the
NNRTIs was observed for patient sample RTIV-005738 in
which there was a moderate decrease in efavirenz (17-
fold), nevirapine (>600-fold) and delavirdine (63-fold)

25 gusceptibility and a gsignificant drug-dependent
stimulation of wviral replication in the presence of
nevirapine (~20%), delavirdine (~40%) and efavirenz

(~20%) .



different fromthe control sequence. In RTV-014459 nutations were noted at
H'V RT 351, 41, 49, 83, 102, 123, 135, 138, 174, 177, 178, 184, 215, 241,
257, 261.wWQWW96610 286, 293 and 297 conpared to the controPCNU4e13I88R2quUeENCeE.
In RTV-014451 additional nutations appeared at codons 101, 106 and 190.
The nutations K101E, V106M and GL90A have been previously shown to be
associated with resistance to the NNRTIs $@vi rapi ne, del avirdine and 15

ef avi renz, butDelberminationnof ag¢nptype vof apatbpht cAIVopamplest hi s pati ent
sanpl e, the appearapsesof bhe MuationsviHPO1lEy VEREM and iGl9QA AN Ahe
specific genetic backbone present in this virus is correlated with the
significant dFePBRPBAdeREINERAEREi on of'%i rArCHepFieat | SRAINATSE r é&5onse

to all three NNRIpsredheor erdl tsnsbawisi BeghXanpl ef6aakove syggest ddatg t he
mut ation V241l _may. contribute to thcse‘?stlrrul ation of viral replication seen

in this vitus. FO5 EXAVBLE SR HE ReT 13RI TGRS vEIRE 1 0 Nrr el atidre
Genotypes andy&herpby passAseranahed Worh NNRIdnE®sg thausceps i biilffter-cand

Resi st ance and_Drug- Dependent .30 Stinul ati opn o epl | ion_in HV: V245E
in conmbi nati ont W't ﬁgeﬁulcfji"’%lrglotﬁ?guelﬂﬁeati oﬂ% %nggbé??%nm&tagégpﬁ AMES est
\Igéc%} ?Jrsglﬂgsgrzhw@é&ght pardlysins aﬁ6t7patiMR,0%s738, Hltxyssfmpneszc\é\omyz%gl_l

resi,stance. tes or co e esGri in
Exanmple 1 fron¥]a§%?fu§§§§§é‘)l re]:c]bﬁo%sg.’i nfé%ggébml\é?t%il'énﬁl%’mg?géﬁe ?J[%io@r 'and
current ti@at nEntISFegbreas, aK@19QNkNWRWAE, | 8o7api, oR2GT7Kvi Malo3RNAnan d2RT/CPCR
was used to 5 9&5‘55%5 @Op%éecnéng]%ivggq&ggggpt (PDS) that conprised



viral sequences coding for all of PRand as 1 - 313 of RT from both
sanples. The PDS were inserted into an indicator gene viral vector to
gener at e WO PE%6$t ance test vector designated RTV-005738. PRIIVSQOBIRE was
then tested 10 in a phenotypic assay to determ ne accurately and
gquantitatively the level of susceptibility éo a panel of anti-retrovira
drugs. This panel of anti-retroviral drug% conpri sed nenbers of the

cl asses known asPMRPegFatiiogovedi Fesishanfudrast sesiedisneandi dmheesiti@ics
zal ci t abi ne, andaabagavid b\NNZHientdelogvisiodikiss Lfgvidsenz and nevirapine),
and PRIs (anprenavit, indinavir, reggfinavir, riton Vié’ ang sagugn%xh%é.
An 1 C50 was det BYF-REQRFEr "€88h &St afite TERTEVRCTOP BBolePGr1856h THr ug
t est ed. dThedpamzwﬁplgf Bustept i b | iyuko Q?ﬂnp:oé t diet 2Dnekdl UgRrdne S it wasc
exam ned apd co to_known patterns of susceptibility. A pattern of
cuocent by Tty UbLiRe | NRI DRI oBely VBT parrarethr & FEB0STS | n
whi ch t here wasnlnemder atiecdecrieasefi nvefali REAz apntl/-RTah , waeviusag ne
(>600-fold) and delavirdine (63-fol.d).25 . susceptibi]l a si gni_f.i cant
dr ug- dependent ISETT AT af' @natf)lfel%/tl r%‘?%%‘é% i csaetgi“%rl?ti nz]ﬁ?’) Eg% né:eOgn el
nevi rapi ne (-2024al dekauendese ol Bord elavioterBR €n20%p. MG 03496611
PCT/ USO01/ 18882,,.88 Peterim ' y f t] Vs Les .

RTV- 005738 ‘%hs gﬁglfgggqgaagB?LE%ggggtg%ﬁ?hé%ﬁriﬁg%?%%%fe g@%qﬁ@ﬁgﬁhg.
The nucl et i devesspiente vesnecapparedresisthenconsestusveegoendescignabed d

type Gade B 54 Vyd,{4hV R8RuGMGE Rt abaseLos Alamps. MM, gﬂ%n S@qgcype

was exam ned for sequences that are different fromthe contr sequence.
I n RTV-005738 aggait | o vkgteermine accurately and quantitatively the

level of sgusceptibility to a panel of anti-retroviral
drugs. This panel of anti-retroviral drugs comprised
15 members of the c¢lasses known as NRTIs zidovudine,
lamivudine, stavudine, didanosine, zalcitabine, and
abacavir) NNRTIs (delavirdine, efavirenz and nevirapine),
and PRIs (amprenavir, indinavir, nelfinavir, ritonavir,
and saquinavir). An IC50 was determined for the
20 resistance test vector pool for each drug tested. The
pattern of sgusceptibility to all of the drugs tested was
examined and compared to known patterns of
susceptibility. A pattern of susceptibility to the
NNRTIs was observed for patient RTV-007130 in which there
25 was a sgignificant decrease in efavirenz (>450-fold),
nevirapine (>600-fold) and delavirdine (>250-fold)
gusceptibility and a gignificant drug-dependent
stimulation of wviral replication in the presence of
nevirapine (~50%), delavirdine (~30%) and efavirenz
30 (~40%) .



noted at positions D67N, K70R, R83K, A98G QL02K, K122P, [|135T, 1142V,
Cl162S, K173Q 1178L, Y181C, Gl96E, 1202V, 10 T215F, D218E, K219Q V245E,
A272P, RMWGK1/9662031 and E297Q conpared to the control seROBUSE/18¥D
01/96611 PCT/ US01/ 18882 89 Preparation of resistant test vectors and
phenotypic analysis of patient 007130 H 'V sanples A resistance test vector
was constructed as described in Exanple roma virus sanpl e obtained
from pati ent Dsteamiz@tipme ofr igenodniPec ¢f eoatigndatifhtsampdiatens are
unknown. | sol atrivem cofiw r @inaRNAyaand aREAPEBawasyyuUsgETt Ochgener atemanpabi-ent

derived segnent (PDS) that conprised viral sequences coding for all of PR
and as 1 - 31§u5§3ma§f.d THE WETE i nse&fq‘gd A S 495 c'ﬁg%erb%%e VPFal
10 vector to genprake ad edistancernsast aepiaicadest gnatEld Ripk 007438. B
RTV-00713Q wa nt d.n a phenatypic assay tg.determ accurately
And quant Pt at I ¢ HELY egerBrteye BabRrBre T JoFo BLERREY oft) 2°° " Bk
anti-retrovir genotywgs. wdhi exparieledof fant isaceptemoasr athdt ugsrecodpf fsednt5

menbers of thg ¢l asses known as NRTI s zi dovudine, . J-amyvudine.. stavudine,
di danosi ne, z&FEM abihe AR aBAZAVIFY - NNRTT £ (del BV di T e AT r BR%Sand
nevi rapi ne), naneédPRits Cadpnendvi,r,10hdi na<ir 103l fiayvi A35ri tl@wavi 174, and

saqui navir). I was t er,m, ned ,for 2 esistan test vector, pool
for each drugé?éé'?glg;.o'Th%ggba??%r‘n%(%é’su%{:bg’pt?%?ii égfo(\zgaﬁl %m]%‘%e;e%rﬁgs
tested wdd exari pettawd cegpenesd-to known patterns of susceptibility. A
pattern of susceptibility to the NNRTIs was observed for patient
RTV-007130 in which there 25 was a significant decrease in efavirenz

(>450-fold), nevirapine (>600-fol d) EXa¥Pd& &vi r di ne (>250-f ol d)

Using Resistance Test Vectors to Correlate Genotypes
15 and Phenotypes Associated with NNRTI Drug
Susceptibility and Resistance and Drug-Dependent
Stimulation of Replication in HIV: V245T in combination

with multiple other mutations

20 Preparation of resistant test vectors and phenotypic
analysis of patient 006782 HIV samples
A resistance test vector was constructed as described in
Example 1 from a wvirus sample obtained from patient
006782. The prior and current treatment regimens are

25 unknown. Isolation of wviral RNA and RT/PCR was used to
generate a patient derived segment (PDS) that comprised
viral sequences coding for all of PR and aa 1 - 313 of
RT. The PDS were inserted into an indicator gene wviral
vector to generate a resistance test vector designated

30 RTV-006782. RTV-006782 was then tested in a phenotypic
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 c¢lasses known as NRTIs =zidovudine,



susceptibility and a significant drug-dependent stinulation of viral
replication in the presence of nevirapine (-50%, delavirdine (-30% and
ef avi renaw0809¢6140- 00) . WO 01/96611 PCT/ US01/18882 90 DeP€T/iseuzxsss2n of
genotype of patient H V sanples RTV-007130 DNA was anal yzed by ABI chain
term nator automated sequencing. The nuclggti de sequence was conpared to
t he consensus sequence of a wild type Gade B 5 H V-1 (H YV, Sequence

Dat abase Los AlRHSUANWG: THE2GEHtSpe HaddaBrgiifed forlshepfehees tmid are
different fromdhercont kekTeequantayikaiREY- 88413Qaut akidonse MeIze i R0t ed
at codons 67, 101, 102, %03 122, 135, 162, 174, 184, 190, 208, 221, 245,
272, 277, 283,2B93E&dfpal REPTSIATET t hd EIRIVIE 15 eRTEhtR2 Y EXAMPLE 3 A%l Trg

ESSI stancg Tesand/ecrs@qalhav@@r)rel at exbrﬁlemnsloaezwafﬁ @adealﬂ@ﬂ@%yp%r the
socl ated_w t h NNRTI usce tibilit Resi st ance an

O ug- Dopentient ¥ &1 FTFAET oL S6F FERTT Rt PORLI (Lo VES 34 UEn \Gififirat | e
with multiple p&th@érmrubat su@&egellaneﬁayatuwmnf s stise adkuyesteweedonsmaAnd
phenot ypi ¢ anal%ms patl nt 006782 H V arrple A resist nTge test vector
was construct edE Y Scri CERRAP Fd 1 f5Om a VoV ls sanpt e=ohT ai nét
frompatient HHO6IERCiBheipyl or amd pajrﬂ:@m tcrﬁaatmmaieptegnmansf arne 25 he
unknown. 1| sol at.i of vira RT[ P gener te a at i ent
derived segnea}ﬁl{“%gb%)w?ﬁaf’gggnﬁﬁésg |rg§ se&&ﬁgggq%dl ng ot PR
and as 1 10313vad aRTsmdhk FESveerse | hsertfediveta ans+ fidldat omegzeﬂapmrreal

vector to ge”ef§4fbfﬁfeihét8QESVE%éEn¥e?EQK59%8i8?a%%%ceptibility and a

gignificant drug-dependent stimulation of viral
replication in the presence of nevirapine (~60%),

delavirdine (~70%) and efavirenz (~25%).

15
Determination of genotype of patient HIV samples
RTV-006782 DNA was analyzed by ABI chain terminator
automated sequencing. The nucleotide sequence was
compared to the consensus sequence of a wild type clade B
20 HIV-1 (HIV Sequence Database Los Alamos, NM). The

genotype was examined for sequences that are different
from the control sequence. In RTV-006782 mutations were
noted at HIV RT codons Q102K, D123E, I135T, E138A, Clé&2S,
Gl96E, 1202V, V245T, R277K, T286A, V293I, P294T and E297K

25 compared to the control sequence.

Preparation of resistant test vectors and phenotypic

analysis of patient 012123 HIV samples

A resistance test vector was constructed as described in
30 Example 1 from a virus sample obtained from patient

012123. The prior and current treatment regimens are

unknown. Isolation of wviral RNA and RT/PCR was used to

generate a patient derived segment (PDS) that comprised

viral sequences coding for all of PR and aa 1 - 313 of



30 RTV-006782. RTV-006782 was then tested in a phenotypic assay to
determ ne accurately and quantitatively the |level of susceptibility to a
panel of veavi/sdget roviral drugs. This panel of anti-retroRCT/ESIASERES
conprised nenbers of the classes known as NRTIs zidovudi ne, WO 01/96611
PCT/ US01/ 18882 91 | am vudi ne, stavudi ne, didanosine, zalcitabine, and
abacavir) NNRTls (del avirdine, efavirenz afrd nevirapine), and PRI's
(anmprenavir, iHHi natie, BRI fYesei inSerEefdadinte adhdl BAbeRHRVI EFne AT 480

was determ ned dafothecsd esisipnce tesdi yeptar pegk faLcoeachdiugri-eded.
The pattern of susceptibility to all of the drugs tested was _exam ned and

conpared to krioWr petted ns RV~ 0dgdedpt ¥aF | thpn A$itedr Alofa sREEEREYBIG ty
to the NNRTI sy obser wist 4261 mat iuREE1007 1301 | uaitGh athea 10 pirs a

smal | decrgase in efavirenz %5- fglg%L nevi r api ne 8-fold) and del avirdine
(18.5-fol d) susTEDti BT | BYSERELAPISAENI 5 aft BRUGL dépfend@ht ~SETAOVATdn of
\(/i ral/o regl [ ?&l]i‘lﬂfsi n(tmﬁ%él’%SﬁE@B eff ngﬂti&péﬂfo{ziﬁa% ,dnd_:]gsl aohghiiged
-70% and efavirenz (-25%..15 term nation o enotype of patient HV
sanpl es  RTV- (687X DNAChas Cafal @@fsﬁf ABT YA ng? er’ﬂ%ﬁﬁ?or Zl%f?tv

sequenci ng. Thearieh&bié de segherteayas deoapasetet 0 thel €ongensds segidence
of a wild type d ade, -1 V _Sequence t abase Los Al anos, .NM.. The
genot ype was e%&ﬁﬁaf'lvejdr%f é&qﬁﬁ%eﬁéﬁ AYhaY4re Orftereht aFSoﬁef\fﬁga?&ﬁ‘t%oI
sequence. 10 n RRE 0PBRTS82 (artatdmmsimer endiabedrat M Rlaviodons iQboak,ir,

D123E, |1135T, E138A, C162S, . 96E, ,120 V245T (7K, T286A, V293
P294T and E297R 25°2qRBAF&U 1 o t he Elont%}écﬁo sev%i”}f"en<|:q‘§‘?te“”“me<§ e3> tne
regsistance test vector pool for each drug tested. The

pattern of susceptibility to all of the drugs tested was
examined and compared to known patterns of
15 susceptibility. A pattern of susceptibility to the
NNRTIs was observed for patient RTV-012123 in which there
was a segignificant decrease in efavirenz (>450-fold),
nevirapine (>600-fold) and delavirdine (>250-fold)
susceptibility, and a gsignificant drug-dependent
20 stimulation of wviral replication in the presence of
nevirapine (~20%), delavirdine (~80%) and efavirenz

(~70%) .

Determination of genotype of patient HIV samples ‘
25 RTV-012123 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
genotype was examined for sequences that are different
30 from the control sequence. In RTV-012123 mutations were
noted at HIV RT codons 20, 39, 41, 44, 60, &7, 98, 102,
103, 118, 122, 135, 142, 162, 173, 181, 190, 196, 202,
210, 215, 221, 245, 272, 277, 293 and 297 compared to the

control sequence.



Preparation of resistant test vectors and phenotypic analysis of patient
012123 H V sanples A resistance test vector was constructed as described in
30 Exanplivweo d1/f6s0m a vi rus sanpl e obtained from patient ORCIPS0/IBRE pri or
and current treatnment reginmens are unknown. Isolation of viral RNA and
RT/PCR was used to generate a patient derjved segnent (PDS) that conprised
viral sequences coding for all of PR and éasj’ 1 - 313 of WO 01/96611

PCT/ US01/ 18882reparREiophe ofDSTRELEtRREer £BEEI NYOCEATEndRRAL OPRGRAEYRILEA|

vector to gengnahgsasr &F g,ta ARt @4 3vgC Ay @gg{pg_@@t ed RTV-012123.
RTV-012123 was then tested in

a phenotypic ass eterm ne accu ately
Bhd quant  t at e eretisd it FoehRt LR Fo R a s te e Cet e
anti-retrovirakamgegsl Thirsmpasnelviofusantdantodter ombltahnédugSrcmnppasednt
menber s of th§ %:3? ses l&r}év\n as NRTI s, zi dovud % e%% am vudi ne,. st avudi ne,
di danosi n - bi ne dPLEBACAAT ) CRRETHS (HeFAVITHr né SRS eRT=and
nevi r api ne) hakandnPRI sIsécahqmtmnavof vilmdilnRNZ , am@| RTARCRr ward twseadi to

and, 920U e Lo $AcECP B CRLELIIG] ohodlie | G38) 55! Selmigel gl

pool for each?d estedb ern of SCep
drugs tested mxalemqmd:@mdcodmpgr édrt @lkinown Battaexd\sa@flw 313 of

susceptibi 11y A RALLe6R-OLSUSCRAI L] Lo Lhe ; NVRTks, Was. pbsgr ved | or

patient RTV-0 Pch was a signifircan decreas avirenz
(>450-foll@), vaevpufammeg(elﬂ@@(atfeol@l) rawd stengei ricese (=250« ofldyignated

susceptibi | 1ty and 3081 gy CRNL 3 & ugde nt 2¢ %]t gyl %t 'rfée’llﬂ 25 %@ al
replication in the presence of ~nevirapine (-20%, del avi r di ?% %} and
efavirenz (-%6s8y).to determine accurately and guantitatively the
level of susceptibility to a panel of anti-retroviral
drugs. This panel of anti-retroviral drugs comprised
15 members of the c¢lasses known as NRTIs =zidovudine,
lamivudine, stavudine, didanosine, zalcitabine, and
abacavir) NNRTIs (delavirdine, efavirenz and nevirapine),
and PRIsg (amprenavir, indinavir, nelfinavir, ritonavir,
and saguinavir). An IC50 was determined for the
20 resistance test wvector pool for each drug tested. The
pattern of susceptibility to all of the drugs tested was
examined and compared to known patterns of
susceptibility. A pattern of susceptibility to the
NNRTIs was observed for patient RTV-014397 in which there
25 was a significant decrease in efavirenz (>450-fold),
nevirapine (>600-£fold) and delavirdine (>250-fold)
gusceptibility and a significant drug-dependent
stimulation of wviral replication in the presence of
nevirapine (~100%), delavirdine (~100%) and efavirenz
30 (~70%) .



Det erm nati on of genotype of patient H V sanples 25 RTV-012123 DNA was

anal yzed by ABI chain term nator automated sequencing. The nucl eoti de
sequence wAg1/9@onpared to the consensus sequence of a w | BCTA/p&/B8%de B

H V-1 (H'V Sequence Dat abase Los Al anpbs, NM. The genotype was exam ned
for sequences that are different 30 fromthe control sequence. In
RTV-012123 nutations were noted at H V RP%odons 20, 39, 41, 44, 60, 67,
98, 102, 103, 118, 122, 135, 142, 162, 173, 181, 190, 196, 202, 210, 215,

221, 245, 272p %é%m:.%%?u%do&@ ee@ft atth%ntcwga[&ﬁ_wnce V\D
01/96611 PCT/#& 1/18 82 zgﬁgrgparatlo 3 g ; t.vectors,

phenot ypi ¢ y9ité 3ot 514397 MF? saﬁgle B ?é?anE%rTég?t9€ctor
was constructedtamaﬂyﬂx|dgqheﬂb1ﬁganpleTmefr@mdiawim&zs&mﬁugm&éa|wed
fron1pat| nt 5 014397. gﬁl ior and current tre nent % |nens g

unknown. soISPWBﬁr Vi Qﬁu?%%ﬁFﬂﬁg%ﬁﬁ;%m % agﬁtFent
derived segnemEV(EDS)HﬂNatSeqmpmwsedDavhbabeseqaencAEamodlngNMbr al | Thé PR

and as 1 - 313 of he PDS wer ¢ i pser i nto an._jndi cat or e vira
10 vector to 8338?3?% éw?%sFmFgH P Pvectuen'ggﬁg%%?edaIﬁijg§§§57ﬁ£
RTV- 014397 m1a§rbh1erthees¢<ad:rq>11 asqad;eand:eypl C InafIa¥- 0t1ck 3bet enutti anel aieg uwatel y

and quantitatiyely, the , iﬁﬁ"}@f 8<de HgCepti Blbi Uy gho %z%a”eiaé’f 166, 177

antl-retrOV|raP rugs. ane of ahti-rétrovir dr ugs ‘conprised’ 15
menbers dP t heldl asslies, khddn asSNRBW§ Zrdbvaidi nepmphaetly udi rgie stantdohe,
di danosi ne, zgl gg i,ne, and abacavir) NNRTIs (del avirdine, efavirenz and
nevi r api ne) , s (anmprenavir, indinavir, nelfinavir, ritonavir, and
saqui navir). An | C50 was determ ned for the

EXAMPLE 10
15
Using Resistance Test Vectors to Correlate Genotypes
and Phenotypes Associated with NNRTI Drug
Susceptibility And Resistance and Drug-Dependent
Stimulation of Replication in HIV: V245M in combination

20 with multiple other mutations

Preparation of resistant test wvectors and phenotypic
analysis of patient 013415 HIV samples
A resistance test vector was constructed as described in
25 Example 1 from a wvirus sample obtained from patient
013415. The prior and current treatment regimens are
unknown. Isolation of wviral RNA and RT/PCR was used to
generate a patient derived segment (PDS) that comprised
viral sequences coding for all of PR and aa 1 - 313 of
30 RT. The PDS were inserted into an indicator gene wviral
vector to generate a resistance test wvector designated
RTV-013415. RTV-013415 was then tested in a phenotypic
assay to determine accurately and gquantitatively the

level of susceptibility to a panel of anti-retroviral



20 resistance test vector pool for each drug tested. The pattern of
susceptibility to all of the drugs tested was exam ned and conpared to
known patwepngeeof susceptibility. A pattern of suscepti bPCTAS0I8882he
NNRTlI s was observed for patient RTV-014397 in which there 25 was a
significant decrease in efavirenz (>450-fojagl), nevi rapi ne (>600-fol d) and
del avirdi ne (>250-fol d) susceptibility ant a significant drug-dependent
stinul ati on of A%%9at repgbiSatPeret n AthedpFésEREECBLT2he W FEHF NnETRLIGER |

del avi rdi ne (-mdi98%sangref atd englasied - 70%wn W81/ 8RG1L PCHIISYL:18882
94 Determ nation of genotype of lPda\tl ent HV sa RTV- 014397 DNA was

| es
anal yzed by ABFBHEFAIRESr m 3T Jé’tﬁ'onniiééa@@ggﬁﬁci ng?2 Yt FREr R0t | §&d
sequence was SaQi@aler NNRThe ceasersvdifsequenaeietna Wnlddnkypeagiaeds B
H V-1 (H V. Seq%{%;ce Dat abase Los Al anmgs, . _The Jg}gnot% e was  _exam.ned
uertes

NM .
for seq t FRYE df FTRY STV r ot EHEAYSir r ofS SR RLE: I ERPGVIF2397
mut ati ons wer eandiot edgatinklVrRT codass 3IG5002yad03ded3ninéd, 166, Lthé 10

211, 215, 228, 245, 272 and 277 _c ared to the contral sequence. EXAVPLE
10 15 Using %%?%%5?11&%‘3T§$F%Ve‘6‘?%%t80é)r rfté’lrat%a%éngfrﬁgegt%sa PhendtS pes
Associ at ed w thaiNNERTh OEugusBepteptilbicli ty Ald ReSishandeugadtested was

Drug- Dependent St i nllf%ﬁti Onan%{ Reg(l)rincaat jagn i Q:OHI V. kV%%SM in &(l:ot_[mi nation . 20
with multiple Gt Het tations Prepa?afl 3n of G esi SESHE t esR=Vett st s ar?dﬁ
phenotypi t0 amalyséstiobipatyent A 34EB i sapl esisceptibility to the

NNRTIs was observed for patient RTV-013415 in which there
was a significant decrease 1in efavirenz (>450-fold),

nevirapine (>600-fold) and delavirdine (>250-fold)

susceptibility and a significant drug-dependent

15 stimulation of wviral replication in the presence of
nevirapine (~20%), delavirdine (~30%) and efavirenz
(~20%) .

Determination of genotype of patient HIV samples
20 RTV-013415 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
genotype was examined for sequences that are differeﬁt
25 from the control sequence. In RTV-013415 mutations were
noted at HIV RT codons 35, 102, 103, 122, 123, 135, 162,
177, 200, 207, 211, 225, 245, 264, 277 and 290 compared

to the control sequence.

30 EXAMPLE 11

Using Resistance Test Vectors to Correlate Genotypes
and Phenotypes Associated with NNRTI Drug
Susceptibility And Resistance and Drug-Dependent



A resistance test vector was constructed as described in 25 Exanple 1 from
a virus sanple obtained frompatient 013415. The prior and current

treat mrentwo egvgsens are unknown. |solation of viral RNA andI/B$é1P@B2was used
to generate a patient derived segnent (PDS) that conprised viral
sequences coding for all of PR and as 1 - 313 of 30 RT. The PDS were
inserted into an indicator gene viral vectdr to generate a resistance test
vector designated $Sgimgliaggicn RI\RepBiastier imdhl¥eskB@3N n+ aVaphERot ypi c
assay to determ ne accurately and quantitagbhy@d y the |evel of
susceptibility to a panel of anti-retroviral WO 01/96611 PCT/USO1/ 18882 95
drugs. This panel of anti-retroviral drugs conprised nenbers of the

cl asses known Psepddd sidn dof utk ks tahant skl viee t St @ vanmid nshetld Eapdsi ne,

zal citabi ng, an avkr DN\RTL s i.rd] avirenz and nevirapine),
5 and PRIg?(aﬁ%%%Hggﬁg,g#ﬁ%?naV|é,1é§$%?%%%i%%§#+%%navir, and saqui navir).
An | C50 was deéterabhedanoe thRet mesitoramss tewistieetived pasl deerraked drug

tested The PatLglfleofy SUSCRPt DI LLEYSt Oahh1Of dilie, (HugS dien edapaone
exam ned and conpared to known patterns of 10 susceptibility. A pattern of
susceptibilityl@823he RRRTIBri@E cBer ¢EHIEBE paf¢epmMemRTV-1EB4ESS n aws ch

there was a si.gnifij.cant I i iy e ( 0 i i
(>600-fol &) and e B 1 i g0 (] ) Seant o] ?‘{g%‘%% i oncH cant

dr ug- depeHdentgase Bt eruPatiadn BTt vileaive@prPreEEnSn (RPDhethresenpprdmed
nevirapine (-20M,7 dgbgvkhdene dodiW @ giavicrens: 4nd0%h. 1Det eganad on

of genotype of patient HV sanples 20 RTV-013415 DNA was anal yzed by ABI

chain tern nat®rt- The PDS were inserted into an indicator gene viral

vector to generate a resistance test vector designated

RTV-010829. RTV-010829 was then tested in a phenotypic

15 agsay 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 zidovudine,

lamivudine, stavudine, didanosine, zalcitabine, and

20 abacavir) NNRTIs (delavirdine, efavirenz and nevirapine),

and PRIg (amprenavir, indinavir, nelfinavir, ritonavir,

and gaquinavir). An IC50 was determined for the

resistance test vector pool for each drug tested. The

pattern of susceptibility to all of the drugs tested was

25 examined and compared to known patterns of

susceptibility. A pattern of susceptibility to the

NNRTIs was observed for patient RTV-011073 in which there

was a sigificant decrease in efavirenz (>450-fold),

nevirapine (>600-fold) and delavirdine (>250-fold)

30 susceptibility and a significant drug-dependent

stimulation of wviral zreplication in the presence of

nevirapine (~100%), delavirdine (~100%) and efavirenz

(~80%) .



aut omat ed sequenci ng. The nucl eoti de sequence was conpared to the
consensus sequence of a wld type Gade B H V-1 (HV Sequence Database Los
Al anos, N o1/ddeel genot ype was exam ned for sequences thaPCHEUSOIdISBE2er ent 25
fromthe control sequence. In RTV-013415 nutations were noted at HV RT
codons 35, 102, 103, 122, 123, 135, 162, % 7, 200, 207, 211, 225, 245,

264, 277 and 290 conpared to the control quence. 30 EXAMPLE 11 Using
Resi stance Test Vectors to Correlate Genotypes and Phenotypes Associ at ed
Wi th NNRTI Drug DS@maHamlloint bfA@cénBQ@'p%t @fc@aacméﬂiar servDepepdeny WO
01/96611 PCT/ 9]§1\U§t' rruI at |r9rj[yo e I icatdon hn . H V. K1Q3N,+

V245E + 1270 epara%lon of Tesis 1%st Q%ctors anf‘ﬁhen&ﬁﬂﬁ Q?r
anal ysi s of pautemtai€d29seiVenanpges A rdst stanceedesdeveskquenas was
construct ed as. deseribed,if,o Bxanple.def Lom.a ulrus sammhe ebtal nad 41 om
patient T 829°° pri or and CUrrent trea At regi nens are UnKTOWA

| sol ati on of \m\aﬂ RN@HhV]d ﬁqmava@@m&t@ llﬁbsgeri@wamces,a pat)i ent dlzha ved
segnent (PDS) ed S en g I of;.R s 1
S5 o R SRRRE el etk R R SO R0 A e P TR
generate a resﬁmran‘cbet gontvedt seqiegiognat etn  KIV- 010829 MRTYLQ 0082 Warss
then tested img ohenot upiCoLacassay | addetqy m g, aceysat eby andy  1o6,
quantltatlvely t eve F susceptibili'ty t'o a pane anti-retrovira
drugs. Thi® patiel, o2l4nt RlPet R8®i r &45dr RS .c ot i s€d7, ndfber 828f anke 297

classes known g%, NRILS @i doyudife: o] amybdh@e, stavudine, didanosine,

zal ci t abi ne, and



20 abacavir) NNRTlIs (del avirdine, efavirenz and nevirapine), and PRIs
(anmprenavir, indinavir, nelfinavir, ritonavir, and saquinavir). An |IC50
was det emdnggheibr the resistance test vector pool for eRChUSowIg8s2est ed.
The pattern of susceptibility to all of the drugs tested was 25 exam ned
and conpared to known patterns of susceptibility. A pattern of
susceptibility to the NNRTlIs was observed®for patient RTV-011073 in which
there was a sigificant decrease in efavirenz (>450-fold), nevirapine

(>600-fold) and @glravi §di88t6323@vedledin3d RHIGER | BELaT X ANoRE SEANIfHLaNt
dr ug- dependent tlnulatlon of ,viral replication in th%fpresence of

nevi rapi ne (- 10091818 FReGiitd o MGG OB ¥ s epfdRitides 11
PCT/ US01/ 18882 @6 Bamﬂrmauﬁuwmraﬂ:QmMNEM@EInmIpatient H V sanpl es

RTV- 010829 DV, Y28 -308L2E] kARl Al d L0 o AULPIRLEA \SRauANGING.

The nucleotlde sequence was e co ensus sequence o
type G ade B pFasani HLY B@Hu@h@&@a?abaﬁé oz Ab&nﬁ§45ﬂl\/}ﬂut1iﬁeonge<rﬁﬂlw-pe

was exami ned forogeauences {hak Arelihaian  Lham the.qontr ok, ssqy
oF 1535 154

In RTV-010829 nmutations were not at H 'V codons
122, 162, 196,rhenouvpiQilsssayn, desriiasl zemrlwra Zl‘m zgf;sulzs% amEe97

compared to the,gontLg! téegﬂsgeede*@@r%ﬁgé%élﬁg &H@Oyail:%%%z RT98 02 de g .

directed revese-nutagenesis used to confirmthe™ rol e of specific mut at'i ons
i n phenot i c BasteperBinedytheorakt prreffoPheartypigs sgcRPYibiAity to

resistance testnyegiRFI§0nkal By ngddht, Oheli/heapihat bARS efavirenz, in the
reverted wvector RIV-010829/245V. The RTV-010829/245V
displayed high-level reductions in susceptibility to
nevirapine (505-fold), efavirenz (189-fold) and

15 delavirdine (182-fold) compared to a wild type control
RTV. The RTV-010829/245V showed drug-dependent
stimulation of wviral replication in the presence of
nevirapine (~80%), efavirenz (~60%) and delavirdine
(~60%). A resistance test vector containing all of the

20 mutations present in RTV-010829 except for the I270M
(RTV-010829/270I) was constructed and tested using the
phenotypic assay described earlier. The results were
compared to those determined using the parent RTV-010829.

We determined the pattern of phenotypic susceptibility to

25 the NNRTIs, delavirdine, nevirapine and efavirenz, in the
reverted vector RTV-010829/270I. The RTV-010829/2701
displayed high-level reductions in susceptibility to
nevirapine (341-fold), efavirenz (145-fold) and
delavirdine (247-fold) compared to a wild type control

30 RTV. The RTV-010829/245V showed drug-dependent
stimulation of viral replication in the presence of
nevirapine (~30%), efavirenz (~20%) and delavirdine
(~40%). A resistance test vector containing all of the

mutations present in RTV-010829 except for V245E, I270M,



present in RTV-010829 except for the V245E nutation (RTV- 010829/ 245V) was
constructed and tested using the phenotypic assay described earlier. The
resul ts weoelv@onpared to those determ ned using the parerCT/RIM/1B82829. 10
We determined the pattern of phenotypic susceptibility to the NNRTIs,

del avirdi ne, nevirapine and efavirenz, in the reverted vector

RTV-010829/ 245V. The RTV-010829/245V dis Ef)%lyed hi gh-1 evel reductions in
susceptibilit W3t IneRr/dFneVEBd5. f o1ZP31 epBAi r K 188T{5(0dy 82:9d 245V -
del avirdine (1827%pl QlaLopBatedutca Whd LR LONLEShg RDé Phenotypic
RTV- 010829/ 245V showed drug-dependent stinulation of viral replication in
the presence GASSHBvIFAGTHEY . 86%) 101 avitenF e8G9 WRESITAWF HRte EO

(-60% . A resigismece feskrveatar ©@Ahai Nivke algamdnd herPO-oub@t o ons present
in RTV-010829 except, for the 1270M (RTV-Ol g829/270|) was con,ﬁtru,ct ed and

tested usihg tHECPHRRRA ypRe aBRGyCHRs @b bBRSBRFYPLF. SHRES i ter &°
fﬁmﬂar ed to tfhﬂﬁ@h et er8) nedl4singihbe peventp RIY- QﬁQSBQavigéndet eglmtm@
e pattern o enot ypi ¢ _susceptibi] i e I's, delavirdi
nevi rapi ne andef&i5enz, VFntthe ?@éb?%gg%zg%%y‘%mszg/ g@l. 'F‘ﬂjg/"
RTV- 010829/ (Zggdllgwlz;gpi@y\edzmlgh- Ida‘_\ﬁ%awa l dcth@gﬁ—laavwscgmdtbi(ﬂz:‘zd?ry? t Io i)n
nevi r api ne -fo Virenz -fo el ayirdi pe -fo
conpared to a W?%%ﬂ%ﬁrgp eﬁvpﬁ% ?2?’%—%%8@%/’24% Showed X70-
dr ug- depemilentfolkd) nahdt dehaofirdiinal (legl-ifedtd) orvdmpatdesl preseneeldf type
nevi rapi ne (-309 ayitenz (7209 n | rdir -409 . A resi nce
test vector co%cf@é?lf‘fﬁ]gﬁgl I” of thﬁe @Tn\Zta (?%inggﬁpir%gg 7éfns%e 1@%9%&%ept

for V245E, 127ddgei2id/ 9661huPETAUS01/dB882ir89 V2EPL1icR2ZAHK, VR2921the2931

and E297K (m\groelggr%c%2%§V_nevirapine, efavirenz, or delavirdine. In

this patient sample, drug-dependent stimulation of wviral
15 replication is modulated by the presence of the mutations
V245E and I270M. Drug-dependent stimulation of wviral
replication can be completely abrogated by reversion of
mutations V245E, I270M, V276I, R277K, V292I, V293I and
E297K.
20
EXAMPLE 12

Using Resistance Test Vectors to Correlate Genotypes and
Phenotypes Associlated with NNRTI Drug Susceptibility And

25 Resistance and Drug-Dependent Stimulation of Replication
in HIV: K103N + I135T + I270S

Preparation of resistant test vectors and phenotypic
analysis of patient 013522 HIV samples

30 A resistance test vector was constructed as described in
Example 1 from a virus sample obtained £from patient
013522. The prior and current treatment regimens are
unknown. Isolation of wviral RNA and RT/PCR was used to

generate a patient derived segment (PDS) that comprised



297E) was constructed and tested using the phenotypic assay described
earlier. The results were conpared to those determ ned using the parent
RTV- 0108290 0106651 det ermi ned t he pattern of phenotypi c suseepuUSiissg2zy to
the NNRTIs, delavirdine, nevirapine and efavirenz, in the reverted vector
RTV- 010829/ 245V- 297E. The RTV- 010829/ 245V-897E di spl ayed hi gh-1evel
reductions in susceptibility to nevi rapijn% (233-fold), efavirenz (76 10
fold) and del ¥Pdi FEUEFSSEDIPLidshfatedltlo & R Ry tont3 sl RIVRTThe

RTV- 010829/ 24%Yx49 78 showede N@aiii¢s .dependenpsstidid athaerebaviidlo an
replication in the presence of nevirapine, efavirenz, or delavirdine. In
this patient SRAPCELOH F§FeperidentVedidultR iGHRURNS ral Fasiseprceateeh is
nodul ated by thetrpresriceyitddiermut@tions. N2wSEiand2 126@MeHIg:depeadent

stinmulatiqQn of viral replication can betco | etely abrogated b reverai on
of nutat Pons*W245E, B YRET613°RBY 7K -CV2§SL ST aﬁﬁcu@%]r&. 28B™

EXAMPLE 12 UshngnBesistisade Tesi MeedDroft suSoepelni biCenevypes@nel of
Phenot ypes Ass%g.ate

wi t,h NNRT] Drug sceptibility And 25 Resistance and
D g Dependent 6t FEFAEFOR=01 MEBRea: e | IS | I0aN I T 198 3V 55965
Preparati on ofiruesi stampriesd wvestwrs acfl plrenotypieeesarabyai s aef PRTIent
013522 HV saqgl.a%ﬁ 30Q,.A resistance t&s}l vector, was %nstructégg as descri bed
in Exanple 1 OV Vi Us sarf%r‘r&l%% aihed fr(?maﬁfélt B o1 %?nﬁjen%ri or
and currdit treadthienbinegiamensksa@viunkndWRT Isoldliaoniodineg r adf Rxrand

RT/ PCR vas usgd,to gengraigop, patient denived seUNEnL.(BDS) 1hat,gorprised

nelfinavir, ritonavir, and sagquinavir). An IC50 was
determined for each resistance test vector pool for each
drug tested. The pattern of susceptibility to all of the
15 drugs tested was examined and compared to known patterns
of susceptibility. A pattern of susceptibility to the
NNRTIs was observed for patient RTV-013522 in which there
was a sigificant decrease in efavirenz (>450-fold),
nevirapine (>600-fold) and delavirdine (>250-fold)
20 susceptibility and a gsignificant drug-dependent

stimulation of wviral vreplication in the presence of

nevirapine (~90%), delavirdine (~110%) and efavirenz
(~100%) .

25 Determination of genotype of patient HIV samples
RTV-013522 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
30 genotype was examined for sequences that are different
from the control sequence. In RTV-013522 mutations were
noted at HIV RT codons 35, 60, 68, 102, 103, 135, 162,
K166R, 184, 196, 204, 211, 248, 250, 270, 286, 293 and

297 compared to the control sequence.



100 viral sequences coding for all of PR and as 1 - 313 of RT from al
three sanples. The PDS were inserted into an indicator gene viral vector
to gener av@on9doeBi St ance test vector designated RTV-0135PCT/URNMS8823522 was
then tested 5 in a phenotypic assay to determ ne accurately and
gquantitatively the |l evel of susceptibilit {o a panel of anti-retrovira
drugs. This panel of anti-retroviral dé% conpri sed nenbers of the

cl asses known as NRTlIs (zidovudi ne, Ianlvudlne st avudi ne, di danosi ne, 10

zal ci tabi ne apdtabat@ddied '\Wé.%e(-ﬂlﬁl:é&éﬁgk:% i%f aYVdd&Nzo NhAM T 8RLNe) ,
and PRI's (anprenpavir, indinayir el finavir, ritonavir, and saquji navir)
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tested. The pabtahnleteausﬁeahﬂbﬁkmgw ti; airhv of the 15 drugs tested was
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drug- dependent —stiful ation vira lication In the presence ™
nevirapi ne (-pbogotuplavi PERAF (dﬁgwbﬁﬁd epuliesnz Tel0pegulps were
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anal yzed by ABI ain termnator automated sequencjng. The nucl eoti de

sequence as WeoRpiraaings féiec arddimsis Seiant Biia siserrybel H adet 8

H V-1 (HV SequengfrBaiabass LAasAiseNapithe 23 g@f@&yﬁ@ﬂzﬂaslﬁxaﬁb ned
for sequences that are different fromthe control sequenc 3522

nut ati ons wer 8evasted aveRFYrRTREYAEA3538/2@01 68, 102, &5@ 03%522 %?01

.displayed moderate reductions in nevirapine (1l4-fold) and
efavirenz (8-fold) susceptibility and a significant
15 reduction in delavirdine (40-fold) susceptibility
compared to a wild type control RIV. The RTV-013522/270I
showed no drug-dependent stimulation of viral replication
in the presence of any of the NNRTI tested. In this
patient sample the correlation of drug-dependent
20 stimulation of wviral replication with the wmutation at
I2708 is wvery striking. A resistance test vector
containing a single mutation at 112705 (RTV-I270S) was
constructed and tested in the phenotypic assay described
earlier. The results were compared to those determined
25 using a wild type control RTV. We determined the pattern
of phenotypic susceptibility to the NNRTIs, delavirdine,
nevirapine and efavirenz, in the RTV-V241S. The RTV-
I2708 exhibited small reductions in susceptibility to
nevirapine (15-fold), efavirenz (4-fold) and delavirdine
30 (13-fold) compared to a wild type control RTV. The RTV-
12708 showed drug-dependent stimulation of viral
replication in the ©presence of nevirapine (~60%),

delavirdine (~60%) and efavirenz (~40%).



K166R, 184, 196, 204, 211, 248, 250, 270, 286, 293 and 297 conpared to the
control sequence. WO 01/96611 PCT/US01/18882 101 Site directed

revese- mwagenssi s is used to confirmthe role of specifPCT/BtiZEs8%2NS i N
phenotypi c' susceptibility to anti-retroviral drugs in HV 5 A resi stance
test vector containing all of the mutations. present in RTV-010829 except
for the 1270S (RTV- 013522/2701) was consttdcted and tested. using the
phenot ypi ¢ assay described earlier. THEAMBEE|13 were conpared to those
determ ned using the parent RTV-013522. 10 W determ ned the pattern of
phenotypi c susceptihility to the NNRTls, delavirdine, neyirapine and

D avi oz, in SREe Puvertel TECAGEORPYS0RESIESTGPIIHE RFO. 3038510

. di spl ayed nodersgiec i £tk aivh tanisioms niav i plagnaieyild - s chp atieil efavio enz
(8-fold) gusceptibility and ignifi i i n del avirdi ne

(40- fol d) Ssusceptibility C%I?rtpj;r%éd]é%%&ngf%\} i %ﬁ&%’%"{m RTV. The

RTV- 013522/ 278R45Ehowed no drug-dependent stinulation of viral replication
in thle presengedﬂsf%wam% t ﬂ%sENWéqﬁﬁit@@ntbﬂ%ﬁth ?p@tihlgpte Sr@tﬁ‘@éh@_iéﬂﬂﬁ )
correl ation of drug- endent stimul ation of viral replication with the
nut ation at Y??ég'is?ggyyvgﬁﬁﬁgihﬁ?sl\9Q£ﬁgiﬂﬁﬁE¥it§§FlVEEFBFd'cbﬂta???ng a

singl e nut ati gReabt}yR10S &BEYy12485rriBed ceaslisgt edThad testedsi nwéhe
phenot ypi.c. assay described  earlier. The resul.ts were conpared t hos

et erm ndd 25CabPAGSs i1 CRYRE COREFBITRAVICYBOGS: SR e paTt Bre of
phenot ypi ¢ sugeeptkichindet ytéott hee NNRTI shadelvaad rdiihd, tynevi papi pesanion
efavirenz, in %Ee RTV- \. 418.€Jhe RTV- 12% S exhg kged snagl reducti o fcin
susceptibilit§ 0 nevi %piﬁ% ?ﬁ%ﬂ%%ﬁ%b, efavi renz Eﬂlfo? ) dnd-de I Fdi ne

susceptibility to the NNRTIs, delavirdine, nevirapine and
efavirenz, in RTV-V245E. The RTV-V245E displayed no

15 reductions in susceptibility to nevirapine, efavirenz or
delavirdine compared to a wild type control RTV. The
RTV-V245E showed no drug-dependent stimulation of wviral
replication in the presence of nevirapine, efavirenz, or
delavirdine.

20

V245T
A resistance test vector containing a single mutation,

V245T, (RTV-V245T) was constructed and tested in the

phenotypic assay described earlier. The results were
25 compared to those determined using a genetically defined
resistance test vector that was wild type at position
245. We determined the pattern of phenotypic
susceptibility to the NNRTIs, delavirdine, nevirapine and
efavirenz, in RTV-V245E. The RITV-V245T displayed no
30 reductions in susceptibility to nevirapine, efavirenz or
delavirdine compared to a wild type control RTV. The
RTV-V245T showed no drug-dependent stimulation of wviral
replication in the presence of nevirapine, efavirenz, or

delavirdine.



30 (13-fold) conpared to a wild type control RTV. The RTV- 1270S showed
drug-dependent stinulation of viral replication in the presence of

nevi r api meo #8029, del avirdine (-60% and efavirenz (-4Peg/USNDs88L/ 96611
PCT/ US01/ 18882 102 EXAMPLE 13 Site directed nutagenesis used to confirm
the role of specific nmutations in phenotypic susceptibility to 5
anti-retroviral drugs in HV V245E A resﬁgéance test vector containing a
single mutation, V245E, (RTV-V245E) was constructed and tested in the
phenot ypi ¢ assgyzgtescribed earlier. The results were 10 conpared to those
det er m ned using etical| eflng re5|stance test_wvector t

e
wild type at 5%5F?Fgﬁ 2045 de?gfnlnedthe péf#%rn 0 eno{nu a%lon’
suscepti bilityl135T he (MNFHEL35B| awksdi nensheuctagi m@nd:ess:feai/l rHenz thien
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resi stance teﬁf VE&?§¥é%OﬁigﬁhlﬁéégbélH%Fg'ﬁﬁ?gtﬁgﬁi{ t %T%QiRéégégié?)
was constructed@and tested i dethemiphdnot ¥pe ¢ asddewiescdibedpignpitepicThe
resul ts were 25, compancth {0, L10Sendokik et Be0aUsLBg 81060 CHEGAL LY el khed

resi stance te at”™ was type at position et erm ned
t he patteth ofefphelesypi c in RTV-I135T. The RTV-I135T displayed no

reductions in susceptibility to nevirapine, efavirenz or
delavirdine compared to a wild type control RTV. The
RTV-I135T showed no drug-dependent stimulation of wviral
replication in the presence of nevirapine, efavirenz, or

15 delavirdine.

K103N
A registance test wvector containing a sgingle mutation,

K103N, (RTV-K103N) was constructed and tested in the

20 phenotypic assay described earlier. The results were
compared to those determined using a genetically defined
resistance test wvector that was wild type at positions
103. We  determined the ©pattern of phenotypic
susceptibility to the NNRTIs, delavirdine, nevirapine and

25 efavirenz, in RTV-KI103N. The RTIV-K103N displayed
reductions in susceptibility to mnevirapine (67-fold),
efavirenz (29-fold) and delavirdine (87-fold) compared to
a wild type control RTV. The RTV-K103N exhibited no
drug-dependent stimulation of wviral replication in the

30 presence of nevirapine, efavirenz, or delavirdine.



susceptibility to the NNRTlIs, delavirdine, nevirapine and efavirenz, in
RTV-V245E. The RTV-V245T di splayed no 30 reductions in susceptibility to
nevi r api meQ oedavi renz or del avirdine conpared to a w | d pgpesSaomnsssol RTV.
The RTV-V245T showed no drug-dependent stinulation of viral replication
in the presence of nevirapine, efavirenz, or delavirdine. WO 01/96611
PCT/ USO1/ 18882 103 1135T A resistance t€&t vector contai ni ng a single
mut ation, 1135T, (RTV-1135T) was constructed and tested in the 5
phenotypi c asgaysgescribeg earlier. The results were conpared to those
determ ned usjng a.genetically defined resistance test vector th
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nevi r api ng, e&&@i lpgﬁ?oglyplé:elaassél/a dignees%%l‘rarbf)éla(fgeﬁgifglggw Ili%%t %@Qlclc;cr# r“é%lO??TV.
The RTV-1135domspawed no drhupaepensioninsd i vaiagi en gefmearircall 1yr ejd § oaed on
in the presence_of, nevirapihe i , A - l.avi rdi g%ogg

resi stance teg?s\%gg Iolrgecg% gi ’r\ﬁe%tégyaf i_'?l%zgcl g%rsr:ut‘ﬂéltﬁidgﬁt@él(fgd?;%%s( - 110%
was construct eddand3best ed Wien tdese2igiecghotifs ¢ raddBrdesel i bRy EE .
The results : tot e%ﬂ@ rm ned UsiRg A genstd 1.y defkned
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(171-fold), efavirenz (80-fold) and delavirdine (121-

fold) compared to a wild type control RTV. The RTV-
K103N/I135T exhibited no drug-dependent stimulation of
15 viral replication in the ©presence of nevirapine,

efavirenz, or delavirdine.

I135T + V245E
A resistance test vector containing two mutations, I135T

20 and V245E (RTV-I135T/V245E) was constructed and tested in
the phenotypic assay described earlier. The results were
compared to those determined using a genetically defined
registance test vector that was wild type at positions
135 and 245. We determined the pattern of phenotypic

25 susceptibility to the NNRTIs, delavirdine, nevirapine and
efavirenz, in RTV-I135T/V245E. The RTV-I135T/V245E
displayed minor reductions in susceptibility to
nevirapine (2.5-fold), efavirenz (2-fold) and delavirdine
(2-fold) compared to a wild type control RTV. The RTV-

30 I135T/V245E exhibited no drug-dependent stimulation of
viral replication in the ©presence of nevirapine,

efavirenz, or delavirdine.



reductions in susceptibility to nevirapine (67-fold), efavirenz (29-fold)

and del avirdine (87-fold) conpared to a wild type control RTV. The

RTV- K103Wexhddsit ed no drug-dependent stinulation of vire€T/wsplisssti on in

the 30 presence of nevirapine, efavirenz, or delavirdine. WO 01/96611

PCT/ USO1/ 18882 104 K103N + 1135T A resistance test vector containing two

mut ati ons, KLO3N and |135T ( RTV- K103N/I1%%§') was constructed and tested in

5 the phenotypic assay described earlier. The results were conpared to

t hose determ pedsygsingoasgeneti cally defined resistance test vector that

was wld type_at position 103 and 135. W determned th attern
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in the presence of nevirapine, _efavir del.avirdjne. .13 + V245E A
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135 and 245. WEadétrerwi,neditt heRPat I3 HTOV2HhERot ypiThe25 RTEcep3FBI V24§ Tt o

t he NNRTI s, del.avhrdine, i Iapi ne -Oq{Savi renz, 4 = 43P V245, The

RTV-1135T/ V24§Egisgﬁglglaayegﬁ\#‘lo:mr reduct |lons in lsuscepti%r%t tlo 3)’
nevirapine (4-fold), efavirenz (2.4-fold) and delavirdine
(2.5-fold) compared to a wild type control RTV. The RTV-

I135T/V245T exhibited no drug-dependent stimulation of

15 viral replication in the presence of efavirenz and only
minor stimulation of viral replication in the presence of

nevirapine (~10%) or delavirdine (~10%).



nevirapine (2.5-fold), efavirenz (2-fold) and delavirdine (2-fold)
conpared to a wild type control RTV. The RTV 30 |135T/ V245E exhi bited no

dr ug- depavaengeost i mul ati on of viral replication in the pPEBERCIES6E2

nevi rapi ne, efavirenz, or delavirdine. WD 01/96611 PCT/USO1/ 18882 105
1135T + V245T A resistance test vector containing two nutations, [135T and
V245T (RTV-1135T/V245T) was constructed ah’tested in 5 the phenotypi C
assay described earlier. The results were conpared to those detern ned

using a genet ggakly dehkBed . kegisst ance test vector that was wild type at
positions 135 and ZZIS Ve determned the gattern of phenotypic

susceptibilit$ tEeFﬁétﬁiﬂﬁ?l steﬁEI VertPhe, bR+ EHRRe 90 BRFTSE: in
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significant reductions in susceptibility to nevirapine
(594-fold), efavirenz (174-fo0ld) and delavirdine (>250-
fold) compared to a wild type control RTV. The RTV-
15 K103N/I135T/V245T sghowed drug-dependent stimulation of
viral replication in the presence of efavirenz (~25%),

nevirapine (~40%) and delavirdine (~50%).

20 EXAMPLE 14

Using Resistance Test Vectors to Correlate Genotypes
and Phenotypes Associated with NNRTI Drug
Susceptibility And Resistance and Drug-Dependent
25 Stimulation of Replication in HIV: Multiple mutations
can modulate both susceptibility and stimulation

profiles

Preparation of resistant test vectors and phenotypic
30 analysis of patient 97-309 HIV samples

Resistance test vectors were constructed as described in

Example 1 from virus samples obtained from an individual

patient at thirteen separate time points over a 2Y%-year

period. This patient had been previously treated with

35 two NRTIs (zidovudine and lamivudine) AZT, 3TC (NRTIs),



determ ned the pattern of phenotypic susceptibility to 10 the NNRTI s,

del avi rdi ne, nevirapine and efavirenz, in RTV-K103N. The

RTV- K103W0 28%b61V245T di spl ayed significant reductions i pPCHUS@E8$2bi ity
to nevirapine (594-fold), efavirenz (174-fold) and del avirdi ne (>250-

fold) conpared to a wild type control RTV. The RTV 15 K103N | 135T/V245T
showed drug-dependent stinulation of i riflé replication in the presence of
efavirenz (-.25%, nevirapine (-400) and delavirdine (-50%. 20 EXAMPLE 14
Usi ng Resi st apggafkest rY8ekroLSybasgorrel ate Genotypes and Phenotypes

Associated with NNRJT Dru Susceptibility And Resi stance and .
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reductions in susceptibility to nevirapine (244-fold),

efavirenz (93-fold) and delavirdine (169-fold) compared

to a wild type control RTV. The RTV-K103N/I135T/V245E

15 showed no drug-dependent stimulation of wviral replication
in the presence of efavirenz but showed moderate levels
of wviral stimulation of replication in the presence of

nevirapine (~15%) and delavirdine (~20%).



determ ned the pattern of phenotypic susceptibility to 10 the NNRTI s,

del avi rdi ne, nevirapine and efavirenz, in RTV-K103N. The

RTV- K103WO0 bB8%bIV245E di spl ayed reductions in susceptibi PETASO10188%2VI r api ne
(244-fold), efavirenz (93-fold) and del avirdine (169-fold) conpared to a
wild type control RTV. The RTV-K103N | 135T/ V245E 15 showed no
drug-dependent stinulation of viral repl it%%ion in the presence of

ef avi renz but 28Fovied PRBdef Br@inaviers fofr var @erduidhnbht ieepprerimesicloat Ron
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saqui navi P) a CYHECRHRR Y. saffi% (58°10F %has (Nehtdraygdr and

Addi tional sapple: anwlef okw@i ned 41—,m5e agHelGniweeksahgier (012331648s
00-2- 011659 ang 98- 1033, ectl )P%\p&The at i er‘% t hen stopped t aki ng 10

nevi r api ne, tadded - ona‘?‘d‘gja ?’é@ Ffai #1099 416> APAnd°36
weeks (99-2- 0Q88%S3, QBaHéE 990228980 65and 9661;§)8@11w§pe@tddvel y3-10dBe,
patient then swtch ghgfgrapy again to zidovudin | am vudi n

[ I

and .
i ndi navir, ang°&&Hi ‘sanpl e ?veré)ao Hihed 4t %tﬁ’BHFﬁs 152FART 264)
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dates of drawgiechosg iAoty Okl oung b Al ofe8 noee
reduction in mnﬂal%omi%ds pl rewpec2G vyl ya .r et Mhe tpatbaset i ndev rabvitoadd
(1,200, 000 therapy again to =zidovudine, lamivudine and indinavir,
and additional samples were obtained after 5 months
15 (AA1264) and 10 months (99-2-006174). Viral load
measurements, patient therapy, and dates of draw are
shown in Figure 14. Following dinitiation of d4T,
nevirapine, nelfinavir and sagquinavir, the patient
experienced a transient reduction in wviral load followed
20 by a return to Dbaseline viral load (~1,200,000
copies/ml) . Removal of nevirapine from the regimen led
to a reduction in viral load to <300,000 copies/ml (a 4-
fold reduction). Isolation of wviral RNA and RT/PCR was
used to generate patient derived segments that comprised
25 viral sequences coding for all of PR and aa 1 - 313 of RT
from all twelve samples. The PDS were inserted into an
indicator gene viral vector to generate resistance test
vectors designated RTV-309, RTV-754, RTV-1032, RTV-
011658, RTV-011659, RTV-1033, RTV-008973, RTV-757, RTV-
30 008980, RTV1080, RIV1264 and RTV-006174. These RTVs were
tested in a phenotypic assay to determine accurately and
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



copies/m). Renoval of nevirapine fromthe reginen led to a reduction in
viral load to <300,000 copies/m (a 4- fold reduction). Isolation of viral
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efavirenz (from 0.fo Iyl urth .00 033,
RTV- 008973, &L?%'% ’i?e% oh‘gg’érg‘ﬁg%%&%go ovvéd ﬁa"l&g’lﬁélﬁde( tofly'3
stimul ation oftwirag-fegd)catamh | afaespense t(dromewlr€ap| ne (300to G0 ,
delavirdine (209,£9.180%01200.  Furthermore, RTV-1033, RTV-008973, RTV-

757, RTV-008980 and RTV-1080 showed drug-dependent

15 stimulation of viral replication in response to

nevirapine (40 to 250%), delavirdine (20 to 180%) and
efavirenz (30 to 170%). The actual fold change in

susceptibility and the percent stimulation of <wviral

replication for each RTV is shown in Figure 14a.

20
Determination of genotype of patient HIV samples
RTV-309, RTV-754, RTV-1032, RTV-011658, RTV-011659, RTV-
1033, RTV-008973, RTV-757, RTV-008980, RTV1080, RTIV1264
and RTV-006174 DNA were analyzed by ABI chain terminator
25 automated sequencing. The nucleotide =sequence was

compared to the consensus sequence of a wild type clade B
HIV-1 (HIV Sequence Database Log Alamos, NM). The
genotype was examined for sequences that are different
from the control sequence. Mutations were observed at

30 the positiong listed in Figure 14b.



efavirenz (30 to 170% . The actual fold change in susceptibility and the
percent stinulation of viral replication for each RTV is shown in Figure
14a. 20 DMeoetr/siemat i on of genotype of patient H 'V sanpl es RIWUSQ@SSRTV- 754,
RTV- 1032, RTV-011658, RTV-011659, RTV- 1033, RTV-008973, RTV-757,

RTV- 008980, RTV1080, RTV1264 and RTV-006174 DNA were anal yzed by ABI chain
term nator 25 automated sequenci ng. The nddi%ot i de sequence was conpared
to the consensus sequence of a wild type Aade B H V-1 (HV Sequence

Dat abase Los AbfpDSqi N cedNBut458RL¥PS %@SuQéénkgerﬁﬁirﬁeﬂﬂé”£8§etth are
di fferent fron1the control sequence. Mitations were observed at

posi tions |ist&e¢h ??gﬂFEaﬁﬁﬁnsVEP0@%9%%§XP¥%H?EEB§?E§%B§1tX150SPPEl‘
di rect ed nut agesesdsitral udedgsoinaonivrmthe role of specific nutations in

phenot ypi s sUseepti B4l tnabiagiis, otd Oual JpHRLECH ARSI n:

di spl ayed t he npos pendent stlnu atron o
replication ofsaimubitipe §éhﬁV€@a1té§pédCﬁt@@ﬂthl% pali exft . thesisagivd. e one

(RTV-1033-3) c o8t aiand {Rom Lae saaent adering bﬁIi/oﬂQOuR&hﬁtlo@%d 3)

mut ati ons and phenotypic pattern NNRT] susce
dr ug- dependentw%ﬁlﬂbﬁaﬂm@@(ﬁrqmr%her@EFP@éﬁrdﬁrl@ﬁdré@%@r@%@lctbﬁttm@d

RTV- 1033 pool mJ@@tfgﬁ/s 191%3 §heﬁety{3rme Hat L awh RO RULRRITONS ARSI 1111 ¢ téh
revere transcriptase: V35I D, K70R, VI1O06A, D123G  V189L, TZOOA,

12027, H26@Y, 1kdrwgrsppendent Khignlatsgpo1of | PRBRL 28Rl icRrder

T286A, V2931 amgh ELOVKr1 Bl Ve 483313 shemaddr il ¢ redyckirgns okl -3 had
susceptibility to delavirdine (27-fold), ef avi r enz (>450-f ol d) and
: the following mutations present in the revere

transcriptase: V351, D67N, T69D, K70R, V106A, D123G,
V189L, T200A, I202T7, H208Y, R211K, T215F, D218HE, K219Q,

15 H221Y, L228H, L283I, R284K, T286A, V293I and E297K. RIV-
1033-3 showed dramatic reductions in susceptibility to
delavirdine (27-fold), efavirenz (>450-fold) and
nevirapine (>600-fold) and dramatic drug-dependent
stimulation of wviral replication in the presence of

20 delavirdine (190%), efavirenz (180%) and nevirapine
(200%) .



nevi rapi ne (>600-fold) and dramatic drug-dependent stinulation of viral
replication in the presence of 20 del avirdine (190%, efavirenz (180% and
nevi r api meo o/28029 . WO 01/ 96611 PCT/US01/18882 111 V106RPCHUSEZIs8’2ance
test vector containing all of the nmutations present in RTV-1033-3 except
for V106A (RTV-1033-3/106V) 5 was constructed and tested using the
phenot ypi ¢ assay described earlier. The reddits were conpared to those
determ ned using the parent RTV-1033-3. W determned the pattern of
phenotypi c susggegpgability to the NNRTIs, delavirdine, nevirapine and

efavirenz, in the reverted 10 vector, RTV-1033-3/106V, The V-1033-.3/ 106V
EraLES i

di spl ayed a deFEFEEPRAGCCSY T TR TS i) ShsEESt TBHEHTEY™S no

reduction i n efavdernziauRIBptLA3IE-3t exarapta £t guilbsaanRTvraneass /ilvev)

delavirding (20-fold susceptibiliit hyper - suscepi i bi |,i t conpared to a

W14 15 tybe dBiLr GO e o obet 8 oa T RO e e i R ey

stinul ati on ofdescmibeépleaaticon | Aheheregpukbsenoermsf dempwiredi neo buthcagtwowed

| ow | evel s of - n tiyul atl of LM I eplication i

presence of ef%%?‘?%%%Q%)&Zg%%?ﬁdé%v%%g%?%e }%%!Zlof}éﬁ '01%%6%?1:%3:%1%6(1

PCT/ US01/ 18882chd 1patE227L X rphésohypect esiscepttion ldont dimi hjeaNNRSI=,he

mutations  pregent, | poRIV- 10333 oXGRP! o8 F2R7AL LRIV- 103%13) 2216 5 dies
constructed an ested using the enot ypli ¢ assay described earlier. e
results wtd e corpaped RBVtho32-34e0eYni nEdeuBTHgloRa-pateanv Riwpleged3a e

det erm ned moderate reduction in nevirapine (9-fold) susceptibility,

no reduction in efavirenz susceptibility and a
gsignificant increase in delavirdine (20-fold)
susceptibility (hyper-susceptibility) compared to a wild
15 type control RTV. The RTV-1033-3/106V showed no drug-
dependent stimulation of viral replication in the
presence of delavirdine but showed low levels of drug-
dependent stimulation of viral replication in the

presence of efavirenz (~20%) and nevirapine (~40%).



the pattern of phenotypic susceptibility to the NNRTIs, delavirdine,

nevi rapi ne and efavirenz, in the reverted 10 vector, RTV-1033-3/227F. The
RTV- 10333¥0 80%d61di spl ayed significant reductions in nevi PEPURE/18882
(>600-fold), efavirenz (18-fold) and delavirdine (72-fold) susceptibility
conpared to a wild type control RTV. The _RTV-1033-3/227F showed
drug-dependent stinulation of 15 viral rejp}?cati on in the presence of

del avirdine (-100%, efavirenz (-100% and nevirapine (-120% . V106A and
F227L A resisgangg test vector containing all of the nutations 20 present

in RTV-1033-3_except .for VI06A and F227L V- .1033-3/ 106V/,227F S
constructed afid rteeggjtsetcf‘rtf:s? %e%evefig%ﬁofﬁéglﬁéggy 2des GG beif eta%F%EfL.omf’he
results were peespatedd ORTVios@3dled eertapd USINEFARL paREVE16IY-103378) W
determ ned the atte{lgggfgﬁgggn%&?l %ess%sé(éepﬁl %!J?It to_25 tr%e I\iII(\I:Rngsay

del avi rdi ne, H&Vir&p favitenz>n t he "Pevert e§ VECTEP,

RTV- 1033- 3/ 106¥k221BedTheaRTVe1033Fhe3/ 161227 Fvdirspl aygohmatietat ethose
reductions in_.nevirapine - f Vi 2 (6~f al d) d del avirdine
(6-f ol d) susgggfeirﬁ‘ul Ft%‘y %E(é%lrgp rgﬁ‘@t op%m%n d %)%el(oggn%r'ol %v_. ger{ﬁ%r%“ea
RTV- 1033- 3/ 106¥L2 2% tshiowed £ dpingerddpyeride nsustépiud fat 1 ooy ok o Whreal NNRTIs,

replication i pr nce , Lrdj efavir (-80-! and
nevi r api ne (- %ngg’égdgx%/%'01?§‘fé%€%’%/ %é’gg/ %Eggg}efﬁ aj\fiogﬁé V]iggfrgzﬁg

F227L A 18si svertert,esRTVeL®d3 - £622 aF ni ngllag | REV-1108 3mit/227¢hsdippeapad in

RTV- 1033-3 ex f-qr 06A, . AR :Q{éd F227L -.1033- 3/ | 227F)
was construct %gggﬁgqtcgsﬂ:ed usi ng the phe%%% ypilge\éga E%gscri(%ggyeég?lé{éaf.
The results wéewicemgar ed ¢1®-tidse det émd ned dstangitdhienpar ent 7RTHE1LA)
susceptibility compared to a wild type control RTV. The
RTV-1033-3/227F showed drug-dependent stimulation of
15 viral replication in the presence of delavirdine (~100%),

efavirenz (~100%) and nevirapine (~120%).

V106A and F2271L
A registance test vector containing all of the mutations

20 present in RTV-1033-3 except for V1I06A and F227L (RTV-
1033-3/106V/227F) was constructed and tested using the

phenotypic assay described earlier. The results were
compared to those determined using the parent RTV-1033-3.
We determined the pattern of phenotypic susceptibility to
25 the NNRTIg, delavirdine, nevirapine and efavirenz, in the
reverted vector, RTV-1033-3/106V/227F. The RTV-1033-
3/106V/227F displayed moderate reductions in nevirapine
(13-fold), efavirenz (6-fold) and delavirdine (6-fold)
susceptibility compared to a wild type control RTV. The
30 RTV-1033-3/106V/227F showed drug-dependent stimulation of
viral replication in the presence of delavirdine (~80%),

efavirenz (~80%) and nevirapine (~110%).



1033-3. W determned the. pattern of phenotypic susceptibility to the
NNRTI s, del avirdine, nevirapine and 10 efavirenz, in the reverted vector,
RTV- 1033wWaM08W 189V/ 227F. The RTV-1033-3/106V/ 189V/ 227FPCOUSpl/mge2d snal |
reductions in nevirapine (2.8-fold), efavirenz (2-fold) and del avirdi ne
(2.7-fold) susceptibility conpared to a wi_ld type control RTV. The 15
RTV-1033- 3/ 106V/ 189V/ 227F showed drug- depéﬂr}ent stinulation of viral
replication in the presence of delavirdine (-35%, efavirenz (-30% and
nevirapine (-¢#08a, W2 831, 9804 1p£657¢, USO1/ 18882 114 VI06A, F227L and T286A
A resistance test vector containing.all of the nutatjons esent_in

RTV: 10333 excopteFor PIBBAL SRS HoGhnT TR 5 TV 2035- BREosVEs e sseT)
was construct esradent edhe RS 10p I+ ehesot yibe asLsn ,dess dibedndars e,

The result c r m_ned using th rent V-

1053 5 W& det VR nRaRThe’ BARTLPREE 220En orDas o At e [ Teaea
NNRTI s, del aviusime, thevphapohgpandaibagf descenbed rattié erev aitee drasadtter ,
RTV-1033- 3/106V/227F . e - 1033: 1,22 71F/ 286, di.splaye
noderate r educ‘?’?%%scf)?l“%%g\%ir ;%? n@I %%f é%&%épnggfggvﬁ%ﬁ? (']513? olp %?eg%dqu—
del avirdine (3ti3d€). susdéptibBeteryicedparcde t pacvidn tppe edmrodlyREV.
The 15 RTV-1033- . 286T,_sho ug- stiouylati. f
viral repli cat%%é%ﬁ@%%f%ggsggcgﬁ%f iﬁﬁgg?%\,ﬂ 9%?%292828&)’ tIléag;:%i{\}:i% el(rilllzré %I?O%
and nevi r Hpi neefgvim0ehz, WO Ol 966thePCT/ USO4r18882 vedor, RTV-1033-

3/106V/189V/227F. The RTV-1033-3/106V/189V/227F

displayed small reductions in mnevirapine (2.8-£fold),
efavirenz (2-fold) and delavirdine (2.7-fold)
gugsceptibility compared to a wild type control RTV. The
15 RTV-1033-3/106V/189V/227F showed drug-dependent
gtimulation of wviral replication in the presence of
delavirdine (~35%), efavirengz (~30%) and nevirapine

(~40%) .



L2831, R284K and T286A A resistance test vector containing all of the

mut ati ons present in RTV-1033-3 except for L283l, R284K and T286A 5

(RTV- 1033vaoassil 284R/ 286T) was constructed and tested usPeryUSHIEISRSzENOt ypi C
assay described earlier. The results were conpared to those determ ned
using the parent RTV- 1033-3. W determned the pattern of phenotypic
susceptibility to the NNRTlIs, delavirdi nellfevi rapi ne and 10 efavirenz, in
the reverted vector, RTV-1033- 3/283L/284R/ 286T. The

TV 303551 259 G4 B9, dhapiaued signi | cant reducti ons 1 nevitapi ne
Vi vi rdi u i.bili
oo et t o) n & P SRant e R o E T HAL Rt b obbErSa aasaprs
showed drug- depesdent ist iRmU-atd3imDfexceat fepl iaaidgn Fretheapdesessa of
del avi rdi 0 01/ 966
per Usod hes2 Mhyst f3831) FRBRARE THbAERD) VoA "Ridmaiabed ; AL Sretethst

vect or cont ai nksngn@l thef phbhrohupati aasayprlesentibed BiY1ie33- Thex ceptulfter

L2831, R284K, T286A 5 V293 297 , .
(R 1053 ) pekET o TArDEER gy SHPs  HebeTBiRe R, MPAF % PS cREETEREY 1 he

phenot ypi ¢ assky33 ¢escri béte eadétermifibgd r ébel t patererconplr e@htemldtly@ﬂe:
phenotyp ¢ SuShETE T oty T6 The ARSI o B5TaViPatRS, ReUiraping ah
ef avirenzl0in ¢fmviesert ed rect otheRTV-1€88r B¢Q8ILNABARIRB6 T/ RIIV/12I2E.
The TV 10533/ 250 400 20BH1 2900 257,120 0 A it
suscepti bilitylzppayed tmoderate reductions in nevirapine (6-fold),
efavirenz (5-fold) and delavirdine (3-fold)
gusceptibility compared to a wild type control RTV. The
15 RTV-1033-3/106V/227F/286T showed drug-dependent
stimulation of wviral replication in the presence of
delavirdine (~60%), efavirenz {(~50%) and nevirapine

(~70%) .



15 wild type control RTV. The RTV-1033- 3/283L/284R/ 286T/ 293V/ 297E showed
no drug-dependent stinmulation of viral replication in the presence of

del avi r diw@p1/gd6a/i r enz or nevirapi ne. WO 01/96611 PCT/ USORCT/88@2188821 7
Y181C A resistance test vector containing all of the nutations present in
RTV-1033-3, in addition to Y181C (RTV- 103@-55 3/181C) was constructed and
tested using the phenotypic assay describ W earlier. The results were
conpared to those determ ned using the parent RTV-1033-3. W determ ned
the pattern ofL2ghenoRepiax swscapigshi |ity to the NNRTIs, delavirdine, .
nevi rapi ne ang efavirenz, in the t vector, -RTV- 3-3/181C. The
RTV- 1033- 3/ 1810 © <1 4ie et g‘ﬁ%??%%n?grgg%ggfl n 3t r?ef\%iotra%epi%‘é‘vg?%ﬁﬁ?
fold), efavirenzesemb0ifioRUY-and3del axicegitnef(x>262D83 D} dR284Hsept | DRBERAY
conpared o a wld e -G r-of Y/ -1033- sh d

dr ug- depetrsldent(wsriv?r%uto?ég't iBg%%tgP?fg%\%/;zg;Eqﬁepﬁzgat ?%ﬁs?%&?%%dpr %sqgnclgg%fed
nevi rapi ne butuisisigowde dhepadependessayt idadcuilmd ofawl et . r'Bpd i casibbsin
t he presence f avi - 1009 d {.Lani =100%.; _
resi stance teg{er\%eg%%rﬁﬁ%%eré a?:%i r‘%o%:él d(;%‘tvét%r@mrﬁ}?a‘%ls%% /()Cgreezgé%tﬂé\étzn%ﬁf
RTV- 1033- 3 i n1484di-Bi-on t oW&I 84 tERMINEQR33-t13¢ 1809 taas corfst rplkerat wpdc

tested using the phenalyni e %ﬁ?fﬂsbeché?&{ 1811 Thenéﬁf%z%ﬁé&%ﬁd
conpared to thoge_gget erm %.eﬁm ng the parent l\/ 110%%'-3. et erm ned
the pattdfn obfphémengpi c stBceptlilist|it yevertere NNRFFSOTdel avR¥di he33-
nevirapine ang (/@%@ﬂ/@%%/z's%ﬁ.he _ut ateg, vect®fy- 135 10233, 184\ / Ther
RTV-1033- 3/ 184 di splayed a significant reduction in nevirapine E>600-
displayed ~ significant reductions in nevirapine >600-
fold), efavirenz (85-fold) and delavirdine (7-fold)
susceptibility compared to a wild type control RTV. The
15 RTV-1033-3/283L/284R/286T showed drug-dependent
stimulation of wviral replication 1in the presence of
delavirdine (~40%), efavirenz (~30%) and nevirapine

(~80%) .



fold), efavirenz (28-fold) and a noderate reduction in 30 del avirdine
(5-fold) susceptibility conpared to a wild type control RTV. The

RTV- 103330 18%6¢1showed drug- dependent stinulation of virRCT/USEIIsER i on in
the presence of delavirdine (10099, efavirenz (-80% and nevirapine
(-100% . WO 01/96611 PCT/USO1/18882 118 _Clone 309-1 RTV-309 was derived
froma virus sanple frompatient 1033 betbfe the patient had received any
NNRTI i nhibitors. RTV-309 exhibited a wild type pattern of susceptibility

5 to del avirdippgsand gefsav I @3k sand vd o3l dn 4 @dUWetx on in  susceptibility to
nevi rapi ne (3-fol g; nd no dr ug- deEencent st nul at ilgn C{% viral replication
inthe preseficd St %. L9685 KGFeCE| SRBEERAVES0G3) UastobTEFAELCPFom
t he pati ent - detewethtRTYnpaotv+hed 3 fad ek apit afbonsLB8RI phanreugpi cTpather ns
of NNRTI susc ik it d - ' ' i p
replicati §n ?ﬁ%ﬁgctagﬂyﬁﬂﬁ%f f#ﬁ‘é%%@%%ﬂ%@%%&@%% Y fe
fol | ow ng nut abnensuptesentand thesteder exsir@nsthiept adend3ht,c D6dksaF69D,
K70R, L1091, gn84v 15 V189 TZO%ﬁi 12027, . H208Y, R211K, T2 SEb D%%8E

T 1 3 0%y hi'BFted a

K219Q  H221Y S F538Rq 2831 11 REak " 286 K AkE EXSYR. HAE

w | d type pattleterofinedscepindi Ity parediel RNV-diose -and efiayi deberanded
smal | reducti in sceptibili .NEevi L he. | d). a n 20
dependent sti gr%u atg%%%lfgr?v%!rfalphre%t&%e% oénﬁlg(gé lelg%;')%g e)ﬁge g}e m%?g.s’m
01/ 96611 18CT/ U8Qarvig€82e,110eviMi8dihe and efavirenz, in the reverted

vector, RTV-1033-3/283L/284R/286T/293V/297E. The RTV-
1033-3/283L/284R/286T/293V/297E displayed significant

reductions in nevirapine (144-fold), efavirenz (5-fold)
and delavirdine (16-fold) susceptibility compared to a
15 wild type control RTV. The RTV-1033-
3/283L/284R/286T/293V/297E showed no drug-dependent
stimulation of wviral replication in the presence of

delavirdine, efavirenz or nevirapine.



A resistance test vector containing all of the nutations present in
RTV-309- 3 except for the ML84V (RTV-309- 3/184M was constructed and tested
usi ng thavephenstypi c 5 assay described earlier. The resul PETHS0IEISER2TPaAr ed
to those determ ned using the parent RTV-309-3. W determned the pattern
of phenotypic susceptibility to the NNRTlIs, delavirdine, nevirapine and
efavirenz, in the reverted vector, RTV-3b§?3/184NI The RTV-309-3/184M 10
di spl ayed a noderate reduction in delavirdine (4-fold), efavirenz (5-fold)
and nevirapi negqg9cfol d) susceptibility conmpared to a wild type contro

RTV. The RTV-309-3/184M showed drug-dependent stinmulation of viral
replication i A A Fra8sehcecdt H%FgQFrGPHEaGnSGQ)?Lkzﬁﬁr%#% TUBRY4 oBAd

15 nevirapi ne o(=8Q%:. THe RTwantizon f uithegdielidestdo el yeeyofsz3host
cells and conpositigns for isolation _and jdentification 20 of the .
non- nucl edsi dé/HIB¥Y reR@r SEPFFRHSERApERse FRRFedt 9P 1Pgsitdteank_eRat ¥Rt Cand

using such veeless, Hestribell seh €ONMPQsiet | 885Ul BsCafdnde OkbmpRidedvi £al
drug screening. This |nven1|§£ al sp relg%es to the screenin of candi date
drugs for theitfof&padit IS | WPt / SPPnuPAEESai & utldnt. 3o 01/ 98611
PCT/ US01/ 18882 etk2thindiat the qlaiveath | 6 Iphémomihind efisaspesdiing tiheto
effectivenesstﬁf %ﬁ%f ucl e %%93 ({everse transcri ptase ﬁntiretrovira h
t herapy of an“HfV: red €S TR BPri Y %%5 Tot Tt ihg & e
bi ol ogi cal0 samletkdomvertdry- Rmtected-pdtisent; anthéb)Reval umsingiabet her
the bilol ogi caly, sagple; 10 GATRIiSesNUchehtoaehd eneoding Y Lever sy
fold), efavirenz (>450-fold) and delavirdine (>250-fold)
gusceptibility compared to a wild type control RIV. The
RTV-1033-3/181C showed no drug-dependent stimulation of
15 viral replication in the presence of nevirapine but
showed drug-dependent stimulation of viral replication in

the presence of efavirenz (~100%) and nevirapine (~100%).

M184V
20 A resistance test vector containing all of the mutations

present in RTV-1033-3 in addition to M184V (RTV-1033-
3/184V) was constructed and tested using the phenotypic
assay described earlier. The results were compared to
thogse determined wusing the parent RTV-1033-3. We
25 determined the pattern of phenotypic susceptibility to
the NNRTIz, delavirdine, nevirapine and efavirenz, in the
mutated wvector, RTV-1033-3/184V. The RTV-1033-3/184V
displayed a sgignificant reduction in nevirapine (>600-
fold), efavirenz (28-fold) and a moderate reduction in
30 delavirdine (5-fold) susceptibility compared to a wild
type control RTV. The RTV-1033-3/184V showed drug-
dependent stimulation of +viral ©replication in the
presence of delavirdine (100%), efavirenz (~80%) and

nevirapine (~100%).



transcri ptase having a nutation at codon 230 alone or in conmbination with
a nutation at codon 103 or a nutation at codon 181, 15 wherein the
presence Vof oveint a nmut ati on correlates wth a decrease | RCHOROWNS8$2c0Si de
reverse transcriptase inhibitor susceptibility and drug- dependent
stimulation of viral replication. 20 2. The method of claim1, wherein the
nmut at ed codon 230 encodes a | euci ne (L).1§3 The nmethod of claim 1, wherein
the nutated codbrnd0309ehcodes an asparagine (N). 25 4. The nethod of claim

1, wherein thleai"{ﬂéd)Qfﬁ%&oeger@aéﬁeﬂkahfsabehﬂgst ééﬁb@@hﬂ:’gﬁ atlent 1033
antiretrovira ent 5. A rnetgil| or assessing the_ biolqgic
ef fecti veness b%fg e cdith dREEAPY Fr &SGR afg hho g"hlgdﬁ'ﬁ%xi%l ng:
WO 01/96611 Pﬁﬁfwﬁﬁdélé&&ablléﬂ Gﬁ)winara@w@lphﬁtdﬁﬁl@faﬁﬁgc%©$hbm136y
conpri sing.a atle er ved se neq{ further cqnprisin j on at
Coton 230 1 ot oS BaA et RO 1TV 5Pt LM e Codor T0X 01o] 1
mut ati on at coglesc®di bﬁl:aﬂﬂjd aﬁol ndneeatzfaplglene (antfwlai)hosdnd el ho (liﬂ)rug-
cul turing the ost %éll eg % gurln t.he ex eSS|on t he
i ndi cat or gene B t§ BHRGs cef? aﬁﬁr? 5%&&F%¥ nt
of the expres$msémﬁceheof| nmmalsar gene éingisteqolc(ms) V\ﬂHﬂV—thesmaswmnt
of the eXpreSSII%I ofeéhe Ind' Igaecnle anea eurrle\}jed RTV pool that had
10 mutations and phenotypic patterns of NNRTI susceptibility
and drug-dependent stimulation of wviral replication
characteristic of the RTV-1033 pool. The RTV-309-3 had
the following mutations present in the revere
transcriptase: V35I, D67N, T69D, K70R, ©L109I, M184V,
15 VvV189L, T200A, 12027, H208Y, R211K, T215%, D218E, K219Q,
H221Y, L228H, L283I, R284K, T286A and E297K. RTV-309-3
exhibited a wild type pattern of susceptibility to
delavirdine and efavirenz and a small reduction in
susceptibility to mnevirapine (3-fold) and no drug—
20 dependent stimulation of wviral replication in the

presence of NNRTIs.



15 when steps (a) - (c) are carried out in the absence of the candi date
antiretroviral drug conpound; wherein a test concentration of the

candi dat avoR09@mt i retroviral drug conpound is present at BCEPSOSsPS2 - (c) ;
at steps (b) - (c) ; or at step (c). 6. Aresistance test vector
conprising: 25 (i) an HV patient-derived segnent which conprises reverse
transcri ptase having a nutation in at |e:l‘:l%$ one of codons 230, 103 or 181,
and (ii) and ¥A8fNdi cator gene, 30 wherein the expression of the indicator

gene i s dependerisiiedde- e | eattoer cvabdasagngntl 1IWB01/1266ddtations
PCT/ US01/ 18882 122 7. A nethod of assessing the effectiveness, of non

nucl eosi de r ePEPEE™NT artScr Fptasd ant i FEERBYI r &P* t hefapito#Van RV~ ?APact ed
pa]Eient dconp_rtsshlng)S véagé eehfseﬁh@:ﬂgdahabidolto@étﬁ@d ‘_aé:irﬁb_e mdlra)r@la@rlldﬁtwic
infected patient; an .eval uat in et her the bjological sanple

conpri ses% nuePery a‘g?%c}éﬁﬁgai negaﬂ%ﬁ‘ev Se W%\lﬁié?i S COBPRETngt]

mut ati on at cetere23Watameimsd | Nnuednyi natieon patdniat REHSBOERB .MUt at wen at

a codon selected from.th roup .consi sting of: codon 101, . .codon 103
codon 190, co§8 STT4 NS @6‘%01‘? i %r PR p%cesgﬁggegf:lgﬁgl% atPons
correl ate 15 whehNaRdger, eaksd avi miimenucleansiage ree et ee £ aviarestz | ptasehe

opl i cati on.  BCVTRESHet NoR BT ol AT 7 ARANG N he. mlt et og Kotiog 2/ 104
10 displayed a moderate reduction in delavirdine (4-fold),
efavirenz (5-fold) and nevirapine (9-fold) susceptibility

compared to a wild type control RTV. The RTV-309-3/184M

showed drug-dependent stimulation of viral replication in

the presence of delavirdine (~50%), efavirenz (~60%) and

15 nevirapine (~80%).

The invention further relates to novel vectors, host
cells and compositions for isolation and identification
20 of the non-nucleoside HIV-1 reverse transcriptase
inhibitor resistance mutant and using such vectors, host
cells and compositions to carry out anti-viral drug
screening. This invention also relates to the screening
of candidate drugs for their capacity to

25 inhibit/stimulate said mutant.



20 230 encodes a leucine (L). 9. The nethod of claim7, wherein the nutated
codon 101 encodes a glutamc acid (E), the nutated codon 103 encodes an
aspar agi meo (Mgo1t he mut at ed codon 25 190 encodes a seri nePCBUSO/13882nut at ed
codon 221 encodes a tyrosine (Y), or the nmutated codon 238 encodes a
threonine (T). 10. The nmethod of claim 7, wherein the H V-infected 30
patient is being treated with an antiretrovi®al agent. WD 01/96611

PCT/ US01/ 18882WhaR3igiclaimedhdd:f or assessing the biol ogi cal

effectiveness of a candidate H V antiretrovi raI drug conpound conpri si ng

(a) introducing a, egLSIANCE: ! g8LeckeE) OLnOMRELALNG. Ao 5o PALLENT, dRLLYEd
0}

segment further corrpr|5|n a nutation at co ne or 1n conbination
with a nutation &t EbFOF EBT L6 af@BretEBHbl’r?lZ?ﬁe"d’}PY ebdh B¥sinfirgteah

i ndi cat or gene i ntretéerospmgaising: (b) culturing the host cell fromstep
(a); 10 (c) neasuring the expression of the indicator gene in a target

host cell; and (d) CO”@%”[}%JT %%tﬂ% ugeggg?ogg %E Sea%ptrazggfjgnog tqﬁv-

i ndi cator fromstep (c) 'w urenen
i ndi cat or gene neasured V\hemﬁﬁce:@i I&t(i@nt; (eedd are carried out in the

absence of the candidgfe a{ 1held oM ralyr COQRQ“”%EO%%&%!BH aéa‘?ﬁ%lte at

concentration of the candi antiretroviral drug conpou I'S pres
steps (a}0 - (c) ; at stewﬂ(pt})lses(cl)lUClmCataCsﬁerﬁr(@dlrﬂ) HIV reverse

transcriptase having a mutation at codon 230
alone or in combination with a mutation at

codon 103 or a mutation at codon 181,

15 wherein the presence of such a mutation correlates
with a decrease in non-nucleoside reverse
transcriptase inhibitor susceptibility and drug-

dependent stimulation of viral replication.

20 2. The method of claim 1, wherein the mutated codon 230

encodes a leucine (L).

3. The method of claim 1, wherein the mutated codon 103

encodes an asparagine (N).

25
4. The method of c¢laim 1, wherein the HIV-infected
patient is being treated with an antiretroviral
agent.
30

5. A method for assessgsing the biological effectiveness
of a candidate HIV antiretroviral drug compound

comprising:



12. A resistance test vector conprising an HV patient-derived segnment
further conprising reverse transcriptase having nmutations at codons 230,
101, 103yowp™we1R21, and/or 238 and an indi cator gene, 25P@iVEseEl/18882he
expression of the indicator gene is dependent upon the patient derived
segnent. 13. A nethod of assessing the effectiveness of non nucl eoside
reverse transcriptase antiretroviral 30 ﬂﬁ@fapy of an HI V-infected patient
conprising: (afatol | edfitAPABING qyi cofisanpte feoh HACHPY- compbadsdady a
patient; and (b) eval yafdingoMriNeied hesbiabegi cal sampl e COMpLISESs o
nucl ei c acid encoding H V reverse transcriptase WO 01/96611 LUSO%L18882
124 havi ng a nut ati on "Bttade@hS2£PdaRd 2803 3dPNE3RY AN \JaMEH-Nefrd 3y ésidrite

of the nutations corre ahfaMildh =& RIRAIDI B NNRIuSHSERPEDIdIdN and
drug- depepdent stinulation of viral replication. 5 14. The method of claim
C

13, whereit the nut at 8% G PHAP 6888 4786y Pn&ors) 5.1 iThe net hod of
claim 13, wherein the nmutated codon 10 103 encodes an asparagi ne (N) and
the nutated codon 135 encodes a threoninel&T). 16. The thod of claim 13,
wherein the H Rl nf ect®d Syt dts £95& 1§ réﬁ%%&i%ﬁeEh(gﬁ7antiretroviral

15 agent. 17. A method for assessing the biological effectiveness of a
candi date HV gntlretrOV|raL d&ﬁ&bco ound.coqgglgﬂgginégcgggrlntroduC|ng

a resistance t st veclSASEHPE ression gene in
10 a target host cell; and
(d) comparing the measurement of the expression of the

indicator gene from step (c¢) with the measurement
of the expression of the indicator gene measured
15 when steps (a) - (c) are carried out in the
absence of the candidate antiretroviral drug

compound ;

wherein a test concentration of the candidate

20 antiretroviral drug compound is present at steps (a)
- (c); at steps (b) - (¢); or at step (c).
6. A resistance test vector comprising:
25 (i) an HIV patient-derived segment which comprises

reverse transcriptase having a mutation in at

least one of codons 230, 103 or 181, and

(ii) and an indicator gene,
30
wherein the expression of the indicator gene 1is

dependent upon the patient derived segment.



pati ent-derived segnent further conprising a mnutation at codon(s) 241 and
103 or 135 and an indicator gene into a host cell; (b) culturing the host
cell frowa@vemeofn); 25 (c) neasuring the indicator in a tReHEs1IS882 cel | ;
and (d) conparing the neasurenent of the indicator from step (c) with the
measur enent of the indicator neasured en steps (a) - (c) are carried out
in the absence of the candidate.antiretroviral dr Q.c und, erein
a test concenfration ’bf ”‘Fﬁgogan‘ﬂfr d&CE SRR r e@?%vieﬁle%rlﬁfge%(r%%poaﬁd%%n
present at steps (a)ucle)sideat shepssd b)trafsriptorseat stEpdovigl
01/96611 PCT/USO1/18882 @125 18. A istance {est vecto ﬁg[q)( rising an HV
patient-derived segne HqhY e rbr%fpﬁsjinn% reev%%saetlet%(r:ctancgoc I'p ase havi ng
mut ati ons at codons 241, 103 and/or 135 and an indi cator gene, wherein the
5 expression of e indi-cat.or_ ge IS t the. patiey yved
segnent . 1%. A r’r{eaphodzogfleaéstslengi % t%%g§$§£g%?ve%§§ 18f non = ndc egg de
reverse transcri pt aselraiddtrest rmatirelt; Ehd herapy of an H V-infected patient
conprising: (a) collecting a biological sanmple froman H V- infected
patient; and (b) evaluating whether the biological sanple conprises

nucl ei ¢ acid enc@di ngewiMateirey yehe s dliethisel odiE Ha i P £ rAfmRY b3r At
codons 241 and 101, %R?%Jgga% £%§d0re&89diwlﬁﬁ FOgepLES AN Mr it se

mutations correlate w a decrease In N susceptibility and

dr ug- depeHlent st i nulkstiiomg ofa vimiation at codon 230 alone or in
combination with at least one mutation at a codon

gelected from the group consisting of: codon 101,
codon 103, codon 190, codon 221 and codon 238,
wherein the presence of the mutations correlate
15 with a decrease in non-nucleoside reverse
transcriptase inhibitor susceptibility and drug-

dependent stimulation of viral replication.

8. The method of claim 7, wherein the mutated codon
20 230 encodes a leucine (L).
9. The method of claim 7, wherein the mutated codon

101 encodes a glutamic acid (E), the mutated codon
103 encodes an asparagine (N), the mutated codon
25 : 190 encodes a serine (S), the mutated codon 221
encodes a tyrosine (Y), or the mutated codon 238

encodes a threonine (T).

10. The method of claim 7, wherein the HIV-infected
30 patient is being treated with an antiretroviral

agent.



replication. 20 20. The nmethod of claim 19, wherein the nutated codon 241
encodes an isoleucine (I). 21. The nethod of claim 19, wherein the nmutated
codon 2WaOwy@mcodes a glutamc acid (E), the nutated coRoWUSWOBS®ENcodes a
met hionine (M , the nutated codon 135 encodes a threonine (T), the
nmut at ed codon 138 encodes an al anine (A) and/or the nutated codon 190
encodes an al anine (A). 30 22. The net hotRdf claim 19, wherein the

H V-infected petient isnesilngltrefibed widdsessiad i r ethevi r abiohgaheal wo

01/ 96611 PCT/USOl/188§§ %%de%§%sant|t (M%Jﬁguﬁé§%8§tﬂg égglpéekggkggi

ef fectiveness of a ca retrovir rug conpound conpri sing:
(a) introducing a re&rsgamcmpoesd gespoiste@pri sing a 5 patient-derived

seqrent. further £OMPLLSLNG. 8 p UL ALERY oBLEAURRES) Ak ANddiide: d0Gy 335

138 or 190 and nin or gene into a host cel cul turing the host
cell fromstep (a); paﬁleeas@¢rnge@heaaﬁm%%ﬁorfmﬁt%¢¥arg§mﬂﬁkﬁl%%lIa and

10 (d) conparing the n@ﬂéf&ﬁnggtcgéoﬁh§3bngl&ﬁéOérfiﬁn&oﬁEﬁﬂaﬁﬁ&nWWHBhthe
measurement of the indicator —measured when steps (a) (c) are carried out

in the absence of t@emgaﬁ@ﬂ@at@QMﬂQ¢Qﬂrb@?raFOéPBgl9@om&ﬁﬁRP 431 wher ei n
a test concentration,ghohhgs§apdidaheindnbht 6k Q¥heatndbug BOBROUBLLIS

present at steps
(b) culturing the host cell from step (a),
10 (c) measuring the expression of the indicator gene in
a target host cell; and
(d) comparing the measurement of the expression of the ’
indicator from step (c¢) with the measurement of the
expression of the indicator gene measured when steps
15 (a) - (¢) are carried out 1in the absence of the
candidate antiretroviral drug compound;
wherein a  test concentration of the candidate
antiretroviral drug compound i1s present at steps
(a). - (¢); at steps (b) - (¢); or at step (c).
20
12. A resistance test vector comprising an HIV
patient-derived segment further comprising reverse
transcriptase having mutations at codons 230, 101,
103, 190, 221, and/or 238 and an indicator gene,
25 wherein the expression of the indicator gene is

dependent upon the patient derived segment.

13. A method of assessing the effectiveness of non
nucleoside reverse transcriptase antiretroviral
30 therapy of an HIV-infected patient comprising:
(a) collecting a Dbiological sample from an HIV-
infected patient; and
(b) evaluating whether the biological sample comprises

nucleic acid encoding HIV reverse transcriptase



(a) - (c) ; at steps (b) - (c) ; or at step (c). 24. A resistance test
vector conprising an HHV 20 patient-derived segnent further conprising
reverse woanseii ptase having mutations at codons 241, 10RCT/USQB188%235, 138
and/or 190 and an indicator gene, wherein the expression of the indicator
gene is dependent upon the patient derived,segnent. 25 25. A nmethod of

assessing the effectiveness of ngon, .nucl eoside rev. e tra ript .
antiretroviral therapy®Vdf'9aft M ﬁﬁﬁ%ﬁn%ijiﬁ§§%ﬁn£%%n%??s?§%:o?agﬁg T
col l ecting a biol ogi cahiganhe presecancsHbY- t3e motedtiedspaorertatandilth)
eval uati ng whet her the bi,ol ogical sanmp npris l.ei.c acid e  ng
H V reverse transcrip?asgecﬁ%9ﬁﬁg énnupgpﬁgn EPS§%ESE§§}§§§an§5§8,aﬁﬁg
and/or 181 in which t Heppneeancetafuillbé iont affi ongaWOrepldeetion.

PCT/ US01/ 18882 127 correlate with a decrease in NNRTI susceptibility and

drug- dependent stimulation of viral replication. 5 26. The nmethod of claim
25, wherein the matat &thecaskdrod4% enlcodesl ain ghetrabicthei duEBFed2zodrne

met hod of cl ai m 25, WB%%SE%C%% Sngtggﬁgn%oq%@ 98 encodes a glycine (G,

the nutated codon 135 encodes a threoniné (T), and/or the nutated codon
181 encodes a cysteine (C). 28. The nethod of claim25, wherein the

H V-infected patient i ' reat Lty an aplLE gt L QU kR 2tLD QLMY
29. A net hod for&géseg?%ngﬁ%ﬂgx%fgﬁégg%%ﬁ £§Tec$?veness ° "
10 103 encodes an asparagine (N) and the mutated

codon 135 encodes a threonine (T).

16. The method of claim 13, wherein the HIV-infected
patient is being treated with an antiretroviral

15 agent.

17. A method for assessing the biological
effectiveness of a candidate HIV antiretroviral
drug compound comprising:

20 (a) introducing a resistance test vector comprising a
patient-derived segment further comprising a
mutation at codon(s) 241 and 103 or 135 and an
indicator gene into a host cell;

(b) culturing the host cell from step (a);

25 (¢) measuring the indicator in a target host cell; and

(d) comparing the measurement of the indicator from
step (c) with the measurement of the indicator
measured when stepg (a) - (¢) are carried out in
the absence of the candidate antiretroviral drug

30 compound ;

wherein a test concentration of the candidate
antiretroviral drug compound is present at steps

(a) - (c); at steps (b) - (c); or at step (c).



of a candidate H'V antiretroviral drug conpound conprising: 20 (a)
introducing a resistance test vector conprising a patient-derived segnent
further owoprd®ing a nutation at codon(s) 245 and 98, 13BCT/@HRE/18882181 and
an indicator gene into a host cell; (b) culturing the host cell fromstep
(a); 25 (c) nmeasuring the indicator in a{gafget host cell; and (d)
conparing the surenment _of the indicator te .t h e

measur enent of tHe i icﬁ?%%s%%ggﬁre&e%kheﬁkégg%i (Q?m§£%§¥hgreE€%rfﬁg% out
in the absence of theicend ditei vt iseagmavi ralrithely conpolsids IEWeFei n a
test concentration of_the candid L r k u 0 i

present at steps (a) Era{%gj&jﬁlpgia% ?ﬂ)aé% r-%%%yh{)ﬁ%rggt %gﬁgg}%(gﬂ'@l%

01/ 96611 PCT/ US01/ 18882%1/d28 13F Andesast skl dadsir vaener cohpresiingke H vV
pati ent-derived segnent f i Si.ng: r r | I ASE- i.ng
mut ations%;t codons %QQ%S%%\%%@fB%%ﬁ ané 5@?\%%%%or g(;h?%(?ﬁ
wher ei n the expressi arhofpatieent rdtcited grgwents. dependent upon the patient
derived segnment. 31. A nethod of assessing the effectiveness of non 10
nucl eosi de reverse transcriptase antiretroviral therapy of an H V-infected
patient conprisiiy: (&) medhosctphgasssissiieg cahesgipiacFiremens of non

H V-infected patient; and (b)sevaluating whelder: ihe. i ol 0gi cade soppbel 15

conpri ses nucleic acid encoding HV reverse transcriptase having a
mut ati on ¥l therapy of an HIV-infected patient comprising:

(a) collecting a biological sample from an HIV-
infected patient; and

(b) evaluating whether the biological sample comprises

nucleic acid encoding HIV reverse transcriptase

15 having a mutation at codons 241 and 101, 106 135,

138 or 190 in which the presence of the mutations

correlate with a decrease in NNRTI susceptibility

and drug-dependent stimulation of viral
replication.
20
20. The method of claim 19, wherein the mutated codon
241 encodes an isoleucine (I).
21. The method of claim 19, wherein the mutated codon
25 101 encodes a glutamic acid (E), the mutated codon
106 encodes a methionine (M), the mutated codon
' 135 encodes a threonine (T), the mutated codon 138
encodes an alanine (&) and/or the mutated codon
190 encodes an alanine (A).
30

22. The method of claim 19, wherein the HIV-infected
patient is being treated with an antiretroviral

agent.



codons 245 and 101, 103, 135, and/or 190 in which the presence of the
mutations correlate with a decrease in NNRTI 20 susceptibility and

dr ug- depavaengeoisti mul ati on of viral replication. 32. TheP@®PUR@d8882 cl ai m
31, wherein the nutated codon 245 encodes an glutamc acid (E). 25 33. The
met hod of claim 31, wherein the nmutated gg on 101 encodes a glutamc acid
(E),the mutated _codon 103 encodes an asp N), the nutated codan

g i ne (
135 encodes a t hrdoni fle (TYStRY andﬂ%?ftheaﬁ%FE?éﬁgcoddﬁmiQO HOGPE- Frt
al anine (A). WO 01/ 96G¥LcRGTEHSQY 18882 &20d34atEhernet hod iekteloaiimadl,
wherein the H V- infected patient is being.treated with an antiretroviral
agent. 5 35. A met hod &P §§§5§§Fﬁgcpﬁgrﬁg&Fﬁdical effectiveness of a
candi date H V ant(ianet noxidodhicidiue corpiatxh@ompesisi ftgetda) coibradiagng a
resistancestest vect or Qog%risin%_%5patient-derive% segnent 10 further
conpri si ng”a mut at i onPAEIEGHGHES) VESs AtPITE 1637 C1%5%, iR 998 and an
i ndi cator gene into ambestical bt chpotulk)urkng atke 1last 10el,| 1BEoMisStEep( a) ;

(£) measuring the I ndygl obd noe sbaigatoostrelsyeally cant (Dcomer 1o
(b) culturing the host cell from step (a);
(c¢) measuring the indicator in a target host cell; and
10 (d) comparing the measurement of the indicator £from
step (¢) with the measurement of the indicator
measured when steps (a) - (¢) are carried out in
the absence of the candidate antiretroviral drug
compound;
15 wherein a test concentration of the candidate

antiretroviral drug compound i1s present at steps

(a) - (c); at steps (b) - (c); or at step (c).
24, A resistance test <vector comprising an HIV
20 patient-derived segment further comprising reverse

transcriptase having mutations at codons 241, 101,
106, 135, 138 and/or 190 and an indicator gene,
wherein the expression of the indicator gene is

dependent upon the patient derived segment.

25
25. A method of assessing the effectiveness of non
nucleoside reverse transcriptase antiretroviral therapy
of an HIV-infected patient comprising:
(a) collecting a biological sample from an HIV-
30 infected patient; and

(b) evaluating whether the biological sample comprises
nucleic acid encoding HIV reverse transcriptase
having a mutation at codons 245 and 98, 135,

and/or 181 in which the presence of the mutations



i ndi cat or neasured when steps (a) - (c) are carried out in the absence of
the 20 candidate antiretroviral drug conmpound; wherein a test
concentr W@ onvwii1 t he candi date antiretroviral drug conpoR@UURSl/I8Esent at
steps (a) - (c) ; at steps (b) - (c) ; or at step (c). 25 36. A resistance
test vector conprising an H'V patient-derived segnent further conprising
reverse transcriptase having nutations at j-godons 245, 101, 103, 135,

and/ or 190 and an i ndifatar, r expr nof t

i ndi cator gene is depgdndent at}%gﬁﬁtth%w%a(?légﬁ%gg e)f{lgvg?%‘se rrglnstce%%l]fjﬁ%ll
PCT/ USO1/ 18882 130 3PndA neflk¥d-6rrasdessi ng @hem’el&emnvenasfs of wnarml
nucl eosi de reverse traRsaniRiasg . antiretroviral therapy of an H V-infected
patient conprising: (a) collecting a biological sanple froman HV- 5
infected patient; and (b) eval uati ng whet her the biol ogical sanple

conprises fnucl eixs aC'I‘Ele%ﬁé@ﬁbHQoH' 815%6@%6 wfh'é%%f I tea%%t%%‘é'd”%o%on
mut ati on at codons 245 and 103, ,_ and he presence 10

of the nutations corrdatHIes e@réle%]r%%lq naCJr\‘]NRfIE) susceptl bility and
dr ug- dependent stl mul ation of viral replication. 38. The method of claim
37, wherein the at ed codlc')l %245 encodes a glutamc acid (E). 39. The
net hod of cl ai m23 &r BPHPPReChUFARER eSdoneres Nehbedas taneds sadayi ne

(N), the mutated codem eR25d€8codgsyaihb sl nentHrandhorokhg HYkat ed
10 encodes a threonine (T), and/or the mutated codon

181 encodes a cysteine (C).

28. The method of claim 25, wherein the HIV-infected
patient 1s being treated with an antiretroviral

15 agent.

29. A method for assessing the biological effectiveness

of a candidate HIV antiretroviral drug compound

comprising:
20 (a) introducing a resistance test vector comprising a
patient-derived segment further comprising a

mutation at codon(s) 245 and 98, 135, and/or 181 and
an indicator gene into a host cell;
(b) culturing the host cell from step (a);
25 (c) measuring the indicator in a target host cell; and
(d) comparing the measurement of the indicator from step
(c) with the measurement of the indicator measured
when steps (a) - (¢) are carried out in the absence
of the candidate antiretroviral drug compound;
30 wherein a test concentration of the candidate
antiretroviral drug compound is present at steps (a) -

(c); at steps (b) - (c); or at step (c).



20 codon 270 encodes an nethionine (M. 40. The nmethod of claim 37, wherein
the HV-infected patient is being treated wwth an antiretroviral agent.

25 41. Awebhedif or assessi ng the biol ogical effectiveneBeT/mRo1z188%8ndi dat e
H 'V antiretroviral drug conpound conprising: (a) introducing a resistance
test vector conprising 30 a patient-deriﬁfg segnent further conprising a

mut ati on at codon(s) 245 and 103, 225, an r 270 and an i ndi cator gene
into a host cel 130(b) c@ltﬁ?ﬁﬁ&t@ﬁéeho§FSEelVeFF8ﬁ1sF@BPFéf%HQE)GQIQgéYl

PCT/ US01/ 18882 131 (c) paraswiti-g@rtiRed ndiseagtehti N aut-arget hestpgekling and
(d) conparing the neasurenent of the indicator from, step (c¢) with the
measur ement of the indi C&V6FSSS nbh3RFEHIRABRSst dFIRT - TEEPtdPEScar fled
out in the absence of thedeard dad=, anbiret ey ralandfeg cospoungid whghei n'
a test concepntration of .the candidate antiretroviral dru congoqu IS
present at steps (a) 18RAICHFOT {eRR ep¥lEh yp(EBe;eﬁPr§FS§P|o% yEhgo A
resi stance test vector dedpikasiong gen&l M s pdepentieter iwssh segrenbat uehber
conprising reverse transcriptase having nmutations at 15 codons 245, 1083,
225, and/or 270 and an Srhdi’c8t §FIPERE wherein the expression of the

i ndi cator gene i s dependent upon the patient derived segnent.

31. A method of assessing the effectiveness of non
10 nucleogside reverse transcriptase antiretroviral
therapy of an HIV-infected patient comprising:

(a) collecting a biological sample from an
HIV-infected patient; and

(b) evaluating whether the bioclogical sample

15 comprises nucleic acid encoding  HIV

reverse transcriptase having a mutation at

codons 245 and 101, 103, 135, and/or 190

in which the presence of the mutations

correlate with a decrease in  NNRTI

20 susceptibility and drug-dependent

stimulation of viral replication.

32. The method of c¢laim 31, wherein the mutated

codon 245 encodes an glutamic acid (E).

25
33. The method of claim 31, wherein the mutated
codon 101 encodes a glutamic acid (E),the
mutated codon 103 encodes an asparagine (N),
the mutated codon 135 encodes a threonine (T),
30 and/or the mutated codon 190 encodes an alanine

(A) .



20 43. A nethod of assessing the effectiveness of non nucleoside reverse
transcriptase antiretroviral therapy of an H V-infected patient

conpri si MO o(/eg61col | ecti ng a bi ol ogi cal sanmple from an H RETURIIESBEI
patient; and 25 (b) eval uati ng whether the biol ogical sanple conprises
nucleic acid encoding H V reverse transcriptase having a nutation at
codons 245 and 135, and/or 138 in which tike presence of the nutations

correlate with a gl@creaS?hén Mbd3oo§USE§9£!ﬂb' kity @pd.d5yg- dgpendgnt
stinmulation of viral dﬁ%l cation. 44, The et hod of cpalrrgng gwl%ergll%ﬁ]tthe

mutated codon 245 encodE3LeCtefeoP?hEeRl) . 1M0 Deing61trPETAASOVA LE882n 132

45. The net hod of cl ai mé&&lm(@ﬂkgh&aﬁgﬁ@; ed codon 135 encodes a
threonine (T), and/or the nutated codon 138 encodes an glycine (G. 5 46.

The nethod of claim43, wherein the HV-infected patient is being treated

with ansantiretraviral mgentetddd47. £dynet QQQeéQin§553§ﬁén9 bﬁglgb‘ilc‘%,g_' cal
ef fecti veness of a candlea%e HV antire I’OVI ral , drug_conpound conpri sing:

(a) introducing a resist CHERNSRR T cﬁﬁ‘ﬁiiitg‘?‘?l% %IBaFPEﬁFEHéPV\lé‘él
segnent 15 further conpifsy ngpripdatiditdsnpdsaegdon(s) 245 and 135, and/ or
%38 and an inQicator geqe Inlntrogu%tn96|lé. (Bésgnggégng ggg% ho%éc%gil
romstep (a);
comprising a patient-derived segment
10 : further comprising a mutation at codon (s)
245 and 101, 103, 135, and/or 190 and an
indicator gene into a host cell; ‘
(b)  culturing the host cell from step (a);
(c) measuring the indicator in a target host
15 cell; and
(d) comparing the measurement of the indicator
from step (c¢) with the measurement of the
indicator measured when steps (a) - (c)
are carried out in the absence of the
20 candidate antiretroviral drug compound;
wherein a test concentration of the candidate
antiretroviral drug compound is present at steps (a)

- (e); at steps (b) - (¢); or at step (c).

- 25 36. A resistance test vector comprising an HIV
patient-derived segment further comprising
reverse transcriptase having mutations at
codons 245, 101, 103, 135, and/or 190 and an
indicator gene, wherein the expression of the

30 indicator gene is dependent upon the patient

derived segment.



(c) neasuring the indicator in a target host 20 cell; and (d) conparing
the nmeasurenent of the indicator fromstep (c¢c) with the neasurenent of the
i ndi cat owoetsigied when steps (a) - (c) are carried out PETAURE/BBERence of
the candidate 25 antiretroviral drug conpound; wherein a test
concentration of the candidate antiretroviral drug conpound is present at
steps (a) - (c) ; at steps (b) - (c) ; onzat step (c). 30 48. A resistance
test vector conpihsSingaa patd < i -yed gIBH, I conpri_sing
reverse transcri ptase ﬁa\r}imler_l%lycr)r%t gtfz g{lgssé;s:éi%%dgﬁg 245, Ji:%g%e'ﬁ%&/ o(!r;rPl lnand
an indicator gene, wh&UELFAHEexprESEFOn Wiandwrinidisat ontWoe01r98681

PCT/ US01/ 18882 133 ge!&%ér%p@eQ&n@&ﬁFHINﬁQ.@lftet&%e@atﬂa%merﬁercjo\‘r‘gﬂ'SS.L Eent .
49. A net hod of asszgﬁl n% t he effectiveness of non 5 nucl eoside reverse
ov

transcriptase antir Pl ecti@Gapy 1 UPHRL nFespég phreentan HIV-

conprising: (a) collectingrachead eatéahtsagpke froman H V- infected
patient; and (b) evgb?ati ng whet her the biol ogical sanpl.e 10 _conprises
nucl ei ¢ aci d encodi H 9VReVErdag ¢ r4petheht addhavitiglegisedt i orample

codons 245 and 98, 103, cbdbrit8t andiDeid9hdiy Whikhhdihey Presepegeeket he
nmut ati ons correl ate withta decr.ease irhNNRTI suscegt i,bil1ty and dr ug- 15
dependent stinul ation of “VPPECIrEHPEEatiO 507 FHEePRoG fof CR4ARt 495

wherein the nutated codoand 103, 225, and/or 270 in which the presence
10 of the mutations correlate with a decrease in
NNRTI susceptibility and drug-dependent

stimulation of viral replication.

38. The method of claim 37, wherein the mutated codon

15 245 encodes a glutamic acid (E).

39. The method of claim 37, wherein the mutated codon

103 encodes an asparagine (N), the mutated codon

225 encodes a histidine (H), and/or the mutated
20 codon 270 encodes an methionine (M) .
40. The method of claim 37, wherein the HIV-infected

patient is being treated with an antiretroviral
agent.
25
41. A method for assessing the biological
effectiveness of a candidate HIV antiretroviral
drug compound comprising:
(a) dntroducing a resistance test vector comprising
30 a patient-derived segment further comprising a
mutation at codon(s) 245 and 103, 225, and/or
270 and an indicator gene into a host cell;

(b) culturing the host cell from step (a);



245 encodes a threonine (T). 20 51. The method of claim 49, wherein the

nmut at ed codon 98 encodes a glutamc acid (G, the mutated codon 103
encodes avoaspaihagi ne (N), the mutated codon 135 encodesP@rwkolesssne (T),
the nutated codon 181 25 encodes a cysteine (C), and/or the nmutated codon
190 encodes an alanine (A). 52. The nethod of claim49, wherein the

H V-infected patient is being treated w tthian antiretrovi éal agent "
53. A nethod for asgessim@atfieibyobagi ¢akicatbectiyveness, 9t apcandidate
antiretroviral dr ug@(szorrpound clggrrprl sing: WO 01/96611 CT?USOl%%g 86%611134
(a) introducing a resi st@ifée test vector conprising a patient-derived

segnment further ConﬂilS'é&hﬁbrﬂ%@aﬁh@ﬂm@és&%@%@%@)o§4§hénQn%§ca%g% £13m

181, and/ or 190 and an |nd| cat gene_into a 5 host cell; (b) culturl ng the
host cell fromstep (a) St¥R) ?ﬁv‘sag’&ﬁ‘n&h@né“eialﬁ%‘%eé‘ﬁ%tl%fatbﬁr gadigesgor
cell; and,5(d) conparingdhersgasteametiesf (d1e Lndicgatpre fE9m-148 %tu%P

C vmth the measur enent, of _the indicator asure en steps (a) - (c)
<(51r)e carried out in the HbsEice? %’FGPHE &dn r%%t%a%g%%ﬂm@ré‘%tﬂéle r&’f"t}@”al

conmpound; wherein a testdwancesntgaindn of the candidate 15 antiretroviral

drug (o) ound is present; at steps_(a) . L&k aLsteps (b)) - (c) 4. or at
step (c) .

antiretroviral drug compound is present at steps (a)

10 - (c); at steps (b) - (c); or at step (c).

42 . A resistance test vector comprising an HIV
patient-derived segment further comprising
reverse transcriptase having wmutations at

15 codons 245, 103, 225, and/or 270 and an
indicator gene, wherein the expression of the
indicator gene is dependent upon the patient

derived segment.

20 43. A method of assessing the effectiveness of non
nucleoside reverse transcriptase antiretroviral
therapy of an HIV-infected patient comprising:

(a) collecting a biological sample from an HIV-
infected patient; and

25 (b) evaluating whether the biological sample

comprises nucleic acid encoding HIV reverse
transcriptase having a mutation at codons 245 and
135, and/or 138 in which the presence of the
mutations correlate with a decrease in NNRTI
30 susceptibility and drug-dependent stimulation of

viral replication.

44. The method of claim 43, wherein the mutated codon

245 encodes a threonine (7).



54. A resistance test vector conprising an H'V patient-derived segnent
further conmprising 20 reverse transcriptase having nutations at codons
245, 98, W081/96¢:36, 181, and/or 190 and an indicator ge
expression of the indicator gene is dependent upon the

segnent .

reverse transcriptase antiretroviral

25 55. A nethod of assessing the effectiveness

conprising: (a) collecting a biological sanple from an
and (b) evaluating whether the biological sanple conprises
nucl ei ¢ aci d encdei ngiid Veeed sef eladscrddpt e rrim nhe Mutatiesh erdon
codons 245 and 103 inswhiegBotibe B esapeenohet hermut ations. WO,01/
PCT/ US01/ 18882 135 correlate with a decrease in NNRT
dr ug- dependent st i nuFREREn 168 Fncades, ép pdacias. (§)5e6.
55, whereimn the nutated codon 245 encodes a threonine
of claim55, wherein %Es mut at dg%odon . 103_encaqodes an
r el

patient;

58. The nethod ot®cl &

552

itn THEEM $3 1 nrdRR R phbredt

nePCW8012i8R82t he
pati ent derived
of non nucl eosi de

"~ therggyy of an HI V-infected patient

H V- 30 i nfected

susceptibility and

The nethod of claim

(T). 57. The et hod

asparagine (N . 10
19{{—51 FHged

treated with an anti patrievitr ais ageilg 1re3%edA wethodyh Orarassessidg Lhe
bi ol ogi cal effectivgg%%% of a candidate HV antiretrov

10 47. A method for assessing

iral

the biological

effectiveness of a candidate HIV antiretroviral

drug compound comprising:

(a) introducing a resistance test vector

comprising a patient-derived segment

15 further comprising a mutation at codon(s)

245 and 135, and/or 138 and an indicator

gene into a host cell;

(b) culturing the host cell from step (a);

(c) measuring the indicator in
20 . cell; and

a target host

(d) comparing the measurement of the indicator

from step (c) with the measurement of the

indicator measured when steps (a) - (¢) are

carried out in the absence of the candidate

25 antiretroviral drug compound;

wherein a test concentration of the candidate

antiretroviral drug compound is present at steps

(a) - (c); at steps (b) - (c); or

at step (c).

30 48. A resistance test vector comprising an HIV

patient-derived segment further comprising

reverse transcriptase having

mutations at

codons 245, 135, and/or 138 and an indicator

gene, wherein the expression of the indicator



drug compound conprising: (a) introducing a resistance test vector
conprising a patient-derived segnent further conprising a 20 nutation at
codon(s) wabl/ggmat 103 and an indicator gene into a host cRCT/USEUB8&2ul t uri ng
the host cell fromstep (a); (c) nmeasuring the indicator in a target host
cell; and, 25 (d) conmparing the neasurenent of the indicator from step
(c) with the neasurenent of the indicator 13@easured when steps (a) - (c)

are carried out in the absencg ofydhg, q.la ire iral  dru
conmpound; 30 wherein a test concentratl on of he cgtrfl1 di d tag\ieg%tl retrl;g’\?fir al

drug conpound is presentSedM&teps (a) (c) ; at steps (b) - (c) ; or at
step (c). WO 01/96611 PCT/US01/18882 136 60. A resistance test vector
conprising an H'V patient-derived_segnment further conprising reverse
transcri ptase havtfhg nut’atPehEoat ofca@6sssimy e 195 erldl vend srli cht opn

gene, 5 wherein the exprm%ﬁetf@ve&f@é CetohsgeNsthse QﬁE?QQE%vHBg the
patient derived segnent A net hod of assessin he effectiveness of non

nucl eosi de reverse trans@r‘?ﬁ%ﬁ’sé’farﬁr} FEtfovitiegted pathigrpyc i riE ing :

HI V-infected pati et C@cm)ldaéttﬂgg (2) Boblegiéan ashhel 891 eabpsagRl eyf;om an
HI V- infected patient; ryﬂ éﬁ% eval uati ng whet her the biol ogical sanple
conpri ses nucl eic aci TSRS FHAPPev ¥ 15 transcri pt ase having a

nmut ati on at Cod0n8ﬂ2453valuat1ng whether the biological sample
10 comprises nucleic acid encoding HIV reverse
transcriptase having a mutation at codons 245 and

98, 103, 135, 181 and/or 190 in which the

presence of the mutations correlate with a

decrease in NNRTI susceptibility and drug-

15 dependent stimulation of viral replication.

50. The method of claim 49, wherein the mutated codon

245 encodes a threonine (T).

20 51. The method of claim 49, wherein the mutated codon
98 encodes a glutamic acid (G), the mutated codon
103 encodes an asparagine (N), the mutated codon
135 encodes a threonine (T), the mutated codon 181
25 encodes a cysteine (C), and/or the mutated codon

190 encodes an alanine (A).

52. The method of claim 49, wherein the HIV-infected
patient 1is being treated with an antiretroviral
agent. '

30

53. A method for assessing the biological

effectiveness of a candidate HIV antiretroviral

drug compound comprising:



and 103, 135 and/or 225 in which the presence of the nutations correlate
wth a decrease in NNRTI susceptibility and drug-dependent stinulation of
viral repvooutdson. 20 62. The nmethod of claim 61, wherei nP€hESMIMS8&2ed codon
245 encodes a nethionine (M. 63. The nethod of claim 61, wherein the
nmut at ed codon 25 103 encodes an asparagine (N), the nutated codon 135
encodes a threonine (T) and/or the nutated3g£odon 225 I(:a‘;r;é(;:odes a histidine

. 64. The met hod ckakBheinherentike JHIW- id £ 30 _“p&ﬁ]j -
l(3|e_li) ng treated with a(lﬁ]3 an%iﬁFg?r_ovillrlygl .Iff(%ent f%aV\D Ol%sgcgll PCT/ USOT %381%5
137 65. A nethod for ass@s&igStte WTEVEG It €t veass sopbrd sdasti dat e
HV antiretroviral drugmngeapesgnd @@gp{dcajrggg) (@)4_:;;[ n]rcahg;:lﬁggpg Pot esisiqance
test vector conprising 5 a patient-derived segnent further conprising a
nutation at coggn(s) 2451§ﬁdg§}6é?r13159%nm 2D25 R PT ndicddt oinjenes
into a hest cell; (b) cuhbyti pgithe host cell fromstep (a) ; (c) neasuring
the indicator in a target host, cell; %0 and, id%{écorrpari ng t he neasurenent
of the indicator fré SFEgt](lEin%i thet Restegs it ehBRAE BEEPhéa] ndi cat or
nmeasured when steps(¢R) mebshrang eaeriediddtod ndhg absereeefstt hee1:;
candi date antiretroviral (J:{S drug compound; wherein a test concentration of
t he candi date and,

(d) comparing the measurement of the indicator from

10 step (c¢) with the measurement of the indicator
measured when steps (a) - (c) are carried out
in the absence of the candidate antiretroviral
drug compound;

wherein a test concentration of the candidate

15 antiretroviral drug compound is present at steps (a)
- (c); at steps (b) - (c); or at step (c).
54. A resistance test vector comprising an HIV

patient-derived segment further comprising
20 reverse transcriptase having mutations at
codons 245, 98, 103, 135, 181, and/or 190 and
an indicator gene, wherein the expression of
the indicator gene is dependent wupon the

patient derived segment.

25
55. A method of assessing the effectiveness of non
nucleoside reverse transcriptase antiretroviral
therapy of an HIV-infected patient comprising:
(a) collecting a biological sample from an HIV-
30 infected patient; and

(b) evaluating whether the biological sample
comprises nucleic acid encoding HIV reverse
transcriptase having a mutation at codons 245 and

103 in which the presence of the mutations



antiretroviral drug conpound is present at steps (a) - (c) ; at steps (b)
- (c) ; or at step (c). 20 66. A resistance test vector conprising an HV
pati ent - wi@pi/9@dl segnent further conprising reverse tranBCT/UPtIZS882havi ng
nmut ati ons at codons 245, 103, 135, and/or 225 and an indicator gene,
wherein the expression of the indicator gene is dependent upon 25 the
patient derived segnent. 67. A nethod of Bmssessing the effectiveness of non

nucl eosi de reverse traRseidipicaseidM id fdpdd iﬂfNNEWm’éﬁsé@biﬂﬁ&iﬂﬁfCted
patient conprising: 30 (a) collecting a biological sanple froman H V-

infected patient: and®¥) evaFtRrfrgcuhether tHeB@tdGtal Sanpl eviral
conprises nucleic aci gepngedicAgnHl V reverse transcriptase having a
nmut ati on at codons 270 WO 01/96611 PCT/ US01/18882 138 and 103 and/or 135
in which the presence of the nutations correlate with a decrease in NNRTI
suscept Pbility sad dheg-miefierdlest cSbiimilsH i ofhefevhr aher @Rltgald 0odsn 68.
The nethod of claim_67, wherein the nutated cqQqdon 270 encodes a serine
(S). 69. The met hod28P &REOREET2 ﬁ%ﬁfﬁpﬁnﬁhéT' tated codon 10 103 encodes
an asparagine (N) and/or the mutated codon 135 encodes a threonine (T).
70. The net hod gg CE [
nti

im67 W?er in.the HV-infected patient is bei
treated with an i ?‘&r RATA 15 CAgent !_5‘]57'1.‘” elﬁ%{%oﬁgﬁorm&?%:\??si‘f@ e
bi ol ogi cal 103 encodes an asparagine (N).
10
58. The method of claim 55, wherein the HIV-infected
patient 1s being treated with an antiretroviral

agent.

15 59. A method for assessing the biological
effectiveness of a candidate HIV antiretroviral
drug compound comprising:

(a) introducing a resistance test vector comprising
a patient-derived segment further comprising a

20 mutation at codon(s) 245 and 103 and an

indicator gene into a host cell;

(b) culturing the host cell from step (a);

(c) measuring the indicator in a target host cell;
and,

25 (d) comparing the measurement of the indicator from
step (c) with the measurement of the indicator
measured when steps (a) - (¢) are carried out
in the absence of the candidate antiretroviral
drug compound;

30 wherein a test concentration of the candidate

antiretroviral drug compound is present at steps (a)

- (c); at steps (b) - (¢); or at step (c).



effectiveness of a candidate H V antiretroviral drug compound conpri sing:
20 (a) introducing a resistance test vector conprising a patient-derived
segnent W@ bhem11 conprising a nmutation at codon(s) 270 anBCT/@So1/=8’Y or 135
and an indicator gene into a host «cell; 25 (b) culturing the host cel
fromstep (a); (c) neasuring the indicator in a target host cell; and, (d)
conpari ng the neasurenent of the indicatonskrom step (c) with the

measurenment of te i ndi cat ofes A ATRAS UTRsk ihesL SIEPS #@ﬁjswg AL Cans ed
out in the absence of the candidate antiretroviral rug conp ungj

01/ 96611 PCT/ US01/ 18882 PABERhetrHVed t esteTatent faitherof cheprardindat e
antiretroviral drug conpesperés PReSeRcrahtSlRPS haYing (Qubadiond ep%}( b)

- (c) ; or at step (c) 5 72. A resistance test vector Tonprising an H
pati ent-derived segnent FHIFEr Tompra’sd ng 0% evdiSse 3y apseicptase Baweng

nutatiors at codons 270yhdfSin atel 0&xdB38s 806h a8 | PHECaLAK cag8PEgBRerEI N

the expression of the indicator 10 gene is dependent upon_the pafient
derived segnent. 73. Acfﬁﬁ el lﬁg%‘bstsl?%g}’attrﬂee%f%%‘fli%e%%r@ﬁn%on

nucl eosi de reverse transcriptase antiretroviral 15 therapy of an
v fected paent comprisings (@) SUNREHILA RAoY pAL, SamLe fLgman
nucleoside reverse transcriptase antiretroviral
10 therapy of an HIV-infected patient comprising:
(a) collecting a biological sample from an ﬁIV—
infected patient; and
(b) evaluating whether the biological sample
comprises nucleic acid encoding HIV reverse
15 transcriptase having a mutation at codons 245
and 103, 135 and/or 225 in which the presence
of the mutations correlate with a decrease in
NNRTT susceptibility and drug-dependent
stimulation of wviral replication.
20
62. The method of claim 61, wherein the mutated codon

245 encodes a methionine (M).

63. The method of claim 61, wherein the mutated codon
25 103 encodes an asparagine (N), the mutated codon
135 encodes a threonine (T) and/or the mutated

codon 225 encodes a histidine (H).

64. The method of claim 61, wherein the HIV-infected
30 patient 1is being treated with an antiretroviral

agent.



(b) eval uating whet her the biological sanple conprises nucleic acid
encoding H'V reverse 20 transcriptase having a nutation at codon 230 in
whi ch t havpoes@mnce of the nutation correlates with a decP€BEF801/1883INRTI
susceptibility and drug-dependent stinmulation of viral replication. 25 74.
The met hod of claim 73, wherein the nutated_codon 230 encodes a |eucine
(L). 75. The nethod of claim 73, wherein t'Hd HI V-infected 30 patient is
being treated wih an arkirefeblprdal fagent 25RESEiNg661EHPCT/ LSOLOEEGEE

140 76. A method for assgspiigivafeHs0bpghcabngebhieet reness iokraRandidat e
H V antiretroviral drug_conpound conprising:, (a) introducing a resistance

test vector 5 conpr|5|dﬁfﬁgp%?m%ﬁﬁn%e??W@ﬁﬁ%%@%ﬁnt further conprising a
mut ation at codon 289) anghgRodhddh n%aé.Ofeg@BQahBéotésboﬁac%@'r' colrising

culturing the host cell fromste neasuring the indicator .in a
target host cell; 10 ard, p@ﬁ}eﬁ &%Fﬁ%gtW§QW%%EMéhﬁ§ﬁe%fCPW@rFﬁaPEanr

from step (c) with the rﬁ@@@tli@xﬁfeﬁﬂt ofoddie (éndizast osnd measyr etk shemaytaps
(a) - (c) are carried out__in the abp s%nce of the candi date %%tlrfirOV|ral
t%

15 drug compound; wherei 3 TR t3RoMRETIERT 70T 1HE cand?
antiretroviral drug(lsonpoulitutsngrEseriodt SEEPSEf@) step (a);

(¢) measuring the indicator in a target host cell;
10 and,

(d) comparing the measurement of the indicator from
step (¢) with the measurement of the indicatox
measured when steps (a) - (¢) are carried out
in the absence of the candidate antiretroviral

15 drug compound;
wherein a test concentration of the candidate

antiretroviral drug compound is present at steps (a)

- (c¢); at steps (b) - (c); or at step (c).
20 66. A resistance test vector comprising an HIV patient-
derived segment further comprising reverse

transcriptase having mutations at codons 245, 103,
135, and/or 225 and an indicator gene, wherein the
expression of the indicator gene is dependent upon

25 the patient derived segment.

67. A method of assessing the effectiveness of non
nucleogside reverse transcriptase antiretroviral
therapy of an HIV-infected patient comprising:

30 (a) collecting a biological sample from an HIV-
infected patient; and

(b) evaluating whether the biological sample

comprises nucleic acid encoding HIV reverse

transcriptase having a mutation at codons 270



- (c) ; at steps (b) - (c) ; or at step (c) . 20 77. A resistance test
vector conprising an H'V patient-derived segnent further conprising
reverse twansedipbt ase having nutations at codons 230 andrPerUSeIdissst or
gene, wherein the expression of the indicator gene is dependent 25 upon
the patient derived segnent. 78. A nethod of assessing the effectiveness of
non nucl eosi de reverse transcriptase antoggetroviral therapy of an

HIV-infepted patient_conpr5ﬁangbjﬂhﬁéwoﬁpi§§c§hn%ﬁagy(%¥§i§§gsgﬁPgl%ffrom
an H V- infected patient; and (b) evaluating whether the biological sanple
conprises nucleic acid enchb8fnd™Hiariiver seTretanscriigitase Hisdrrpse in

nutation at codon 241 WO OfkR6G11 BQE&%Q%%@%%NR}H%& n H’@h?ihgk %n%%%gnce

of the mutation correlates with a decrease in suscep iTity an

drug- dependent sti mul at i onSEPMNRFAPT 8 VEAR! 0REP5178E1PRe met hod of cl ai m
78, wher®in the nutated codon 241 encodes a serine (S). 80. The nethod of
claim 78, mhereig t HIV-%Efﬁg%ﬁg #0, atient i's being treated with an
antiretroviral CAgent’®gfetao FIHM a8 es¥PRgeiRe Hic Byilgd codon
ef fectiveness of a candistededdd \bagdtigdroyyral 15 drug conpound
conprising: (a) introducing a resistance test vector conprising a
patient-derived segnent further

69. The method of claim 67, wherein the mutated codon

10 103 encodes an asparagine (N) and/or the mutated

codon 135 encodes a threonine (T).

70. The method of claim 67, wherein the HIV-infected
patient is being treated with an antiretroviral

15 agent.

71. A method for assessing the biological
effectiveness of a candidate HIV antiretroviral
drug compound comprising:

20 (a) introducing a resistance test vector
comprising a patient-derived segment further
comprising a mutation at codon(s) 270 and 103
and/or 135 and an indicator gene into a host
cell;
25 (b) culturing the host cell from step (a);
(c) measuring the indicator in a target host cell;
and,
(d) comparing the measurement of the indicator from
step (c¢) with the measurement of the indicator
30 measured when steps (a) - (¢) are carried out
in the absence of the candidate antiretroviral

drug compound;



conprising a nutation at codon 241 and an indicator gene into a host cell;
20 (b) culturing the host cell fromstep (a); (c) neasuring the indicator
in a targeoohesticell; and, (d) conparing the neasurenmenpCDUSIIS8$2ndi cat or
from step (c) with the neasurenent of the indicator 25 neasured when
steps (a) - (c) are carried out in the absence of the candi date
antiretroviral drug conpound; wherein a tgst concentration of the
candidate antiretrguifal, drug ou i r at_ste (a - . (c) ;
at steps (b) - (c) V;g%oﬁé?lar% s‘jtil.epE%gE. g%.ﬂc%n?ggﬁg{&glnceofes?ﬁgec%:gpéldat%
conprising an HV PHILSHTASHTadeddsegneenpdund hes poepenti ay steper de)
transcriptase having mmtatdons@ipLodon WQ 01/ 96611 PscglgéJSpcl)/ 18882 142 241
and an indicator gene, wherein the expression of the indicator gene is
dependent upon the patient derived segnent. 5 83. A nethod of assessing
the effectiveness of nom UG QASIR I @LekSeyliaRscr cB% e sany ' 8L oy gl
therapy of an H V-infected patient conprising: (a) colléecting~a biological
sanpl e from an H V- inf &&EEPardasitvecand Seg evabyahesy whaenhedsthg

bi ol ogi cal sanple conpriesses-duicl eirenaerdpensedi NLH NG eVRS® ions  at
transcri ptase having a nutation_at codon }2)70 in which the presence of "t he
mutation correlates w399 ectédse 1943 /NNRTE/ 25 diddcepRilbidn t yndhgator

drug- dependent stimul atighe, wherein the expression of the indicator

10 gene 1is dependent wupon the patient derived
segment.
73. A method of assessing the effectiveness of non

nucleoside reverse transcriptase antiretroviral

15 therapy of an HIV-infected patient comprising:
(a) collecting a biological sample from an HIV-

infected patient; and

(b) evaluating whether the Dbiological sample
comprises nucleic acid encoding HIV reverse
20 transcriptase having a mutation at codon 230
in which the presence of the mutation
correlates with a decrease in NNRTI
susceptibility and drug-dependent stimulation

of viral replication.

25
74. The method of claim 73, wherein the mutated codon
230 encodes a leucine (L).
75. The method of claim 73, wherein the HIV-infected
30 patient 1is being treated with an antiretroviral

agent.



of viral replication. 84. The nethod of claim 83, wherein the nutated codon
20 270 encodes a serine (S). 85. The nethod of claim83, wherein the

H V-i nf eov@d1/9gati ent is being treated with an antiretrovP€BUSOIZIEES2 . 25
86. A nethod for assessing the biological effectiveness of a candidate HV
antiretroviral drug conpound conpri sing: %@) i ntroduci ng a resi stance test
vector conprising a patient-derived segn& further 30 conprising a
nmutati on at coddtP 270 andl anmefhRafcat 6PFgendsSFAEE1BThost el | PiPpIical

culturing the host cell frpmsiemnésd; ofCh BRASYALRE M RYIGRLLiNA
target host cell; and, WO 01/96611 PCT/USO1/ 18882 143 (d) conparing the

nmeasur enent of the indi c¥e? FPHRPURY ePPTRYISMAER: t he measurement of the

i ndi cator measured(yhen stepsodaking(C) Are £a{desheat tasthe aksenge of
the candidate antiretroviral 5 drug conpound; wherein_a test concentration

of the candidate antiretrGAMPALSdH g & orpotFiit 7Lt ER@nEeaReRt e fIERST -
(c) ; at steps (b) - (c) ; compatisSteP 4Chutkti®h AcresdE&dm@nogot eshdVest or
conprising an H 'V patient- der.ived segnent, further conpri.sing reverse
transcriptase having nut at LOT-&R FOGdER S76 2 4Rd 2afCStEndfddtor gene, wherein
t he expression of tte) indicedterrigenehies hhdepeadent rupan sthe pabi;ent derived
15 segment. (c¢) measuring the indicator in a target host cell;
10 and,

(d) comparing the measurement of the indicator from
step (c) with the measurement of the indicator
measured when steps (a) - (c) are carried out
in the absence of the candidate antiretroviral

15 drug compound;
wherein a test concentration of the candidate
antiretroviral drug compound is present at steps (a)

- (c¢); at steps (b) - (¢); or at step (c).

20 77 . A resistance test vector comprising an HIV
patient-derived segment further comprising
reverse transcriptase having mutations at
codons 230 and an indicator gene, wherein the
expression of the indicator gene is dependeﬁt

25 upon the patient derived segment.

78. A method of assessing the effectiveness of non
nucleoside reverse transcriptase antiretroviral
therapy of an HIV-infected patient comprising:

30 (a) collecting a biological sample from an HIV-
infected patient; and

(b) evaluating whether the biological sample

comprises nucleic acid encoding HIV reverse

transcriptase having a mutation at codon 241
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in which the presence of the mutation

correlates with a decrease in NNRTI
susceptibility and drug-dependent stimulation

of viral replication.

The method of claim 78, wherein the mutated codon

241 encodes a serine (S).

The method of claim 78, wherein the HIV-infected

patient 1is being treated with an antiretroviral

agent.

A method for assessing the biological
effectiveness of a candidate HIV antiretroviral
drug compound comprising:
introducing a resistance test vector
comprising a patient-derived segment further
comprising a mutation at codon 241 and an
indicator gene into a host cell;
culturing the host cell from step (a);
measuring the indicator in a target host cell;
and,
comparing the measurement of the indicator from
step (c) with the measurement of the indicator
measured when steps (a) - (c) are carried out
in the absence of the candidate antiretroviral

drug compound;

wherein a test concentration of the candidate
antiretroviral drug compound is present at steps (a)

(c); at steps (b) - (c); or at step (c).

A resistance test vector comprising an HIV
patient-derived segment further comprising

reverse transcriptase having mutation at codon
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241 and an indicator gene, wherein the

expression of the indicator gene is dependent

upon the patient derived segment.

A method of assessing the effectiveness of non

nucleoside reverse transcriptase antiretroviral

therapy of an HIV-infected patient comprising:
collecting a biological sample from an HIV-
infected patient; and
evaluating whether the Dbiological sample
comprises nucleic acid encoding HIV reverse
transcriptase having a mutation at codon 270
in which the presence of the mutation
correlates with a decrease in NNRTI
susceptibility and drug-dependent stimulation

of viral replication.

The method of claim 83, wherein the mutated codon

270 encodes a serine (8S).

The method of claim 83, wherein the HIV-infected

patient is being treated with an antiretroviral

agent.

(a)

(b)
(c)

A method for assessing the biological
effectiveness of a candidate HIV antiretroviral
drug compound comprising:
introducing a resistance test vector
comprising a patient-derived segment further
comprising a mutation at codon 270 and an
indicator gene into a host cell;
culturing the host cell from step (a);
measuring the indicator in a target host cell;

and,
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(d) comparing the measurement of the indicator from

step (c¢) with the measurement of the indicator
measured when steps (a) - (¢) are carried out
in the absence of the candidate antiretroviral
drug compound;
wherein a test concentration of the candidate
antiretroviral drug compound is present at steps (a)

- (¢); at steps (b) - (c); or at step (c).

A resistance test vector comprising an HIV patient-
derived segment further comprising reverse
transcriptase having mutation at codon 270 and an
indicator gene, wherein the expression of the
indicator gene is dependent upon the patient derived

segment.



