; e3eM3MDd0OD62zT N. 224 NOV 2004 MEANS AND METHODS FOR NCNITORIEE
ANTI RETROVI RALTHERAPY AND GUI DI NG THERAPEUTI C DECISIONS IN T éT%%MﬁNﬁNT OF
H V/ Al DS;. Throughout this application, various publications arereferenced
by author and date within the text. Full1lOcitations for these publications
may be found |istedal phabetically at the end of the specification

i mredi at el ypreceding the clainms. Al patents, patent applications
andpublications cited herein, mhether supra or infra, arehereby

i ncorporated by refer : | The15d|sclosures of these
publications in the Erretres arener-eny Sr el et B ROV M s nce into
this application iHFSReer— Rl cxioibe s IHEArt as

« knownt o st hose skill ed thereln d§_§£EM§EEdQEﬂE§ILAEE§|nventlondescrlbed and
.clainmed herein.20Technical Field This invention relates to antiretroviral
+drug susceptibility and resistance tests to be used i'n 25 identifying

ceffective dryg-d@HdsNS £01st hgphneabrgat of Wﬁ%ﬂ%&y Wy leus

(H'V) infection and acquired i mminodefi ¢i éncy syndro
i nvention fdadfrencsdt &y + utherneand a«ﬁatﬁetwdsu@f themi ttetng t hEull

clini calg prearessidiys ofedi V i Rigst 'ﬁﬂbﬁﬂé‘atiénéesnﬂ Seplo ?:8\;@&“ heLEQy ral

t her apy usin%tphenotyplc or genotyplc suscepti bi | assays e I nventlon

al so rel at eSRNaRIRE CRLY 0RE, thesencelak el %B@%b i@abh@nf@mm@dnﬁyﬁﬁg’out
phenot ypi ¢ giecapiihl |dly éBsids. Theld %&E&h@@ fuatbst é?%ﬁ mﬁatkentsh%n‘ase

of various genaqtypi.c, nethodol%gles to denti fy patien ose I nfection
has becone R IGAREGHRS picd te e?%ﬁaﬁu")wlﬂetlaeﬁarw&m arcrantindae ov prsl

24 NOV 2004 nerl1ig iﬁab@araiaas Hy\VeaEEPEnALSAy &I B8 karkihetSer eeqiag of
candi d Eglr troviral g for thelr capacity to inhibit viruses,

sel ect éi&ﬁ%ﬂ%% %n?%ﬂ IFiEPRE . iRpltdaidt Pkl Bt {es t mite

i nvention reie%iéi@tﬂn%ﬂﬁbflgtﬁhew y:m:eﬁéﬁ@@pihbbl It of ea%él:@@ﬂfén in
genot ypi c tes&; to |dent|f¥ ET mgose Vi rus/viruses :

dr ug- depend&HISH i I Be¥Dnt Bt Y e FFE&P &n the otets eferfdie 3rt as known
anti-retrovigcsal thgeat skilled therein as of the date of the invention

described and claimed herein,

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 wvirus (HIV) infection and acquired
immunodeficiency syndrome (AIDS). The invention further
relates to the means and methods of monitoring the clinical
progression of HIV infection aﬁd 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 wvarious genotypic methodologies to
35 identify patients whose infection has become less

susceptible (“resistant”) to a particular antiretroviral




24 NOV 2004 Background of the Invention 3 HV infection is chzrgﬁw bﬁ d by
hi gh rates of viral turnover throughout the di sease process, &v a @
leading 5 to CD4 depletion and di sease progression (Wi X, CGhosh SK, Tayl or
‘ME, et al. (1995) Nature 343, 117-122) (‘Ho DD, Naumann AU, Perelson AS, et
al . (1995) Nature 373, 123126). The aimof &ntiretroviral therapy is to
achi eve substdnig atesinebpr ol Dhijedisuppt bssi absof relaaksr epl ithat isetrectling
Achi evi ng sustai ne iral contraol,is lLikely.to inyolve, the use of |

Sequent | o1 *t e apreatdslie. A S PesERvi raT i e R nGPE o, TERAGHEY oft0

t hree or nor erdnthitet nowiusss dr ugsl ed@lsl ceriofal nigdqlerarad sy quentviral

t herapy shoul for 0 i onal. basi B n edge ,of
15 resistanc céla':)ntt gﬁ%‘ss-ﬁéﬁg?gt ;ﬁ%}gt:b%ffae#%’ bé:l H‘gs V?Fgﬁnﬁ%ggur‘f%t? oS
deci si onsd Thming nwhencitymphal esoécephbbhdityn thetapy and/atres gemotypic
synergistic i tJve .act Vi chi.eve greater .i.nhi Qi.tion of vi.ral.
replication. qgﬁ]%%oléeor abiti tyléc# gj(r)au%ermggﬁ rre‘"%ls()%\% I IV:LrIg{r%}nl%gcsri tei)%}élﬁ?lt
however, as tdmrcpmenstidemeedtionfetienntell nedpoiertieny yeatbe Ipremence
untreat ed patj S ]JIQE I particles are produced per day.

Coupl ed withdt]ﬁe%}ta% Iq{%ce 0 {fﬁllér( %Igéss'e 25 transcriptase (RT) to correct
transcription errors by exonucleolytic proofreading, this high |evel of

vi ral t urqover results in 104 to 105 nutations per day at each position in
the H V. genone. The result is the rapid establishnment of extensive
genotypic variation. Wile sone 30 tenplate positions nmay be nore error
prone, (Mansky LM Temn HM (1995) J Virol 69, 5087-5094) (Schinazi RF,
LLoyd RM Ramanathan CS, et al. (1994) Antimcrob Agents Chenother 38,
268-274), mathemati cal nodeling suggests 24 NOV 2004 4 that, at every
nucl eoti de position, nutation may occur 104 tinmes per day in infected
individuals. For antiretroviral drug resistance to occur, the target 5
enzyme nmust be nodified while preserving its function in




the presence of the inhibitor. Point nmutations |eading to an ap ﬁg‘gc paiii
substitution may result in changes in shape, size, or charge of the active
site, substrate binding site, or surrounding regions of the enzynme. Mitants
resistant to 10 anti retroviral agents have been detected at |ow | evels
before the |n|t|at|on of therapy (thrl H Singh MK, Ching WIW et al.

- (1993) Proc s X pf |4 BEPEGN - (Najera |, Richman DD, divares
I, et al.(1994) Al DS Res Hum Retrow ruses 10, 1479- I488) (Najera |, Holguin
A, 15 Quinones-Mateu E, et al. (1995) J' Virol 69, 23-31). However, these
mut ant strai HSLY ephERRSRimI i Shetlachespded okYof ik tB2Ees viohl Vigal
and may have @arephdfathebughoGRMBAEI Hi e ades 38VRRI:306 GAUMYAT i 1ldh M
type vi ru (Cof fin ng 5199 Sci ence, 267, 483-489). The 20 seleCtive

pr essure £ dR i P4t FEPLRREOPh dnsh Jifens el BT eTERES HPRig (Wed| St afhomlt o7
Wth a corrpetwée}y@rad@nt age and thusosneyy &ﬂ.@etgtzfemii?ﬂ&zé? geg nEs!
‘quasi speci es (Frost McLean AR (1994) AIDS 8, 323-332) (Kellam P,
Boucher CAB, Naymzigal AW%rgbaynJ ASn &Fr@l.75(139%) 33tz uB7Bmmated3-

| eading to drigsyesi SR, aRd of I ghpgbeckahine théxtagppfa&'senéo Admiatd on
or mutations t results in virus that can not on icate Int
presence of (ﬁlﬂgﬁt(aﬂ‘élal eangt prPlgnger gypreessicon ¢fastivdl ywemlplidatien.
more ef figi erﬁéﬂléﬁﬁ?esﬁgea@ﬂge %r%ﬁ.ugﬁad{ml' nléhflﬁéignes Qb dde (Ehé-
drugdependent stinmul ation of virus present an especially 1 nportant
phenot ype t o Ygfent Ply. ﬂf?ﬁ‘ﬁﬁ"'sl%hsetheraﬂll-eﬁ@\/ XpEeralslyl 0 eaf—‘h therapy

comprising combinations of three or more antiretroviral

_drugs. Choice of initial and subsequent therapy should,
therefore, be made on a rational basis, with knowledge of
15 resistance and cross-resistance pattéms 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 1010 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 viral
turnover results in 104 to 105 mutations per day at each
position in -the HIV genome. The result is the rapid
establishment of extensive genotypic variation. While some
30 tewplate positions may be more error prone, {(Mansky IM,
Temin HM (1995) J Virol 6%, 5087-5094) (Schinazi RF, Lloyd
RM, Ramanathan €S, et al. (1994) Antimicrob Agents
Chemother 38, 268-274), wathematical modeling suggests




15 s a drug coul d act uaIIy accelerate the rate of destructlfgngg t he i mune
system and progression of disease. Non-nucl eosi de Reverse T yl Zﬂﬂése

I nhi bitors (NNRTIs) Non-nucl eoside reverse transcriptase inhibitors
(NNRTI'S) are a chemically diverse group of conpounds which are potent
~inhibitors of H V-1 Reverse Transcriptase (&T) in vitro. These conpounds

ijnfl uqedpyri dhg@oe amréwmvgﬁcw@siagé gb_gaubh,piamca%ab@ema ki syeh as
el-avi rdi ne and atevirdjne,, the _dipyridodj.azepi none thym ne derivative
groups (TSA éﬁ‘&spﬁ’&’fy%é(e '15‘5(13(%}‘/953&)“% ‘qui noxal i ne- cl ass
I nhibitors (HBY-097; one and -thi one (TI-BO conpounds, derivatives
(L-697, 661). For oV rwg (%{1996%l Med Vi rcga 6 97-117

TaNt52ani

(nevi rapine); Fof g2 ASFHTEARSS  ERe ?‘%f@‘glbenfs‘&l a2@pFRand .
t he pyri 8i noaazime s:e@stDea@l eﬁmﬁecEAwhlﬁ%) ﬁ&eﬁviﬁ Pesg fhefdtSlancen

o, 00 B el Jon o sty il 20 TS NETL s aergplic (NP -

([E):Ex gescrl ahoamﬂmra?vt? as&mt)ibhmoﬁatnaiyamllllhﬂ ,1riJSz§ia]Enﬁkd ﬂﬁashépaz
tiva ont m e | cense
USh 25 i gheiacs Peshiqadh B The Feriia) s P8 o oiBecEtne i tnacire,

rapi dly, oftemr suddouradfrey n@m'@fof Nt e athagmeDnoMtesapy, réﬁﬂqtﬂ&ﬁtl Yo

consi dendol cbrae et Paak HeBtE Bere, RRFH Co R uik | SR T LpBPLEd

occur in thebeddae g:ltmpmiuﬂﬂaﬂﬂ&aaoﬁ t8eridy WMotiriertodeidght MKe Chwing
Vang 3. Frichidn JRE cRtal (145 BdEn Y I5catda3568) I SRRTASERAN ng

pocket, as itnNBFera 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 1load and may have a

"replication or competitive disadvantage compared with wild-

type virus (Coffin JM (1995) Science 267, 483-489). The

20 selective pressure of antiretroviral therapy provides these

drug-resistant mutants with a competitive advantage and

thus they come to represent the dominant gquasispecies

(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. registant
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 virus), would present an

especially important phenotype to identify. In this case,



24 NOV 2004 s been described, is a hydrophobic non-substrate bgr‘i’UNrgg 2@% on
of RT Where these agents directly interact wwth RT. They inhibit activity
by interfering with nobility of the "thunb' subdomain, or disrupting the
orientation of 5 conserved aspartic acid si?e chai ns essential for

catalytic activity AU|IIa (19 n Lab Med 14, 393-423) (Arnold
E.., Ding J.,2HAGHSEs 2K U% %ﬁrrat@p. thesraka o destrystian teg
Mit ati ons cogher &hmnlée(éqeﬁénsw@@iﬁdglﬂdstgy_ohoonjewﬂg@als@e have been
described at HV RT codons 98, 100, 103, 106, 108a 181, |88 and 190

(R chman DD, Havlir D, Corbeil J. w(1994) J Virol 68, 1660-1666). The nost
frequently sel ected variant during nevirapine nmonotherapy is a 15
'Tyr181a0$s (Y181C) nutat,ion, which results in a 100-fold reductl on |n
sensitivPty NeRrRRslepside Reyshss Tramscsdniasce Jobibiitars JNRTI=)

pyridi none derivati ves (L-696, 229 and L-697,661) (Arnold, Ibid). TSAO al so

has limted t|V|t e presence of the Y181C nut but i i_ns
20 activity ﬁmt et pre ejﬁf] of It At i gﬁgnﬁfzﬁlﬂgaﬁfe cﬁ%ﬁglfﬁﬁsang%%?s nd
invitro sel eackes horchemicqdéynudaveoae GthiBalofs CEHPeKnds nwhiiehr egiren
where it rmst Io el acts t ( Ri ch DD,
Shih CK, Low§ %ﬁ’hn}?ié@ﬁ ﬁ\r,‘uo QRQT? %@é’&@& %%rlé'iéﬁ?%@m%? .
lIgiesi stingi tﬁnltew r;) dmeasien qubd mmnm&m&ﬂfvwﬁapﬂg@nen gesivasiveats
y wee s been ped to a ran codon

1 760) - ot S DR ok HRF S0 b S CHARS! BICH) 47 eRe TaVkEToRe AZgy
al . (1996) Aau:lemtnaim’a]er thed?2- &@yrﬂwdmmt’mmtl qmletvﬁefa@&yw_ags,l Ngthe
.loviride wth,zidovudi,ne.or  zidovudi ne pl | ami va '&L?fp variants at iodons

98 and 103 WEPE™HRE nBSF IV PEGUSNt IR | TEATet 88 Diye NP 28087314824
weeks (St aszehskiylSceddniete V, Retvin)S, etoabounil9o6) (AbbBSride)Fl-7) the

o onor 94l 0F ghogealgHERt A JaiHe «GHL EB02 0810 S SheRzodinzepin:

~al. (1992) Viore ogynd 92-—t12‘ZI:EnézSB)TI$Q) ctmrqmdnmdsﬂ caﬂﬂBGtheubgmdh.lrme

NNERTI S, r Ui R TR0 For T hedPtha nator oveluhElE, | #ef, Tl GheRE B

wi t hout i nfl ars®ieng Besnsiedvvtiyofo 6rau<9|7edsﬂde (EEnaerglms (Bﬂastemimﬁral
I'bid). This tatl n_at codon 6 observ clinic SO
during .at ev;BJ ?ﬁ'@?g‘% “al teﬁdug}%? l?}lcg‘?mar%m ‘g?ﬁﬂckﬁg'&}ﬁ‘ e ?‘ﬁﬁ %‘%tcﬁdns

at codor® 103’.‘hamé 18NNRa‘\Ie beenevépapied dutNvm, Viramune, Boehringer

Ingelheim, Ingelheim am Rhein, Germany), delavirdine (DLV,

Rescriptor, 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 féw weeks of initiating
monotherapy, frequently involving only single~point
mutations, and in many cases leading to comnsiderable 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



I S nonot herapy as well as at codons 101, 188, 233 and 238 duriggz.
conbi nation therapy with zidovudine. Wile HBY-097 may initial y&\fezm or
a nmutation at HV RT codon 190 in vitro, further passage consistently
selects 20 for nutations at H 'V RT codons 74 and 75, with sone nutant
viruses show ng decreased sensitivity to di ganosi ne and stavudi ne, but not

zi dovudi ne (ki mdled?:rﬂ%ﬂl,el’ :LM W Ny rdphadfical nohl%%)st\g:aﬁ‘équbﬁ. dﬂﬂ#'
Defic Syndr 10 Su E ,ﬁ) ation at codon 1 has been reported
ant agoni ze zﬁﬁﬂhfgﬁ Rt B %’PSHEe @et G9enFs Jﬁ%ﬂ’t %'aelza% c¥dbh RT.
nutations, (Zhang Dnh@altende ANtyEnen ddteefedling(49%4) n&sﬁimt@y OBfAQtQIB S
Chenot her 38"(1%}8){2]‘3?2'87) ggest.l ng that %0 conbi, nat i OLI}\?t her a sone
NNRTI S and zi ﬁ&§ W3iBasi f%. AFFRBRGAREN &P¢ mPE m&\i“‘f’ho?rl e
resi stance t acristovwst nespat-thha ose Hé aﬂdenemaﬁagl é@séﬂ&n.ﬁ@eﬁode%@tlaﬁ.%ﬁtlcn

t Larder BA, , Kell P, SD 993) . Nat 365,
Z|51r?153§ ?; eaﬁc?ﬁa]n‘flwft ﬁgpﬁﬁglﬁg&@‘ 'C(()IH)PH)&I)I cﬁ#uj(rigeéa-ﬁr %%eléupé"rg:’*dﬁz:")

i munol ogi cal (zaRthd r el 9girsialg rgspor}ﬁ%}lé@am{t reat ngnt Witdy=ai d@m_.lgl Qgpﬂg us
di danosi ne al one over a 48-week period in patients with CD4 cell Count's
<350/ 8. 5 HApIgtatBPEM therdpyP®ith zi dovudi ne and the pyridi none
derivative L-697,661 prevents the appearance of the codon |81 nutation
typically sel ect ed, dur | ng nonot herapy with this NNRTI, -del aying the

appear an{Qe oMufiafians eFoReradng: drrdueedt s ceprpbidd tyChemg@evirapine

suscept i bi | tyaded EééﬁVl&lé&M<f agt }?ﬁﬁ”k@ed:ddbﬁé“ §sst%\e (Stgszevsid, S,
Massari FE, Kober et al. (1995 J Infect Dis 1, 1159<165). Cohcom t‘ant

or alternati i d%%dl A& h@P@tp}%ﬁ)eéRhﬁl’mﬁEI :I—Prt h’éa‘ébib€arfhnc€°§b911 J.

‘résistance du evir ap: 15¢g her C n bi
Schl ei f WA, B%iogtr%)g\] et ia:l%l(l‘;é()) ilg%/OrtB)F%%ga 48Dg$hél?89 (DeJongqg'll\QZ%‘M Y

Loewenthl M SheHad cABaTégng| . duphiong Jnepizepipes MEDOHIBNROBS0LE  a

(Cheesengy S Vatys D (AR aWonSt #hick! %uljt$c‘i | o | gyiesdegi
Syndr 8, 141-151. However, 20 the 181 nutant s not being observed durin

treatnent wi tFPIUF @ nhPn MG, CREY hEonddis oAgBRt rutaRT oﬁl‘ébcmeﬁlb&’e
codon | 90 (Rigaiymptihildid)eo THhe sye8ashonthabrthareeden d8EJ8itald Ahg
whi ch i s. antagoni sti c to ZI doygdl ne.,r SI stance in vitro, _i s not corrpatl bl e,
or not pref ertt £61) (Arno 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,

GLU138aLys (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) .

Registance 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 5, Miller V, Kober A, et al. (1996) Antiviral
Ther 1, 42~50). During combination therapy using loviride
with zidovudine or zidovudine plus lamivudine, wvariants at

codons 98 and 103 were the most frequent mutations detected



25 vivo, with selection favoring other nutations which allow for reduced
susceptibility to nevirapine concomtant with zidovudi ne resi ﬁ&rﬂ@ 2004
rapi d devel opnent of reduced susceptibility to the 30 NNRTIs suggests
limted utility of these agents, particularly as nonot herapies, and has | ed
to the nodification of these nolecules in aﬁ.atterrpt to delay the

appear ance ofttdr 6§- rEesks anStASaeYska - Secdftilenerat | BehmaNRTS, teéfe al.
pyridi none drigeahi vergs AQ2. @4Q7ydenonstrated 24 NOV 2004 only a 3-fold
chant 181 nmutant H V-1, engender high-level Ruffing TL, et al. 5 947-949).
9 ain IC50 between wild-type and codon and required nmultiple nutations to

resistance (@kdBuytVELO Broe8, J 04N d93a AP RTECT R t§9§8£§ Qi‘%ﬁh%ﬁfey’

Simlarly, Efavirenz (EFZ) was introduced as a secon enerat 1 on

relativeldy r&FQREFeRShATh DB AP Ui (Brlproini eJi nKahdespn Aot Hérez-
activity agaipastesvi mises 18 cogi ai ni e ati _ C. n
vitro, efavirenz selects for nutati gnggéa{] cg%g%ga%gg, ﬂ?%i %85 X%gé 1%
181, and 188chpFascterisgtydiq aP2@6Lt heubatitubionesselented privy | hy whilese

i ncl udes nut alJRS: at;,,Co 1 , : 223x (;and sibly 101,
179, 181 and 5 188) . (V\?%g 8w0%?é%gr’ bé':?’S s,sé%%lgq%,e i?TalegFo%?‘?% Sther

| nt er nat i onaNNETSw r se¢duatRaphed 0501 (Bupphevirapin€onfireneranplel, V Tr ug

Resi st a Sapdi i & al Yy 5) s (&Y : rhes .S ' t .
Antivirar Thgf’gp{/% 159‘317‘;5’ 1%’35%%%% )l:'%')j’Y i SB,@‘@?? e %‘9 %Pé:ﬁief%l,lde‘?
20 al . Anti nPE@disIcaiesngbRtaszeeplerother abPyidbos; Teli26om2etdon (Bacluidan

LT, Anton E 23effrexsS, rlen al op&0i-iraljghe ; 8; 1) : - 16)
- (Bachel er LT, Wi sl st 0] Srlllydecr> S & %gnnéne nggﬁl%%r?l d %%%feﬁéfn%eﬁ
1998, GenevaltSHitFEmieanhemsdiraceliborgh) piher | reghstbneet confiehising

i nvention tomph-exiidme & Ugo8Y8Eenloabidnd V1800 Hags %éé}?erégéﬂéap@?iﬁﬂg

show ng ether a_ viral population in a patient 1s resistant to a given
prescri bed dFEFOTREEERE: 8] &tallof ashiat | fedemsonlfs, 30.&% pR3J RNA 123

that wll enabkrenbhechiyHatiiam therdit WiUle SNf-RIqImL e drugs in a
t herapeutic reginmen for a . patient that has beconme resistant to a given
drug or drugs

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
stavudine, but not zidovudine (Kleim J-P, Rdsner 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,



after a course of therapy. Yet another object of this inventiygL N@ t&%
provide a test that will enable selection 24 NOV 2004 ~o of*dn yf Ive
drug reginmen for the treatnment of HV infections and/or Al DS. Yet another
object of this invention is to provide the neans for identifying the drugs
to which a patient has becone resistant, i M particular 5 identifying

resi stance t495hobSauc| Esspimensyemsidh r apkts i ptaselenhidembgmat ioNNRA)s
Still anoth b egt | Sr | NG 155,470 Vi n é%ﬁcﬂ%ésfor
eval uati ng teéu]é ii(gigogiﬁf(l:%%ﬂe% e(r:it i ver%;bglgi‘élca%iada?grg%ﬁ %%%pg{m S I ch

act on specithanvirgaggeny withgedcovaddner ploisyidiglangoing mslqna avar & |y
W th respectysouubkabefig Eﬁ%ﬁ%%ﬁésﬁ%&%‘ t@bggcgﬂﬁ&hca%t%%b%@?hﬁ@.

reverse transcriptase Inhibitors (NNRTIS). so an object of ,this
i nventi of .to provide the neans and conpositions for evaluating HV

antiretrovirabndiHgei6s Sﬁﬁéﬁdgﬁndwiéhsuﬁfé&ﬁéihét Yan®! | the aNOF-PEL: QbR ECH

of this invention is to _provi a neans of determ ni ng whether a candi date

antiretrovi raervagivel L-ERAfed SihcPEasertsr He MPRATEARTE aPLr dfie C&pdon.
This and ot hegy objneed©ioh tztg;ﬁi%%ls@lé@déd ba2Bpar eRbnbERBYERS with

specification as a whole. . 2004 11 Summary of the Invention The
present invereisn rBtes t SR, g pRERELRPFE anBigendigirievel

met hods1po npakistahbe eb Nl RIS ONchadheBUARN duBaMOER)i I BPCYo
virus infection and,its response to antiviral t f%ag\ﬁlg} The inventiQn is

al so based, FRAPEREINGn Wate AT oFEAPIRRS bkl Ayesl§hpagarsievefse
transcriptasga&Bd)i Wi, Clikobid ef, rési g1 angeobe) apt imAidvipas ifEr apysolmy
be rapidly determ ned directly
T 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) {(DeJong MD,
Loewenthl M, Boucher CAB, et al. (1994} J Infect Dis 1689,
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 1led 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, demconstrated



10 frompatient plasma H V RNA using phenotypic or genotypi Cﬁtﬁws ghe
nmet hods utilize pol ynerase chain reaction (PCR) based assays: 200

Al ternatively, nethods evaluating viral nucleic acid or viral protein in
the absence of an .anplification step could utilize the teaching of this 15
invention to nonitor and/or nodify antiret r8viral ther apy. This invention
is based in pEAY of Bhéodids Bvange oina IfRmt betwaen cwddd-23Deeiatdr calione
or in conbi natgiion o j on c ] or : HI i N

i nhibitor tr ?astled n%%ai}g%t ;Eﬁ ﬁi'\/\hi%ﬁdt_ ﬁggg?%ggﬁcem%¥£%§%e w%{%g%%gn%loqb
correl ates Wﬁe@é%rrea%&hs&%’éét i BefisyangedelGol durne Mihev XY B3iica add.
efavirenz, apdsildy dpHg- dependents 5d MUhatiion Olon/i Al £ LPERGALERB, B4 Ne
presence of del avirdi ne, nevirapine or efavirenz. The nutations were fodnd
in plasnm® H $4NR4Bher a period of tinme following 25 initiation of

t herapy. The devel opnent of the nutation at codon 230, in addition to the
mut ation at codon 103 or 181 in HV RT, was found to be an indicator of the

devel oprent - Sfimidsiskanc ELardana | i)y ofas nimtsicsiaesl  @ecl iene second
Resi st ance t MRS SRR Ni 3 iNg i mut atg n_.230
(Vo30L) and st s M 4 %ﬁgﬁksﬁeiww%ﬁf?%ﬁ; ei t%%b%f% ki63N) <
181 (Y181C) Mai®\rerRErttbpstri phabe ierreteasiid ractbditsi agasnet yirasesd

mut agenegy S odd@niGig SUHE" commdnl 99D - Rird8ei g 1 404- 407) 4 iThgse
mut ati ons were olqsenrlve% to be associ al?g% ?@24 N%ZO%%%J?%WM ecreased
suscepti bi'l i &F G- RHEZ NRRTEChAd fa1h wekationdi rdt | oadondr d@Odepkftentl 03,
stinulation afggvi rahorepldicatiofn. Thi swpj, Dy entd op, i sed i ag - J he
di scovery of a nut atl?on at c_oﬁ -2%8 in.%%?%i r%éti%lln&\%%ﬁ ﬁugt éj{i}e‘énéﬁa?ﬂx}cp
codons 10l , -¥e3igtgoice pnrehidoilgvpich inRudesNmRTetionat et padoowt $,0G.n
whi ch the pregance;gh,t heggubakl corg. t o re [
susceptibility to 10 del avi rdiﬁ%ie?@%se'{/i r(gﬁﬁeﬁgﬁg&%fggvi%’z., §Z§d \r/]ml%:h and
dr ugdepeldentt8&)i-nul at{Wdmsdow i Phl reprbeati 8n i Reidie r esdnc@lof Fourth
del avi rdi ne, hed, AR NG,OF € ks 1 . HRlSs _inventi s i Ny part on
the di scovery of a 15 it ati%ﬁxg?ggéglon q';‘%é’;“lr‘J:cl#yRTltg(r?;t}t’ wa:g?%?%jé\'/]é?éd tég'
occur in NNRfenfezmnge pani iVs D Beedstencel Famdimiat i dhady, 240,995
addition to qkiiel. M%RI I egd mugat isons (Lpesg nut gt i Yy pnel td
previously dgscrisl}e N]bNLR‘I'I gra?gi%gtc?n'cek%%ia?'onégs%gﬁ as‘%ﬁﬁﬁg&mﬂ%“ R
V106M | 135T 1938 A1ARUPRY - LE16DA) (¥evnbatsds vBThtcher e§Fed BuamepPi bidtity

to delavy di ng, nevifaphie -and, ¢f "i%’dhérﬁ% Reéhéﬁégﬁ%ﬁlégﬁ eié&% Ol 39 2602-

cont ai ning patient sequences Wwth ese mnutatl ons ex educed
susceptibi |l i 2p0% )del avi rdBamhelsavi ddhi ndrdih effwi rEffey wd,l &t dr gl .
dependent sti af4 plLgat i | n._the \preser of 1 thr gs.
This inventi gﬁlg}lb%glegﬁl%éa tigggl’ hgqgu? t(gl'v'gl'r)y‘ ?nnfuefe)ati oﬁé g e&%%ogﬂrg’éﬁ
of RT that wileidilspov@r e@nydenc8uk HandsRT -t rdatedopdti &InS Chnfqresence
of the mutatiQRgl 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



30 245; in addition to other NNRTI-resistance nutations (whi, t)? may i ncl ude
previously described NNRTI-resistance nutations such as: AQé Mﬂél@%
K103N, 1135T, E138A, Y181C, Gl90A and P225H) correlates with decreased
susceptibility to del avirdine, nevirapine and efavirenz. Resistance test

24 NOV 2004 13 vectors containing patient sdhuences with these nutations
exhi bi ted re@fce@suSEEBEERBVE] t§ree dedginiandi Moy nehér aprewtment efdfvi HENZ
as well as dsugapendent 554y opl akt9e_ of r?eg{i CaLLPRedN {bﬂﬁegﬁesggce f, all
three drugs. /Resistance 5 test vectors contarning a srnglée-srte nuta off at
codon 245 (VARFEHrlon 1ginko aBroElfe ashe eneanecforsidentafping VR4S5HrogsT

i n conbi nati @@ W srut gt i ; 13, { K a 35Ty, | \\ere
constructed usjin ,sidt% %i rlg%?le%a%u?gagsénégléé%evﬁd?%é%%é apglnegﬁgglﬁbﬂar
effect oR 10151@%@&3{35}% ty XRPAFEIMIRT| , thhe t nopl-oucdebisidis on wEverse

mut ations (K i i 450 T r o] (o]of! Wit h
decr eased gu%%gtsldbﬁl%%%]glt he :ﬁ:N@RfT? ;ngm%%%ﬁd%gg%%e%{ﬁ‘gf}?%uﬁg? %‘%ﬁ gff

viral replichfilch. HEERH 00 nvicht iteh inrydsled ien p&st oanghemgitbodeer foaf a
mutation at eq@amaA7Athef chE Hiatl MRl SEOVEL Ly Q-85 CYE ié‘aﬂﬂ’i\ﬁéférﬁ%%d
ot her

patients. The presence of the nutation at 270 In addition to
NNRTI - r esi st SRERGHRAT i WHeCh WhTE hoRu§Pratf i eviresesusyyradsgensedand/or

NNRTI - r g9i st @a@amumat@asléopa%gcgiaﬁ%om& 13ads3dek P32 H)vfi%%rlr elyghgs
er avli

w th decreased susceptibility to del avirdine, nevirapine and renz, “and
dr ug- dependeffEHSHRIGR | on2FEOFLAREr epl Wi i on RoTimBIqlersfiden | revagee i n

part on the dirseeiariptefsa patieniches i pakeagNENt 10N ahNEAY lobij%g of
mutations at, HLV RI 25 codons 35, 67, 69, 70, 106, |89, 200, 202, , 211,
215, 218, 21§01152110%8Ht193g Lo garovpde She mRRNSNANG) CHRPRILE tons wior

di scovered i evalubiiihg t r gated pabt ErétrReskst anc&r@dgst y&6l QEsneant akpigng
pati ent ,gsequences W.th.these tations exhibited reduced susceptibility to
30 del a\}lgr di ﬁ&scﬁg}_’llltb&& ‘angy%ﬁ\viar"é’ﬁ;e& kgt sOfr ffigeptrgention is
stimul ati on ob peuhvick isomeand hef pdesenttnDig allethé£ea dEHAS i date anti-
Site-directe .31.Qn Qf specific nutations denopstrated that nmany of _the
nut ati ons pl g}?l&g\é%'l?é—ﬁi ngﬂ% g dEBYRGe R HiSaRA%t PEn SHitafied viral
replication, repil idedtion .24TINGY 260@4cthenondjebteheimutiats ongviat sukf wgijant

it fect. Specificall t t 106, 189,
227, 203 268 aRR IRE : & O VLSS MO it 9 ik Ence. and

stinmul a2lon of viral replication seen with this.



24 NOV 2004 is Brief Description of the Figures Figure 1. Resistance Test
Vector. Schematic representations of the H V-1 genone (top p I% rﬂw he 5
resi stance test vector (bottom panel), conprising a patient [ gg ment
and an indicator gene viral vector. Figure 2. Two Cell Assay. Scherratlc
"Represent ation of 10 the Assay A resistandé test vector is generated by

cl oning the Sy c arenitony PDS) i nto an i ndi cator gene viral
vector. Using def ective PR and RT sequences, it was shown that |uciferase
activity is dependent on functjonal PR and RT. The resistance test 15
vector is coTiiariafesenty WMYANEHCBxFEEIEREN tredteshodfat WiioMl ceenotypic

anphotropi ¢ m#d ngeﬁ améichedis( Me/) mSRYELAPERB! UIGIHL ¥ Obh8Hr¥EERbnOr
-cel lul ar 5grotel ns, which enabl e infection. Pseudotyped viral,K particles are
produced konfi WERR hEMBREPAaELCLERCY aNd TUSe INERETdOT) BT aﬂ%%r?ﬁ?EQBSFRT)

gene product g£ngadedibyit hﬁl@ﬂé@?nt detrh¥edisegEkin (EDS)alQ'dSle Heaydd cl es
-are then harvested and useg to infect fresh cells. The ass}vﬁ/ f perforrred
in the absen®®13f FRigtBRd iLﬁCPHErb'r &bt ggetdruFrorges, W LIV ahg&eEPe

concentrati Ow&arﬁi’cg:tl%ft%%éDR | iR, t or SwRLeh25 afdefkit o t&%sﬁ_@ddailddﬂ | owiong

transfection, and are thus present during_particle maturatip .contrast,
RT 1 mhi bi t or ST & Sheic T | FACEAPY s BEYL RE (AR %%L*: ’o‘?e‘{lo LFPPLLY

particl elg nf eatdwnpaiiénamplakmel HICI fRAaseing ghlepotvrdd and yeaotypic
percentage 30 inhibition_is cal ted a .the different .concentrations
Pested. B guretd r%carrpl S o SRR | i LG %?ise@w%ﬂ PR of PREELBat 2
are anal yzed {pcr)l otdagwa t h&'ws:.ent Alternatively, methods evaluating
_viral nucleic acid or viral protein in the absence of an
amplification step could utilize 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 codom 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 efaﬁirenz. The wmutations 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 (Y1i8iC) in reverse
transcriptase were constructed using site directed
mutagenesis (Sarkar G, Sommer S8S. (1990). Biotechniques

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



24 NOV 2004 16 inhibition of luciferase activity vs. loglp d:\z%
concentration. This plot is used to calculate the drug conce raﬁﬁgnZQMat
are required to inhibit virus replication by 50% (1 C50) and by 95% (1 CgS).
Shifts in 5 the inhibition curves towards jS(gher drug concentrations are
interpreted as, evidence of decreased, drug ceptibility, ("drug .

resi st ance") . it e 9G53 cHrFESPE BRI ey NNIRTI theq % dPRE. (Dky) some

nevirapi ne (NMRbanst ebAY| I enarilgFer@in@eshoWn. sAi f@UHELLAN | bl ug4G-a1
susceptibility (or "jipcreased resistance”) manifests as a shift in the drug
suscepti bili t%em%t’t%/ard hi gher drug concentrations (to the right) as
conpared to a baseline (pre-treatnent) sanple, or as conpared to a drug
susceptible virus control, such gas PNL4-3 or |iXB-2. 15 Figure 4. Exanples

g

of phenotypi cTdtfig THEEIODI Lt P3FeH | L& BRBKI P Al depERG¥REY ©L a
stinul ati on ofuvitdbnr et | eatiban. 288t & rar ecaRahrEednbywptat tingat isnperpent
inhibition of lyciferase act-ivity-- vs. --10910-- drug-__20_concentration.
This plot is TR%F o ngg}'cuﬁz%e t?‘léodrd"g?]coﬁ@@nt?éﬁi cﬁﬁ#t V aRe rEyuittERLE o
i nhibit viruscreptédapatiebysS0%:d | GhprhanthdypPefehbeyPE the! ARG ERES,
stimulation of viral replication nmanifests as percent inhibitiqn. ess than
zero (i.e. negRFTe>5%85 nhV%FfPi onf. THFEES2EGpi cdP cufes lﬂ'd'ty to
drug-deplcal(hldenie];é«irimdiﬂmeépn évitaping ephhdat bﬁgvii}ﬁehhe P aese N&A tof td}f!uh g-
NNRTI ' s del avirdin nevitapin NVP). an avirenz,(EEY) are shown.
The results o%?%?lﬁ‘g%{l%\g%ﬁnﬁgabé?geﬁ d&ﬁﬁf@d %‘?P]gjr?%th‘?’?e& e&}!ﬁ)?utpa’:rﬁsence
resi stance tesf deridoisdidfe anesvinpaines ¢0 ¢sulitenebtained froma drug
susceptible virus control, such as PNL4-3 or HXB-2. 24 NOV 2004 17 Figure

5. Tabl e of patient viruses containing nmutations at H V RT codon position
230, as descrThes iimvernpresis, Hasabhdim DpaFiguoe Ghdedisedvery of a

susceptibélit : drugzd e SLi at.i f viral repligation of three
oot r 5y e aERErPhY A BARPHTBAL PR RERE Rt Begvaad B e 1A
descri bed i n BREPt erdatadhe padsigritss f r Theeagohesénedi rett éthemmmabation at

conpared to o he uel | .a 1 se..l I 0 j o] ug
suscepti bl e \? %ﬁ's .}é{(ﬂ)n%gg ,1gﬁctoa§tg%f4g§?ﬁgr %I?&%-%%aﬁ"l%r? %s%gééﬁ)hgﬁegé
stinmul ati on oMUGAERPTLS ePRY caRFbndeaprPEsonsdy gescaribadNNRT] ored ssisandan
zero (1. e nogalavfondishichl o K3olEgulse dan ReGubRH, SUBLERE] DELEY, 2l
drug-dependent stinulation of viral replication for three site-directe

mut ant s: 20/181€L 9WBROL, CarRPMIBIT corbitned dearracsdlL, suscrpeibblityn to

Exanpl e 3. Thgel#sitdsné| ORSAGRSidedihect e¢aitant; for RaghsPNRIL test
(del avirdi ne, efavirenz, 20 and nevirapine) are conpared to each other, as

vwel | as to thiREEPEIurPEtgRtdPHe Pt iRt SRayCRGSEe i T e theses MU EBPNS

such as PNL4-gxh D51 H8&B- 2ZedhBed NE68capBRPRS1 18l W Ad10R 1HaMid AlndePbisahibon
mani fests as geéce i nhibition | eff than zero (i.e. negative inhibition).
nd efavirenz as we as drug dependent stimulation of

25 replication in the presence of all three drugs.

This invention is 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: AS8G, XK101E, K103N, I13ST, E138A, Y181C, G190A and
P225H) correlates with decreased susceptibility to

delavirdine, mnevirapine and efavirenz. Resistance test



25 Figure 8. Reverse nutagenesis of H 'V RT codon positions éﬁémnd 277 in
Patient 11073, as described in Exanple 6. The top panel of Vgﬂﬂﬂi shows
the graphs fromthe patient sanple, which contains the V241S nutation. In
30 these graphs, stimulation of viral replication manifests as percent
inhibition less than zero (i.e. negative i Mibition) for all three NNRTIs
~(del avi r di neveetaysr egpntairiey npatigptneeqRrerdmt wothpdhwses owkatlions

results of siiesdk t ' i : L O Mool I .

NOY 20041 5 STaRh . eher s AR, e IO, X Mol Pdine InbPiTRBARS,
viral replicaffongfaniaapzofasharaldr casNNRIRG (drpendsuli netisbdatdeny, ofr

nevitapine) - rapli@diaon AR MUdddde W PPy ofntdl &HiBs0O! LS SeAACA! od
by 32 weeks in"the course of théerapy of Patient Ol 4451, aS descri bed i n
Exanpl e ?. Thestoyasdsds sfontmrng e singke ssttepribriion etr gedonr @S

- patient sanplg.Q443%% 'Jﬁ)"\{eeisorlxg) as TR 1R0LLOMNAN 6l SHOMS éHﬁEQPﬁi@é' ivtglés%.o

~curves from pati ent sanpl e 014451, (week 32), which show both redtce

susceptibi | i BF d5 @l Poﬁ‘g’iﬂﬁﬁéoae&@ﬁdbrfﬁutsﬁm%t Abn18f ViEHI3N)epprndatlddn
in the presengeseirjallifhr e NMRHeS, wbhebraetaqi des g h dhe enargerteof
H V RT nutations at codons 10l . 106, and 190, 15 Figuré 10. Tabl e of
patient viruSEEEERESIF-ng WAL on¥24PEH \ARMe 0ddtRBosilid oneZfBCtas on

descri be@ i ngExeERke%idity 16 apHellnnePr Fi GtHe- ki JleV eleppirbagenesicy of
H 'V RT codon positions 24S,_ 270, 277, 292, 293, and 297 in Patient 010829,
as descri bed™HaELSRS (K03 ML 135T)| 2Rt 245 BalF Mit RS PRELHRAr £ b8

resul ts obt abeedchi®Be Wit deceeptlld udddis: GO IV}, tsUdheaasutiRibt- Jindr
~HXB-2. The t panel 25 of the figure shows the graphs fromthe patient
SRERE

sanpl e, cont&FHEAGEER Loty At iU A FHy SEALECLR. 277, 292,
293, and 297. In these graphs, stinulation of viral replication manifests
oo MR, CARToh ETPnE, BolRet 5, AL D Pl Bl
, , piiE) . SRRt nd harfel
of graphs shewtatiersidie-cbdactEID ref ersithatof wabediintatrepadatoc edetizr?4m
o1 oved by RSty QI Sl o8¢ o SRLLLADY) 2 A °°
in addition to other NNRTI-resistance mutations {which may
include previocusly described NNRTI-resistance mutations
20 such as: KI103N, I135T and P225H) correlates with decreased
susceptibility to delavirdine, nevirapine and efavirensz,
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, 215, 221, 227, 228, 283, 284, 286, 293 and 297 of RT
that was discovered in an NNRTI-treated patient.
Resistance test vectors containing patient sequences with
these mutations exhibited reduced susceptibility to
30 delavirdine, nevirapine and efavirenz as well as drug
dependent stimulation of replication in the presgence 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 wviral replication, but thét_



24 NOV 2004 19 stinulation of viral replication (negative inhibition) in
the presence of any of the NNRTIs (del avirdine, efavirenz, neV|ra ne).
The bottom panel shows the reversion of H V-RT nutations at ZEE

270, 277, 5 292, 293, and 297. In this final panel of graphs, there isS no

| onger negative inhibition (stinmulation ofi¢iral replication) in any of the
t hree NNRTI mcém@l aflii ridisnemubdbidnenis Cﬂuﬁéi/ti@lpﬁl neh, idl‘thoagh ttie scause

site-direct é?gg§¥% G@rug

resi stance). gur e 1§%E%tduce suscepti §€§%§‘ﬁ% u%¥dég)é‘undelrjiét13

stinul ati on 283 vi 28X raipdi 8861 Bre nObﬁeavedt é-adi medw bt arutanet sreﬁsmt&weRT
mutati ons KN o A3 2200n 3450589 18pd2sctiBRleEaEyatyl €x1d. The
resul ts from each mUtant are conpared to resu ts o} talne froma drug
susceptible virus control, such as PNL4-3, or HXB-2. Although nutations at
each H V RT codon position al one did not result in drug-dependent
stinmulation, the triple nutant 20 exhibits drug-dependent stimulation for
all three NNRTIs (del avirdine, efavirenz, or nevirapine), In these graphs,
stinmulation of viral replication nmanifests as percent inhibition | ess than
zero (i.e. negative inhibition). 25 Figure 13. Reverse mutagenesis of HV
RT codon position 270 in Patient 13522 as described in Exanple 12. The
results fromeach mutant are conpared to results obtained froma drug
susceptible virus control, such as PNL4-3, or HXB-2. The top panel of the
figure shows the graphs from 30 the patient.- sanple, containing the |1270S
mut ati on. In these graphs, stinulation of viral replication manifests as
percent inhibition | ess than zero (i.e. negative inhibition) for all three
NNRTI s (del avi rdi ne, efavirenz, and neV|rapine). The second panel of graphs
shows the 24 NOV 2004 20 site-directed reversion of the mutation at codon
270. Although no | onger exhibiting negative inhibition (stinmulation of

viral replication) for any of the three NNRTIs (del avirdi ne, efavirenz, or
nevirapine), the site 5 directed nmutant retains reduced drug susceptibility
(drug resistance) to all three NNRTIs. Figure 14. Table of clinical history
of twelve viral sanples from Patient 1033, as described in Exanple 14.




10 Data include: drug reginen, duration of drug reginen, viral |oad,
phenot ypi ¢ fol d-change in susceptibili ty vaI ues relative to a@dﬂ: @mv ?mﬁ
sensitive virus control, such as PN1, 4-3, , HXB- 2, and percent negafll Ve
i nhibition for those sarrpl es exhibiting drR]?Sdependent stinmulation of 15
virus production. F| gure 15 TabI e of HI V- amno acid mutations for
twel ve. viral s $3ay 3 Z guxsscri bed in Exanple 14. 20
Figure 16. Effect of speC|f|c mut atlons on 1033-3 virus as. discussed in

Exanpl e 14, as det ermned by sitedirected nutagenesis. The results from
each mutant ar&BHfred to resBFE$SEBREPnedTEFBm aVRFRE suscepfhesaisic

virus control, ysfle@éntitdods 6F WK v t Beaemar aRltp Sihemy aéhan e

viral repl iriatlon mamfests as_percent inhjbifion |less_{han zero (i,

negative i mhi bifSSICaR%E Fi Gefe 17CEPFecd PBELRIIGAVaREL AL oﬁ%‘ﬁ’%ﬁlﬁﬁl atd on
phenotype as desidee |defied| cddhmerds dai®r Mmed d¥4 Gl digeert edriral
nut agenesi s. Reversion of the nutation at H'V RT codon 184 results in

i ncreasing | evé’feéz’:ocfrdrugdependent stinmulation of viral replication, as

mani f est ed 24 NOV 2004 21 . by percent inhibition less than zero (i.e..
negative inhibit,ion gur, tient 0144 reduced susceptibility

5 NNRTI an dru ’t?@'b%‘?\dgn ??Aff #}SgﬁY\,, ra$ ]]F% RFEGt F&ﬁ’rgé"?g%ﬁﬁi"é‘ﬁ v&”{h
nmut ati ons Ht cadon E&haycodom 1@esdetanedont480 (@«:&rﬁ& eif) . gdfethgede Bhp.
Ef fect of ML84V rrutatlontgn dr uagC er&enéie ent stinul atlog Of(;‘:’;;'aé)al into

replication: Rﬂ}%gn rive segmen
indicator gene wviral wvector. Using defective PR and RT

an

-,! ~ sequences, it was shown that luciferase activity is

dependent on functional PR and RT. The resistance test

15 wvector is co-transfected with an expression vector that

produces amphotropic murine leukemia wvirus (MLV)

envelope protein or other wviral or cellular proteins,

which enable infection. Pseudotyped viral particles are

produced containing the pro.tease (PR) and the reverse

20 -tra{nscripi_:ase_ (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, viral 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 analyzed by plotting the percent



24 NOV 2004 22 Detailed Description of the Invention The pre: ?w v?@@ I on
relates to nmethods of nonitoring the clinical progression of n I on
in patients 5 receiving antiretroviral therapy, particularly nonnucl eoside
reverse transcriptase inhibitor (NNRTI) antiretroviral therapy, and to the
detection of variants of HV that exhibit #?ug-dependent stipulation of
replication | mﬂﬂﬂammnc&vfof tneiferasee NNEEHSENO0 MF -onel@9H0di

the present erpé%ﬁgrg{sggﬁdes Qs gi@g heod Q{se@%sbggc{,mgt—_gf &e@t w,argss

of antlretrow er apy of a patient conprising_ (i) ecté g
bi ol ogi cal sangbmcénorathon V-theftect adepat¥emiretd (tH) 1BNEREE, i F RS

whet her the bllg?é %gg{:lgﬂm%x (ié%@ongﬁhelbg, agxr ol @ﬁ@gg) ng KN €k hawi ng

a nmutation at itions C nin . e nmutatl ons

correl ate @osmheelly:hwbtlltlmarcgweiﬁw W%ph&g‘éﬁﬁéﬂﬁﬂ%ﬁ‘?xﬁﬁ‘?&%‘él‘%ﬁe

20 I'n a speci fé)fQ g:et%ae | guent QN fRd dessff Or @edBdatasd of drug
assessing the ?ectlven

NNRTI antiretroviral therapy of a g}z’i_ét eni
conprising (i)sesteptibayisybi ol(Fed seepietarem hn HI Vﬁi’rﬁe@c te
patient; and (L) dgt ef&ﬂl@ﬂﬁwmbﬁvﬁ kheabi o-0licab sapUE, conprisapine

nucleic acid encod| ng H'V RT having a nmutation at codon 230 and 103 18l .

Using a phenot {NVE) s ande sifiapiireny 48FY) aug Showent i e aht PR MY &ﬁ’d

mut ati ons i 9% BR0bigktherod! cancioddtar e natd:ae 00 it st asi an
at codon 3 or ? H VvV , correlate with a decreased susce %Ibl“t to
del avi rdi ne, n%hitﬁ&pllﬁ*e% UG ISUSTEPER S Bty a‘é‘?W%dt?‘@%thtsléﬁg SFedry

vectors contai ghngehiteafbald Oftd\RERE, raighiter & osempared ¢mnba nhasediwet h

, ot her NNRTI - r esi st ance nut ati_ons
(pre-treatment) sample, or as compared to a drug
susceptible wvirus control, such as PNL4-3 ox 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
4ahibition of luciferase activity —vs. -logio - drug

20 concentration. This plot is used to calculate the drug
concentration that are required to inhibit virus
replication by 50% (ICsg) and by 95% (ICgz) . 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 viral 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 vectors

30 are compared to results obtained from a drug susceptible

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



14 NOV 2004 23 show reductions in susceptibility that rangez O&Q

to >450-fold for delavirdine, from5-fold to >250-fold for ef \&’ H
from10-fold to >600-fold for nevirapine. The percent stinmulation of viral
replication 5 in patient derived resi stanceg.test vectors cont ai ni ng

mut ati ons at don in esf omO%to-lO %.fqr all three
NNRTIS. Site- gﬁolr%rf%dgresfﬂg‘ltb;ﬁ t%%’& o $TUSRE SN GmdPg: MRt
ei ther al one cat iMIVORMI naﬁbnnpwstilﬁlbﬁi% 200,185 Rl rd®Re)l ruc ERdhnpllees 19,
nmutation at 230 al oae causes reduced susceptibility to del avirdine
(58-fold), nev 'ra fme” (40-fol d) and efavirenz (23-fold), and drug-dependent
stinulation of replication in the presence of nevirapine (.-50% and

-del avi rdl he c nat on of mut s, at_ 230 and 103 15 c uses
reduced suscep‘% 9B‘(;L)]F/getyé’rto dgéTgw T ne %%%tfl?fr:g“}% pfﬁﬂ'@

and ef avirenz #t4m@l#iol o) &orfd di eyt dem@rldemttlsmi rmnfathmaeofs:rtm}ldnaédz’@éﬂl n
‘t he presence ir %. neyvi i (-.709 and_ef e
(~409% . The cgﬁr’r\%)t?'%]é ongg g‘?lgé@rll’é gﬁ-"@g@igﬁﬁ ?L@Tgi/%éga‘dggg gé g@
.susceptibili t)dechJdelbadl ridi an@mﬁié-fml d), Thevi:r@@jxlms ( i&@ﬁrfehdh azmte—
efavirenz (25- t u d ti ti replication in
the presence o ﬂdéj%%%:ir |ggﬂ£ngg?r§8| E’g%egr %e gécr%aé%z alsg Waerc?tajlt et td
speci fi ¢ Hhboditmee Jtéﬁallirwemht(m.qﬁd)wfctem far drugt hedsoépieinleatrigus he

ef fectiveness 1% TI regr |.th f.a patien rrprl (1)
collecting a bléorf 0gi ca E’Ew:trl;lpl ggf ?%lhn#gf H %I ¥De£§t ed patflnen{:hgand éa%’qgs
det er mi ni ng Wr@i’(@#l@hbobl cﬂﬁ)gWGaJaBOIWlpl@ta@mrn@asfnatBel @s aercent

~encoding H'V 1 P82 I@ggttgghageggdgg_% ne%%%:.@@d ‘]fégb%é codon 241

in combinati-on wth nutations at 101, 10
phenot ypi ¢ susceptibility assay, this i nventi on established that rrut ati ons

at codon 1, g 981 O eaid dOLE00G el 4 by 8 B4 ARy e 50REE 03

or nutations at 106 and 190 of H V are correlated wt creased

suscepti bi | i tfiz;rﬁél%%%@a pEsViradc cyeRbi gat 4on r dPke threw radierdbrrrted

efavirenz. Patinetdn€leri yvedicesmebaice 4168t vPs¥@CESHB150AL %&hnmﬁ@tla S
at 241 in addition {0 other NRTI - r esi st ance nut at i ons (e.q. 1 103, 106,

135, 138 and 1H5C%HRPFaydt EEaURLFoN3 i n ?G‘?ceﬁ??%ﬁ?t)fﬁ%gﬁﬁﬁ f rphte-

41-fold to >25§ifettled omgientvi feh neacandysiereddenakikeMele " edegdisaszin
suscepti g%¢| ty t nevi ragl ne, 10 (>600-f ol and efavirenz (>470 fold).
Pati ent - d&ti ve?)u RFELRARLNEL s PY e COBPEXEGH R M MRBAT oS arebl1a$ nto

combi nati on witthoos heﬂ‘eé\lbfﬂ'é-rcﬂcsdﬁrﬁtte faonat i20n8r(g. SusE8prib8, Hbus
135, 138 and 1901_}t pI a eg} dr ug- l?lﬁﬁ%” ent_ st |%tl on of viral re Ilcatl on
rangi ng from 70 afi e~ NNRH s anot Hér §pEBFr  graphs,

enbodi nent , tm:mn.vbsmim provivdes If on:egalrieiafuﬂdamf masd€esitey hbe percent

20 col | ect i ng SHF ShPEal SRR PorPan by RrPREELH pARFERELomI (i)’
det er mi ni2fy whet her the biol ogical sanple corrprl ses nucleic acid encoding -
HYRT1YI00 S 00 SehHAE B0l 8000 IR S SR

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 V2418 mutation. In

30 these graphs, stimulation of wviral replication manifests

as percent inhibition less than zero (i.e. negative

inhibition} for all three NNRTIs (delavirdine, efavirenz,

and nevirapine). The bottom panel shows the results of

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



phenotypi ¢ susceptibility assay, this invention established

at codon 245 in conbination with nmutations at codons 103 and 135, or

mut ation at codon 245 with additional nutations that nmay 30 include 98,
101, 103, 135, 138, 181, 190 and 225 of H VA®RT correlated with decreased
suscepti bilityarapdel avitlére, nésirapbne andgetavi negatiPat i ennhdéritiech
resi stance test t aleni t ali.Qct : 5 and di td o

RRRTI o1 osi st arEr Pl £001 B8N IR BLbEDSaBlons, b 800 2o Bk e,
feductions in $UREM I delavyirding nefaoiraos ol or toevssgpintd- f or

del avirdine, from8-fold to >600fold for nevirapine and from5-fold to
>470-fold for efavirenz. Patient-derived resistance test vectors 5 :
cont ai ni ng dnut &lioree at9 245 SFuEcRRHIHOHHY NNRIMvYas i stfandevauttdmicomsint s
descri bed abov @Q},{.’ I rygd ek I QN AN Y i j
rangi ng from 2% - 10%%/%(?21?9a#? ?Eggg E&R’T‘%gméﬁ?g%dldfegﬁgﬁﬂé%% t est
vectors were céisk4hiki e@scopearibrd dm &xoomseat? 10 246, tPp3rangll13d dein
vari ous conbin -igqﬂ_sea HARSCr | s Myt i_q;gs a V n

(V245E or V2451 al one%cause ﬁggg?ﬁg?%ﬂﬁ% ?:ted uct | otrrlﬁrgdk\n s%tég%??bj It 16% 0
del avi rdi ne, néd4%R ne (Weeks 9\)i-regr'"zhe Teet teMbPAREL o ShoWsmARRgaRYsi kit 1 Dy

(V245E) wiif 1Q3Ak030candatient! Limblel D atioes [®84Eed25YSGRRIIDI dhdw
to delavirdine (169-fold), nevirapine (244-fold) and_efavirenz (93-fold)
and dr ugdependdiftist iGadugadn seEcepbiiddditon AR t Welpr edencrug-drpendent ne
(-209 and nevig@@hiEat 132 %bbuti ROt dvi 80Zon The G&@lg%g@ﬁc@f of all
~mutations at 245 (V245T) 20 with 103 (K103N) and 135 (1135T) causes reduced
suscept i bi | i-ty 4eR WREdSne Wisko-soirgidesyikpi fdig saueregpafeand HIV
efavirenz (174-gold)tancosks uge depeneent o sl | Dok at408 oboreplication in the
presence of_delavirdine (-50%, nevirapine (-40%, and efavirenz (-.25%.
25 I'n another specific enbodi nent, the invention provides for a nethod of

eval uating E h)e Ea'fétﬂﬁél iyenewgthFNNBTbﬁaabhltlewgvjsreﬁ ddmfaamyif@ :@aw&i@ﬂé
conmprising (i 0 tlng a.biological s e froman H V-infecte 0
patient; and (iarc‘:) }t:'g\?e 'ﬂ1 ﬁPﬂanmﬁggﬁgFophgg%i'olaggi{%ﬁc%ﬁﬂ é%oﬁ%ﬁ'ﬁ‘%ﬁ%s 8,
nucl ei ¢ acid emcodithgardi VART having a nutation at codon 270 and additi onal
mut ati ons at codons 103 and 135, with or without nutation at codon 225.

Usi ng a phenotypic susceptibility assay, this invention 24 NOV 2004 26
est abl i shed t hatiguteat1 bn aRevedsa RiGagenesdBi ndt HIV HT hcoddat pasnbt dtns

codon 103 and W or w4 ho mu i-on_a on. 22 f HV
correlated wit hjzg%’de%?(e)ése%ﬁs’usg%%ti tbzl%}al't yart‘% %gﬁavjir?‘ d?ﬁg,leﬁ vidﬁéﬁa&[‘iﬂ 3Rd

described in Example 11. The results from each mutant are

25 that could include 98, 101, 103, 135, 138, 181, 190 and/ o? %m mgg a
h tion
a

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, 282, 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



5 efavirenz, and drug-dependent stinulation of replication gn“tw ﬂﬂ%ence
of del avirdine, nevirapine and efavirenz. Patient-derived resistance test
vectors containing nutations at 270 in addition to other NNRTI-resistance
nmutations (e. g. 103, 135, with or w thout 225) displayed 10 hi gh-Ievel
reductions in sus_;:npgtl bility to all three NNRTIs and drug- dependent
 Stinul ations i Atémudptien icdatvisml arrpieatibm slnegauive ainhibithene in
NNRTI's. . Undeppkhe £0r800ldg gief cUgRyancss, &ﬁ@ PRAAGIPI C (d@lavirdine,
susceptibility/resistance profile and genotypic profile of the HV virus
infecting the pigVaFeNFas Peele¥RTrapdac) ref | d&e Pttt PREARYe Shrwshethe

response to theegaklshiell O¥f I alrvaganimut At i Hes ease QaNRTh4ant ig-gf r 0ghFal
therapy, the HV virus infecting the 20 patient nay be resistant t'o any

combi nati oR of 28Re tAfbe IMNRTES/ deséni fddahdriigiadl manehephogEarkfe Vhﬁ@@

nmay be found tqgrepbi Q@xﬁe@rﬁeﬁééiﬁéerﬂdﬂiﬁﬂﬁiﬁ l?éﬁiﬁﬁ@gt%nor@f Of-iHBhe
'drug (s) than in the absénce of those drugs. her ef ore nmay be desirable

after detectingePHdcatiawat ivn a8y &% nehe; n@%e%%sé@@ gVirgdne,

antiretroviral «3geAtrerz)ange tﬂeﬁﬂ@éﬁ@ﬁeﬁnt | 4 Bt a'tkﬁ%entsat@f-digr@c@&@ or
nore additional antiretroviral agents tao t he patient's ther aReutl C regl men.

For exanpl e, i MRS pat revE1Rss béieﬂ@‘cletdeaté’&‘\ﬁthsb‘fsg\?'@itéf‘?i 36Y( DVREEE)
when the 280 aresi@3amdeation arose, the patient's therapeutic regi nen may
desirably be altered by elimnating NNRTI antiretroviral agents, such as
del avirdi ne, efavirenz or nevirapine; and/or (ii) adding another

aP]EI retroviral F?.g]ﬁlife tmgtpe Rédwded S iMW1nbt ld’ e@.lrliligd Ede'ﬁh:eldent
effectiveness o ificatian i.-n the e eval uate nmoni t orj ng
Viral burden satATE AR SR FARDIEStACecibalt (5 ALY SKRATESF]
nunber correl atrm:ﬂ:apﬁ:‘s twiﬂelhyHSth RTt hmtaftflenis RIS, Of35T5 andaveest, as
regi nen. T ase ed_herein, . indi cg%es t hat

a parti &:ul1 r trlrbg i a”f‘faﬁﬁ ar %%nf?ﬁg;ﬂgﬁ ﬁﬁ?@ Ff-’lﬁgl §7‘U1t Stifer

concl usi ons. 1@:0@@1&13:?@@ froe f Eesaaltsnoobthﬂmeﬂngfrsmpemf |chrugrb®uhmgitzdﬁet he
invention is ag, fr%lg ovs. A et h%ql f agse ng he g__ffgﬁ& UENESS o 9.Ith |

t herapy of a patlent conmprisi ng: C?ll) col 1°6¢ Ind a i ol 0Ql ¢cdl sanple c*rgb
an H V-i nf ect ednutmtpamisenat (¢d9h t HANSRT blcwglomhegcb#iﬂsmo@mglel?mdn ridte

bi ol ogi cal samiléa. e cPhNarlid e Paelmaéritylg iRk &AL dgnlve ﬁgggeene )

using H'V PCR priners t uct conpr [ sing 1V)
per f or m ng2&eqeadiditif s edrnd vhependent pﬁtncgméatth@p yiagt datbqubmes NNRTIs

(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 compa;red to results obtained
from a drug susceptible wvirus control, such as PNL4-3, or
HXB-2. The top panel of the figure shows the graphs from

30 the patient sample, containing the I2708 mutation. In
these graphs, stimulation of wviral replication manifests
as percent inhibition less than zero ({i.e. negative
inhibition) for all three NNRTIs (delavirdine, efavirenz,
and nevirapine). The second panel of graphs shows the



20 conprising wild type or nutant am no acids at codons 230,%23 @{}d 181;
and (v) determning the presence or absence of nutations at ON 22004 103
and 181 fromthe sequences. 25 Yet another preferred, non-limting,
speci fic enbodi nent of the invention is as follows: A nmethod of assessing
the effectiveness of NNRTI therapy of a patd%nt, conprising: (i) collecting
a biol ogi cal sEAPpPeHEHRtEE HESVRREREeRePHathent mutatjonr &fscriobiong BHE .
HI V- encodi ng 381 RNAwgh t hgobi of 9gheal saspl : Ay arT?lL,b' i
pati ent-deri \'/eg se lg{ri:lt (PDS) u‘glﬁgr’é@Hlv PCRhﬁgl?lr?gPsNﬁF %'tthlrv}eesul |%M%EQOQ
product conpri $Fhg Reyerk; vire) pepldcrtigmsedimncany ofadthonthyeeng
primers that yNRREISCQURNGRS 1eOHY | g Midr t ﬂ-%%{}& M PRe agh gl . at
24 NOV 2004 28 5 10 1%920 25 30 codons 2?0%&10{&1%‘? , %g';,%%dg%gg; -
and (v) defer nfAFRGEERe PlEh FEtHi D Jeaiucesd duHGt Feveeptikblibhy 280ug
101, 103, 190, rédistanted38 LA thecsemu@nges. This invention also
provides for a nmethod of assessing the effectiveness of non nucl eosi de
reverse transcriptase antiretroviral therapy of an H V-infected patient
conprising: (aFigaldeeciing ardbDeowcabl saRLE HieMAR HhY- 'tﬂfe%i;eedvirall _
pati ent; and (%‘):l e\rfal uaéllégr? whet her the biol ogical sanple conprises nucleic
aci d encodi ng BFrUPrH-&Fer r aRSerRSt A3 Hav g SesRRHRSDNLEt 93084.
al one or 10 cophtmatinolubéh adrtk aegimeh,Co8Patfénorof MRl | PBgaer0don
| 81, wherein the 5 esg_réf Of@ﬁ’imh a nutation carrelates with a decrease in
rs ns

non- nucl eosi deVI& PUPEhi It drchandept +Bi | Frgegrpibility
drugdependent stlmebatreimtofveri tal o ephifagénBitive virus control, such

as PNL4-3, or HXB-2, and percent negative inhibition for
those samples exhibitli.ng 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 virus
as discussed in Example 14, as determined by site-
directed wmutagenesis. The results from each mutant are
compared to results obtained from a drug susceptible

25 . virus control, such as PNI4-3, 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 wviral replication, as manifested




This invention also provides for a nethod for assessing the biol ogical
effectiveness of a candidate H V antiretroviral drug corrpouno@dp ii %ﬂf:}qg:
(a) introducing a resistance test vector conprising a patient-derive
segnent further conprising a nutation at codon 230 al one or in conbination
wth a mutation at codon 103 or a qptaIiCNI%& codon 181 and an indicator
gene into a hoby cEErgest cdtubitdahe It &dan f BeMOst d -€a) ; negptive
nmeasuring the exprgdgiiym)of the indicator gene in a target host cell; and
(d) conparing the neasurenent of the expression of the indicator gene from
step (c) with the nmeasurenent of the expression of the indicator gene

measured when ghieps-<alg: (C) R LA MoLa9Y! HadllRra@bsese8pOiniNery to
-candi date antirefroviral drug conpound; wherein a test concentration of the

candi date anti MRIJvizRl d¥Pgy i pladnkon ok ¥pradareprlization
2004 29 (c); abhseRIatdd wit®)  m@FatiosteRt(ClodBl WHEN €I RBoHECT ®#QS /)
-expressi on of the indicator gene neasured in the persence of the candidate
antiretroviralC@ﬁ&@-é&ﬁbo ¢ nth cative of the bi ol ogi cal effectiveness
- of 5 the conmpound. This invention provides for a resistance test vector
conprising: (i) _an HV patient-derived segnent which conprises reverse

~ transcriptase F3@W§ afﬂntatﬁggeFE éﬁf %gﬁﬁgsﬁn%ﬁﬁg%ﬂn-dﬁﬁoﬁ§ﬂ§ﬁﬁ#ﬂ%§ﬁ@Qﬂ$
181, and (li0i ) afd il dvidi asOrvede, redel @it dhe Expressi on of the

i ndi cator gene is dependent ‘upon the patient derived segnent. This
invention al so provides for a nethod of assessing 15 the effectiveness of
non nucl eosi de reverse transcriptase antiretroviral therapy of an

H V-infected patient conprising: (a) collecting a biological sanple from an
" H Vinfected.patient; and 20 (b) eval uating whet her the biol ogical sanple
conprises nucleic-acid encoding H V reverse transcriptase having a nutation
at codon 230 alone or in conmbination with at |east one nutation at a codon
sel ected fromthe group consisting of: codon 101, 25 codon 103, codon 190,
codon 221 and codon 238, wherein the presence of the nmutations correlate

Wi th a decrease in non-nucl eoside reverse transcriptase inhibitor
susceptibility and drugdependent stinulation of viral replication. 30 Yet
-anot her preferred, non-limting, specific enbodinent of the invention is as
follows: A nethod of assessing the effectiveness of NNRTI therapy of a
patient, conprising: (i) collecting a biological sanple from an



24 NOV 2004 30 HI V-infected patient; (ii) transcribing the H V-encodi ng RNA
in the biological sanple to cDNA;, (iii) anplifying a patientgge 'Veﬂl
segnent (PDS) using HI'V PCR priners that result in a product W@ [ Uﬁg t he
RT gene; (iv) 5 perform ng sequencing reactions using priners that yield
sequences conprising wld type or rrut ant am®¥no acids at codons 241, 103 and
135; and (v) ) : o \fewepbiof nutations at codons
241, 103 and 135 fromthe sequences 10 ' Yet another preferred,

‘non-limting, eci fic enbodi nent .of th i,nventio falel awsai ' od

of assessing tiﬁeefﬁﬁec?‘?ven&?gegfg ?\%?%py ofm%aﬁfg |e(r;:)t corrp‘??ﬁ%:

Ei ) coll gcti ngtr:]heall ?/li)gii_czk qm’ql\:gé:ésﬁ? amfé{&iwv-mnﬂgc;@m Elani %‘ﬂlf}hl‘—?
ranscri ipg the ~encodin L0 ﬁ% golel) s% 9 4.9 ¢ Lhi)

~anpl i fying’a patFeEt l&@rlvéﬂ $EGERT “TPDS) USTHG HI V i mer s

result in a pr ﬁddﬁéo&dﬂm‘l smgeb:lse RTtganspr(Lpt)asperforﬂnlhgtgﬁquerﬁmgl)

reactions usin S 1 % seque

mut ant- am no a%Pgér% r((:'.’od'ons zdﬁéldﬁ‘%’g %%g E%SE:h g%ﬂ Oéfia{rl%g?%%s

det ermi ni ng t hefpr eti;ﬁhcethlatabs&}dc:ebm m;lt::alta'l-dﬁmeatiem@dor%t@241.1_151‘31103_131 106,

135, 138, and lgg @ltogb Z,leq:llllg_n ?Et o'elF At Rer

non-limting, nment €5 nvention is asfollows A net hod
of assessilflg the effectl veness of NNRTI therapy of a patient, conprising:
(i) collecting 1.0l ogi e HL Mok g ehe hRAL Y | £64i Ja
transcri bi ng t%ﬁ It-}!}r%£ e%@%%%drjig@% |e;11{é) é{}% F’?:{a sanpl (Cabto chNA (i)
anplifying a paekbod defi @@@%@g—ﬁ?g\tt](l@DS)ff@ﬁtﬁg'eﬂie\?sP@Qf plaFlﬁéF@tFT?é&lral
cresult in a pr SI 9 ggt ni9eNBombh-Y5iRE8r f O NO-SEDHEREHAT a

' réactions usi ngﬂ%r%:aﬁép at- yi fg24 c'm§00413 se(altr]jlenggs corrprlg ru%
wild type or ntru@tltomarﬂo %@m%ealfr@@d@ﬁ!s Bijg infipctert gaglent; ahd az‘)

det erm ni g t hgRLEIANGHP" FRSEREE Ofnaut qsi&%gféafodgaﬁnpw c%prﬂa%eﬁnd

181 from the sequences. Yet anot her ng eferred,” non-limti ng EeCl fic
*ng

enbodi nent of bR leheReiA PRcading| HoNs RIA ot f vdEakd t p&e °ox
effectiveness g, MNRIodDeiaRyY OboacRat k@nt .tHONPET Si Ng: The) aRidaACidmEs A

bi ol ogi cal sanple from an ,

correlate positively with changes in . phenotypic
susceptibility/resistance.

20
In a spedific embodiment, the invention provides for a
method of assessing the effectiveness of NNRTI
antiretroviral therapy of a patient Ccomprising (i)
collecting a bioclogical sample from an HIV-infected

25 patient; and (ii} determining whether the bioclogical
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 sugsceptibility to delavirdine,
nevirapine and efavirenz. Patient derived resistance
test vectors containing the mutation M230L, either alone

or in combination with other NNRTI-resistance mutations



10 H V-infected patient; (ii) transcribing the H V-encodi ng MMUM b/

bi ol ogi cal sanple to cDNA (iii) anplifying a patient-derived segment (PDS)
using HV PCR primers that result in a_ product conprising the RT gene;

(iv) . performng sequencing reactions using priners that yield 15
sequences conprising wild type or nutant artno aci ds at codons 245, 101,
103, 135 and 1sbowapgdugligdserim Muaparidpdddandaaly wangsdarat - Pt Eeldéns

at_codons 245, 10140350135 £cANtad v FRIRL NE £38ACHCES1 0 20 0YeL 110 B

~preferred, non-limting, specific enbodl nent o the 1nvention is

follows: A nethed ofefdsiaesning t ABdef flgem vekestold NRRTI RWQ)f for
patient, COMPr{sLRGapihk COMRCHANG DI A QRIGA! 1 SANDE evifé’I“ th%_Dllca ion

H V- i nf ect ed patient; (ii) transcribing the H V-encoding

bi ol ogi cal Ysanpie PBLtAENA; deriyedneFAFtRAE pdEsint v&étWéd @@@‘ﬁ@hmeS)

using H'V PCR putBERASrhalt r&sSddd 250 aiR’ AEYCRTC IRIHeE N-ddhoRTgebepoki V)
‘perform ng sequenC| n(lgéreactl ons using priners that yield sequences

conprising wil8cFypeldr wirant MWRFES aci dSike-S3resdess rasistencenntesknd

270; and (v) deterw %ﬂﬁ@lﬁﬁeﬂﬁ‘éa@&oﬁbs%&cezﬁ ”H‘iﬁhé@n%zl%hec%iﬁnin
245, 103, 225 and. 270 fromthe seg_uences 24 NOV 2004 32 Yet anot her

preferred, nonSPIRLPREGORs p#ath ¢ 183bo@FmedBlof WEKE | RPBAEIBRtPL-as The

fol | ows: Aonetiﬁada@&o@ssatssmga taeoRé Q@&is\é@leﬁéd@ée&w%ﬁsdéwlwlqiy ato

- patient, conpri.s | ecti_ng a bi o] ogical sanmple from
Hl V-i nfected pQFh@gﬁlr Jtﬁﬂa bi MEHERIRE e VT P RN ‘i?nefﬁ'élrenz

bi ol ogi cal sanpbe —tf@leil))NA ard i aa:ugrrale;péﬁaagta shdiaricider | yedreguieat i68DS)
using H 'V PCR pri s that result .roduct C i ng the F%’ ’ gi V)
perTor i ng seqiBncERG (RECEFBRS (R ng BHITRIARS har B! 4 408 sdqianiagin
E:o;rpy sing wl cd-sxr?ﬁe .or nrl—iantcoamgmtamﬂmﬁt nﬁﬂihii’hﬁor%5at(]j.353@n¢riﬂ38103ndd
v) deterni:ni ng_the presence, or abs tatlosat codo an
138 from fhe. oOaqUERELE SrRarh RN e Yo LS hOREFARRE | n250pEeti e
enbodi nent of hbeimapdmie on{Hia0®sEdlal)l ovenid A eftdhtent a$sese+ﬁglﬂhe and
ef fectiveness Qf NN of atient, comprising: (i ectin

bi ol ogi cal sarr%fmgf rgl(;ﬁ’{atziilﬁlaeeﬁI%VySt ?Iag: Qﬁhtci’%rﬁ?Pr?Jr?‘_j‘t%‘g%é%Z F%?nBrFﬁ‘gn <

HI V- encodi ng ZGfRM@IIJaVJtlhiautn oI(egDO&D si@wvplreptioec DNA0X)i i iandnplfairy.mgnaz
pati ent -der i ved _gggent AUl RePIBL S LAt heolih (dhd

pr oduct conpri sing t he ene OI‘ m ng sequencl ng reacti ons USI ng
priners tREt ycameﬁm cﬁ;mqemxiglmtm t‘yp@ebavwdama dr2B6 -doilldy .at

25 codons 245, -y 13 1 1 q‘_gga ef4d th esgnce
or absence of rrﬁ%?%tl %n?eat Qggé(?ngo%%g g'gd ,‘; %%Iq 8gg an ) drq-'(r)m:}?lt
sequences. 30 @Wganotme%@%ﬂbrrﬁlwmh%tmﬁ §|@@é41fqaé:19mbodimrenﬂif@f

the invention {$eaenke L¥We1AvIBIIME OhaSSaRIHY) @EJ@&{ ggness of
NNRTI therapy of a patient) conprising: (i) coll ectl ng a ogi cal sanple

froman H V-infected pati ent (ii1) transcribing the H V-encoding
: 25 In another specific embodiment, the invention provides

for a method of evaluating the effectiveness of NNRTI
antiretroviral therapy of a péttient comprising = (i)
collecting a bioclogical sample from an HIV-infected
patient; and (ii) determining whether the bioclogical
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




24 NOV 2004 33 RNA in the biological sanple to cDNA;, (iii) a I|f ing a
patient-derived segnent (PDS) using H'V PCR priners that res @y QE
product conprising the RT gene; (iv) perform ng sequencing reactlons @l ng
prinmers that yield 5 sequences conprising wild type or nutant am no acids
~at codons 245, and 103; and (v) determ ni ng4t he presence or absence of
mut ati ons at ca.dons a24{ﬁutaﬁﬂoﬂ103tf rmﬂdmewaquememﬂ&ﬁéatsaaathm, 106
preferred, non-|i f‘tlv odi nent of tE el vent. as a
fol l ows: A net?l% asse%’ i nb‘ f ettT veh8EE S0P "RRRTV ra%?/czd?aﬁe
pati ent, corrprsﬁmagptﬁ.b)n.lcmyl eo(tmrag-easlmdol agiscialt gl e fo ondebavirdine,

HI V-i nf ect ed pat | e ) cr| bi n encadi n
bi ol ogi cal sa ng&gﬁAaﬂﬂr i95* %Jae AtTem - er’f?/%i(}s’\@%%%%npefﬁDS)
using HV PCR pécmars tdeatt adesing mutastmmdwt gonprinsiaagiitioRgentheti v)

perform ng se i.ng _reactions u rs. th yi el nc

corrpri sing w ﬂlgﬁg%e 8r51r?%ta§fﬁe sthag_.g_wo s at920f§:(1)do(r?1'8%4??&i'03§513513r§d
225; "and (v) detér imigfingdiibelpyedencshurt iahsente cusndpttilonisitgt radgrisng
245, 103, 135 %Qg 22£1f£. th? se%%@”%feﬁt Yf&ra ne%l%:.:?ciﬁjlgrr%%d Shoxed

non-limting, Sific odlrrent e Tnvention is as’'fo
met hod of assehsghg 1heeéff:eeduv’ems gin NRBcepitdlddyi of & opapewarapine

~conpri Si_ ngo (i )( gebl %%“ g %‘ﬂg' encoc?s gpész f8f?ﬁn HI }.5 LREREL agrlved

patient; (i) transcr|b| ebooglcal to
eDNA; (iii) anpeeigtagce 3@eqa‘at N@M@r | gedtabghegt MUPES)iasd ngtHIMZPCRn
primers that resyht LR iPr gt oﬁ‘: NPT LPE= RIL OR0E: ikvde RGHL Or('% 3;9
.sequenC| ng reactl ons usi ng priners d sequences conpri si ng

" type or nutant 18# nd 03ci d &t %ﬁior@&?@d 1?930hn@1§95&3faﬂdd€fv}! d@P@ﬂﬁa’ﬁtng
the presence ﬁeému%%% Sf 95rahs ﬂat{?l‘ﬁ%?tf%? 13% dans; 70, 1%

and 135 fromthe sequences. The prese n e of s at codons 230 and
ei t her 5 163 ofoxgalds tﬂm@mﬁﬂlscat es that the effectiveness of

In another specific embodiment, the invention provides
for a method of assessing the effectiveness of HNNRTI
antiretroviral therapy of a patient comprising (i)
20 collecting a biological sample from an HIV-infected
patient; and {ii} determining whether the biologicé.l
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, 180
and/or 225. Using a phenotypic susceptibility assay,
this invention established that a mutation at codon 245
in combinaticn 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
registance test vectors containing mutations at 245 and

additional .NNRTI-resistance mutations as described above



the current or prospective NNRTI therapy has been dininiShEdﬂhﬁ%gﬁpgﬁ@éby
this invention, a nutation at codon 230, in conbination with

either 103 or |81, reduces drug susceptibility, and results in drug 10
dependent stinulation of viral replication,_Using the nethods of this

i nvention, ch%ﬁgf in the NNRTI  therapy mou?ﬁ be indicated. Simlarly,_ using
t he means and Hotkedf TEALS RSNt bNSESCERE 1B &iENc FARIIRE afFONs 29~

codons 230, 104514030 13G0-32hd afsk 28818k itaent, Vﬁ%nge@efmml ¢at ess ¢ drat
the effectiveness_of the current or gﬁgsp ctive

g t hera has, bee
di mi ni shed. Asf@HdIWEdFy PRVITERGDAL | AR o”nEN oja 0580n§£);£%0€°]l€1,€353,
190, 221 and zé)a@avgﬁeﬁﬁducwﬁi@'@&@éﬁﬂ&é@l | li'efs:l.ﬁtt’ahdiésulﬁe.?sm vectors
.drug- dependent stimulati on of vi,ral replication. t.h hi s
i nventi on,? chafgRERRERE NFRFRIRSSap Eou%&SbeEFh IC%PQ&% %F§&F§
using the manﬁe@ﬂﬁtﬁﬁ&éod&t&ﬁu&ﬁié a8V Srigcaribdde m@e@needmbunmhtdmg at
-codons 241, 10 and 135 of, e HV RI_gene |nd|caies t hat

~ effectiveness FFPERES Erﬁeﬁm B3O8 pR £ & AN %?@ﬁ%ﬁ@ ﬁ?%EBé%h from
di m ni shed. Aszghownoby Ebrsmnvemmmmu ormtaet ctadmse@mesﬂ@eanee

and | 35 reduce drug sus t|b|||ty, an en i I ion
of viral replit&fFon’e ?}EFI' Fie 0N &él gﬁeéf hi 8n| ﬁ‘\ll g‘sp‘%ggéggiun %’
NNRTI t hetapy wos|dibe bndi CLaBednd mmmmcﬁoﬁn&nims; yas udesgrihed

d h f
241, 101, 106, SR9%%- 158 A G0 BF CHEY HIG RPGOI 40 od VPASE (i 200D

ef fecti veness aiohbecauseenb @agmmﬁﬂmann\Mﬁdﬂﬁ%ﬂonrmma@WSGemesbbbéhY to

di m ni shed. As thls n, t qﬁggn

. 185, 138, and f@g Y%EU druﬁbgﬁs é%%l& :fesu éoﬁéugaéepen$Ent
stinul ation ofmutaahonepbtcaﬂﬁodVQaﬁﬂn;Wﬂuﬁrﬁﬂ3ukKlQﬁNkrmsd|h3§nﬂﬁéﬁ5T)
change in,kthe cate 0
nmeans and1 th t S |nveg* %ﬁ#%@ pre eﬁ%eq%:ﬁ%iﬁéggé%s(gﬁbcgggﬁg

245 98, 135, aamlrapmfa t Pt H 80T | addcafavitenz t K@3efpddli vardsdxsd-t he
15 current or gggﬁgﬁg&ﬁvese\il}l%&dg 8«% Q%gaﬂec%&ﬂﬂd“ phshed ﬁeé&%@ Iy
ons 2 uce

this invention tations at co 135 and 181 re dru
'susceptlblI|tyde&nﬁl¢@snﬁt i frd®%h- deﬁehdeﬁﬁvéﬁﬁﬁﬂpatloh"%$‘b|reQUt Inot

replication. Uéfgg'lt:clé?lz”e'['ﬁ%js c%fnbtlli‘ﬂa%l'oﬁ‘lveﬂf' Qfat tRRMEe kR tdes NNl 52
t herapy woul d be i ndicated Slnllarly, usi ng the_peans and nethods of tgl

i nvent i on2Phe WREBenckODf HEEE3MIns @4 co 24F13pF) 1915¢}5 T
of the HV RT kpdiceptabitihal t he efdecdvimensss of{>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 ewbodiment, 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

30 patient; and (ii) determining whether the biological
sample comprises nucleic acid encoding HIV RT having a
mutation at codon 270 and additicnal mutations at codons
103 and 135, wj_.th or without mutation at codon 225. Using
a phenotypic susceptibility assay, this invention




25 the current or prospective NNRTI therapy has been di m ni ?}lgd @szﬁghown
by this invention, nutations at codons 245, 10, 103, 135, % Bluce

drug susceptibility, and result in drug-dependent stimulation of viral
replication. Using the nmethods of this 305gnvention, change in the NNRTI -

t herapy woul d be .indicated.. Simlarl usLpg apd redhetisaiohhi s
i nvention t heeiﬁﬁ%?%h%]@eéf ‘?ﬂﬁﬁét | gté'tbncoégnséég%&%% 3 ©

103, 225, and . 24 gm/
2004 36 270 ofithe HnMtBEibng cat esodeat 183 emdcipPersbal oY hELEHPREN

or- prospective NNRTI therapy .has n di R} SRed.5AS sheyalhyetihiviith a
i nvention, mAYERBASDat® ogéﬁ?nzz??,z 18g, r%vaS and 270 reduce dr

. ) H
suscepti bi | i t ecepdseas Wisdepts gyl ependedavdgdiifieat i Y bf am"g%{ and

replicatiaon. Using the nmethods of Lhjis. i ntJ 1Ghanrge of tepliNREhion
t her apy w8ul degé"gﬁﬁﬁ?at ead?(?s'ﬁﬂl%aé ?nlag%{ﬁgtétt%g‘urreans andngt;l;@ods of this

i nvention 10 the thieegarammie nft aléelasi vdinedoRSVIEEP1R852 BYgT6 4 he
H V RT indicates .that .the effect] t Re RN I QRlctQrePr OSfeetialivel rig\NRTI
t her apy has bgéﬁlﬁpﬁi’ﬁeﬁ‘éﬁé Astxjse;%%% ‘yC%_I his invention n%’[gt lons at
codons 245, 1aGtatimmd 138 ramucéndraddiiieRptrpi PFesE MR TefH S Ug1s
dependent stinul ati.on of, viral pli i o}y ti¥SbRrIwikaomet kody afidgiisyed

I nventi on, ch&ﬁ’&@ttilﬁntsne(ﬁ\l%llq%’eraf)%%{/\ooﬂf'g be i,n(Jii cated. Si n%j(fr lé’hr ugi ng
t he nmeansjgand mirihadsredf tdedudoivan | gR 2EuFRERFEEEh Y of PPt ons a

codons 245, 9 135, ,181 d Qn8inthe BeYmBlatAdneat esid hatvizdwel
: %E\{,R Xy r@% déB en

ef fectiveness e curr%nt %r rospe{:ltlve NNRTI _t her yﬁgg b

0

- S
di mi ni shed. Asegidwrathyon hianginerEyem: 89ur at18hsFaF 2 ?25‘,&&3‘5,18103, |
135, 181, and 190 25 reduce drug susceptibility, and result in
- drug-dependent stinulation of viral replication. Using tgﬁemtgﬂgﬁ &Bi S
i nvention, chahgied n tive NNEPregedigpy #OGFITSEPIEScat el 30 |m?a$¥y,
using the a%%%&@ﬂ?ﬁﬁ@%eéb&éaﬁ&ée%f@ﬁlée fresgenetybinut profhdeat
codons 245 an 0 e H'V RT indicates that hepgffecgivggﬁsglg%rgge
current or prosbecheyEINNNRTUHRERCHERI bEBR BTSN EPE ASSHotn by -t hi s
invention, nutAatspOSe By COUQGEe 245 ithd 03 ineduatie  response to  the
antiretroviral agent. In the case of NNRTI
antiretroviral therapy, the HIV virus infecting the
20 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
25 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
30 (DMP-266) when the 230 and 103 mutation arose, the
patient's therapeutic regimen way 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




24 NOV 2004 37 drug susceptibility, and result in drug-depen%@tﬁl
stinmulation of viral replication. Using the nethods of this ihve QY&W

change in the NNRTI therapy would be indicated. 5 Simlarly, using the
means and nmet hods of this invention the ppesence of nutations at codons-

245, 103, 135, and 225.of t | ndi_cat t : o 'V@% f
.the current o#eﬁftg‘?ﬁlécti ewt\{t%ea%y ?C{f;s eeerpn@&d}fn%{%ﬁérg.ﬂio %%gwn
by this inventiagn berutatiloasedt hyodoosidasing0¥yireds burder26urbd@se BHYug
susceptibilit esult in -dgp tiJnul gdyom@f VA8l
replication. éétlvﬁg%%e%ﬁg hot s“%g 1 g?sgfg%\%e%tﬁlts%onl,rﬂjcﬁ%vnggﬂgn ét/dﬁgfayaNlll\llll?t'rl'ﬂloEr

t her apy woul dcheriedditest edpod St Brely ar Withusitlae t hefheshd vangsaet IR9ds 8f
this inventi on teh(_%ﬁprn S%%?f" f,mutations at codons 270, 103, and 135 of the
H V RT indi cat&S 3 fa ectiveness of the current or prospective NNRTI
t herapy has been di m nished. 20 As shown by this invention, nutations at
‘codons 270, 1Q3, a r edUGE, u Lbilitys @ r it hBrein,

dr ugdependent 5 n{]ﬁ a |550% of Vi ré(}élt?%épl %ﬁ??%ﬁé%g?ng tgﬁe %\%Fhods of _this

i nvention, changkidatasetNARTR tprRYbbyulme| gepulindidad 25PARSIRAELAT
preferred, non:li . mPecif4 | ATRNE ' 40N is as
follows: A net%oélﬁé‘#él(ra&g}al uat | nlgllfeh effecti v%%si%lﬁﬁ% etroviral .

t herapy of0 an Hl Vinfected patient conprising: (i) collecting a biological
30 sanple ffOfﬂ_\—Fg’cﬂ&}/-' nhectedapathent{ iRk | ) fRIATII agbubiehdet IR

- bi ol ogi cal sanple conprises nucleic_acid encoding the HI%/ RTegene, ag:cl’l
having a nut atilen dnvestsan23e &7 EPLheYStoddn TR 3812SBEFRGNPNL e

~ Phenotypi ¢ suseeptd i biiysassay MiRTTVASHARESF Vo bh@attikatyr estged sing:

(i) collecting a bioclogical sample from an HIV-infected

15 opatient; (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

sequences.

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

30 RNA in the biological gsample to c¢DNA; (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



24 NOV 2004 38 of nutations at codons 230 and either 103 and@lﬁﬂ&VoQﬂﬂau ates
positively with decreased susceptibility to del avirdi ne, nevirapi ne) and
efavirenz and results in drug-dependent stinulation of viral replication.
In 5 another specific embodi nent, the nutajed codon 230 of HV RT encodes

I L whil e th t at 10
S'?Iuﬂ n?uﬁt%ercglf}@g’lsfl ? g)u a&]eoﬂy qﬁﬁ”( ﬁuﬁ; ?%]b’don arg% ﬂ?v%%l ers{}g)des
| euci ne (L) aaétbhmnﬂr@; etheodgireatent®] ercodéseactl oﬁstmuhet@@)is Yet
th f , fi mb t t
anot her pre erraah& ogpaq uat#(#g o &cl i g oglﬂren alqé anl n¥§8§'} op_ i.S as

follows: A nmeff e’ffe i V¥en€ess’ of antiretrovir er apy
of an HV 15 igeb@ekespati ent conprising: (i) collecting a biologi cal

sanpl e fr%m an H V-infected patient; and (ii) determ ning whether the

bi ol ogi cal” sanpl e conpri ses nucleic acid encoding the H'V RT gene, and

havi ng nut at i ang sat 1n0dnn$oﬂ3@glsﬁ)lprti’@.?de$9(f,ox22a w380t U@E@ﬁﬁi@g

phenot ypi c 20 sce i bill t
mut ati ons at é%%t %1){ §€O§Z Eg%l ﬂ@%}gg H%Ig:%q%ffreei%j?s po tlr:tglﬁ\é:el y
wi th decr ease&rmisrmptmbutaly mewml r dicne, anevi e ef 84 and
results in dr de IS d‘ﬁt % m{%ﬁ Vi &, éﬂ_&é\il Qkmp1e 2prapotdier
specific enbo th n3 <)ite 0 of ﬁ?%p encodes a |l eucine (L),
t he mut atHy c%ﬂe@m@dqm@@lﬁ amr@i acik) ( Bvakurting atdirtdrion HoR
encodes an aspar : n co a ¥ he
d di\l) sa trrfi:?‘\:{.)%%%o Eﬁgﬁle% desa é:?écbcﬁ!fnés)zg h

mut at ed codon yr osi ne 0 the nmutated codon
encodes a thrernveleseéT)traracmmaﬁ.& preofigys e@ MUBakiprt i Af, SpeeRfi$3°

embodi ment of 6,4 YNt hodohi ASELBh! G¥en & MEkBedopf VAl i e a

effectiveness o]T antiretrovira er apy o an 004 39 infected
patient conprimitrafi¢n) agoldedtan n§8a, bi dﬂé%ﬂ-‘%?aql §Hﬁp|¥‘#$€éﬁﬁ’%n°ﬁl BUGHF et ed

patient; pad (figs ﬁéﬁr?e&#%éﬁ@é hels tihe obi gbagibaak SEAP! CokOMRELE651de

nucl eic acid enco RT gene, d havi ng nutatiqns at codons 5 '
241, 103, and n@serssu Ky anEETRPERGEY pi Jsh@'e%t ﬁBﬁFPPf/lééé&yY iAndadrug-

observed that }he. piesense: qhl Buah 8esvatasofepsiddtiotd3, and 135
correl ates p05| thvely with decreased susceptibility to del avirdine,

nevirapi ne, and efavirenz and results in drug-dependent stinulation of 10

viral replicatqions hpvaR@lber Spesipievenbadigmnta mbenad ated ssdens2Adg of
H V RT encodes a serine (S), the nutated codon 103 encodes agﬂggﬁ%{ ag{ﬂg%
he

(N), and 20e ritheat ePIJRFHFBE eRIGRE WO BF (TR 152

preferred, nonght {44t PEvisRRCidriug ethRsbuRmt comptrigingientapnihsregducing
follows: A nethod of, eval uating the effectiveness .of anti re%r ovgr %Is t.h rapy

of an H Vi nf ec? et F iR RohFisi AFCHY EOMPETRY abi BRGYFR
from an H V-i nfegheflt pEFureher atn(disirdetLrmiinabdon 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) - (¢} 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) -




20 whet her the biological sanple conprises nucleic acid enco@ pw{?w%@dﬂl V RT
gene, and having nutations at codons 241, 101, 106, 135, 138, and’l 4
Usi ng the phenotypic susceptibility assay, it was observed that the
presence of nutations at codons 24l, 101, ,3406, 135, 13B, and 190 25

correl ates pogiL{ively w degreased _susceptibi ity to.delavirdine,.

nevi r api ne, aﬁ%}éfggir%%%g%ngﬁvesulgg§fno rdazdg%gﬁdeﬁ? s?ﬁnuﬁ%?ﬁg Tofd
viral replicaféoneasn dmotdrprepsiodd i of enbedindncatble gameatresh=ooneh 24| of
H V RT encode n i fHGine ), do es

gl utam c aci d&fﬁ), pts%e rrutepat eékcoﬁﬂrglg%&g%%%%ég anr'):m#\?étJr r?l%%r?l%ﬁg:% M ‘,?r?%e
mut at ed codoncbBBoendodes imdinagdniene Bhe thieoingitald «biertiBdiessodEs an
-al anine (4), gpd LR gted codon 190 encodes an al anine (A). 24 NOV
2004 40 Yet anot herﬁBre erred, non-limting, specific enbodi nent of the
invention is as follows: A nethod of evaluating the effectiveness of
‘antiretrovirafrhiber tpyention Hhdb0ieesedEpat ixentreedipanengtest) €oLtEeeti ng
a biological 5 sangle f(g an HIV-in&ected,Eati%%t; and (iu%ﬁgeter i ni ng
whet her the bFBTMBYFEAFRTS Erbleadbrrp]#? es PAGAFBIC IRE T Senc M he WRYF
gﬁne, and havbagpmigafsi asveéts€otdenas245pt 98e hoalﬁr,iragmh%&ﬂ.ltauabng irheatf
phenot ypi.c susceptibilit ssa it S 0 rve t the, presence 10_0
nutationéﬁat 88%%3 %ﬁ%,¥§§,c3é%?sa ISlfﬁgrfﬁiaﬁgg’p5§Fii6éF it an
decreased suséadticbicbirt ywetree del verdinerhaeexpapigrd omick ety i tadicandr
results in drug-de %naenteﬁﬁi r{ul ation,of . \éi.ral {(?e l.d.cation. |n another
specific embodritent - tHE ¥ ealpggd&ﬁ*eﬁg a| V& SFERL s glutam c
acid (E), the nutated codon 9B encodes a dycine (G, the nutated codon 135
“encodes a thrggpine (T my d. codan_181 encodes cysteine (C).
Yet anot her p?fé{% 8r rjérg‘,r&%lto%?rgi %i% ané @éﬁ:e%?% gognb%dfuﬁgﬁf) 8ZCSDK'jft)f x? ﬁgssm‘g

i nventi 0dSi s abef efifessivemmtshed aiomvalckdoaide heeeétset trvenssgsiptase
antiretroviral er n . ted_ pati_ent rising. i) l.Lecting
a bi ol ogi cal %%Errg?&@%l’g%ggﬁ H:_({:/M%%%ggt edogat ient ; andlﬁ%:e)rlgﬁé# er Png%‘lﬁg%
whet her the brolbgiedhasanpl e conprises nucleic acid 25 encoding the HV RT
gene, and havigg mut alions.@ingodgns yidiectfly 10035, Ang, 190, Usirga the

phenotypi c susceptibility assay, I't was obServed. t he presence of
mut ati ons at &pdestedspatient;1exd 135 g and 190 correl ates positively with

decr easeggsusqgpt i b 'é&éllﬁé’t%ﬂn%dﬁhéﬂhéﬂi Bhe ﬂ;&i}gg?ha@ sa&glgf %h%’t ze3nd

results in drug-dependent stinulation of vira ication. I'n another
speci fi c enbodi ment, B#elede atasitogpsodiBgofHEV V IRVanRS0 dEFansgripimiee

?ghgn(%é the nutatechfefleh 101 f0€Q€e6na Gut 8BEENnaCL0( Ehichle B atigd

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 wutations 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




24 NOV 2004 5 10 15 20 25 30 41 encodes asparagine (N), the tfwag zﬁzon
135 encodes a threonine (T), and the nutated codon 190 encod a I ne

(A). Yet another preferred, non-limting, specific enbodi ment of the
invention is as follows: A nethod of evaluating the effectiveness of
antiretroviral therapy of an H Vinfected ﬁ%&ient_cqnprisin (i) collecting
a biol ogi cal ¥iWplisfecsedarratientnt eéitl paenesribing (ql}%g’é% SFRFAthERY
whet her the bighogi a i chej j.d @ncodi 1 +Hhey( BT
gone, and havian it AEn Lol e BT Y P o L
phenot ypi ¢ supesperti-Gani e SeoNenthaPBL e REERTt HAV (R FP%%‘E?FE:% t

nutations at ¢adoRs 243, 193, p2daucBndcdfBr48ihgl atee POSr iyehy; W t(Av)
decreased susceptibility to delavirdine, nevirapine, and efavirenz an

results i A dr pgrdepEHascht SeTLeRE Y 0ReBFCLPRE| USdPSi BFWTS | HPahot & d

specific e”bogha%@ncééﬂ.ecaﬂﬁﬂ@ﬁngO%QdZZ’cEyIsé st VnBEaphcefeing ghidaniat
acid (F), the

at ed codon 103 encodes aspariglne %%%,,the gytated codon
225 encodes acwdensdiZfl ( H03 aard t hed meBPedViodEReTPONERTGEE REMETMShi ne
(M., Yet another,prehesr e¢ mrdidhd iag, ceaensf pelenhadi remd 085t Harom
invention is as follows: A nethod of evaluating the effectiveness of

antiretroviraltheh@epiersies n H Vi nfect ed patient conprising: (i) collecting
a biologigal sanple froman H V-infected patient; and (ii) determining

Gene. and haviis nERatRBRS PAEESdSHy DX TNELC LY 19850 0ht g TREALmet
phenot ypi ¢ suggepthbli idverasisay, idt awastolliseiyed Bhatetitsd pofs encesding
. hutations at codons 245, 135, and 138 cor §gat% ositiwg y gﬁth qfﬁéﬁ@fed
suscepti bi | it Fhe defierEdvREeSTevit pllﬁ]t\l:l,E nd E‘Iegf\ﬁpyenz nd%redlitts in
dr ug- dependentecidrat aid on @) ca¥1AEMiRH04 4Bivicgicakplseogtliconfrom an
apother spec h STOBILIEAt el el 42 cpdan. 245, ok i TheAGaHS g
nut at ed codon $x88 £ACeHes WibiPaiciale 48plé 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
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
geqguences.
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 szample from an
30 HIV-infected patient; ({ii) transcribing the HIV-encoding
RNA in the biological sample to c¢DNA; (iii) amplifying a
patientuderived segment (PDS) using HIV PCR primers that
result in a product comprising the RT gene; (iv)

performing sequencing reactions using primers that yvield



- efavirenz and re

Yet another preferred, non-limting, specific enbodi nent of t?i @m/,ggﬁl on
is as follows: A nethod of evaluating the effectiveness of arfei Béal
t herapy of an HI Vinfected patient conprising: (i) collecting a biological
10 sanpl e from an H V-infected patient; an (| i) determ ning whet her the

bi ol ogi cal ngl e CO[T’%I’I ses nucl eic a%%g COdI ng the H V_RI gene,. d?

havi ng nut at | oRSIRENEGFo ROBAE Sy Yh  t¥Bg Ofgfu 138170 g Fhe?
.phenotypi c . sds@epki b24%fy smssay3si tanwhs 16hseramedl t{vat dbeepminiénge dbe of
mut ati ons -at codons 245,

190 | t
with decr easedPSGSEBSE 94 |‘J[’ls}s?%é%|engfr\u§aﬁé'onﬁev%r agf‘%‘rée aﬁggéf%\% r e%gggmd

results in drugndependémroms theulsetuencet.viral replication. I n another
specific ﬁgbodi ment, the nmutated codon 245 of HV 20 RT encodes a threonine
(T), the tated codon 98 encodes a glutamic acid (G, the nutated codon
103 encodes a ¥esparaagiiriessf I\ﬁ:refhereﬂt aned-ddddhihg5 anﬂm:ie‘sua enbedninpet
(T), the nutate don,181 ncod y (C) a a

190 encodes an gl %el?an an % géﬂ r%gferredﬁgt%ﬁal ot éggegggﬂg
specific errbodtmant @ffd&d:@vmes\el ODfI sm’lﬁol | gverapy netfiod Eof E&&D—@@t—hng :

t he effectiveness 1&: ; 8 og| é_jllq yaofbl%q_ Ell\éaq.f eg%ﬁj} patd-eQf an

conpri sing: I nfected
patient; aﬂd (HlI)I dett'@rauad noptwhenther (Lhe Mr@hsgﬂ-’aé?llngarﬂh@ BiWpensesing

nucl ei ¢ acid encading Lh ﬁ&glsgglggﬂesgﬁ%geh@g NG af 4 ops fggggﬁﬁ%‘p

and 103. Using e p enotypic Scept assay, it Was o rve
t he presence opammu-aimrzamicﬂemsent ZQPRB)\/ ge@ng43iI274§’%dpreee§erﬁ:é1a&t es

positively with %%] teaslerg sg_sc %HQ Lty E(?Jrq_% ﬂ%jo I@f\nééﬁéne @rd

S i'n drug- epen ent vi ral cati on.
I n anot her spepiefiforaningi seamienc g nueaceaOBSCwéngzzzsrmew Vehat eydedés a

t hreoni ne T), g@t&e&%ﬁm&a&fﬁgeggemg ea;fﬁ)édeéramﬁéaﬁrca%m% l\&cﬂgt at

anot her preferre ng, diment of the invention is as
fol l ows: A net leodiosts e¥4Puatliddg 1003 heldhf aard viPRss ad afiY) r determiaing

therapy of an k4 fﬁf&é&%@a&keabse%erb% it A dorz0l d©Cébadnad bisl, odigm)
sanple froman H V-1 nfected patient; and (ii) determ ning whet her t he

bi ol ogi cal sanpiod «c i e AR FOBGRe SRBBIFEIhe H V RT gene, and
havi ng nutati ons at codons 15 245, 103, 13S, and 225. Using the phenotypi C
suscepti bi I|ty assay, it was observed that the, qp;l(:nesence of _nut ati.on

codons 2420 103-’91:13%“0%%’:2??9@&”?@@& Oyl S WEPRCHELF e £TRP inent
susceptibility 30 dgbaviiriritGoevsr api My1iank of an nsvhaddofesiddessing

enbodi ment . 1 héHfut o EEREbERn88  ofo e VBRTER bRBEaRY ottt onfne P (M 1 e
mut at ed codon Kymparicodes ar{lasp@ds:a:gedsmu@d)a tklsthamlgﬁsh&li catgpl el 35renc oaie s
o i conne () M D e ceton 22 Coeatie Ty Lot
follows: Asret otk oineuhéuwdi@gﬂmlefefaaqﬂe/enes@m artiiiet roplridiyivderapy
of an H Vinfect eq: pat érfw(r)e r's%'grr}lgnt('()PD%?l luescfﬂgngﬂfvbbgho%rg ‘#\_ers that

result in a product compriging the RT gene; (iv)
performing sequencing reactions using primers that yield
sequences comprising wild type or mutant amino acids at
30 eodons 245, 103, 225, and 270; and (v) determining the
presence or absence of mutations at codons 245, 103, 225

and 270 from the sequences.



30 sanple froman H V-infected patient; and (ii) determni n92$ er the
bi ol ogi cal sanple conprises nucleic acid encoding the HV RT

havi ng nutations at codons 270, 103, and 135. Using the phenotypi c
susceptibility assay, it was observed thagqthe presence of nutations at

24 NOV 2004 44 gll et t r A0 133n CPL 481 2, BB%'cglf\i?ayen\ﬁgé&me t

decr eased susceptr glavi r'di ne, nevrra Vi renz an
results in dreg- §@ﬁen§e‘mn‘fsl¢mmrt§t s Bpllowsl réblm@altw@nofl re SRt SEng

speci fi c enbodigentys ARg 13Nt edy £ 0dR{RE£0 qg‘(l.’\#a\éﬂ ;gﬁcogesaé\a%féﬁ e

(S), the nutat ed co on 103 encodes asparagi ne e nut
135 encodes aempEbALAG: ( THL) Tﬁﬂ%lﬁﬁ*\?eﬁgr o’:n hiigdopi 6l desrmvee mExOm amj

met hods tg usexéﬂlﬁbeceeal AREALESE & )e%eangewmﬁ ngan Qﬁ@@diﬁét her

conprising an NNRTI nutation rug screening. partrcu arly,

i nventi on dest¥Rbad the retokegiesl t2ampiecter C@é‘ﬁ@r i§iidg taverH Sy ingense
transcript asepgrﬁ LAg- %ﬁ%&n%e@ﬁne‘fﬁdo(ﬁ)éﬁ)?’oué%er[J@erPcw?pﬂmér_sé- fARedrug

15 screeni ng e |nvent| on al sd describes the résistance test vector
conpri si ng t eesiltr eddr sé t rRFr@ITHt aSempBlPRBINUERE ofT atgeRions (230 and

101, 103, 190ye22brmafng eH8 righ e 10784 SR PRg ChhReRha-Hasi phanee

test vector co rising the HV reverse transcri ptase 20 having nutations at
codons 249, 1eequeﬁeef35:°mmelﬁwserfﬁ% VDS (S CFRERRT t RRLPEsi 2GR e atest

vector conpri ba!enghmel Vl@%V%ﬁﬂe 15/ANSGEd PEAS Cadaitith G af heNBrakenedons
24|, 101, 106, 190, |35, and . _The inventjon al so describes fhe

resi stance t eQ¥ WGZSO%OWﬁFﬁEFﬂBSt RE I9odns et S t F-éﬁs@rqdpt]a%% E&Phg
nmutations at gREossgdéhced8, 135 and 181. The invention also describes the
. resistance t.est vector conprising the HV reverse transcriptase having

mut ati ons at codons 245, 101, 103, 135, and 190. The invention also

describegsthey8d resitanceréesira@rt 0bnCANRAINGY (deedddid e¥pbs8iment

‘transcriptase having putat] ons gt codons_245, 103, 225 70. The
i nvention al s8f désfter.begeeﬁéoreesst%cgoriersvect%rnr@-&#reﬁnscrﬁ apfESHing

reverse transghépt aFF divgndBs at bHNS NURTIOdOfRe P45y 13% and 138citwe:, 4
NOV 2004 45 invention al so escréllies t.he res:’?slt n%tcg%églrs]t vecior8tconigr| Si ng
the HV rever SB"PFAREPHE! pt 5 FRVTRT LAt T oSAP s998B;-S9g T3, 21 35,
181, and 190.xIWeinfeeredopadismides¢iipes rahecrddisicantiee t HIV-eacioating
conpri st g thﬁNA in the biological sample to cDNA; (iii) amplifving 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 vyield
seguences 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

sequences.

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



5 H 'V reverse transcriptase having nutations at codons 245 and 103. The

i nvention al so describes the resistance test vector conprisi n@ & WHI
reverse transcriptase having nutations at codons 245, 103, 135, and 225.
The invention al so describes the resistance_test vector 10 conprising the
H'V reverse transcriptase having nutati ons>at codons 270,. 103 a],\%gr,l 35.

The struct ur e RNA fincfbre bigd ogama) samalferte 6PNAhe (1) r GURL LAV Bul d

be tested in LAY S&SLeRE | Bebident 1Y pird nesirsd aice Per! pafinidliss that
invention would be known to one of ordinary skill in the art. It is rse{ul
to the practi ceesilt hi 30j nRenmiiiudtor eXBHIEING o th8er Flan@FHe 1 127

cycle of a retﬁél:vféﬂﬁinésséghbnéirfghe:ééid’tqlorﬁﬁﬁ%iﬁ?fqpkﬁ.eldrfsoml’faﬂi revelas
crescue and infeectivity.” 20 Retravi raI_Ii/ infected cells shed.a manh%e
virus contdi ni SRARCHFHF o COTRNA SISO ML IFhEYREr ¥ WHRRfed PR &7 ePbpe
glycoprotein (WiGhsSer%es sn@ ded£f Mhng (He Hesbrmangecoftianfreésandty, or
attaches to a cellular receptor .in the pl(gé{m megbrane of. th@ncefll to ge 25
infected. AfterbseBedt Bf bIHERANdORhedbi IARIIRE | Afernaffled bhd Td%al 8 as
it passes through,theegytopl asmof the host cell. Either on its way to the

nucl eus or in the nucleus, the reverse transcriptase nol ecul es resident in
the viral core drive the synthesis 30 of the doubl e-stranded DNA provirus,

a synthesi§ thatei sipdtned pyetderbindineg-0hmd tibNA naperif B t embbdigembni c
viral RNA. The doubl e-stranded DNA provi_r i S subgequent |y inateqr i
the genone of Phe Hisst 1REFRELIQRe i?sc§ﬁﬁ'8?’\§e as™a e(r?-‘ r?s?)ér(;’f]pt ?%ﬁ%%%qﬂgn
tenplate for bghlh FANMARNeLAS NBFAS N\NRTIi nghetapy prod eias padienti.on:

.genom ¢ RNA, which will be cka int.o viral_.cgre_.parti : i Iy way
out of the i.nfeeTRYLIELPH: cg’ra)e E%Stqieé:l%é@%@e I{%Oﬂ'(ﬁ%lhcaq]hegéﬁ (])'Slczts{r-n&ﬁatatnach
to the inside pafvthafpkasdn fmitssbe andia) tHhrenmeadiping eched HidHencasd tsud,
taking w tB them tract ofbrre rane c%nt %ilni r&%[télﬁq.ﬂ’j rg._u_;[) eg&pﬁgtgg@ﬁ lppe
gl ycopr ot érn ggﬁé rodudt . 24% ggfﬁgﬁe SR ection - reverse“t “anscri éfi on,
t [ anscr i pti On,'ght&maltatdemived _s‘j;?gmal_siserﬁﬁbﬁ) msd.nglrjldtﬁ‘_flgPa;Rr ppémﬁgswhat
itself over and over again as in on %ﬁ r akd, :
result, the prgﬁﬂ'1 e D%&'en%odgrf)%?l%!stevera q%’%?-ngct ﬁ:r%é el e'rrren se t hat a%‘@
vital to the spec€ssiuing crpiutncingf rehetional Usinscyprimennetiipgi oflakl

RNA carries the viral 0 ; Lts 3 (ol anirhati-egpl aee
the viral pr onﬁteg?legic%e%l?ejr‘\%i%? ?’ﬁé%%? Eﬁpggﬁ%réep\tgs the genone is
reverse t2finscriobecis J246, 3'10% t AG55' andt RA%iir atnd THW)| edeEREMIpiRg the
packaging si t e, TneJ &l o) LphehbLe B hRIRGUL B2 0cbliEnsr Ca8NCE 0, 135

virally encoded " transacting factors. The viral-RNA-dependent DNA pol ynerase
(pol)-reverse \Bmdn@@5 firese Yhe He@reRfRined within the viral core and is
vital to the viral life cycle in that it is responsible for the conversion

of the genomc RNA to the L . e .
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 c¢DNA; (iii) amplifying a

30 patient-derived segment (PDS) using HIV PCR primers that
result in a product comprising the RT gene; (iv)
performing sequencing reactions using primers that yvield
sequences comprising wild type or mutant amino acids at

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



25 integrative internediate proviral DNA. The viral envel opgzghﬁcopr ot ei n,
env, is required for viral attachment to the uninfected cell UVcQggyi ral
spread. There are also transcriptional traps-activating factors, so called
transactivators, that can serve to nodul atg, the 30 | evel of transcription

. . atf evel
of the integrated,parental _provirus. Ty |caﬁ replication-c ent
(non- def ect | vEF ARTRRSS aPE TGS, dc?%g?ﬂaggpheaoénﬁbcgngg% %Fot"hese
traps-acting taet eesyuekhteigd. defective counterparts are not sel f-contained.
24 NOV 2004 47 In the case of a DNA virus, such as a hepadnavi rus,

understanding the life cycle and viral genes required for infection is
useful to thetpeachiregentet ifs theemiutatiohke g1 ocedonsf 24RV andr eidsmot

been wel | defined. 5 | i_cat ] HBV. uses i nternediate tenpl ate. -
T The i nfect S0t ERE PEaTCath THtieies athoh Fol; RETBORIuPTil o The
asymetric rekaeed eureént DNAL r prid¥pedid veovaierrl y cheseagyci halse BiNen
(cccDNA). Thi s, ,pr.ocess, . which ocgurs 'tl’%lg.the nucl eus of_ i liver
cells, 10 i nvSHRE& et glhs o?ﬁ?ﬁg \Ig%JA %‘T’t?‘?&%‘h‘gﬁd s@n@ﬁgg‘%gggn €
li gation of theddA Bws. ihncbibinatbod efieh, muhetdonBNALI ®itthers riDenlr by
the host RNA paolynerase to i.generate a.3.5.kB._RNA | af. h _
pregenone) . THi% ", 5?@&5&5’% Ic ﬁﬁcgi’g&%lﬁﬁyﬁro?%ﬁﬁe%ﬁhtg V?Fald%uog e.
15 The thig d Segendwmt vetiod atyrirhest s wifralherépl stanibgat i veUsénge DA
strand by. copyi t he pregenom ¢_RNA. using virally C P J
reverse trans)éﬁq%[oag%. B‘thc Pr otk é’ierrlltg?’gd séel?"%éé aght hteﬁéf]ﬁ ﬁﬁg%gt r%\%%{g\
primer. Final lwguldiebsyimdbsasedf t he second 20 positive-sense DNA strand
occurs by copying the first DNA strand, using the P protein DNA pol ynerase

activity and an oligoner of viral RNA as priner. The pregenone also
transcri bes niNmflarine neiog sheucwesnd ok empibedeneof AMiiphelRWEPBRPRY

ek | AL BBReAEH U fhebbeoter M atsler mand e gl sashi ),
NOV 2004 5 221, 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 - é.nd 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. '




Fl ow chart Vectors Indicator gene cassette (functional/nonfunctional

I ndi cator gene) 1 48 + Viral vector (genom c or subgenomc) | ne
~Viral Vector (functional/nonfunctional indicator gene) 10 ,. Q@P%‘ﬁe}?pﬁe

sequence acceptor sites IS + Patient-derivegd segnents 1 Resistance Test
Vector 20 (patieng

oot Col | - ¢ B LR LH PR Sy i B ot oAk SEC T3S I iiaRgh 0
;l'gzt yggt 8: _IljlgtFSﬁeethHgsFr%eelpaﬁ(agﬁﬁgthms ael lcddames {24t ed 161t h W6nest 32 ance
resi stance tes}g%ect &%‘i/i r%\{aoba?’ﬁ 8|Séehe;relo ﬁc’gd yI tn{ﬁlgﬁir’gg}:g%{aﬁgg%testthe
vector host cetffectiveness of the current or prospective NNRTI therapy
. | 5  has been diminished. As shown by this invention,
mutations at codons 241, 101, 106, 135, 138, and 150
: reduce drug susceptibility, and result in drug-dependent
stimulation of viral replication. Using the methods of
this invention, change in the NNRTI therapy would be

10 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 wviral replication. Using
the methods of this invention, change in the NNRTI
20 therapy would be indicated.

Simiiarly, 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, wutations at
codons 245, 101, 103, 135, ‘and 190 reduce drug

susceptibility, and result in drug-dependent stimulation

of wviral replication. Using the methods of this
30 invention, change in the NNRTI therapy would be
indicated.

gimilarly, using the means and methods of this invention

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



or nore vectors which taken together contain DNA or RNA co
pati ent-derived segnment and' an indicator gene. In the case where the
resistance test vector conprises nore than 5 one vector the patient derived

segnent may ‘be contai ned in one vector and® he indi cator gene in
di fferent vec2d®.oSuthea HIds KT dtiqatqs \ﬂéﬁ‘brt%r&)ﬁ%q’%vﬁ’ﬁﬁ%st%ntgﬁe

vector is ref@ﬁ%fgnt:oo?e?iidép%%ﬁxfeemwc&é v \esd Obe SN SE AT HOEhed.
pur poses of arity but 1s710 neverthel ess un erstood tg be a reS| stance

test vector. ’Eﬁesbﬂﬂnobmmlﬁ g iQthn A RISORR Ao r CHESRE hegP bel

contained in 9pg, Oraxtti)r97@N&éttu<Eé\IAamt;e%%pﬂ1rblotn_a;x_,e,rrbadam$u:tme1n
resi stance test vector is made by ! inpSertion of a ent -deri ved se%nent

into an i Adi carve-gsPgEREnF r%‘Flft)‘é%%"o%C’nl P Lanbt ey EFFB AEREAPR -t heUSt

resistance tegheVegkehdds Made BhiisNSeniieot ioh,a phtnge! - deri vhe SERDI
into a packaging vector while the indicator gene is contained in a second

vector, for ekhepPEYaWoH@ & dnP&itadral vector. As used herein,

" patient derived 20 segnent” refers to one or nore vi raI segnent s obt ai ned

directly froma patient using various nean for | ecul ar ni ng
ofoeh A

or pol yneraseséwaﬂ-ﬁrrlé’actqﬁﬂ‘f‘% PeRe BRANEf |a€¥53t |‘?ﬁ'Fl'tﬁ Bi GRS
patient-deriveg S%m@é&ﬁcél%ﬂgmutaahowa@r dﬁﬂmiserMEaryB@NAaﬁdDNAﬁ of

pr epar ed from 25 viral pr esent I n I per| her b||999
nononucl ear cé&i¥es, )R GrESst h&thagrod%l}? fl Eff%t irect %CF
patients. Whepmardralos ed:tSlv@bNER'mEdtﬂerapyl ;aasf mmmqammhed i s
obt ai ned wi t hout passa e, Vi ru throu uI L s ir S
30 cul tured,. ﬁ‘f‘er?hﬂf"a%ﬁfn?%ﬁt ?1’&??5’8 igp. pgl 8 0 gsg:erc#t Ir‘)zsléel’l |fm§5nate
the sel ecti on 3fd nutat red@uden dxihds usascépelbeﬂ:rtyvu regdd s:egﬁeht" imefdregt o
any functjonal_vir sequence .9 Vi ral gene ncodj e pradu (&nd- -
b oter St nsleherter | AFAERIar it 5] sl ohgLaca: a6HT P Ba4RL (én

methods of thlS invention, change in the NNRTI therapy

Resi st ance Test Vector 24 NOV 2004 49 "Resi stance test \rlrgp‘_?m]\ér@ﬁ S one

would be indicated.

_Similarly, using the means and methods of this invention

20 the presence of mutations at codons 245, 88, 103, 135,
| 181, and 190 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, 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 itlvention
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



anti-viral drug. The term"functional viral sequence" as used herein refers
to any nucleic acid sequence (DNA or RNA) with functional act @/hwl\,étz@m as
enhancers, pronoters, polyadenylation sites, sites of action of 5
trans-acting factors, such as tar and RRE,_ packagi hg sequences, integration
sequences, or splicing sequences. If a dr were to target nore than one
functional vi B3NGseqSEREEPSADILARY  genaliPr odigFulthen ipat | éAtgdéepoadent

segments corr eeRARAiG diP S§ACKi13ahd pddialoaanRs Woupdilg hd Neskhsds i Bt he
resistance test vector. In the case of conbination thefapy where two or
nore anti-vir&hdist algEentgorwo SRaRgE ek f et | BNBTIvi therapyuaictes obe
viral gene prqdigl-sitale bei ng eval uated, patient-derived ' segnents
.corresponding to each functional viral sequence 15 or viral gene product
woul d be inserted in the resistance test vector. The patient-derived

segnents are iA§RMAA Nt Qs i JURe! RBERECHARN RSP oS PRLEI Qeivie@aldrons,
-cal | ed patient sequence acceptor sites, in the jndicator gene viral vector
or for exanpl &hen PEERGBFRQ Qfecher2birR@pahdi $RAGI t B&opartitul 175, 2an

construction beigigfiseke agT¢erer iRQdcheLsi BhadstusediiettiiReness of the
"patient-derived segnent” enconpasses seggpgés derlggd rom human .and
[

vari ous ani malCWEpEEEe T | PPESRECH! €3l PUBRY BEE &FEThS™H 10
chi mpanzegs, hQf $9fowd @by | €RisCahdeatfod0dtutRBLbABL adetodethss edm|NInTAN

al so be incorporated into resistance, test vectors, usi an f several,
al ternative 36-33-onPRE t&chnrGaEse ﬁ}?‘%xﬁﬂﬁ?@?t&?&i?ﬁg'vi%“fhﬁesuﬂ: in

i ntroduction Qin?-&iiépéﬂdé@tst Brauoatsivhesof Nvarhat hrdglel catpiasn d Usiakdpone
-and the patient-derived segnents _or by, . uracil DNA gl ycosyl a ri

ol oning (refs)Ehe  SETRRABOME s[thAfe Py SH L ey | VAFSR et nay bdNRTT
obt ai ned by amhemifwdvelildobecithdicatedi ng or gene anplification, or
nndificathgns t hereof, by introducing patient seqguence acceptor sites, as

descri bed™ el ow, at the ends of the 5 patient-derived segnent to be
i ntroduced i ntinileareg) stiatng thet mesctorandometkadpl ef itthis gemeention

ol 11 2L on ek gt BUENemR  SR Gl UeBil£521pc ORGP T ok e
prinmers used ithdg hedlIV RT indicates that the effectiveness of the
" current or prospective NNRTI therapy has been diminished.
20 As cshown by this invention, mutations at codons 270, 103,
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.
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 181i. Using the phenotypic

gusceptibility assay, it was observed that the presence



10 PCR reaction. Simlarly, in a nolecular cloning nethod such as cDNA
cloning, said restriction sites Can be incorporated at the efds NGV 2@
prinmers used for first or second strand cDNA synthesis, or in a net such
as prinmer-repair of DNA, whether cloned o%suncl oned DNA, 15 said

restriction sites can be incorporated into the prinmers used for the repair
reaction. Theohatehdti@asende RREPRDr @Qesarécﬁd SrGHRF s 13}39 d‘é'é]g to
i nprove the r«ﬁ&fé@ﬁﬁééi Poofc AT entrider | MedreagaENt SusSepsiviliegi tance
test vectors having designed patient 20 sequence . acceptor .sites gr ovi de

repr esent at | GHebAVHEELBA} - dREYVERP SR ne A t RIEYHSERF bR EndEFFebresett ed
in one resi Stépag-aeﬁénaeﬁtors@iﬁﬁ@atB@ﬁi SbANCEi+eBt ¥eslbest hoe. pr epimed
by nodi fying an 25 indicataor gene vjral vec orrﬁﬂdescrci]bed beI%}? b HIV

i ntroduci fig pREPERETs EBEEREE Ca CEBRAIMEty e &1 IGARG FH1L n%é/

pati ent-derivgg sgapBALs angutnsert (mg, t khia! ichieedmatatkdnedodenqueho?s
precisely into indicator gene viral vectors, at the.patigent .seque D e
acceptor 30 sepesdehdn 3fRFEMEEE edN) vectH? saalsglggnsf‘-telﬁ}:&eéa ?ﬁ%ﬁ%flc

i ndi cat or gengpp%dfiglentect ehe WairEhtade éaddmr reer iored HINONRFenentodeisr al
vectors or subgengm c viral vectors and an indicator gen as eacgh of
which is desciPHEdTSel ok RRERstHhige ’P‘é%%%ct%c?cgo%r 5&[ hggi %g*{"‘h%szo 4 52
introducegd intosgehost (egll. Alternatively, a resistance test vector (also
referred to as a resistance test vector system is prepared by introducing

patient sequence acceptor sites into a packaging vector, anplifying or 5
cl oni ng pati eRrdeinyesesegientsradd imsedtimig ity aspeeifed embeoddmest
sequences precisely into the packading-.vector. at begk $6€94eRGe
acceptor si te?farﬁﬂ%o-l{l?’ﬁﬁgffggt r‘—ﬁgg"}%i?%%%‘ﬁéagi ng \?ﬁ%‘fqgéawath an - indi cat or
gene viral veegtwr .effetnivenepsefced r adtérbodomemg] tterary sodncant &itV-

vect or y be intrqduged into p i ost,sael gether sWidiiiogical
packagi n 5expﬂé%‘%ﬁ%eﬁ?%+%?ta§8§§?#%g gbel(ol, %‘?)lié)pro”cg , resi?st,ance
test vector Vigsadplparfzarh esn tBEV- tmBedbedspdtianty ugndediid) asiasegmygning
susceptibility tests that are referred t rei 13 eAr i fdgsihasedbid
test.” In an é’ll"teg:ﬁ'ﬁaﬁi \?:glepre ﬁlr%jggcgaﬁbo I nent t.cg{@r es| stance test vector
may be introdegribding théoBIVCBM geme hewbskactnsf Mphekaghfig a@xrf‘r‘él%‘?%n
vectors to carfy, ouj,a dnyg 2Q J£si if”csngn%ﬂsceﬁéiﬁgl e tesdndhipbies
referred to hérei’n as” & "non-parti cTe-based test." As uSed herein a
"packagi my expressmrilvikity " apeavi dds: tWest abrerded sHRRt ashsa dERF YOS
protelns. (e. g-oft&.&eméhsp%%t HforlCh38S §@Re ad enveb ope2ngl wirpt23es)
ransactin actors, or s
? correlates positively with decreased susceptibility 1.:0 ’
delavirdine, nevirapine, and efavirenz and zresults in
drug-dependent stimulation of wviral 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 (8), the wmutated ‘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 é 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-



25 genes required by replication-defective retrovirus or hepadnavirus. In

such a situation, a replication-conpetent viral genone is enfge?l ?ﬁ%a
manner such that it cannot replicate on its own. This nmeans t al 4ugh

the packagi ng expression vector can 30 pr% uce the transacting or m ssing
genes required to rescue a defective, vjral

one .pre ent in
cont ai ni ng t héDERFEEH ARYERIECOTRELSHRSeb] ég (f@r}gﬁﬁ ot seéga%lf:'taself.

24 NOV 2004 53 ainpdieC & @ I}mir-claiﬁcmeg 4 e atand of il hddeheomigéng”
refers to a nucleic acid en

rot ei DNA or RNA_struc t
ei ther direct Mpeghethy 586h 1PQS§FF6 9?95?19|sgopgrésﬁgasuraggag gg&d
noti ceabl e aS@%@bdfh .t GOLOr ROT gehght a0fd maveiasy rmibt =t iave| ehgthdonsi n
the case of DNA or used as. an I ndicat a change or g f,
speci fic BNA @ﬁlRNA@%%ruE‘Pa 3% ef HRADY %M% n%?y%n %ﬁgé% lg(rﬂ’&gﬁé‘@’.
the E. coli |agageneiwhigd ebeeteedl@haet xigal preosicasef mhean:uongem,t
whi ch encodes luciferase either fro Phot
firefly) or Ré'rﬂdrql?a?r@rﬂjf'orrﬁc?'(t rHSea}%‘p‘sa scs(;)r{pet%‘r?te% %'ﬁs%.t%e}}’ gene
whi ch encodesdﬁd@éag&apb@sehptﬁsellgyeﬂmfdeknwxxd&meprneennaaﬁaeth@ﬂd
bacterial CAT gene, which encod chl or eni ty €.of
Addi ti onal prtﬁ%‘i’:’e’ﬁeré%(a estoFY gﬁ |r‘i'tﬂc§g8 B ﬁ%hgggﬁse%%%@égégé%ﬁelons or
cell surfage prot£l ngephataddent eadmyammlarecsmeyca%seyembgéhw@et: the

r adi oi mmnoassa]éo;ié?énﬁpgor f%%f escent, aghd C&%&g‘i‘ggl L sécg,}ir{pg (EACS)the

including, for™ Rf d&tor S ines and cell surface
antigens (e. gnummnﬁhdm?{omneom Ieﬁcodemnr@amagﬁéley) (x) I:nd%@tcﬁ e

gene" is understood I el e geyr@lso referred to as a
sel ect abl e marR&rat cIll %?gs%lq oé?% %eF %%?ﬁ ?rar kers for mammalian
cell's are dihydrof ol at e reduct ase (DHFR), thym dine k| nase, hygronycin,

neomycin, 1éeoc 2 Orngt f£¥6r£éﬁth§o§a§§m9£1ﬁ e TRIF T @%B@@iﬁénﬁf
i ndi cat or "gene RE &or gene ‘an he pati enf derlved segneg
discrete, i.e.ofl shenam\emd:m‘l stpanst £qjdinvs: | nAsBREDESS valuating

patient - de”"eg CURU IR RSP Be UsAd AsAd 1 Al Cehek eoflran)naxvuch
enbodi nent in m%lch e patient- derlved segnent correspon ao@e tha

~ one viral geneimfiecheds paidendr qremmrisingnt (1vi calleshd NG %ap PgéF
genes may alsosample from an HIV-infected patient; and (ii) determining

70 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 encodes 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

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




24 NOV 2004 54 serve as the indicator gene. For exanple, a v'qgh %rotease
gene nmay serve as an indicator gene by virtue of its ability&t 8|e2m5 a
chronogeni ¢ substrate or its ability to activate an inactive zynbgen which
in turn 5 cl eaves a chronobgeni c substrate, giving rise in each case to a
color reaction. In all of the_ above exanples of indicator_,genes éhe

i ndi cat or gengetmpnsshan Hevefexkeei oRaR~ LeMitAgALf (FREG N ~SBPdi HeBhch

case the exprgssiy@lr ofntbec{indi £at Qs Geiel vk { heat afgtiod @bt evallating
ultimately depen&ent upon the action of the gatient ;é}eri ved segnent -
Functi onal | ntheateffemhtvereshe ofastbiTACTOVER L oIS HHRY cBF or*eHe™ t he
15 indicator gape-may hsacanabl Comprheing: exp)esssad ddtind packagiogikast

cell/resistance test vector host cell" as defined bel qw, . ind ndent. .of the
pati ent - d8ri veampdgmdFom f?é’%/\éﬂé‘f‘%%%ﬂ‘iﬁfit?%ﬁ%?nﬁ: hd?ﬁat chngeﬁ%%ggﬂﬁl&lﬁﬁ be

expressed in {hecianrgelHosbieabyicas deknpad belmprizesw thedeiche acid
production of functional resistance test vector artiﬁ%eg.an% Lheidogons
effective infescoshing e LV gRT H69€.c&1C Rav Bai-feRt “6f @

functional indisgat or ggene, 148e i ndidat agigene cassthye, weapr phiemptyaie ol
el ements and a gene encoding an indicator_ 25 protei n .S én}s_ﬁét ?ﬂ_é d he
i ndi cat or gen&WEERt B Y WREREY he Lait®Br O5FF5Y e $5ahs & ptiona

orientati as, g heubat 1 ¥8s 0kl Rids ephapcer/, priadt eandf 18Ae anurElaees or .
One exanple of a functjonal  jndjcataor ne in the ¢ of. Hi HEM

pl aces the i n@QEtVeeheVahd CESTSE n%?%?e?%wg% ie:r‘?ha{i?\éc:%vlprorrr%)?'er)
in the sane omQpRegiies} I andcrdfivionalz onndntzswit as inhelRgrdeperienBy
~enhancer -pronoter, respectiyel or the. GW I.E _enhanger ergRssSpeiat ed
withEhe b1 PRt ToR 5 of WA FSh o F B ARt | onhl oPbEHEL M edos0e

Al ternativel y ddisod Dflks8] orthgeneut angdbeddmm- RdActoHNHIV RT t pacodes 2

transf eot B weR e S cerifafbL: SeRLrSvaEes, SRR SbE o lugine |
resistance tes{gygcthe hesfateel |codoni L35t drecatrment shrepndng (Mt | B8R
segnent pr odudiis RETHeRcarartghae aepaRs FosTsBeibl BFsnal < hrough
genetic mani pul ation
Yet another preferred,-noh—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 f£rom 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



10 according to this invention. 1. Pernuted Pronoter In one j an
i ndi cator gene is rendered non-functional due to the |ocati ﬁw @ﬁ]&
pronoter, in that, although the pronoter is in the sane 15 transcriptional
orientation as the indicator gene, it follows rather than precedes the

i ndi cator gene codi ng sequence. This m spf"gced pronoter is_referred to as a
"permut ed pr oWRERESS RFPFIFOLEGH (N + hehpePvERER SRR 18 Pe ©FFC8EEat? on

of the non-fupgtigAdhel NPrrat Und0 tARNE Wuta@RBOSELEohO 1bat @icélesnainve
or foreign pronoter/enhancer of the viral vector. Thus the codi ng sequence
of the non-fuatdrbRgl (Rhdi cat or gene can neither be transcribed by the
permuted pronoter nor by the viral pronoters. The non-functional indicator
.gene and its 25 pernuted pronpter cils rendered functional, hy th@ﬁa i ontof
one or nofe ofefh@NAtRRT REREFHeednBoBR Frﬁ‘F-Elﬁg'aSﬁ’&‘ﬁlf'ﬁﬁ’ct Jprmen

i ndi cat or gengfWitle aipesmtdisdl PEOER! elolilbude CASaethdd \6f ptastaatind
-phage RNA pol ynerase pronoter (herein referred. ta as, T/ pronoier) p ot er
"n°30 the 5 LHR (GLAGLHRRFST afior It BRETO6 T Eht BPESAPYS The AhdlLat or
gene. The indifaéetegeratiamiotchapiisheg: i hed bpliketingpraonbielogicahe

i ndi cator gene cassette is poQsijioned upstreamqof the.T/.p{o Tk

non- f unct i onaF"aT“HEFC&rS’F“ j'é’nga‘}rfltrﬁeqtﬁsﬁ%ﬁe@%'eﬁnd ;ﬁf r\@&%&ﬁg@g
vector igpconyBetReri nthea bilodtbgdeal | dimpator cgmpeibgsr emardeic acid
transcri ptase upon.infectiQq f_the target cells, r | t.in r

reposi ti oni ngeﬁgogﬁgﬁsﬁﬁ o%‘?ella',} By Eop g%\arv&ﬁ%gt ﬁ%}%ti%%t%@t %gagnsLTR,

relative to thes5 inddzat oragene eadi nRT@gi on. Feihow nthe hephenegyaticon

of the repaired indicatqr,, gene into the target c S I
. iintegrase, a ﬁﬁ@f’&?ﬁ:l%aﬁﬁ%p%?%\%‘r a%‘g &P e‘ggse%gk{e/dt %glgtr{gr%g %Iege}{ce
transcribes t b€ mtisddtens geneco@opseRafpl 408, 22fon-dndcR7Ongbrediad&sor

gene 10 wi.th a pernut r t L fis \ S s nedd
enhancer%ron@f’%ﬂ‘trlg T nR"dlggm%sﬁégg%a%ESS%o%%eﬁ%%ﬁ%&ts}a?%? g%%eavt%:t Y eévi ng
the sane transeviptpina, .andi efcatiremz Jhd redudssorigedsugadiepensent
transcribed Dy tRe18RNR0CeSs PLATIE! 1851 [ Ber1bAYI AL JSHLEASTHdA #1%: 15
posi ti oned upStTeam "Theé non-functionaf i1 ndicator gene In the reSistance
test vector | smbodiserdd i bhe amftaimed opedonndidat of JEHE BY renepdes a
transcripti onﬁagqaﬂircculgéi%ati(% of . dihe HRV:Lpdicatyggeneryar aleeRsidy by
the repositioning of the enhances-'pronoter upstream 20 relative to the

i ndi cat 020genesrediagineedgi®n. he amtaeed predet e?2hagnsedssy e dkatidtine or
prokaryotic prgjot eVt AR RS RIS PEEAdLAdd® 4 ahdehibesheCel) .
Preferably the pronoter will be small in size to

Yet another preferred, non-limiting, specific embodiment
of the invention is as follows: A method 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 sample 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 obsgerved that the presence of mutations at
codons 245, 135, and 138 correlates positively with
decreased susceptibility to delavirdine, nevirapine, and

efavirenz and results in drug-dependent stimulation of



25 enable insertion in the viral genone w thout disturbing viral
replication. More preferably, a pronoter that is small in siz® 4&N0Yi 2004
capabl e of transcription by a single subunit RNA pol ynerase introduced into
the target host cell, such as a bacteriophage pronoter, will be used. 30

Exanpl es of such bacteriophage pronpters afid their .cagnat |y ases
i ncl ude t hose VdfF&hageBLl¥?at¥8nand $HeanNREREE| SRECY al‘?@%?%&g%qgghge
(NLS) may |ie@itacd@deb@chhga RNAEp BRI SEndsidDcal theeanimes$Thn ahet he

RNA pol ynmerase to the nucleus where they may b 24 .NOV 4 57_nee to
transcribed tFBIGEHRA r PRI cator e%5uéh iﬁrﬁfglﬁfy g(g‘?dbt glnﬁedq_‘%r om

any nucl ear - t Lansosd esode®t £39 Suedies amegSdlnd @i gen. |f a phage RNA
pol ynmerase_ i s enployed, an internal ribosone entry site 5 (I RES) such as
the EMC vitus 5' untransl ated region (UTR) may be added in front of the
i ndi cator genegetf Ornbtaes ABrefrrafed,hendmahinithrs, Wepekifiie gehodinent

uncapped. In the case ,of H.\, the permut ronoter | f Gca :

i ntroduced at @hytpgsitFEThi + tﬂgn%'(ﬁig%ﬁR t%a?é{:glgléogﬁfe% ‘%g%%telrég
LTR duri ng reugise dffanratnigiidsen b laong mtichR dfaincthenapy wdt ainsriiied,
preferably withipn the U5 and R portians of the L : NS ;

out si de of furﬂ:?g%ﬂﬁ?‘?ypﬁgﬁgmarﬁow&%r{%1 y(%%nérg%%ggg%ggi })angg :ﬁl E% agn%:l R
In the cagg ofgdbpHBVErbhe ape AIV-ddfpctmd gratdamthe picaceid. Jatdesrporingon
t hat does not djsrupt t Cis. Y | e th o : & or

DNA replicatid .eﬁ"%§ki ese%ﬁ%ﬁ%%:'sg%gy %%Hégﬁed%ﬁﬁség%q 5 ofé/lt e alkd
resi stance tesényediayg sheulHIV IRT egéee| napgr @pwiiage Hmtm‘téﬁisorﬁ‘bfc‘?@‘énéo
non-functi onalzaggl tolr_ﬂ‘@gnelgge t@# rapsfeqtdqon aig%&%?cttqle( DMenotypic

. concat enati qn)*“ =} exanpl'e t he pernut’ed onot er gi ven  above,
such a bl ocki ngusegpenbéliny corsivat bt war7 ebsswced pthekaltheerpraaesre

posi ti onedt o bl ogk Jeadtiy ough LaRacrdpd | 08er ess i nga25 hem Qi 199
concat ena ?on,O ut" hot transcription resulting’'from’repositi oni r_lg_of t he
pernuted T7 proapreiatesm pheibivelR twithe dEcuchRedlr PH§CERFaPIdity to
transcription. délaﬁ?tgrggh%d cjﬂg{rﬂ?aﬁfﬂég’n dhga sespndenbedidreresuats30in
i ndi cat or gene 5~ fenderéd non-Tuhctional due to the relative location of
the 5' and 3' dudgndepegidens oftdmelipfdiotat @F gaAEal; nrﬁﬁ’&tl,c_af:l‘r@_n:%' codithg
.region precedeg,rajner Wﬁi@ | oW, d erit, COsk NBut £ 8Neodbh S2 4% S plfacrry
coding region I's referr to as a "pernuted codlngc
20 RT encodes a threonine (T}, the mitated 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 (3).
25
Yet anotheripreferred, 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 bioclogical
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
245 and 103. Using the phenotypic susceptibility assay,

it was observed that the presence of mutations at codons



.orientati on.

24 NOV 2004 saregion." The orientation of the non-functional 9 pdj ene
may be the sanme or opposite to that of the native or .forei gg@cNW?ﬂﬁg
pronot er/ enhancer of the viral vector, as nRNAcodi ng for a functional

i ndi cator gene will be produced5in the event of either orientation. The
non-functional i ndi cator gene and its per fed cading region is
render edf unct4bhal A th Oécti%%rﬁ?lﬁg%sor RasEd iyelphep¥i FBnt -ReFSRIL
segnent produgsiiScept $BEDAEyEXY IS HF1 A0k f UAEH L BapineNdiedt rHeNeamkth a
permut ed codin %Ore ion.in the case of HV, places.,a 5 indicator |
genecodi ng reﬁ‘? n &S asiyci 3Fed-9eBeReeRt | nsEhBudatieRus dfegivhrahd a
3~ indicator geprieadisg.r edindRncthdt ddifEamdmdeatinthiof the dhdageaone,

W th each_codi ngregion havi ng_the sane transcripiional orientation as, the.
Iviral LiRe, COUCBOrH Bx bl BLY tHo BRCafiER32 cbuFAGRaBRonc iy 28s oL HaVe
associ at ed sphi€gtdanetdandaccephendsequcagparageagedttyvel y, which may
.behet erol ogous or artificial splicing signals. Theindicator gene cannot be
functionally transcri bed either20by the associ ated pronoter or viral
pronoters, asyébepeiotticad podfagredpi avnpleweniagl hesderrinfid oO8mbodiment

of functional |l y_spliced transcripts. T on-functionalindi cator geng,in the
resi stance teéf 5 ojrnY%I?Eb%eEFe&isn{%ﬂ;L?"fﬁfcti na‘ﬁ%!r}ﬁ?g‘\dc O?V@g‘ﬁ@tbfz‘g
reverse tt@anstcheé pteaiistSitppsmesd colfi i rétheotiraet thetdapy resuldrn ngIfrrom
therepositioning of the 5. and 3' indicator ne codi ngregi ons.relative to
one anot her, b?g%slﬁ‘ya%in&ag:fl?#e ?Wﬁ??he(g E?‘Ii(ielg&glnﬁg\ﬁ\ggf?gﬂg%f:? tion
by the pronotesasiecifabtad an HIV-him e ctcallipat reedi ,0orgndRNAL S pl detagméahidgj oi n
the 5 and 3 ﬁog%n% rg%i on%.t?oﬁngd;ce a f;nct(i:onal %.ndi catorlgene Lo uct .
Gne exanpl e ofECHBA. 1 GHEL | BASLPHAL B4t oPHBAE W OREE:BEP P BHE88I ndCrEg on
in the caseof ehiBvdipbadde HBV RNdgeator agenédasdaion gnutstti tonaipat r eadonss'

of the enhancgrzpro ra he 5. .codi regi .24 Q% 2 . the
i ndi cat o?ggeng%STher?é%hscﬁ%p%'i ong doridien ation © lI-tlﬁe i ndi caggénggxg’tlg'
and 3'. codi ngusegbbabidi&yi cesrdal ito wase @pstitesd &hatt hehsapeeasntkat

of Lhe i nci Caber nfAR U o CELAbns "OUEY CT 025 10C 1A 48T cB:08RGcRs AN
3' coding regrons are_permuted in e resistance tést vectors (i.e., the 5
codi ng regi onppsitawadir etilof depredsedodiusgepsdibdAitynctaRialpyirdine,
transcri bed V‘Hé{rblrlﬁﬁﬂng? sphé Ce¥al 9 aenerale 2eEUDEL angl dEPQ"-% %hd%%%]?

codi ng regi on. Following reverse 10 transcription and circularization o
t he i ndi @8t or sgémelacisn ekt siradherenbicatspiigeneIn’ annlihey r sgeed fis

posi tioned dowpsbEeAEN?, 3théO nhitetRM12BEEE P 8 andy SRTC Al AEaL £9i0NS
thus permitting the t_ranscrlﬁtlon of nRNA whj ch can be spliced to generate
a functional MSthAgRdBeor Hhhe cbBPng WGt 3O er 2P | neREPAPR adhird

enbodi n’egt., tQQphﬂdQ@ﬁ@r(mgn&Hé rﬁ@i&iﬁi&ﬁcé&ﬁhf%@t%eabgbhéo%%&euﬁﬁr@ ; an
"Inverted intros," 1.e..an intros, inserted into the codi hg, sequence o

t he i ndi cat or (Gzneaﬁp‘[ Fhe fumded sodami22sy cdredesod dhstsidiang o&i)nat of
the indi @dtor gene. The overall transcriptional orientation of the

i ndi cator geng cassette including i.its ow, |linked pronbter, is gppqasite to
Lhat Cot Ot eV SReR BECorEreft o PN E G | SHRGLF A ment

artificial inbEothes ifeenBi®nasst s vioHl owont r ol rediiedt 6Ff Bvans@dipig on
of the indi ca]L'}er g%ejin)g b'%/iits own I'nkeg.{grormter og:sl}not ' lead to e
production of “PGnctiona Y‘?’éﬁ@%rﬂf‘tsaﬁ IFRELPRVERT e FIFHIRE Ot -
spliced in thisferktedt gidnrent30cdmpnieingti di)ofcdileedtnihg abobigdneriyal he
viral conprol _el epents does ver, lead to.the remval. ,of the inverted
i ntros b?hRNASEB Ci tr%" %I%&E‘f}n@ Jtrlléé‘ﬁ%?c%?%:l’eﬁ%hea”as%g‘tlﬁl I‘:fe‘ril-'t?‘erln"rlg
functional |y ekpthesedtae t bdolegilcaiing samplecr cptnptdsean anidlsErse acid
EBEEQWhBchﬁ§ HIV RT gene, and having mutations at codons
270, 103, and 135. Using the phenotypic susceptibility

assay, it was observed that the presence of mutations at



24 NOV 2004 60 reverse transcription of this transcript and i%egra&i on of
the resultant retroviral DNA, or the circularization of hepad v N 7084,

t he indicator gene can be functionally transcribed using its own |inked
pronmoter as 5 the inverted intron has been previously renmoved. In this
case, the indicator gene itself may contai #4its own functional pronoter
with the entireotibagscerpti omab, unahdor 188t edopppbates tposheivelwl wabhr ol
el ements. Thus_.the non-functional .i.,ndicator ne.is.in the ' .
orientation t oOGEXEPETSLTIRSF ‘Fr?erﬂx ?‘é? g%ﬁ??’éra%flgﬁen %%ﬁ%g“il‘g@'caﬁﬁgt
be functional | gfafraneny bedd byrdsisl teswnipr cimigerdeenddrmet | mamtdehtiimm ol
cannot be prop ed by spl.ici

erly." . cl LN wever . -.n t - a
retrovirus andvﬁFélsp%%ﬁ’e‘ﬁ%aa ?/n‘and nepa na}\}?rug’gsfﬁggg 1%&?—.@&%&;' the
speci fical by, taaserd ptodonbRtheofi HAN ®DmenepdegHa/ BERine HEW , the

enhancer-pronoter) .results | e.r val . NV ed_}. [t

splicing.  As amg&%%:gﬁec&%orbﬁ é%v%?‘gé;g?ga%%?‘%%f}%gn g@ t h%h!raeégllgt ?%lé: ated
spliced transcriogbmnids lendodtesyrattihoreafinehe(Tesul ting provirus into the
20 host cell chronosonme or circularization of the HBV vector, the indicator
gene can now be functionally transcribed by its own pronoter. The inverted
intron, consisthig dimeersplor alkmarrevitdes cepe onedhs eand mekbedst fe use
intron, isprefera ed i i.n [ f 25 Walel ne
in order tg di §?i?p?tl ‘%lsria%%% o&n&()’% kf%(geél;jifldclg%éﬁg%Qg%ﬁeéaTﬁgﬁgaﬁ?%e(fg%lﬁg%&gnd
acceptor may becmprispiiaeadod@RTEndmatabpenr fox pleear ssregning  More

donor - r ecept or i%%ﬂ\@i Eht}pég :%ﬁggggagaags%fﬁbégl LR aeceRion ddec

iS.t
.second exon of ptaﬁret uman ) ene intron A"). |ndicator Ceae
- T7iral Vectar veQmest r gompedsAnduselde hdtdl nrevengec EFAngehePvreal Raving "

refers to a vegfars): GONPLESIRHAY | £8bCahar dfie@ndobt X001 Olfor 24rbiV
2004 61 el.enents And one or nore viral genes. The indjcator_ gene vjral
vector is Ifsserastmbriingn an Thedi tRvert jene adgss deachipa ther arestance
defined bel ow. Thg i ndi&alor I uard oY el tdonal tanddel pegsan
enhances, 5 splicing signals, pdlyadenylation sequences, transcrlptlongl
terminators, ohaing ra§akieesy deqieders. 280di #rdnad0ly 11831 ndi®Cat of<dene

viral vector may,beohynctional ohvRaRiYACtADER! deldertieevene thesisbance
viral segnments which are the targef of the anti-vira .
test vector comprising the HIV reverse transcriptase
20 having mutations at codons 241, 103, and 135. The
invention also describes the resistance test <vector
comprising the HIV reverse transcriptase having wutations
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 codons 245, 98, 135, and 181. The invention also
describes the resistance test veétor comprising the HIV
reverse transcriptase having mutations at codons 245,
101, 103, 135, and 190. The invention also describes the
30 resistance test vector comprising the HIV reverse
transcriptase having mutations at codons 245, 103, 225,
and 270. The invention also describes the resistance
test vector comprising the HIV reverse tranacriptase

having mutations at codons 245, 135 and 138. The



10 drug are not included in the indicator gene viral vector t, X ar e
provided in a second vector. An "indi cator gene cassette" co gqn
i ndi cat or gene and control el enents. "Viral vector"” refers to a vec ér

conprising sone or all of the foll ow ng VI al genes encoding a gene 15
product, contr ol sequence Vir i 1§ sequengc and in the _case_of a
retrovirus, i AEREGREEN ?Z'tﬁfe é%cpf%éaﬁgl r‘g} g% e‘h% %dd ??%na?%cg

i ncl ude one Obo@ﬂaﬂﬂgaltrﬁeeglmtﬁeﬁmse)rtmecﬁipw&memamyngemuhetnanget
of an anti-viral . Two_ exampl es o VI [ vect o 20,

viral genes afé Fé’f‘%&f%cﬁfb’ h%‘?'el]nma's %} é i"%&h ?Pe ;,ﬁ@e%\%lon
"subgenom ¢ Vigligo V@SEOFibed ’tﬁenﬁmsﬁ;stanale weaitorvedison venpoisigcliheny

-conpri se deletion of a ope or Vir nes to &0 h S
replicatioh i AEohpetBRESe bEFaﬁﬁFEﬁpg?ﬁgr %aé’grn;% SRS r?% ‘_fl% Sﬁéké\g 245
expressi on anggd 0¢essi ng thar aatent sdh c miafo t Hesconpbst eche r ores ik agee

enbodi rent for an. H V. drug susceptl bili e e m c

viral vector &&frisECt R N t\tﬁ/ %‘; %ezie%(réevtt%\%tnﬁcvgl?%%f

- genes (sone, MStimy mhtaﬁionavaﬂm;cdnbr&o Met ed), A35sub=g'c;homi vi Eie

vector" refers to a vector COMPELSLN e In f £O AU,
viral genes \Aﬁﬁr{:“f?rﬂﬁf%nc@d% thée%?](:)%elé%s Fﬁg gﬁ%gghgﬂt{%r gg{é%) of the
anti-viraigdr Ltggm];hfu_gztm; ctise HIVI—It&Weaspr trensediphbodi avinds taibigardni c

- viral vector c rrprl d{,ﬂg 4 62 HV gag-pol gene. In the case
of HBV a pref& ‘ht S a subgenom ¢ viral vector conprising the

HBV P gene. In the case of H'V, two exanples of proviral clones used for
viral vector nstr e 2 S ric (ISO88eNal upe, B1,
367-371) and. MUE3 l{ﬁcfouﬁ‘ae 15‘?;‘@ %"(g]eée) 458 Soedet e - 501) In Lhe
case of HBV; avinanges nuhbeh @‘OUfldl Ibey W%@eh@mt@es&ﬂ%c‘@sswkb’ejeh Y

char acter ed r~£0 uct f Nidabevesins: t
GenBank é '\%ﬂgz%gg g;t%&g%S%%%Z %3931%(% %E%%Sﬁql!ﬁ?yc\)n ral ;Pgl 3:9? O

may be under tdmecofit rapdigfasy nakilk aphdeer2BEonotldr HF XS
or cellular e&t@ﬁg@iégr%@t BhisA RIRERIGY, erbedidlabpier @ Hhﬁﬁ@'fﬂﬂand

susceptibilit resistance test, 1Is to pI ace the genclgl c or gg méc
viral coding 1Bheediiofs gwede t@E GontebFoBirHAe | VE nh%’ﬁcé'j'lep e

of the H V- LTR.UBoEe0}0RuPEANE QM AcEmRsliiahes eatdar Exndnhantect pratgt.er .
A preferred e I ment or an HBV dr ug susrc(eptl ty and r s| stance %_gl%t

is to plad8 thBegeavAraldy subdfethRE vPRALScodtifRf r e |oﬂ‘s

control of the CMaiianed al eHgadid ®RNE) Eﬁg}&aﬂf@er/m@n‘mfﬂs I stuﬁdedaweténf
an indicator gene viral vect

t hat cont aj ne_or i
are the target 3noreTEfRRRe pggVSPHEOF\ﬁFEh Jéf&é"cfc}h S?’a}rﬁets oféga#\e%ﬁ{ﬁ-w rﬁ
drugs) then saphdsy¥ect@mgeontst nsidfet25ritat) entasesckese tocept oreditudar

The patient-derived segngnts e i serted in.the patien eq e ce r
site in the i ndPEEPECTgerdd vF&‘;ﬁ \Aﬂ\g‘?ranetoheﬁ"ertetfh}rre to gzg)tgﬁeé)

resi stancest estnyeeted. as dma:bedrabepmr binding, the virus is
internalized and uncoated as it passes through the
cytoplasm of the host cell. Either on its way to the

nucleus or in the nucleus, the reverse transcriptase

molecules resident in the viral core drive the synthesis

30 of the double-stranded DNA provirus, a synthesis that is

primed by the binding of a tRNA molecule to the genomic

viral RNA. The double-stranded DNA provirus is

subsequently integrated in the genome of the hoat cell,

where it can serve as a transcriptional template for both




30 "Patient sequence acceptor sites" are sites in a vector Q@q NQ?%%@ion of
patient-derived segnents and said sites may be: 1) unique restrictid 4sites
i ntroduced by site-directed nutagenesis into a vector; 2) naturally 24
NOV 2004 63 occurring unique restriction sites in the vector; or 3)
selected sites into which a patient-derivetfsegment may be inserted using
alternative cn@lAs seclddeg( evigalD@®ndturing) andn vhE1eRh @RNAREC t FAA,
pati ent sequenge & 2GGER! Qe Shheidiield {AMCS ol Gcdhe bAdtGRhYs 9enen
viral vector. e patient sequence acceptor sites are préferably | ocated

wi thin or nearthdier ceavngutegifortlot dndegred quidtei ¢PVMI PATFICLRE ARt
of the anti- Viilodlin&-nd Neyof PhemPIHERGER ¥ECENEOlnblite! B it idalbd 10
pati ent sequence acteptor sit are preferably chosen so that no change, or

a conservdli vanagiRraps ¢ weelenevilyhéngarhedackdleodPAy bidhuéide it mt-iat
that position.pbod eLatall Yot NecRRilefll S54HEDALHEC ORI OV18h18y Arindded! ed

within a relatively conserved region of the viral ™15 genone to facilitate
i ntroduction cinvekopat | shycapreveinseghant sPrAREEEnRat | va-S t KPR | et

sequence accepi.Of, Sti&s are | ogaledshet Ween fdnalharsl,! v ivRAdaMpEesss or
regul atory sequences. Patient-sequence acceptor Sites may be | ocated at or

near regions itranslatien, geWbHEEOR0 BREETRAY /1 cPRG vEME ervedt§R=PEP i t

priming bypthe priiErowselat@® bibodysent A8 1RPEEESBANEHREaAAS MiClion site
into the patient-derived segnent. To i nprove the representation of

pati ent-derived segnents further, such priners may be designed as

degenerat e poofige t 412a12GERTEKIA] €a¥l Al r&AULENCERBEhERFeadi IDNA OtnoBle
i ncor porate residues_such as deoxyingsine (1) ich have nul ti.ple

I

bhse-pai ri ng. cXpEBFRIt | £ds-getdngt SJSmankRe tRRE VBEPor YUAH ndEPat FBRt
sequence accepiRtcskbeg1t Bakpdetina bife tyhnBriafalovieiicaapil. r eshei cirdon
site intervals 30 may be used %éloget her Ln the dru resgstaﬁge agp,
suscepti bit? it yRRst SAFIHDvi §8Sr epV £ER tatHIEﬁ{“Clﬁeqbatla nt -4e¥ i ved seﬁﬁ‘gr‘its
that contain i%écilﬂaétiﬁét EbebbaBidist @J dodentter atintal igimerepastenhe 5!
sequence 24 2004 64 acceptor _site, and woul d t hus be underr t ed
inqeither resi 8t nc%é)t 53'{6 v’é’(’f—f’g?rgilong?home 48" ¢hd "erltind "8 " 2BLEIRY

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 wviral 1life c¢ycle in that it is
responsible for the conversion of the genomic RNA to the

25 integrative intermediate proviral DNA. The wviral
envelope glycoprotein, env, is_ required for wviral
attachment to the uninfected cell and for wviral spread.
There are also transcriptional trans-activating factors,
go 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.



Host Cells 5 The resistance test vector is introduced into a host cell.
Suitable host cells are nanmmalian cells. Preferred host cells ?”(? ggr 2md
from human tissues and cells which are the principle targets o Iral
infection. In the case of H V these incl ud{: human cells such as 10 human T
cells, nonocytes, nacrophage, dendritic ce Ts Langer hans

el |
henat opoei ti ¢ 18 efti€el F258r Gf eBur SR CEATSES: aRYCH: h3F el }91 %ﬁ‘atvﬁgu(,sase

of HBV, suitaklgiiostark®ins ﬁﬁ@lyﬂ@eh@pglenanaebhrbmngénébieﬂ%ultduﬂ Bor '
_primary human hetpat ocytes, Ilan cel.l's which,can % i nfected hy
e

pseudot yped HENAESfd5t héP é‘b‘al 1 HERatRfer PYRACHESt el FRAS FEVESRHAE 1 hat

the anti-viralrHll ugrdiddssenber trive et ref e eﬁbty Ba&n berelanv eldfrichday. t he
-cel I ul ar enzyrratl c. machinery into the netabolically rel evant fqrm of t
anti-viral? i ntﬁ%lﬂd’rat%toge‘@g yges, ey BNEy Aohergendplen talPL 3 r’%acka]g'f ng

host cells,” "yipsi shaseechedeMecthe fqu:tstceétép ieyr répazr:gﬁtzhmt iseldise " A'
“'packagi ng host cell" refers i]&a host ce] | hﬁ $ ovi.dei @ﬁ ns 1@@%
factors and viFHVEEKR R T BT EheCHEDPt-Fe n et etti ve
25 \é' ral vect di @kseéléﬁteyncmuea a8 ridle rxfms(eﬁcmmest mmrmo¢ess,
produce resistance test vecto vir articles e [ r ot

be provided fdf ]tﬁfhtﬂ‘éc‘éiﬁrlé’é' RiR %F’%l‘?’%ﬁ %'é%eggc.ﬂsﬁ‘g ES@ g‘t"}?ia %‘nﬁs
Leftht 2“01&) Lesinv@m@ét tb?lplétlanpaxfkagiéillgD%ppewm;vesat;mnﬂo&i}&itl;@ms

0 packagi ost . cell | ce ic ran e or
nore packagi ngaré‘g Eé?? &ﬁnvé:’cfot?]% %T &Sy angflec ?ﬁﬁ% re\s% Fat a%gg
test vector | ScddERAref®r nathriswhidsesi nas &t ehpstanREAt gstl ymerasehoso
:ceII and is soneti sref NO{ 0 i ng

cel | / resi st anet"tE5ET %ecat o$ %ogﬁé fi atIfrﬁearﬂtr ed t(?)lgt %CIZ%IT % puse rgfg%

packagi ng hostprshésoher il \bmmlecdedzgﬁﬂiunam’Qﬁbnme cthe dwdyradel $ere293,

gggam Fﬁ Aeg}&gl ilr%o %%;Oiﬁgggyeétsa %7 %‘“F‘%%% cef Pe?l %:Lfﬁkst

(Hei nzel et alnegdtiﬁree‘.aense DRA3SSHo@d) , biyorcaiving pthe ( @regengwies RNA
Thei l mann, L. Aczheim ; %rschylz%yg}iRes XHO% 40p 13%@03533@%) (Hubergada,

K et al. \/rology 198 169 tar get 10 host cell" refers to a
cell to be |nf‘enaleﬁbePtééﬁstan'E]éGté’stp%@f-@r— @&ﬁ&’l RIS 88 FrRRiuBeBvSy

the resistancegt estqVegi0HA rcelflhalw CRIEXRRARHRA Olof NhEI Eeebnd -
of the indicator gene tak«liD | ace. Preferted host cells for use as tar et

host cel | 80j ncP%@IbthHﬁaﬁelFséePNAl§tlré@l@erﬁcé:lt?’e‘? oY | ¢RI INE | HRE n§2IGFK
(ATCC TlB‘152)sthnd, 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.




(ATCC HTB-176), CEM (ATCC CCL-119), HUT78 (ATCC T1B-161), agg?gpﬂbvazhres
thereof. This invention is illustrated in the Experinental I 24004
section which follows. These sections are set forth to aid in an

under standi ng of the invention but are not intended to, and should not be
construed to, limt in any way the inventiagn as set forth in the clains

whi ch follow phgreatbed. .25 2 4 NOV 2004 Experinental Details 66 EXAVMPLE
1 Phenotypic Drug Susceptibility and Resi stance Test 5 Using Resi stance
Test Vectors BagReEFpi c drug susceptibility and resistance tests are
carried out us$hHAg LR pe daGseRikods described yRrRCTveaternati onal
Application No. PCT/US97/016Q9, filed_ 10 Januagry 29, 1997 which is hereby

i ncor porat ed Bfiupetdrdadd nonfunctisidlexper | ndAFECPAE 8At SHEPFPRESEgment
(PDS) corkespordigngat@rt bend)V protease(PR) and reverse 15 transcriptase
coding regions were either patient-derived segnents anplified by the
reverse transcri pti-onpol ynerase chai i reaction met hod (RT-PCR) using viral
RNA isolated fromviral particles present in the serumof H V-infected

i ndi viduals or were nutants of wild type 20 HV-1 nade by site directed

nmut agenesi s of a parental cl dndicktoesiGenanddradstVertoror DNA. | sol ati on of

viral RNA was perforneg.using- n r 5&@9 nts Tot al
RNA | sol ati on System r%ﬁ&%é%niiéﬁéﬁﬁﬁ%é%%§§€¥M§%?§gﬁ%§¥T st,” Fri endswood,
TX). The 18T- PCR

+ Patient sequence

acceptor sites

i5 : + Patient-derived

segments

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



25 protocol was divided into two steps. Aretroviral reverseggwrmg ase
je.g. Mol oney MILV reverse transcriptase (Roche Ml ecul ar Sy ITCT

Branchburg, NJ), or avian nyel oblastosis virus (AW) reverse transcriptase,

(Boehri nger Mannheim 1ndianapolis, IN)) gg was used to transcribe viral
RNA into cDNA. The cDNA was then anplifie Usi ng a thernostab

e DNA, .
pol ymer ase [ e."Resird@ndRchRSWOVecHEPE’ Spsienonq it ,m%F%n?fﬁﬁ{i?ﬁ,s Wiehr
(Roche Mol eculiafy Syst %B&et‘ﬂ&% , Bbapehbur apNAY) orPr | RREY Mecdnaol sairegl f rsom

Thermus brocki anus, Bioifetra 24 NOV 2004 67 Cottingen, Gernmany L a
conbi nat i on ofpatHemvsiamieed orpaRentesand éé‘s&‘?‘i?é??‘fg‘%ﬁ Qﬁﬂeperf%]};rr&r]i’cee of

"l'ong -PCR" ( Bﬁa{é M , +hd 994) i BragiceNablt Ae@orSeompdShed]l mcd2l 6:12220)
.(e.g. Expand Hgh Fidelity PCR System (Taqg +_.5 Pwo), . (Boehrjnger l%nnkéedm

“Indi anapol3 s, o TRCERReARS pEbeRkr erFVRAL s\?&‘fge)“,t (%%hbewﬁoé’c 4t
Systems, Inc.,;BraphbyegeoW) kndThener i iiScatinl geniee i n( RDSANZ)E carehtigel

.primer 10 (PDSAge), used to anplify,the "test" patient-derived_ s
cont ai ned seqUEFRERY 1 esuFiFhgd F%%h?tﬁﬁ‘aeA &Y Gt SngF?gégggﬁmﬁgée

i ntroduced i ntohdheche apdeBort ardn pefekrtlie tRCRhpreductas r espestisimnycas
described in ' PCT International plication No. PCT/IS9F , +f.1sl ed: 15
January 29, 1998t Re‘é?g'ﬁ‘aﬁcesygg‘faﬁ\eeéod:r s &S atthy %34]%:]1@89 thld ©% g

est
pat i ent def( vVed,SESAERS Se el RERRSitad edo abedas crebidtanceCTelsit evertdoAal

Appl i cation No. PCT/US97/0Q 9, %iled 20 January 29, usLng
~anplified DNA PROdHNR & 1F¥AKR r%p&?é&séﬁ‘“ﬁ- éﬁf%usﬁ;‘%‘gg?ﬁrg‘%‘gRﬁiﬂ‘fs be
tenpl ate and otbgeaiteéotindasndDEApandye BNA BRSAIA (wylesupes nerdn one
foll owed by digesti.on with al and_A r is izl mer, Pl ) B
~ensure that .t h%“'%?%ﬁ‘?\{%u\m corrc?se:’s%%lﬁ |%g %ggheg}gggﬁ tgﬁts r.edé\gi%'i?‘? ancgL
test vector cofpekseson odfprespatientedeziped cleomeatHintg ran §0A3F3peEi es

Fr oo or it o SB0R| NEA=n VS Shonar FhcETomiDy GRaidimi Ao Pene bt rataice
vector were 30tpsol edecimolr used hadet hey phageritiosn of @ aBafdepiaderived
P oduct | anabl eSSAPBREcErTG i BB e A ot oy oy gene
resi stance testis contained in a second vector, for example an indicator
gene viral vector. As used herein, "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 wutations in

culture. The texrm "viral segment" refers to any

functional wviral sequence or viral gene encoding a gene

product f{e.g., a protein) that is the target of an



24 NOV 2004 - 68 vector viral particles which can efficiently infect human
target cells. Resistance test vectors encoding all HV geneé\,ﬁ NBVtIﬂﬂ4
exception of env were used to transfect a packagi ng host cell (once
transfected, the host cell is 5 referred tg,as a "resistance test vector

host cell™). The packagi ng expression vect“(F whi.ch _encodes th Qt rophic
MLV 4070A en\mgtégevyar@au gs udBg WRER { AETFEIPERAINIETE stse&é‘%?{%rg t0a£

enabl e producti 9031 RebRS f 6SdBtANCEst 8 veriien desdid ebéqoéneal dBNPousT 10
pseudotyped resistance test vector vi ravﬁg)artj cl es.  Resi stance hests o
performed wit RY¥AS stwide t E¥pckaersls Tt tHr¥i e 60Ut ©Ri ng packagr ng

host and targe | | speopaishi gt vbnt heibeagpn ehbeyomT |dakmeyn cedf
line 15 293 (éﬁa%{;f?gre il a

g acility, UC San Franci sco F, ) ar_ t.he Jurkat
| eukeni ¢ 15 cel trangeachingur EREFeEs . USUSH Iﬂrsanc?iagco%‘ngF,R@) . %]?%qj;%ée
tests were cargp eﬁBEs‘i"i tii}ltré@&@aﬁi@}pesé@ﬁn@&gyeﬁtor@mﬁm tvenbastesel |

types. Resistancg.gtest vector “viral particles re prodyced._ hy fi ost’
cel | (the resi$famcel¥ugtworet 6 HEHIelT9* hi\éfaﬂ/ag’nﬁr é%'ﬁ'g}cézg'%{%]‘ ikal

transfecting asggﬁgﬁggng NOStyicRlll \Wdre t hrddsdtst arteen t gsatient ederidethe
packagi ng expressi

on vector. The 25 resistance test vector yiral I cles
were then usedsﬁwﬂﬁ%tc%r%%ﬁﬁﬁ’ﬁfiﬁ&tteeﬂacg’t @Jtc;r‘éélféﬁogfehgel‘ﬁ{ﬁl% %/rl?i ch
‘the expreggi on;ghcthed ndi cehor rgensthficarasistedredtier r esilst dee ¢ase of
vectors containing . a functional 30 lucjiferas ene_cassette -
constructed an§oR&IRALIOs EREF TP ANSFREEE] \%"?ch t R rzrgjlztset a\rll\%ée%eg%r\?%cstor
DNA. The resi stanelt@sly - vaet oasfeentnt neflnpatiemt derinedd sedIepEes or
transcriptase and protease_sequepces_that wvere_ej us s LRk egek-ived
resistant to.tNéT&dt 9T oBFPUCLS » ATROPSh %&%%%%?%’, éﬁg% gg nucl eosi de
reverse transcihcpfndsftd Nbbréopend{mRTts) eactr Mslavigiel reyeakesequence

transcrplgse, LN OLLY o (EThdad0d RLOIGASE LADLDLLA! 3n The esistance

test vector. The patient-derived segments are inserted

into unigue restriction sites or specified locatiomns,
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.

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

horses, cattles, cats and dogs.

patient-derived segments can also be incorporated into
resistance 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).



5 transfecting the resistance test vector DNA into host cells, either in
the presence or absence of PRI's, were used to infect target hﬂs’t N@M

grown either in the absence of NRTIs or NNRTIs, or in the presence of

i ncreasi ng concentrations of the drug. The amount of 10 luciferase activity
produced in infected target host cells in t3He-presence of varying .
concentrati ons Tfe draigi evas-denjreeddsegnente vapupe obtalnefiebusanpr m&@dﬂ@d i n

i nfected target fhosgn ﬁe|4uﬁ My tf&a&&i ce g__f dlgé%ebl P%g'%lg.d‘.é.%t%{]tik nce"

measured as t h& anmount rug requrr Uci fer ase
activity det ecm@sﬂmﬁlc{dta.ca’tsemr@bfdr u‘gY( |mmdmw$om3W| segs@nce

0 g 10%ar oo bR, "B EodoL ST BEUCDYLR) OB B, PUECBhelidittd WBED LN

vs. 1ogl0 drug con on. St mJ tron virtal |cat| on was neasured
as the percent pa’n:rreaaseiem\gﬂﬂl ueefmente dcti vbey dm@m%enlnmectﬁm

occurs in the £as ed tog t dgug t
cells were see e?ileér}“c%@ SI amet(;’(rIE I shes andbglerreé%t ?Qﬁaject ed severge{t‘@
days after pl atamrgi.:wﬁltctaﬂrm stmeicho®5 sech vast oPCBL asmestoNatdcs t koites
envel ope expresg| Hn TEB”%L%C?m%n‘ﬁers%qgﬁ:{éH NBO-45t88 Bites can

cal ci urrphosphate pre I pitation proce cul ture nedi a_contai ning
t he DNA preci piheat éneespeepradeditni thef eadh mfdi the brémesie werP4inodrhe

after trangjectd@p. »39-08bh . cul uher el a Eﬁnfaalﬁgi&ﬁféfshqgﬁgnbe%em or

viral particles was %arvested one to four days after transfection and
passed t hr ough siiah 45smaDNA eclpafisge berkg u§%§t¥chhP§ctS%‘é‘?%etc%stbe

celI's, or being slorst-ted 80C thbkVeh@RShE PhAt BrAmeRPEtade Sy ifiddie or 24
2004 harvested cell culture nedia were determ ned by an EI A nethod as

" described byt eeRRAf &EGRY CBNAC sYRERSi®K, OF f IR EBemﬂtélqdnf@&FPorﬁs

target cells (393 ane 29341 W epRhat efhéthael lcxatdarr ermedhal ofeat rota,
i nfections_were 5 performed using ceII culture nedja from npc

transfecti bhs (§rt ek ri¢hiQRectitr® At aibif ng“icfférﬁ’%’é?-'é?é;nc’e“‘i%stthe

vector plasm d diNAnad haused hecepveliape wriassixdadlasel d. Qe t gdttest or
nore days after infection, the nedia, was renpved and cell 1ysis buff

(Pronega) was RRBETE e RFCTRIPY BitesyBALs RETECER 55T | ?Sf%‘?‘gerﬁge
activity (Fig. Ampddee i vhichi t@pyesthiestioh dfe ﬁaugemsddeterem rwsgmsmﬁg
the following . equa%l on: 15 %]/ uch grase i_nhi biti ﬁ&%ﬂ LCJJO édru
= RLUUC) x| 0GSiHEr BERAGTS YY) FPEC, REREIE | BV 1rgh e fPatl
| uci f er ase2@ct i sddnyende i nfeaigstael | sitrest heppoesdace pép?Bsdnbgriend of
RLU uc is the Relatlve ht Unit of Ium% ty in.infecte II
in the absence BIEHFY” é‘f"%s eéjalsf%“%trs %? o%r’f et hahd ?gﬁ%?ﬁ%QEEE?ves
t hat were generii eshd rwsi@’eaﬂaéatbgtpfrettongalbaeper cent inhibition of
| uci ferase activity vs. the 10gl10 drug
Resigtance 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 c¢loned sequences precisely into indicator
gene wviral vectors at the patient sequence acceptor
30 sites. The resistance test vectors are constructed frow
indicator gene viral wvectors which are in turn derived
from genomic wviral wvectors or subgenomic viral vectors
and an dindicator gene cassette, each of ‘which is

described Dbelow. Registance test vectors are then




25 concentration. The drug inhibition curves are shown in Fig. @ &TM8Y 2qp4
percent luciferase stinulation is the negative of the o inhibition

cal cul ated using the forrmula above. Curves show ng drug-dependent
stinulation of viral replication are showmn jn Fig. 4. 30 EXAMPhE 2
Correl ati ng Phenotypjc Susceptibility and otypi e Apal ysis 24 NOV 2004
71 Phenot ypic %HS’&%@[W i3IBS ‘Eﬁllpati%geﬂ“‘%’té'& Y es2 REEFIBRATES

test vectors atestOR&iduint ethlafo dastdihed id SxagpkesiscRasbstapeevhesbor
vectors, or clones derived 5 fromthe resistance test vector pools, are

tested in a ph&¥6EF c d8aPHPHRDr Mhe HELPALEIYIanB2ElgREi t SEAVENES he

| evel of susceplcdeigtidyy &@taspaigto ofa aﬁhbkéstih%wi’ré‘ét@f}lg%mpﬁm@iﬁ%ebﬂf
antl-retrO\glraI drugs may c ers of the classes known as

ongrige me {
nucl eosi de”r evELOFHGansERF HERE eIPRRVBRt orSETHGRY ) , 2REnn IS HE r ebdisse

transcriptase eapilldifiens (MNRTIS)oneadd peoieased Nhpbetoss1{PRISIto Thehe
panel of drugs cé%% be expanded as .q;W drugs or new drug targets becqne
avail abl e. An PB§FA%NGet BPRF e d 3Fort i chaF 2SRt AFAMSRSS RECSREPHr SF&&s

for each drug &est edcolteapaféet gl shiceptpdekagingo abktoh t hgighk ugsn
tested is exam,ned and _conpared _ta known patterns of susceptibility. The
ef fect of druglgﬁ:'\ﬂa]j:ﬁr ﬁ%ﬁ é’&ﬁagn V(elqté’.lp‘l uci ferase activity) is further
anal yzed fl6r any evi dence of drug-dependent 20 stinmulation of viral

Grug suscept i b (5t RBRLCRZRR: (MO A mERone IR e d ST
genotypi ¢ changey &er rigitateihodd hinthe paditayingf hesscepllbi tobythbsermarh
alther pool o oPdeiaeled AhAleltn OURRERS " e ihg HECRBAs fbun
to one of ordi paogucst andésistantdetast (eetCirderpatibobeés that are
15 used in drug resistance and susceptibility tests that are
referred to herein as a '"particle-based test.*® In an
alternative preferred embodiment, the resistance test
vector may be introduced into a host cell in the absence
of packaging expression wvectors to carry out a drug
20 resistance and susceptibility test that is referred to
herein as a "non-particle-based test." BAs used herein a
"packaging expression vector" provides the factors, such
as packaging proteins (e.g. structural proteins such as
core and envelope polypeptides), transaéting factors, or
25 genes required by replication-defective retrovirus or
hepadnavirus. In such a situation, a
replication-competent wviral genoﬁle is enfeebled in a
manner such that it cannot replicate on its own. This
means that, although the packaging expression vector can
30 produce the trans-acting or missing genes required to
rescue a defective viral genome present in a cell
containing the enfeebled genome, the enfeebled genome
cannot rescue itself.



30 Application No. PCT/US97/01609, filed January 29, 1997). In one

enbodi nent of the invention, patient H V sanpl e sequences ar%@emgvnz@gd
using viral RNA purification, RT/PCR and ABlI chain term nator autond

sequenci ng. The sequence that is determ ne%}ﬁi s conpared to control 24 NOV
2004 72 sequences present in the database I's conpared to a sanple from
the patient prifodiretion omiingdicdtarh&ensy, if avail able. The genotype is

exam ned for sequencesdhaprangdideregehsonrbiereontd ob afudlietrd r agigent
5 sequence and correlated to the, observed phengtype. Phenot ypi

iC .
suscepti bi | it yeasedidis & Breeedir e WY Mt ARV~ &t ecﬁ-‘gr?&esef‘ﬁgferare
‘observed to cogelita Widh did-shngesrédephenagipes phséetosaohedsugable
-susceptibility are eval uated by construction of resist ance tgst gect Qrs
cont ai ni ng 3t he 9Fpe A ICRREE | FFRFCH defiBed, 2w FALPYpe®F (drggt ©F @
suscepti bl e) geReth Nk okeUalendth abirolih MEhe beasei pEOMNN abedREAOMEed

-and/ or in conbination wi{h other own 15 drug resistanceg nutatio t
are t hought toai%(ﬁﬂa%’éd%ﬁ%tgﬁséeﬁgﬁﬁ‘ﬂﬁi BF SEHRALPH @ r?aﬁﬁeﬁf"gag g)?th

cl ass of drugsoyMtahi ofsraceutral r odpeetderped tdramnyeisest alfic ean e sndieettar
t hrough any of the w dely known nethods_for sitedirected t.agenesis. dens
one embodi nent 984 hi 20 ithfent Fon t A8lfegalPr? mer9R net f oFR¢°

si te-direcfped ?@t@%@ﬁi&&ﬁm, (Sa& katicCGoeS6TWRA cBSenchiR®) luciferase
Bi ot echni ques 8:404-407). A resistance test vector containing. the ,sipefcli fic
“mutation or greughsr nfiraw ofex @%mqfes?@é{t%JrﬂngﬁélﬁﬁeﬁgP?pif& etly)

susceptibility qss?‘\énﬁlge%ﬂ Vecgddghhe Ptithd i EY RAfl |hos
conpared to that™ of & genetically defined wild-type drug suscepti bl e)
‘resi stance testgersrt or whiichh | sulepdafe spebfalineut abPhegPhatpssrved FHEfQes

ook 0 %S P PAERRLE, RUSERE | L bbeoatinr obng) gl ko
resi st anceld esteneedes  ¢hlprapphenicol 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 CD4,
respectively) . vIndicator gene" is understood to also
include a selection gene, also referred to as a
gselectable 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 diécrete,-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 is the

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



24 NOV 2004 73 Using Resistance Test Vectors and Site Direct eoleUMBgtf to
Correl ate Genotypes and Phenotypes Associated with NNRTI Drug 0
Susceptibility and Resistance, and DrugDepeadeat Stinulation of Replication
in H'V:. M30lI. Y181C Preparation of resistant test vectors and phenotypic
anal ysis of patient ARG 014 H V sanpl es Resi4stance test vectors were
constructed assdese i lhed thelOikdhopterl dexmen vi r (Borsarplaapleht aianedrifnadm

an i ndi vi dual atlet at_three separate timnme po ove 1 eri
Thi s pat 1 ent. h e AR B, TR & FE nERaf e Rl PasesrRe g

| ami vudi ne) andta PRbilikgdi bavigleaite t he thmembgenicr stulssimphtee { desi grirat ed
9815 773) was d the g e t I gi

i ncl udi ng an Nﬂ% q‘(lrkg%lcaw r gtal‘!’%T%%( ﬁgr\l/%‘?g]p?%e)az angeﬁp hﬁk?f:ﬁ 159
(nel finavi B andlsspemaichréfiRya)ic Thebsecabe, sghping(98s£048) engdh case

obt i ned 8 veeks, 121 gl 2 L0LI. Sae (98- 8E) aS S Nelad s Bk 20

later. Viral |oad rreasurerren e pati ent experi enc
transi ent redudriddreatowi rgidandaaad the vvaaldw)atm | yese bymay r eber n etidcher
baseline viral ,| - $0 o] / ks n 6 ol
viral RNA and Ii#%%él\ﬁg%luseg’rtcop%%%e%%%é%g gnt lﬁn?l \%lé gg!gﬂr%ren?éé‘gS e
(PDSs) that comprprssision abfsetq@enm@l@aidmngghme aln thePRaygftascell 313

of RT. Th ted g1 ndi rg . tor kO
Genor at o rosi stARaq e | codsPERqRR: Mok JEBE ViR naotny the
RTV-887. These pRPVenerdeningd tsegmahiin a phenotypi c assay to deternine
accurately and quantitatively the | evel of susceptibility to a panel of
anti-retroviral drugs. This panel of anti-retroviral drugs conprised
“menbers of t.he Eungigke ¥ Brizene 24 NOV 2004 74 (zi dovudi ne,

| ani vudi ne, St gyyidi g de@@OSb&e oZal Chirabl 18ha BNdi aBREAYLE) . JENEH S the
(del avi rdi ne efavirenz and nevirapine), and PRI s (anprenavir, "i ndinavir,

nel fi navi rl3 ri dewEhAatoORNEeBsqUIAAYPE) .Cappble of ‘being expressed in &
"packaging host cell/resistance test vector host cell® as

defined below, independent of the patient-derived
segment, however the functional indicator gene could mnot
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 wviral wvector
with the same or opposite transcriptional orientation as
the native or foreign enhancer/;promoter of the wiral
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 or
opposite transcriptional orientation as the HIV-LTR or
-HBV enhancer—pr_omoter-, respectively, or the CMV 1IE

enhancer/promoter associated with the wviral vector.



5 1C50 was determ ned for the resistance test vector pool for gc%@rm
tested. The pattern of susceptibility to all of the drugs teste 4
exanm ned and 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 rmderate *fecrease (5-fold) in efavirenz
suscepti bi lity Nom > ‘ getien nevi rapi ne (>600-fol d) and

del avi rdine (> ) suscent i b E ) o
patrent HY satdits ﬁ#@%}@#%fe%% +%a%¥ £47 HRELThad, b8 St Sy
chai n term nat dlrn a‘gh@ﬁratté@ smfilmtm gFhe scinat | défdeyanhty wapremnsal ed
to the consensug, Ssqgseﬁsg%?ahwsh;d dobe Ga8es &tly- Jugﬂ' Vhee PSR anc

bat abase Los Al anps genotype was exam ned for sequences that
are di ffereht feesh tvieckont r shisbqdenddien refrred %%agerﬁﬁésfraﬁﬁﬁe)te-ﬁt

mutations vere -poted- ahobt Ve B:ElCOQﬁE§14lt {8 cL8dertll s2tb 21Rmcta8nand
296 conpared to the control sequence, Mitafions MIIL, L741, ML84V, LZi0W 25

and T215Y are ddudetalidd 9FRA Nmpuﬁ&ltéi%n%@tl%eOﬁutcﬁﬁ oS WOXe Koknthe

T296S are knowp,SefiieiCée POFYADERR] éﬂ’é fund, &ong adirf f sientambi dgbype 1s
(drugsensitive) variants of H V. RTV-1046 and RTV-88? two add |?| onal

“mut ati ons appeﬁ%’dﬂ%ﬁeQMnaﬁdeBG‘:l?ﬁélw thEeHIbn yEBetifas “@é@{PU1atl°n

previ ousl yiehowdOr-dengssoci i £himé R 1881 stance to the NNRTIs nevirapine
and del avi rdi ne but not efavirenz. W exam ned the nutation, M30L, alone,

and in conmbination with Y181C, using site directed nutagenesis and in vitro
phenot ypi ¢ susceptpdidrityd r24mdEM+2004 het @&boagnie@tccarﬂ alritiedthy gene

~observed changes in ot ype wt henotype. . Site di rect nmut.a ene3| s used
Do Cont 11 m the 19| FeORanD, PPE- BURSEROREY: ARt yPRe SReRiTbr PEL JE
antis retrovirarstiotgsrj nixl ¥hEg MBHhowdth athen pmatﬁﬁ ﬁﬂ@ceﬂ it RO s”ame

t he,_nega- pri nmer,

w | d-type rug sensitijv I stance test vector.usin

met hod” For FS1 | RS IR ahe T ACh a1 SHret A4S Joheme Lt
resul ting resi sicliosws eshtheat othaonpicdtedpd hehdP I Madiads OgeﬁMZ?é&dBTg/)
was then tested using the enot ypi c.assay descr.i bed, ear| i

results were conmparEdTo t é?é??ﬁ'ﬁsa AP e ehEt | Fﬁ%ﬁre@f?ﬂe&s a
resi stance test"peatwted haprometeic. d typeimt @mitim 15023tche/\e metmmiteded
the pattern of _phenagtypi us Jd 1 el avi.rdin

nevir api ne and£ avﬁ%%{r;\)zghén %ﬁ%ﬁjﬁgjf w %ﬁea f“t“";‘r”g: %%élkglr%&%%a?or
M230L nut &20 on gemme)is heopPIOLERT\Ldi sphaly edof rniabramatims af fore:s.gn

tibilit fql 0 39-
Geravrr i e (SRR SlA% (U e IR SOLRECLI ALY B codins
showed a dr ugdepemeremee sef nbhat hon- ﬁﬂnw:mnarlepmdaalatmr igeneazqur aseiickef
del avirdine ~( é@@réﬂgcﬁfﬁé&aﬂw%ﬂe PhmUla "BlofibA¥L 68T 1y "ERl SCAPSE

test vector containing t
promoters. The non-functional indicator gene and its

25 permuted promoter is rendered functional by the action of
one or more of the wviral 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' LTIR in the same tramscriptional oriemntation as the
indicator gene. The indicator gene cannot be transcribed

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

non-functional indicator gene in the resistance test



25 M230L nutation and. the Y181C nutation (Y181C/ M230L- RTV) vgg ﬁ@g?@ cted
and tested using the phenotypic assay described earlier and t

were conpared to those -determ ned using a genetically defined resistance
teat vector that was wild type at positions 181 and 230. W 30 determ ned
the pattern of phenotypic suscegti bility t@%he NNRTIs, del avirdine,

nevi r api ne andVefierr ehg, cppverceydl dntavesofurtionad YISHQaVRS0IgR®Y by

di spl ayed a nodgtated %g&lﬂﬂaééiwiﬂ{f%efi@ %gglﬁ eeargééf 8L 5, and

hi gh-1evel reductions in susceptibility to 6 nevirapine
(>600- f ol d) andegsil&dingi feom>pbe. rERPsitdepined @5 Bhei ITY tHpenewsrr oby

RTV. The Y181 ; h d gno Orde i bul.afqi ira
replication i%gﬁgg%lrgegfr{%ﬁ g}‘&@ar?; o]gfgt{jhEgN%?R{Téldgjf1 SﬁE%NP%f% n%é the

Resi st ance TestnJdeEdior Hrnsi cedbngeEegdonut aftal lgwing Coheelategtatdonpes

and Phenot ypes ofssegeat edpwh FRaNNRLE: DEHgyS tididd tyerand (Reslst apegaad
DrugDepeadeat Stimnul ation” of Regl lcation 1n HV. M30L .r | CLO3N 15
c

Prepar ati on of chEsmeasame s tHI¥ciBEeInngephendiipdiaarantl yBNA pplyaerase

CCTG 2165 H V sapplasdieshyt aMe tashet eClans ¥BARsEPRBEEUCHIN 3ngdesgbibed
in Exanple 1 fromvirus_ sanples gbtained froman individual patient at two

separate time P6PFts oVARe afXeBPEkCD0 BpehrPBututrE dopatli ediraE e gene

previousl yipt regied Vd t Belwdt ARTIp-detdrstidi Ae rHeamdnadidbre @i apPRles an

~nelfinavir) . , At the tine the first _sarrple‘&g?e&gnated 99- 2-009089) was
obt ai ned, the FEPPEFEHEFITALSE ngT8IRER arlPWRFLESFaRegi%en Phcl RF ng thfo

NRI's (zi dOVUdEﬁdicb&;@xVUgjéifé arsbp e | ) ehé s8sRBd $3@PIsRriptional

(99-2-009839) was obtai,ned 4 eks en viral | oads were )

- undet ect abl e, - PAEERPEREP 1 hiT PRYY-9279 03387 habeo S aRAsg i Psdndak s

af ter-basel i nethd hsnedneesspromotet tlertpy. wadiseted (Jertysisbetveend he

asurepents showed

second (Wg 4) and.thi rdeé#wk 15% visits,, 30 Vi r&l I%ad
that the pati eRPS&FFEFSShCRREEIEMUnsi ehi® r BRRCEHBR ST lr al PELSREPEL IR
4), followed byna tdieur nrégi dteesete netadt al véoody (- 2s008ocaopireadn Yintlo week
| 5. Isolation @f_ viral .and RT/PCR was used_to generate patjent derived
segnents ( PDS t 0 r queénc n R

(PDS) TPREE el BTSSR TF o Req i cES e ORF nd TGP E e S oo
as 1 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 viral genome without disturbing
viral replication. More preferably, a promoter that is
small in size and is capable of trénscription by a single
subunit RNA polymérase introduced into the target host
cell, such as a bacteriophage promoter, will be used.
30 Examples of such bacteriophage promoters and their
cognate RNA polymerases include those of phages T7, T3 |
and Sp6. A nuclear localization sequence (NLS) may Dbe
attached to the RNA polymerase to localize expression of
the RNA polymerase to the nucleus where they may be




24 NOV 2004 77 313 of RT fromthe baseline and week 15 sanpl es. The PDS
were inserted into an indicator gene viral vector to generate& BY 200%
test vectors designated RTV-009089 and RTV-010835. These RTVs were then
tested in a 5 phenotypic assay to determ ne accurately and quantitatively
the |l evel of susceptibility to a panel of &Rti-retroviral drugs. This panel
of anti-retrovheabedr ¢gs merEdidkdher Bephitod ﬁ:hd$easokngwneas NGdIs

zi dovudi ne, lamyv st ayudi n di danasi ne, 10 zal ci t

abacavir) NNRTRE® ulgllégaﬁ%. g’é@f?% z n&Wr apiE Pg‘:ﬁ]‘%orted
(anprenavir, ipdbna\unr suehf |anzavthe réeamati ramaigle:saquu nﬁvuar)phagel GBIA was
determ ned for ch resi stance t ector ol r t The
.pattern of susE’gginnﬁFﬁSFy 1% TR 8¥e%(heaf5 Otﬂ%xs'n es?fggﬁ/ggge%glm g%
conpared t 8 knquRESAt tserchs acf téiscmmﬁbnms*.ﬁ Anpa:tatm]ramdgtml VTR y
to the NNRTIs was obser for Jpatigent V- 010835 t hegg.,.was
.a significant & e%’ a%%efd;w I31enz fo d) ﬁg;ew%gpl ne&%%%‘l d)f&:

- del avi rdi ne (>25&n?3&|a¢t)10210 ofsceplte bi tirapscripts NoWiz®o4 e Deyenretaddyon

of genotype of H VvV S 8 an V- DI\@:
anal yzed by AB}JB ﬁ’% er m%g[rgb %au‘Jnglr g’%o sgagén%tg% %#eh%ﬁgc éﬂ‘@BEer
sequence was cdmpaildEd ¢ant be aaﬁmmcteqbemle’ Wositidn wiphis GheieSB
H V-1 (H Seq ce Jatab no NM,e Tha g y ]\_t\g_a,%;ex for
sequences\{t hatE' fe di ergﬁ o‘tr’nf%ﬁe 1g%ntr sgaue%cﬁgé et Oog%‘éggge
nut ati ons wer eturemed:mtpqawtmnéong aﬁozl-mzﬂvn@*e@onlm q@u diszupbed,
211, 245, 250R&?;Z%f5g>§y §J o h 80 hén%Z%leRCBB}?eisﬂst ot Lo Ol and

~ seqguence. t| onal nutations appeared at codons 103" and
' 230. The nut.at mostk1pERfezsbbrencptaitiousty dhbwtianaddasdspoateat . afct h

resistance 10 ke, MRTLSBEHLAP Gy ol At T BNl Upef avigonhe Wasxagmed

the mutati on, one I'n conbination with K103N, using site

directed it agéldsi $hemperyted oPFRBABEYprans e aaqad idy eB¥t PR§itIOR
correlate the QRses V&eegheeeemwouee g hapheRgt Wieme2 <Si tkatli el ed

mut agenesis i.s used to confirmthe role of specific nutations is

phenot ypi ¢ sus®esessiany yEes HRY r BNRoweRliicRtin a. n BiaFking sequences

may be added at the ends of the resistance test vector

should there be 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,
positiehed 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 région precedes
rather than follows the 5' coding region. This misplaced

coding region is referred to as a ‘'"permuted coding



The M230L nutation was tested alone and is described in Exarrp?egeﬁ@bgm. A
resi stance test vector containing the 25 M230L nmutation and. 0

mut ati on ( KLO3N M2301, - RTV) was constructed and tested using the phenotypic
assay described earlier, and the results wege conpared to those determ ned
-using a genetically def| ned resistance test ®ector that was wild type at
positions 103 &fEEAD." weThe eetentihbentpt phet BPR-EFnpRéRpRYpiadicator

susceptibility & s PINGE | ne d8hmyi 64 @oaﬂére@ PRagnereta%i haRiwel bt he
K103N M230L- RTV. The K103N I\/IZBOE RTV di s hi gh] evel reductions in
i

susceptibility for ek r BFORMOTET BF&PEFFr QhvibenV ¥sa 0 VeSEGF :aryS mRNA

del avi rdi ne (>2&{s{4hdfor 24 NXMPRT9i60TRALEE e Wrilh t ¥ee pakid
RTV. The K103N M230L- RTV al so showed significant drug-dependent sStinul atjon

of viral repliddti &R PYHRE pPEsetienF ~ REFERAFITAOTY - 7'51'1‘%) nog-fncdipnal

(-409 and del avigdiaeost - $8049 and\ igglﬁé@mﬁeea 88l nYe ¢eii 20 R iAivdidd: e
M230L, K103N a&d t he, ML84V i ons (K103N/ M230L/ ML84V- RTV) was

constructed an thenadi nth hé? ettt aSSay OBEscAhedVest | i 8F arfdi® he
results were ceaiestt@etiose detment npdodsicng.a geneddéend| yxdebpliBedt a

The addit ?oﬁeiﬁlqﬁﬁﬁ%%é&%fﬁwﬁ#%ﬁl% {IEnd 0 3R SoL REIORISHL 168 420
in areverppl ofedgden ding-tciependeat «f | APV at iplacds var & reﬁaheatbﬁn .gelbe
Ei\(@g/g{_E 5 Usi n&ﬁ%@t%@%ﬁ -Iﬂ-ﬁ&‘t}t\égtors to OOL gl'ate“gj_r oty es R
ypes Ass i~y JEETEHRFER PEY ﬁcé "arkdt
Dr ug- Dependent 120 Beptivhatawd af Repindathbori .derdd VeolRAGL riegﬁrﬂ Ent an
I_I'.}C103N * 61905 upstream location of the HIV genome, with each coding
| region hav:i.ng the same transcriptional orientation as the
15 wviral LTRs, In both examples, the 5' and 3' coding
regions may also have associated spliée donor and
acceptor seguences, regpectively, 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
repositioning of the 5' and 3' indicator gene coding
regions relative to one ariother, by copying of the 3' LTR
to the %' LTR. Following transcription by the promoter
associated with the 5' coding region, RNA splicing 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




Preparation of resistant. test vectors and phenotypic analysis of patient
CCTG 1025 HIV sanpl es 25 Resistance test vectors were construtied(ds 2004
described in Exanple 1 fromvirus sanples obtained from an i ndivi dual
patient at two separate tinme points over a 48-week period. This patient had
been previously treated with four NRTIs (zi®¥vudine, stavudine, di danosine,
30 | ani vudi ne, adhdthe PRndigiatiomvyene At tTee t tnansaeiptionatamgiientation
(desi gnat ed 9 S zqhi:al atinen egan taki; afggq i —Mid a
regi men incl ﬁﬁl%% %&%Nﬁ%gﬁs%?g’vu%}%%gpa%d a%%ga\g/?r ) (g%rilidlr}g%e P G | dtd
(i ndinavir). ThHalantigal oke igne hpsopherentand| thielsaweledsctitdiite @fid the4
NOV 2004 so rengidesh e ahk}; or di t iRRal Kk Efsa\dicefizoMas
added to the rre%llnen %e?ggémg}elke:s%l A‘_’é;‘g%%ﬁa sanpl g dO%O%&SQ&)&%}as e
obt ai ned 48 weaenaf t®r tardimti KIGNDf EeIRNShH S hPerHied oddt the
increased to 5.455 o salat ieRrofvdhedts RNA and RIPCRivas,dised tegueneras e
pati ent derlve&:segnents (PDS) that conprised viral sequences coding for
all of PR and adpwmstpaamof ofT fthwn aBl t FEPEENganHeHLOThe PR 1s
inserted into andhelhcab04 @GRNENYVELA! HECGHIN k@ &%“Rge%&awlétﬁﬂﬁ&icﬁ&él 10
vectors designated RTV-2919 and RTV-012090. These RTVs_were then tested in
a phenotypi ¢ asiiealQfet edfife a€e8i-BFPel yredtPRuant i t BPH48YINEhe ISXRTSH(
suscept i bi j4ty gt Rt 10k a3l | ciLEUDYH Mt HbH0Sf HHS Bafgkatbr gene
antiretroviral drugs conprised nenbers of the classes known 15 as NRTI S,

(zi dovudi ne, | SFA%AHI et Q% udtife, 185&!8%5’%@612% & 't afPAENTangegbAaviF )
NNRTl s (del avi rgbdie i ohedi HewhstR@ahe\dr api Ned, thed edRahdedmprenttdr, and
indinavir, nelfipavir, ritonayir, aqg sa uinavgck. A ICEO Was ', eterniﬁed
for each resistAncEREDE VERIHPHoS MU r PERRAES 6T, L}:a’ete FaSCFAe PRt 7

of suscepti bil idgNAo wHichf ¢de dbelgssprited s eyamerete and chupet Bonad
known patt %ns of . susce tibilité A pattern of susceptibility to the NNRTIs
was observ&d foPGEETER FEVR0T268BIi FSHAPEN there was a significant

decrease in susceptibility to efavirenz 25 (>450-fol d), . nevirapine

(>600-fold) and del avi rgi ﬁe # 44f ol sus tisbilLty..and signific
dr ug- dependent 3t %JEIQPal d#%p?i gﬁgﬁ}nei Ot\éﬂ'g'e&tésgcnr}lcee %I?g{cator
nevirapi ne (-.8980e dékavirvadiderdd 30Hnafunet bomakbnzthréOgh) use of an

vinverted intron," di.e. an intron inserted into the

20 coding sequence of the indicator geme 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



24 NOV 2004 81 Determ nation of genotype of vatient H 'V sanmvles RTV-2919
and RTV-012090 DNA were anal yzed by ABI chain terninator automgedi0Y 2084
sequenci ng. The nucl eoti de sequence 5 was conpared to the consensus
sequence of a wild type dade B H V-1 (HV Sequence Dat abase Los Al anos,
NM . The genotype was exam ned for sequence§0that are different fromthe
control sequencsevéns&KTYrafidriptdbnons whies notansatipt VaRd dodes 6740186,

102, 118, 10 122 8, 1.62. 174, 177, 211 , 215, 72, .275 YA 2.01
278, 28|, 286 &M %g‘f &%‘érte?f"'t or?E’éin)ﬁ??oﬁ’kg“equ%%c‘éﬁel R iAVe icn
addi ti onal nut avf onshegppbaredret cdians 16he 1GHdikdaand 280e Thean be

nutat fons K101E KI0ZN. 209, GLO08 havg Rega RECYLQUSLY SU0MLS Q:hfiocer as

associ ated 15 wi Fesi’s S HAevViTapl ne, ne an
efavirenz. Jn tths paverbedsanpient hesappear presicusillye nemcatsidons i GdlE) s

KLO3N, GL90S and MP30L pre fpifelaled ild thesinkiicant, doug- dependgiy
stimul ation of Y¥7&Al repricatron TH response to all three N S.
EXAMPLE 6 Usi ngbestsonatepfosbtvectvartd titheoentinee tEGansoyies iamal unit
Phenot ypes Assoc] it scepiidpili d L Sstan d
Dr ug- Dependent %?%rluq S?’: %Mgpﬁggf?‘%n ‘?ﬁi‘%)vfm%})éﬁg +‘£§T§§I§F§ 113
Preparation of thsi snom-fuest iveetlor sirahidcgiimnotgegme anal ydins dthegpatweong
011073 H V,sa L esi t . i bed
1§82 EPerilaes bf BbATBE, | E¥hnl YodAhCORHH UGSLEL AS L8aCELPe

i n Exanpl e froma virus sanpl e obtaine rom pat __The prior
and current trealemantseghndeit seangikipewfunatdlangldy dfrangedil@d@\ byidits

R__T/ PCR was used,}0Q @eRefls- 2 Hat LARL d-/d MR SEQNESE CERRLLt it SPapelsed

) ‘excised by splicing. However, in the case of a

retrovirus and HIV specifically and hepadnaviruses, and
15 ©#BBV specifically, transcription by the wviral promoters
(HIV LTR or HBV enhancer-promoter)} results in the removal
of the inverted intron by splicing. As a conseguence of
reverge 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,
congisting 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
splice donor and acceptor. A preferred =splice
donor-receptor is the CMV 1E 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(s) comprising an indicator gene and its control



24 NOV 2004 82 viral sequences coding for all of PR and as 1, jhi of RT.
The PDS was inserted into an indicator gene viral vector to géfh V&ﬂﬁ%
resi stance test vector designated RTV-011073. RTV-011073 was then tested in
a phenotypic 5 assay to determ ne accurately and quantitatively the |evel

of susceptibility to a panel of anti -retr_oxﬁ al drugs. This panel of
anti - retrovi r aFlEPGEEESc GRS iTW P M GirahaieitsesT i o2 g3 gene

( E i dOV_udi) nemﬁf&&?gi”f&t‘% @y@g%mﬁiéiﬁm}g%n Zﬁﬁ&iéﬂhﬁﬁ%@g@ PdRslﬁbsette
abacavir), S el avirdine, efavirenz and nevirapine),.a S
(anprenavir, iA8Pn&vi"Vintd FYSRRAT." r9S5HRRA roeler saﬁ%aﬁ‘%‘?é%ﬁ%’@ev\as
determi ned for@agh resdstancenhpst adeGtebnaA0Y f Amcarte dratg tesheadcer, The
pattern of susceptjbility to all Qf the drugs testef 15 was exam ned_ and
Sonpar ed & kndbit bELFEr ns oF 18880SHt | bi | PPYY ARSI TOB! suSCOMTETEPLy
to the NNRTI s wasrehsaptechdar patéeninddor11073r n whtiledr t hereguhstary
sigificant decrease in efavirenz,(>450-fold),. Vi rapi ne (>600-fol d nd
del avi rdi ne (>£88YWH° 20 éggt’:ébigpﬁi%%’t grk’ﬁnd‘r’%elsq T ort -d‘é%gﬁagnt
stinul ati on of mayr aber Eurictdional idr t henfueseioradf. nevnr ahienesvertO%hat
delavirdine (-90% _and efavirenz (-,80% ._25 term . natioga, pf. t f
patient HV sa%&%s‘”ﬁﬂloﬁﬁw W%gﬁa?ﬁﬁay 9 byABr 2 a}:ﬁe,{%ﬁ%ﬁfné %FE
aut onat ed KequenRtigngard hrobuthedtiddd d@gudre einvbisamnpagene t vithe vemsemsus
sequence of a wld type Jade.B . HV-1 (H V Sequence Databgse.,Los, Ala

W The 30 gelETh AR PRRAITENT ff SCURRACLECTRar aPD (RRGFERET| DOAS he
control sequeneasdatd€V- Oddfpdisusat icons wadibcavbed gend V &Id codons12Q,
67, 69, 70, 102, 103,. 118, ,T135T, 162, 2|1 21 8, 1

~conpared to t h@lceéﬁr?’%ﬁ‘ seq&éﬁ? . ve%jéf’ Wﬁgﬁﬁ%;g{%sﬁf 53' %l:tr:égt (e%glgr%ézng
mut agenesi s usetbateo aordll nef hehe of el bbwjpegt f viralit gehess engoghagoty giene

susceptibiJdty [-r | mal Ln BlV: r.esl J r
cont ai ni n 5a| I P%%%ﬂ'w%%b%gﬁgprggéﬁgﬁfz%gm\ﬁ/ﬁ%&%%e%[ o%%ta‘f%%%%
and the T277Kwasikonst thet ezhsmdof est etbtusivigrushe pheagrgpionassapessasi-bed
earlier. The r ts; e e 1N [ e
RTV- 011073. V‘éﬁj:agt er%#%gdlg‘?ﬁgg%at éfngﬁﬁ?*gﬁéﬁg?% %%%%%%t Pg‘% P‘% Hore |
- NNRTI s, del avi r diimgl nesgmeptseonadosf awineenf, whighanageet heebagget of
RTV- 011073/ 241\, 27 -_1;;:%: V501407 1 idi sel ayed ahoked®we which
reductions in ;gﬁgc%%ﬁ bi | |§- ?%%lgelvi %g‘g‘ié}ng&%%ég-fol d), efavirenz (154_“11 oll{,:d)
and15del av3Q di meYBOLR T2k ogpar@dare HehPryefype S6KEAH RPVAITHgenOomIC
RTV- 011073/ 241V} 3471 Showedr0 gr40- dependensbiiyl akieniof widkdr.» 2
replication in the presence of anyNNRTI tesfed. A resistance test vector
contai ni ng all "GIMERRt ¥itahs RS I RTVEGLRS IR pFaY oFOopRELSE @

V241520was congidiust Ben adfl heshedovSmbeet R rRhedeing ¢S alidefirus
earlier. The results were conpared to thosedete mged si ng.the parent
Riktot YBiE

RTV-011073. W YRR TRAMRR he HRARGEENT: p ty su%’g’% bPEi (RFIRPTTRS
NNRTI s, del 25i r difie, mmagN | eRpragsasfl ahavpretessindg Rthareutrdiddbvectaf the
RTV- 011073/ 241V. The RTV-011073/ 241V di spl aé?ﬂghif-‘}gh-l vel reductilgg? ﬁﬁﬁ'
.susceptibility F¢ apy 1ieta6- f difd) ONEF aFMPERITERE. { 6PY) &Hd a ne
(59- f ol d) conpar@gsdeptd bl 1 thy pend onta=ilstiée ThesBTV- @h&073éR4dYshovedaho
drug- dependent stimul ati on of vi rag rﬁ%i cation3Qin th% presence of an
NNRTI tested. IYREHE SRUREMEEFpFES & €od8d &9 on Btldr ufRidepdfident TEV

stimul ation of "yhral repdi eRif Oferbd h (iUt AbbON At ¥2A1%f Senv may be
verystriking. A'resistance_test vector contai_ning a singlenutation at V2415
(RTV- V241530 vasdekpizedlict ot dFYbpeRpRdc viral vector" refers to a vector

comprising the coding region of one or wore 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 vector comprising the




24 NOV 2004 84 in the phenotypic assay described earli er m @@Veﬁ wer e
conpared to those determ ned using a wild type control ned
the pattern of phenotypic susceptibility to the NNRTIs, deI avi rdi ne,
nevirapine and 5 efavirenz, in the RTV-V24 The RTV-V2415 di spl ayed snal |

reductions in ept|b|I| y to nevi ap| 9fol d), ef enz (3-f nd
del avi rdi ne (6- I d)TEoHAT e FT" a t?1§7"Tf)e %%%Efroc?teR"all@{}Th% RFYE \g/?ﬁ% a
showed drug- depafideliimeit Mikata Olub’gevibth&b rejpdalc atréotorn clﬁrgﬁmfsmgasmee
of nevirapine (-30%, delavi di (-25% o drug-de ent _sti mul. atlon
of viral repli (cﬂfﬁ%locﬁ I he %’Fe ficE38f ‘égu%ﬁ?m wo 1% ﬂ@ﬁEOEXRWL

Usi ng Resistancfickest Vesddr S£dmo Ranfad atvecEenot ;cpasta-udt&banohypes H}CBZ
Associ at ed t h, NNRTI g Susceptibility. Aad R stan e an endent
20 Stimul at} on GRS Egt iag'n'l n{4i&p) %Egrgf K 6’%7 + ?‘1‘85 % +38A
+ GL90A Prepar afdqeiof &eshitant(ilses) Vect visoand Bbeths)éFMz@lQna' yshs te
pati ent 01445l H 'V sanples 25 ReS| stance test vectors _were constructed as

described in B@AAS e f f FBM-vi Ausl8BHPI RUBPRRI R i ademgdtyi geRemic

patient at two fiRpafdes t hBPePPeds SRP A J8a aaﬁameamaerb@dusaae ﬁUx’r or
and current treatnent regi nens are_unknown. |solation of viral

RT/ PCR was usefdF B0 et aPé FRY e\ﬁ%r%ri"§€80§§grr§fﬂl?a€%§°? haf"is4923

conpri sed aj ralmmaencmzz@ﬁl&mfmea% of TRR afgaBScddingl GedksRhalf a8

all three sanpl es PDS were inserted into an indicator, gene viral
vector to gener"ﬁ’cd?rre he: oficBt F@gt ‘?féctaorgaﬁéé’?gn%f‘{‘}%“ Bg HeeeLHPE 2

RTV-01445é ThesrHBS vizdl NoY ?&ﬂﬂ%ﬂ%@&r}ﬂﬁkﬁﬁé&rﬁﬁt?ﬁ aAp keRdFairted
~assay to determ cur at an tative evel o

susceptibili-ty et“g’oéf-c g‘f’¥a g aF4 %‘F%@Eﬂ) Jrﬁ“éypﬁﬁgl rgeistance

antiretroviral t(&s:gs t@nﬁbl @Qdcﬂéﬁ.‘hﬁ %@fozﬁ:he &t assieSekomde 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 éncode proteins which are the targets
of an anti-viral drug(s) then s=said vector 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 segmente and said =sites
may be: 1) unigque restriction sites introduced by

site-directed mutagenesis into a wvector; 2) mnaturally




5 as NRTIs zidovudine, |am vudine, stavudi ne, didanosine, zal ciﬁé bNﬁ% ﬁnd
abacavir) NNRTIs (del avirdi ne, efavirenz and nevirapine), and I"s 2004
(anmprenavir, indinavir, nelfinavir, ritonavir, and saquinavir). An |IC50 was
determ ned for each resistance test vect oregool for each 10 drug tested.
The pattern of susceptibility to all of the®3rugs tested was exani ned and
conmpared to kneweyatiegnsndgueussstriisidiany . siteat tar khsf wecke@nt | il il
to the NNRTIs % f.ar ' . RTV-0 d_ . ' h )

signi ficant de\(/:g?ezlaé;%éfgél % g\‘/a%r eir%ggd( iﬁlébggo Iad)]p?a%%‘@e.ﬁ%%ﬁ% %égﬁgn}égﬁ%%
and del avi r di nd€ 4ingertpds ustiom i lterpabhvea dicpding d@ﬁ?ﬁh‘éﬁ%g—(ﬁeﬁend@%ﬁ

stinul ation of W pl i catgpn d t'fmk% ofnRevighaniche (-=kR{%
del avirdine_ (- 9%1~(§ﬂé%%?ef avi rferﬁz _6("{19700 : &?[g%ﬁ@NO\/ 20.04?36 Det er m nat j%?]e of
Genot ype ofd patdceRPEPY Sahpl as RMVrodugsd imgorPie AMETAHL WEne kTSt ed

by ABI chain tefddfglor autgmt egagggﬂgnci%eypl? gu%gﬁ%&%@ sgquence yas

conpared to the consensus sequence of a W  H V-1 (HV
Sequence Dat ab&refesahlindocaggd Whehifenery peeahs tELarF g oFregdgien?ts

that are 10 15&%@1&%1(’&3\;?&5@1}1 {HOMMTRE GO roArSOUUSRCene! hri¥RV-P] 4459
nutations were noted at H'V RT 351, 41, 49, 83, 102, 123, 135, 13S, |74,
| 77, 178, 184, dmsy. 24|Thesyiral) seguencege usesh ke bbe damradadtien het

control N.y3 PRLOLE. s%%%eo%ﬂp@ﬂdiéi@é@l ablt pbgasadnpeaREat so
codons 101, 106 and 190. e nmutations K101E, V106M and GL90A .. have been
previously shohabh Be shegdeat &F @ tPRERTEREHER £BapAe . NAURTFEIFe iR abPRe,

del avi rdi ne and,gf;3yi rgRZa bebdial Wskbuehical! #del ofatyi radlat ephocation.
.In this patient_sapnple, the appearance of the nutations K101lE, \V106M and
" GL90A on t he. spBs¥EagNet LOSDad@TRR I SERETREt hAECEPERE | $4HGF el F8&d

with the signifisaatedr wgttepeader astivellyaldbefvad radgiaplof athonvipal
(sponve {py ol hnge MITLa, e LesUlL S ShVToLn B ol <2 shoves uagey
replication seefedniehBsS Vi AUSerhXAMEEYS the patient sequence acceptor
gites are located between functionally important genes or
regulatory seguences. Paﬁient-sequence acceptor gites

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 i:estrict_ion

site into the patient-derived segment. To improve the
repregentation of patient-derived segments further, such

primers may be designed as degenerate pools to

- ' 25 accommodate viral sequence  heterogeneity, or may
| incorporate residues such as deoxyinosine (I) which have
multiple base-pairing capabilitieé. Sets of resistance
test wvectors having patient sequence acceptor sites that
define the same or overlapping restriction site intervals

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

restriction sites identical to a given patient segquence



Associated with NNRTI Drug Susceptibility and Resistance and ent
Stinulation of Replication in H'V: V245E in conbination with nmultiple other
nmut ati ons Preparation of resistant test vectors and phenotypic anal ysis of
patient 005738 H V sanpl es 24 NOV 2004 sP4 resistance test vector was
construct ed as 3FESFHGWPed SitExapple TORI@m s r e s dler Tepraiset & odm

patient 005738 e FhPidl ihdd&R! Fd AR LII MeNs are unknown.
I solation of viral RNA and RT/PCR was used to 5 generate a patient derived

segnent (PDS) that conprised viral sequences coding for all of PR and as 1
- 313 of RT freghotduspdpl es. The PDS were inserted into an indicator gene
viral vect to_generate a resistance test vector designated RTV-005738.

RTV- 005738?\/\@ m’%e TeSiEL@TEs | hegtpieRrisihi dsasiBlredugederimbe ot chostel v

and quantltatl\ceimthe | esgltB1suseepti biddlds t OadePaRidmidlian cells.
anti-retrovi raI C{hb Qanel of anti-retrovi raI drugs conpri sed
menbers of the C‘” RAC SRR £18 STV e, fram \;‘I}H\"% tipgyagi sad

di danosi ne, 15 ceallai tvibl fie, apadtaba ﬁynéipwwaﬁgéﬂgl @fl vdi-ae, ieffawtinz
and nevi rapi ne%[ EH?PRI S a ren VI r I ndi pav finavir, ritonavir

and saqui navi r dett Wi Sef &n%ja‘éﬂer mah el EEst YRt &S
pool for edch Grugst egt ealelir@,e ﬂ\%ﬁcﬁylte@f sHseepbhigd | t Yadaiti ©f deia L0

drugs tested s _exam ned an? red to known patterns _of susc t|b|||ty
A pattern of \Qﬁgggﬁlﬂﬁnﬁt 551 %ﬁ%ﬂpe?e\ﬂr&slcobg'é?@e&: P i éﬁ’n%
RTV- 005738 in weilds,t hand wachear madmate degr edse ddsef ad reme, (Jsﬁlcﬂadﬂe
nevi rapi ne (>600-f ol d% i\nd del.a v r dj 63 f ol q')lr susceptl bj | é nd .a
si gni ficant dr G tepehiti&ht 1§{Ci Gt ‘836‘ PR At jRes  GienE? 'th “'}Sr dence
of nevirapine pﬂ(ﬁ%ry debaznr Hepatbeded:, andmaiddianernze(3208ich 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 machinery into the metabolically
relevant form of the anti-viral inhibitor. Host cells

20 are refer;ed to herein as a ‘'packaging host cells,"-

Usi ng Resi stance Test Vectors to Correlate Genotypes . and PhenotﬁEes

“resistance 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 proteins required by the replication defective
25 viral wvectors 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 is 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



24 NOV 2004 ss Determination of genotype of patient HV sanples RIV-005738
DNA was anal yzed by ABI chain term nator autonated sequenci na NG 2004
nucl eoti de sequence was conpared to the consensus sequence of a wild type
G ade B5 H V-1 (H YV Sequence Database Los Al anbs, NM. The genotype was
exam ned for sequences that are different fPom t he contr ol sequence. In
RTV- 005738 nut peckagingr ehagt edratl forsistoancede HestK7URCERE3KhoabsGe il 02K,

K122P, 1135T, 6 ) 1 | 112 1.
D218E, K219Q %%% =t %’%’ elgz]‘@%s \fz%‘g““%%dgéc&g‘%? r%%%i\éo Ctj%elgcoﬁ‘?fol
sequence.  24HEWV 2@@‘4@ PR&3ar dwiman ofemastastiant ki eWe&%]rlﬁ ané293,
phenot ypi c anaE&ahE1 713 S S e tajpﬁtes

as escrl e?‘% n%’an%fe %n Tiboge Ae %9S ki aposgEs?

.Was constructe froma virus rrp e obtal ned rom
patient 5 00713@eaFheetpr iadr. ,anirear r ditl.r edcagnt Sl@gl rr%@ls &382unkhdHRR) «

| sol ation of r.al d se at -ep r d
~segmen!t ( PDS) VlttﬁgtSA‘CO dalq: e?w ral\ﬁgzlqlﬂ%er?geé}?%%? %tgrglalrof 'gf %ﬁggnldggé 1

- 313 of RT. TBQBIBDSQ&&)Q i art éBV ntHeEle | ntwa:ble)r gmde Thedlmagnyeclhor
to generate a SI st.anc tes esig -0 7q]§b0—' - 007 was
t hen tested in 3’ ;‘é(s;gﬂt‘% Fer Ei%ggfli?—ca}ﬁr’a& Yy aln'grz\" jcégh'
quantitativel yutela% I QQ/Gét Oil suggepl bl vrwaw aspgnedinf218it J - ret rowrgek
drugs. i.s, panel of ti-retroviral dru |sed 15 ers e

cl asses kr@wn 2’9 %r}z et °I3nF9g§i a’v‘?ﬁﬁ%fe gg aﬁ%g?’ﬁléance
zal ci t abi ne, amreésapaceytoy NNRHILS pdft:aalédi Ijﬁ:odifcﬁad rbyz wigl pemisapnoe),
and PRI's (anpr i ndin and_sa

navyi r finavi i tonavir vir). An
150 was deter%ler?ézd Y%?t?’ﬁegfﬁgrgﬁe‘gt {’%S \?é%’[r(?rs%t%’r ?]6rq8§%ﬁlé %’5‘
' tested. The .patdfertheofisdbcsipbt bgénéythhealialtafcet he Prefsrtedt bdstasells

exam ned and c ared to _known _patterns, of s sceptibilid ternQf
susceptibility G t FENNRE s E)tb gd 6 Satléllr%luﬁ’?{// 616’7%%0 in |(::Lh
t here 25 vids alaujmmiacacell déanessanciuﬂmg réuzkéb45(0¥1fﬂﬁ dFIBAES2 ) apHve

7 o denbmont et LI 7ol [ Phde SUSEERLL D) ity BT aRc® 9TRLLEAY!,

dr ug- dependent f’ vital “reprli ca ion resence
nevirapi ne (~56%d dm:llamtr:daraaa the39df .and efavirenz 30 (~40%

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




24 NOV 2004 90 Determ nation of genotype of patient H'V sanples RTV-007130
DNA was anal yzed by ABI chain term nator autonated sequenci ng2 T&ﬂ

nucl eoti de sequence was conpared to the consensus sequence of é‘ demépe
G ade B5 H V-1 (H YV Sequence Database Los Al anbs, NM. The genotype was
exam ned for sequences that are different fromthe control sequence. In
RTV-007130 nut ati ons were noted at codons &F, 101, 102, 103, 122, 135, 162,
174, 184, 190, Expgrimeptal Detsmids 577 283, 293 conpared to 10 the control
sequence. TsSXAMPLB 9 Using Resistance TegkaypgE0ois to Correl ate Genotypes
15 and Phenotypes Associated with NNRTI Drug Susceptibility and Resistance
and Drug- Dependent Stimulation of Replication in H'V: V245T an conbi nati on
with nultiple other Phsnditypic vy Sucigtibidfidwedrd HdsiasdndeckoEs and

~phenotypi c aanal ysis of patient_.006782 HLV _sanpl.es esj stance test vector
was constrégt ed as described i B°EXS ?glﬁtwg%'geeﬁ{agcégﬁm e obtai ned from

patient -006782. The prior and current treatnent regi nens are 25 unknown.

| sol ation of vj ;@Nda R4 P ; r . e [
segnent ( PDS) Fﬁg%l??ygéﬁqsed éi %F%@&ggﬁggst?’cog. n 2 %?‘gg%%tégf r%ﬁ%énd\'élg:% 1
- 313 of RT. ThRarppsduit | weing ethenmeans andi matdrodgedestcribedetnoPad

generate a reSkﬁ&é@:‘iﬁtti‘acﬁ{alveckﬁblﬁgéggeﬁt eGy30 %%ﬁ%%%?faon@\éﬂo%%%e\aas

then tested in_a phenot ygl c assay to determ ne accurate

quant i t at ilfel yITpRBATE el 291 s&§8épt iwiHigh y i® ahsaedy of inperreratredi r &ly
drugs. Thi's papgefFe@fenaati-retroviral drugs conprised nenbers of the classes
known as NRTIs zi dovudi ne,

In these experiments patient-derived segment (PDS)
corresponding teo the HIV protease(PR) and reverse
15 transcriptase coding regions were either patient-derived
segments amplified by the reverse transcription-
polymerase chain reaction method (RT-PCR) using viral RNA
isolated from viral particles present in the serurh of
HIV-infected individuals or were wutants of wild type
20 HIV-1 mgde by site directed mutagenesis of a parental
clone of resistance test vector DNA. Isolation of wviral
RNA was performed using standard procedures (e.g.
RNAgents Total RNA Isolation System, Promega, Madison WI

or RNAzocl, Tel-Test, Friendswood, TX). The RT-PFCR
25 protocol was divided into two steps, A retroviral
reverse transcriptase fe.qg. Moloney MulLV reverse

transcriptase (Roche Molecular Systems, Inc¢., Branchburg,
NJ}, or avian wyeloblastosis virus  (aMV) reverse
transcriptase, (Boehringer Mannheim, Indianapolis, IN)]
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,



24 NOV 2004 91 | am vudi ne, stavudine, didanosine, zalcitabine, and
abacavir) NNRTlIs (del avirdine, efavirenz and nevirapine), anf &PROY ?%
(anmprenavir, indinavir, nelfinavir, ritonavir, and saquinavir). An 0
was. determned for the r 5 resistance test vector pool for each drug
tested. The pattern of susceptibility to abl7 of the drugs tested was
exam ned and c@m:)aliﬁgeho kbormappl } erons of sosbépbiboh tgf Alpatnestablie

susceptlbllltyt t he NNRTI s ohserved _for atlent 13 I Ny

there i0 was aF a&sﬁea%%md?? 53? n¥°Fs- ?d)p rr#eg\%(“ragbcl]ne «ﬂ{;&é§
and del avi rdi nethB (Eafmle@k), Sudrept(isidd)lt yprard a\Iasu]gmAcca:chntS@hcugJ%thdent
stinmulation of ral atlo In_the senc ne a

.del avi rdi ne (~9éb765 &%é%g efr%‘n %Pi’%@a Hg?% gltcgerlﬁlﬁy %S’% gen@ié;/ et of
patient H Y sappbis R‘Béélﬁﬁl&bﬁ)l‘wambemal ynédahy.pABllsch&m tQR nﬁﬁaebmp
aut omat ed sequgnc eot eq o ensus
-sequence of a gﬁ' ?r&?iyﬂ%hfa gﬁ"gh nggﬁﬁ/ '“t‘(ﬁ'gnc%\ WZ"'(?qoulence %%é%rp{ anos,
NM . The genot gpanwabueganiided .f or sequences that are di fferent fromthe
control sequence. In RTV-006782 nutations were noted at H V RT codons

QLO2K, D123E, 1135T, E138A, C1625, GL96E, 1202V, V245T, 8277K, T286A,
V2931, P294T aﬂi‘deEZQaﬁinEErs:,orrpkp@Ij tprthercor(ﬂ?D(SlAp@éque&wia M@Iﬁ)arnﬂ-@ﬁrof

resi stant est thge?éstgsg engLyphg-388ly Of ..ggtaltent %ﬂ;gé g%illved

sanpl es A eS| anc VECt or was tons ruc &d as descr
1 froma vi russsgn@m@sobmmmmeédo%ga@nens remyibtigy Iﬁera{IoraléﬁladAQEI

current treat mpRL egiuTens. 2 feliniionty Eﬁ%&%ﬁh%%go i salerBAsand R | BGR
was used to generate a pati ent derived segment S at conprised viral
sequences cadi ngm;mamf o‘#h@RPﬁﬂdPa@d!}Ct 3|@&ﬁectmmﬁ§oéascrlbed in
PCT International Application No. PCT/US97/01608, filed

i5 January 29, 1997.

Resistance test vectors incorporating the "test" patient-
derived segments were constructed as described in PCT
Tnternational Application No. PCT/US97/01609, f£iled
20 January 29, 1997, using an amplified DNA product of 1.5
kB prepared by RT-PCR using viral RNA as a template and
oligonucleotides PDSApa (1) and PDSAge (2) as primers,
followed by digestion with &Apal and B2Agel )or the
isoschizimer PINATI.) To ensure that the plasmid DNA
25 corresponding to the resultant resistance test vector '
comprises a repregentative sample of the HIV viral quas:L—
species present in the serum of a given patient, wmany
(>100) independent E. coli transformants obtained in the
construction of a given resistance test vector were

30 poocled and used for the preparation of plasmid DNA.

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

resistance test vector host cell of resistance test




92 RT. The PDS ,were inserted into an indicator gene viral ve%tgr to
generate a resistance test vector designated RTV-012123. RTV- @ Nﬂyﬂﬂﬂ;ﬁ
then tested in a phenotypic assay to determ ne accurately and
gquantitatively the 5 | evel of susceptibility to a panel of anti-retroviral

* drugs. This panel of anti-retroviral drugs @bnprised nenbers of the classes
(mown as NRTI s vEd@udvieal | parvidl ee, wsiahudaneeffidaensipeinfabei hahiane,

and abacavir) gglgest( yi rdi : ire n virapine).. 10 S
(anprenavir, i # I mavi r?girllie;}%fi nalg}lgsrl,%ﬁ%énagé?‘,@ g’r?%%gé‘ﬂauierﬁ?}%%gg A%[]ﬂcggk’was
det ermi ned for aemes &sitth able esseptécnoripesiv ereacedrug teshsfecthe
pattern of suseephdiidd Yhberalda1qf r wag, exgm ned :
conpared tao known [%te% ns %F iﬁflgusizéggcf?b?%g{l%.gégg%gttgpr? OOSq; cgff 18
suscepti bi Fi t y nafetedINRPl s2fas obsesistiahoe pmstenveREYr0IIA3 caldMi)ch

there was a si gipd | CAREKIESHEAS &l ANl e 0-fal.d), nevirapine
(>600-fol d) and del géi rdi-ﬁeﬁgﬂgé%q‘}(ﬁg \%I{Jsgg%t&?%?l i E‘&l and %ﬂ%ﬁ%n B
dr ug- dependent 2WhGLARNEEG Ml 40702 ewypl enei prodnct hiéspresdnwéthofthe
nevi rapi ne (- 20%e1i sl 1 dider (R oandy s ay) (5Z0%,cr 1 gt eL i ngtion
of genotype of pat,li ent HV sanples . %5 %T(\Q/ O%%éggéuﬁz%%cgﬁgﬁyz%gl b?’EIEBI
chai n terni nat &ESdFtGRESd $&fifenciViRgtorthe medteot icdd Isequénce indectdopar ed
to the corgens Yot Marbd WREC A G Haeh (oL Roruence

Dat abase Los anos, . The genotype was exam nedl or 'sequences that are
different 30 fromthe control sequence. In RTV-012123 nutations were noted
at H'V RT codoresd@tadfbe 4estd, RAfhitmedBwidR2rd03t ' ,
162, 173, 181, 190, 196, ,202, 210, 215, e221,:"245:r 272, a%ﬂf% %%%ta%%éjjg#%z
conpar ed t o .t h&¥e&Ent FBFTs8gucitle. Using Nerchaging3masiar andortaxgetes hosdnt

test vectors aneélphensingiseng ysEstak Mﬂa@ﬂterﬁélﬂ?z%?iﬁlﬂi&%@?'l‘%?ﬁ line
roma

resi stancectes ect or. onstructed,as described i nExanpl €

Vi rus sanglse 0%19 in‘gé%]fmlg%‘ﬁ%nf'éﬁi 357, Phe 591 Franriecrr eBF. t EBAL M3t
regi mens ar eunkhewnJutkatatldikéahiyi mlcedRNA ande RT(RGRWasyusad, t qgengat e
a patient deri ged %«?L%%ent DS). .t hat conprisedviral sequences coding for
all of PR and a&°I“="53 S¥RT.“*fhe PDS were inserted into an indicator gene
viral 10vector to generate a resistance test vector designatedRTV-014397 .

RTV- 0l 4397 was ted_in_a phenotypi cassay to determ ne accurately and
quantitati vel yR%ggggégl%eoft%ﬁE%e&%ﬁﬁ I ¥$§rf8%a %b%ef”’ﬁg resistance test
anti-retr@0iravectgss Thisinganéioof haati -celloviypds dr ugResistance test

conpri sedl5ne f 1 cl s -known as NRTLs zi.dovudi ne, | anm vudi ne,
st avudi ne, di gg‘%%?f’%eﬁ rzi%lci a |lnce%e%n"5%%%c%ﬁ?$?c?\ﬁ%¥sa( géi”ﬁ@%&?ﬁe,cell
efavirenz and déher gsisietanme PREsSt (wepteratiost iceliNavikiat nebbi padpared
ritonavir, and §a3qyiRAdHdI 5 Ig—'i_p 1pe r_the20resistance test
vect or pool forgrgach Ug tlég% ed. Iﬁepgo\ﬁ%%@%? gﬁi@eﬁ??ﬁi I‘q 515 e
t he drugs test E@shaserabPhednthd thenpackaging nemppsddiernms vector. The
.of suscept bBi | | LYg1AcBALREHY 4 tLbiLkt t REeNNRT]I obser vwed for
" patient RTV-0143S% in which ﬁe?e%gﬁsbgképg#aﬁ%éan e|>‘L’de"‘(r:‘erée \é\gﬁﬂ-’i 'é?gé ?:echz
(>450-f ol d) , ne¥PEgprnéd E=cEEOS diapt arrllleltlvérdanget host cell) in which
(>250-f ol d) susggat bRpkbbyiapd & LHEkid {ep Loyl ation of
viral replication i nbt he 5’r esence %#&@%ﬁ%%&%oﬁg@qﬁgﬁ %‘%‘#Fdi ne
~(-100% and efavirenz30(-70%. 24 NOV 2p04 94
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




Det erm nati on of genotype of patient H V sanples RTV-014397 DNA was

anal yzed by ABI chain term nator autonated sequencing. The n@&eﬁ@@?d@m
sequence was 5 conpared to the consensus sequence of a WIld type d ade B
H V-1 (HV Sequence Dat abase |,o0s Al anbs, NM). The genotype was exam ned
for sequences that are different fromthe &¥ntrol sequence. In RTV-014397
mut ati ons wer eagehtd,at HuUYhRT eedonsuBleoktNde 108evepSe 16ranserinzgsel(

211, 215, 228, .2 . nd e 0] eq%%d]& fé@yg E
10 15 Using Re%f‘g?g%i% ést(b@glzc? %)(r)gﬂgé &%%?g%gggg%%ﬁgfﬁ}s. an %lén ty és
Associ at ed wi t inNiREtoBr=ug S9BTER] i bidrid y pmdtResest aitellibi¥ ug- Dep&hdent
Stiml at fon of Bl 6atlon JLH Vo YPARM L, Sembinalion 20 hidikd | Pl
other mutation3 Preparation of resrstant test vectors and pHenotypic

anal ysi s off patiremsiBa4iiRy HYes angd bstaneesitasdincvectber VA odnkgs host.

constructed as c(&?%%.r’i bedi L4 33 ﬁg@pbge;eﬁggm& vikssnsamplre mbtal ngdLrom

patient 013415. prior and current™treatnment_reginens are unknown.
| sol ati on of viussld RNa ahef&T: PCRIgS: ubedtt coqfeker gtewa paitkex dari Foe

segment ( PDS) %gtenc&rmraéewfsa' LUYRREES,CodNg shor bl pheBBraRd ag 1

- 313 of 30 RT. The PDS were inserted into an indicator gene viral vector
to generate a HESrEESia t eoncesEratigns grht &dreRTVEY 341 5ThRTARPME 5 Ofas

then testeg i N33 ARAYUMDT GASSARY O HYRITI® 13CCYNFeRLd@Ndarget host
guantitatively the |l evel of susceptibility to_a panel of antji-rétroviral
_ cells in the -presence of Wvarying concentrations of drug
was compared to the amount of luciferase produced in

infected 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 proceduré. 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, oxr being
stored at -80°C. HIV capsid protein (p24) levels in the




24 NOV 2004 95 drugs. This panel of anti-retroviral drugs conprised nenbers
of the classes known as NRTIs zidovudi ne, |am vudi ne, stavudgne

di danosi ne, zal citabine, and abacavir) NNRTIs (del avirdine, %f aﬁgyeméand
nevirapine), 5 and PRIs (anprenavir, indinavir, nelfinavir, ritonavir, and
saquinavir). An 1 C50 was determ ned for tHEOresi stance test vector pool for

each drug tes et PatE 1 N R tsC epbibh | ivietrel detddrminéde kar ugs EIH ed
was exami.ned and conpared to known €atterns of 10 suzg éi_bg i tdéﬁ}A.
pattorn of SuSESRaD 3T (9eaeF PR NRRTHES ESRBESEFVBRT T SPARat | ERCIRR Tiaa1s
in which thergmyas apstares fistatc des] easeged ebavsr ¢pg3(248020al/d), were
nevi rapi ne (>6Q0-fol d), and g | aviry.di ne é%%g('z_;fold susce t'bilict) Saq\g 2
si gni ficant diRigtRDerddenters FHHHER | vi FEFEFRpI i FR T O PR NS
presence of n@dyFEPhRe) (- -d8¥hg deloatir di neaedf¥) ansdpdavi Feom (- 2056k .
Det erm nati on-of genotype of patient, HV s |l es 20.RTV-013415. DNA
anal yzed by Aﬁrq;h%f?f“{:g?rﬁ né?’ﬁ’r B{‘}%‘bnﬁzéd%g]é&ﬁ(%ﬁggﬁﬁ?‘sTh%o?iE%fué%f‘gde <
Sequenge Was - GEpasethd® thetcCansaitatiSpiagneac oNgl waithduk t the @radsldpe
H V-1 (H'V Sequence Dat abase Laos. Al anps, NM . JThe genotype wa anj for
sequences t hatSX¥RECEFFPRr éﬁta%‘%'r omn('lglﬁ% é%%t FBFegedifen g)_rel naﬁﬁé- Orglgﬁ
mut ati ons wer & it eidh, HE¥eRmedinwasdh, ram@yed 03nd12211 23y slids, bubRer
177, 200, 207,,6211, 225, 245, 4,. 277 and 290 npar t,0 tr
sequence. 140 EGRPPEIR U@%gaéggfist‘éﬂcéaaf&tw ggforsﬁgg“l@?‘?gﬁgtg% ‘%-re
Genot ypes and hesnpédpesrAdsadifatredan 4dt T DFLg. Buscefhebi inpjybipdry
Resi st ance and ug- Dependent 24 2 St o]y ; aly
o H ce andePreds DARPNIgn! argd W2 290€efinbd MIALL AL RERL16R508
A - . equation: :

15 g luciferase inhibition = 1 - (RLUluc [drug]l + RLUluc) x

100

where RLUluc [drug]l 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 dxrug. IC50
values were obtained from the sigmoidal curves that were
generated from the data - by 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 calcuiated 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




Preparation of resistant test vectors and phenotypic 5 anal y9ik iy } ent
10829 H V sanples A resistance test vector was constructed as descri I n
Exanple 1 froma virus sanple obtained frompatient 10829. The prior and
current treatnment regi mens are unknown. Isolation of viral RNA and RT/PCR
was used to 10 generate a patient derived 3&gnent (PDS) that conprised
viral sequences coding for all of PR and as 1 - 313 of v RT. The PDS were

inserted into an indicator gene vital vector to geperate a,rgsi,stance test
vector - desi gndiBEPOCHR Y orBsEE IR Th¥esustneleneR pateRt fIL BRRRIETD o
15 assay to dekResishanaecesttel yeanorsuanei tamstetucttdte dsveesoiribed in
susceptibility. angl of I_-retroviral_ dr Thi.s of
anti-retrovi ra]?htc%rnﬁég (Tghp?ﬁesse%’ttr?epr%erggéf t eec%?%%’seg‘) rkng%glﬁég %vea
zi dovudi nej | abromdithe seavstaimes dieddnosicizmyr zaboleabias bedteéd in a
abacavir) NNRT, lr di avirenz a Lrapi ne S
(anprenavir, i%%?ﬁhgﬁzﬁ?{bnel P%\E‘é%r, rt%?ona\agﬁg%%%gsaqu%ﬁgg?gf.gﬁkn I C%]E)dwas
- determined forquamtibstiveiye thestleamssh oot poescepribitityr g vegaw:l The
pattern of susgepi LBbLELYiHayaldrghathe diligs besked yes 2o exAmingd: pod
conpared to known patterns of susceptibility. pattern of susceptibility
to the NNRTIs @xdgsbseayedceUprpaci enerPaws019073the walatasenerknows aas
si gi fi cangpdec ' f aul - , EToY >ﬁ§91‘ d) d
del avi rdi %g (>é§%?§8%3§83%\é§%§%§p§: %ﬁ%ic%%b?rﬁ egg\é’i{%l%%%t r ufigd'ep%n ent
stinul ati on of nw¢lapsidpl reyeiss tramsCIEPEaasc d¥iihidonrsp(RYIa0ognd

del avirdine (-100¢4.agad Mi%(%ﬂo . _Thé4 08¢ einagEon
. of genotype of  patient HV sanples V-010829 was anal yzed by ABI chain
tler mi nat or aut 8fRdBgedeq@enciy THEUIRIC| 85t | B8WsedIakte WIS & orPaFEBet O

the consensus spg3eREeeQf aaw | fobypra [ adeeBmbh¥al £&#Vearaenss: Dakabase
Los Al anps The genotype was exam ned for sequences that are different

NM) . d
fromthe déntrbESEedEahQE PPORTVON RN niitugi st e ndtied RATUS™A c8fons

31, 35, 90, 108usé@§tib3.2it§r6%o 836, OO thll .driifl Pdéted?Bs 48mindA. aRdb,

277, 292, 293 and 297 .co red to the control sequence,._ .
compared trép%nown patterns of suscgeptibillty. 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 woﬁld 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
Resgistance test vector DNAs, either pocls 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 Januaxry 29, 1997).
In one embodiment of the invention, patient HIV sample
-sequences are determined using wviral RNA purification,
RT/PCR and ABI chain terminator automated sequencing.

The sequence that is determined is compared to control



24 NOV 2004 98 Site directed revese-nutagenesis used to confi rrﬂﬁ.tﬁ@ﬁ‘gcﬁﬂyof
specific nutations in phenotypic susceptibility to anti-retroviral drugs ' in
H'V 5 A resistance test vector containing all of the nutations present in
RTV- 010829 except for the V245E nutation (RTV010829/245V) was constructed
and tested using the phenotypic assay descri’@ed earlier. The results were
conpared to t hoseMenses reregenhg ithetbar datc aRf¥e0 98295 1domared ety nad

the pattern of } u ptikisl i Ly . 1 he, NNRTL s .. | avi rdi ne
nevirapi ne and g?g-@ﬁ%ﬁtzfm?nﬁgﬁet‘drateyvleérr%tecé%é%{]oFyR%kgiagggﬁzf{ﬁ/ &i’%ﬁapy‘
RTV- 010829/ 245Vidi spvajbabhegh- | Ehel genkiypondsi rexamioesd i foki t yeqoences
nevi r api ne (505 d) f ayi 89 d) d avirdi -fold
conpared to_a V\/ltlhgltt yﬁggc%ﬁg?f%ﬁr%/. f'ljﬁu(g(ll - 18&’%5% gb(SV%hoé%%i&géa&%en
dr ug- dependént SeRNERGE eRdofcorinediatiashiticc Atticophisexvied phesetypeot
nevirapine (-.80%, efavirenz (-60% and delavirdine (-60%. A resistance
test vector containing all of the 20 nutations present in RTV-0l0829 except
for the |1270M ( Rirengtypig/ 2 migcepiikbihity ucasdlusilst estfed sidieng dheected

phenot ypi ¢ assays¢ases bed earlier. The results were conpared to those

determ ned usin tg%ﬁ)arent RTV-010829. W determ ned the pattern of
phenot ypi ¢ suscEFPPEYPREy tB2Bgefhet BTe gePastyeRndo nEprredake andth

ef avi renz, 1Dn t bhangeer tiad presictygi/-sHESAHL W .adhe KIdcOI08B91 2¢9! are
‘di spl ayed hi gh-Leyel aq:ﬁguc ions in sus%e tibility to neviraplne (341-fold),
efavirenz (145- fagfigjl 5879 d8VavFPPRPREVE i’rgpf oP&) %%%ﬁF%BC?—o LedF| dvegpers
control 30 RTV.cPhtaRRiYngl(3RO/ 24&M Showadtdetigndeperdeidf inad ) nwiaai-a%ef

~viral replicati [.nt 8 ce of nevirapin -30%, efavirenz (-20
“-and del avi rdi ne?{aﬂfg%g.h%f% rpgt::'fbs egnc%e?%ﬁc vgﬁFggg‘BBﬂf{éai ni??‘rg:aé:ff’rb? PRy be
V761 B27Tk VaSaL POl and 20Tk (KT DL0826] 240UB0TE). s Soeabt Hotad
: : , RTV- was constructe
and testedigsi né‘%ﬁhe %%%%o‘i%%?% ﬁlglsla a)@fcr%%@fzﬂ 83F | Zj?c.’u%‘]H'é &S ufP “bjré‘r'g
conpared to thotbedeteceptddiddityg aheHPar ot aRE¥r@ 2082 Arids Soxletbagbned
the pattern of typi entili]id 0.t he. NNRTI s., del avirdi ne
nevi rapi ne and g?ﬁ@?ﬁ eng}l,gl tl%#i% % r%/éer %t# ?/%%?%dr JF?T}\T? Oﬁ%%zﬁ?ﬁﬁ%wgl?EFe‘?ﬁe
RTV010829/ 245V- P97ECH| &pirajed IFmh-¢Eveher wddefiyoknown swetdepls bfdit pite-
nevirapi ne (233af pbd}egef q&ﬂg&fgné 10 fol delayi I5di (198:fo
conpared tg a wld tgge contro m%fs‘l'.he R%@Ol_ 9/ é%@égb\%&‘sho?/\f@d kg‘as
dru_gdep_endgﬂt stPHEratPen @evmémmmt PER imeltihed pfegensitefdirected
nevirapine, efayiit8Bznedlisdela ndlag- (BabRhs P, C¥ortlP! %ss.  (1990).
dr ug- dependent stinul ation of vira
Biotechniques. 8:404-407). A resistance test vector
containing the specific mutation or group of mutations is
_ then tested using 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 vector.

EXAMPLE 3



15 replication is nodulated by the presence of the mutations g%ﬁgan@%
| 270M Drug-dependent stinulation of viral replication can be conple y
abrogated by reversion of nutations V245E, |270M V2761, 8277K, V2921,

V2931 and E297K. 20 Exar~nE 12 Using Resistance Test Vectors to Correlate
Genot ypes and Phenot ypes Associ ated with NNRTI Drug Susceptibility And 25
Resi st ance and Uddugr BepxindentcStliont atdcvoref ajaplgicri ndrddtdd Wudad:N +

| 135T + 1270S P ' ' vectors d _phenqt ypi c anal ysi s
of patient 013555 N eaaire SR, A eRcRhpr AR A 6 0,

as described in ENRH Oreg rmeentiihid idahmne stsdistedicde,omphiing- 013522
The prior and cupégehddéieasi®rhlsLIbACos ﬁéﬁlﬂﬁ&ﬂf&\ﬁ-iﬁsﬁ!r%t.'tﬂ?ggg)w ral

RNA and RT/SPCR was used to generate a patient derived segnen t hat
conprised ° 2 ~ ~OV 204 5 10 15 2,0 25¥181cC

Preparation of resistant test vectors and phenotypic
analysis of patient ARG-014 HIV sampleé.
Resistance test vectors were constructed as described in
10 EXample 1 from virus samples obtained from an individual
patient at three separate time points over a lé6-week
- period. This patient had been previocusly treated with
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-
virai regimen including an NRTI (abacavir) an NNRTI
(nevirapine) and two PRI‘s (nelfinavir and saquinavir)
(PRIs). The second 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 wviral 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 vector
tc generate resiétance 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




- determ ned 25 usin

30 oo viral sequences coding for all of PR and as 1 - 313 of |1
three sanples. The PDS were inserted into an indicator gene vzrqlwh\ryggb@r to

generate a resistance test vector designated RTV-013522. RTV-013522 was
then tested in a phenotypic assay to determ ne accurately and
~quantitatively the level of susceptibility7¢o0 a panel of anti-retroviral
drugs. This pafelidofrudhhe,r et r dampiahudiings conptavedimenber s difdarivssichasses
known as NRTI s j Lne, | anmvudi di ne i.danosi |.Ci i ne
and abacavir) ,Z%m?¥¥§§favi r%%;dne, e %c\:/ié‘%%g’ andmr\l%#r%api n@%laz‘aﬁ g’
(anprenavir, iaffiviavenz nedfdnavievirapimayir, amd sdeRIsmavi (mprena<chd, was

det erm ned for Si rfﬁ ;g,\fst % f eqﬁn gir t.8st ed. ,.The
pattern of susj(':ré%ﬁq%ﬁ'?fysr%%la 0 'th%ggr&l%l&?g?éstgédms xaﬂrfalgrr%érg ‘and Al
conpared t®H knbWhopaiaserdet efmingd epoirbithie yresl phanee ntetts yecdow wpooly

to the NNRTIs V. o ent V- i | ¢
sigificant dec?@%s%g?? e‘?lcah\/%r'téﬁgé 1EZLSO-ITI":P;(% d€ ‘?%‘\zﬁr gg%ﬁ> %g'b?'g] 3;5 ZES
del avi rdi ne (>2%0-fef dtteusdepgebitieatednas seyaninedntantt ugoneprrdento

stinmulation ofyxyiral r i | onien t ﬁ@? nevi rapi 2099

del avi rdi ne (]ﬁ%@? aﬁe‘%ﬁ% en(z:'E -10 ; te?lrﬁéti on %f %gﬁ%te;?%e,o?f
patient H 'V saspsespRipidiss22teNAhgasNHRIM gz cdapy Amlecied nirsr pabiept
aut omat edjgequg figlGs TReyOYeLEOt LHa SRGYCREY, WasnCORRRERT tR-1BE GaBSegsus
sequence of a wid type Gade B H'V-1 (H V Sequence Database Los Al anvs,
NM) . The genotgA@@emgeex@ww¢ or{dipichced t hefayizenrs f aueeepribility
RTV- 013522 nut ahi0RS 458l Hbarf8 dd@2eadf34in 3ovitididil 668500 Bb1dPband04,
211, 248, 250, 270, 286, 293 and 297 conpared to_the control sequence. from
“the control se@aéavérdideed>3POREQlRT sysseptibility.A~-0- 20~~ 101 Site
directed revese-nutagenesis is used to confirmthe role of specific

mut ations i s phenotypic susceptibility to aati-retroviral drugs in HV 5 A
resi st ancd3t esPetermdnatdpnardi ggnetypes ofheakiemt &Y maaRdas i n

RTV- 010829 excrptr-fros, t erv2i06s ( BhY0 8524 £7 Obhawasexonahaloked dand hedt ed

usi ng the pheno i c assay described earljer. The results re_conpared to
t hose det ermi n‘é‘t‘gg&' n??%%%?%n?%%zﬁgwfﬁc‘a@gdet erﬁ%eﬂuFﬂgogﬁ ern
of phenotypi c sagoeptiebmast yompaireel MNRHIe dolsshsad neequence apfne arddad
efavirenz, in the reverted._ve r,RTN:-.013522/ 2701 . Th V- 013522/ 270

di spl ayed moder&P€ r :g‘:ﬁ%?i (?nsﬁit[ﬁ"?ievf\ﬁgéi %«?qflfﬁlpieolé?gﬁ g4%® Wi teR %
(8-fold) f0scemmihbil i Thearsratsipgni vas arxahli neeluEdr omeguetteleayi tlthbe are
(40-fold) susc ibility c red,to a w,l d-type control RTA. .The _

KTV 0136221 2700 L ERGHE o . dEBEnd SR i SPRORAEE vi 1 al TF apRryaidh
in the presencdbakednpeofsaryle NNRELatéshed wdre t hose@atkiteHIEaRPl eadwms

correlation of 4719r“91'4qe&9é1ﬂe”§1 0 514 mubaki onof Wi @'2&@%@:&%&8? Pt e
mutation at 12708 i's‘very ‘stTTking. A iresistande test” vector confaining a
si ngl e nut at i opoatrcd7BgRINEE 2705) Mukatdomst rtlibd &vdT.esMbedVn Li¥sOW

. phenot ypi d Ehed | ] th
phenot ypl g5assayd Si“éﬁ.‘sﬁe afé é&éocﬂ%ﬁeg_‘?yi%@ ‘c’@t&'ﬁlc i [ NOSEpy,

r
a wldtype contro ermned the pattern o
phenot ypi ¢ sust&getionsty tR2kHe NNRIs, JRISHH rdigke neknRPWpi ne S@gience

Suscept i bi 11y PoaYRSyFranee (RauD ) S B e s e
sensitive) wvariants of HIV. In RTV-1046 and RTV-887 two
additional wmutations appeared at 181 and 230. The

30 wmutation Y181C has been previously shown to be associated
with resistance to the NNRTIs nevirapine and delavirdine
but not efavirenz. We examined the mutation, M230L,
alone, and in combination with ¥181C, using site directed

mutagenesis and in vitroe phenotypic susceptibility




30 (13-fold) conpared to a wild type control RTV. The RTVI 2708 &ii@Veaijs
drug-dependent stinulation of viral replication in the presence of
nevirapine (-.60%, delavirdine (-60% and efavirenz (-40% . 2 ~ god 200
102 EXAMPLE 13 Site directed nutagenesis used to confirmthe role of

- specific nutations in phenotypic susceptibPPity to 5 anti-retroviral drugs
in HV V2- 45Eéstengstamcedmrsilatect bhecorbservert shehggkbe it genwiype
V245E, (RTV-V. ructed and tested in the phenotypic assay
~descri bed ear%ﬁggﬂ %ngggé%ts were 10 conpared to those determ ned using a
genetical ly defihed dbsectahcautagengsdcoruseédt ttasconfirny pdieat rpdei todn

el avi rdi ne. | nEHET DT b ed RPRN (an O HER CHREP U, foE SAEL S

del avi rdi ne I rapl ne an

di spl ayed o 156t€dUGﬁ¢ﬁén§rHGSsm§cH§V bility to nevirapine, efavirenz or
del avirdine conpared to a wild type control RTV. The RTV-V245E showed no
drug- dependent stimulation of viral replication in the presence of
nevirapine, ef &her 823 0Iomuiditaan dévae. 1porydusgd Aingsi ot aridelttame vidreg

containing a siBgherayedt ik MG LEIYV- \RARD: V881 89N BHEUGEsh A5 hest ed

in the phenotypi c assay described earlier. The results were 25 conpared to
those det er ni neathefnfar gehberdareytads mu@gensssiEanbtealiast apdct FPmmast

was wild f.uype @blaoaltl%@%sﬂﬁtﬂﬁge&@g@%éahbe @@tstce%c%no@&%yﬁafng
susceptibility to the NNRTlIs, delaviTdine, nevirapine and efavirenz, In

RTV- V245E. ThetRevMea4r mt@mwbd(wgfe REALCYRBnEtER $estest iusing ythe

- nevirapine, efaubcheRiA Rl rddderDodRacsdiiera ‘éhb.d e GAie Pl wEFy.
The RTV-V245T showed no dru ependent stinulation of viral replication_in

- the presence. oF ORBREEADitRe, t %ﬁ/l@%ﬁ?mbPeéeP&\}PBd|an£em3tlcallY 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 +wviral 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
described 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 NNRTIs, 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




24 NOV 2004 103 1135T A resistance test vector containing a 9 bNE 2004

mut ati on, |135T, (RTV-1135T) WAs constructed and tested in the 5 phenotypic
assay described earlier. The results were conpared to those determ ned
using a genetically defined resistance test vector that was wild type at
position 135. W determnined the pattern of,g?enotyplc susceptibility to the
NNRTI s, del avi rdi ne, neV|rap ne an ef av in RTV-1135T. The
RTV-1135T di splfed-aii®duc ?%91% ‘érjcﬁl- usc @S bi FVLEIABE 1 apfPRe0-fold)

eL avi (r]I enz gr dedcai@aaﬂwetcoapmlmd t?péf mbhdrbypﬁrrvoln_t The RI¥1CTPR3BIMRARBST
showed no drug ent nul.ation of viral i cation,in the presence
of nevirapi ne, %‘%\'ﬁﬁgeﬂa glgeB§P§ Fd?ﬁému}ﬁb Er@%F?ﬁaﬁ'@@ ron
“vector containiing @slméseméaéfomylﬁf)%he(thﬁDSN) was constructed and
tested in the 20 phenotypi c assay described earlier. The results were
conpared to thosexdeterm ned using a genetically defined resistance test
vector that was wld type at positions 103. W determ ned the pattern of
phenotypi c susceptibility to the NNRTIEXAMRLEN rdi ne, nevirapine and 25
efavirenz, in RTV-K103N. The RTV-K103N di spl ayed reductions in

suscepti b| lity to nevirapine (67-fold), efavirenz (29-fol d) and
del avirdirie (87-FPsiap Besistanceo Teski Vectpgs esgk FdteRPiremtedRMutarosN

exhi bited pe drUgtée@iMaﬁlﬁHhaﬁyﬁQsOfan\& rmieﬁ&%é@tngaobmakaa ¥ith
presence of nevi r%q& f avi rs geiaw rdi ng: NOV 2004 104 K103N
+ 1135T rug uséept:. 1lity an Res:.stance and Drug-

Dependent Stimulation of Replication in HIV: M230L -+
K103N

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 nelfinav.ir) .
At the time the first sample (designated 92-2-00908%) 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 wviral loads were undetectable, - later and a
third sample (99-2-010835) was obtained 15 weeks after .
bageline. A brief cessation of therapy was noted (8
days) between the second {(wk 4) and third (wk 15) visits .
30 viral 1load 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.ls. 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 -



A resistance test vector containing two nmutations, KLO3N and }?Sﬁé
(RTV-K103N | 135T) was constructed and tested in 5 the phenotyé)' C gsﬁﬂm
descri bed earlier. The results were conpared to those determ ned using a
genetically defined resistance test vector that was wild type at position
103 and 135. W determined the pattern of pHenotypic susceptibility to the
NNRTI s, del avi Bdidnef R Fegn dderepael wieand mweek M RTsarpbasy | 1389, PPRe
RTV- K103N/ | 135 ispls ductd ons,.i ns Loi L 105 eV ARk
(171-fol d), efﬁﬁin%ﬁ%%%ﬁm t2d b éaarigigﬁgeﬁgléﬁ%ld fc%lrrparede’?o 5°
wild type cont gsineRRpre THeSRFVancr]BREY 135Ctoirs bidesd omatecdugREEpLALESL

stinmulation of Vigd)- g ALl | Ofydhd NRTRILSGRTE ObnReVi £aBLB8: in a

ef avirenz, or delavirdine. |135T + V245E A resistance test vector
cont ai ni ng 2t wo FASAGEHSE | 195%a¥0 anbiov248ietqmine 3sTRgABREEedys  and

construct ed andnifat@athdRdRe ﬂ?@“‘i’é¥eico§5%\éc@%%&lﬂilﬁ%fﬁ{diaﬁr?aﬁéﬁ of
Tesults were conpared to those determ ned using a genetically defined

resi stance t estanfdctHtANE T aas HHGE -t ypeThis pdanglonefl3snfagressovigal

determ ned t he faid£r BofbriBeAOINRIKeES S¥SCERE Rillddaed OxhBen NN | SRTIS
del avi rdi ne, nevirapine and efavirenz, in RTV-I1135T/V245E. The, )

RTV- | 135T/ V2452 3@ ni not2fddidinghs i n §HIVEPLmS| i ty OARBOPLESne
(2.5-fol d)3p ef PHIEatizdred Ol £hg alsh @b BY) riiReré 2(hel diicanpar edrhQidad d
type control RTV._ The RTV 3Q |135T/V245E exhi bited no drug-dependent
stinul ati on of 3AY al "RYBIFEPAFEIN | n2Pfe pRES®NCd BFPREAFHDI ne ISRz,

or del avi rdi ne.nel #2004 +tb2awi335TahdV24adufnaesi-$t anceard esteseC s
contai ning two tations 135T a}gd V245T %RTV-I 135T/ V245T) ¥\€i %onstru t ed
t u

and tested in SRHRFHREH cEASH oy CFLSLANFED BEAY RSt FheP PE
conpared to thepmfleiedgadied Tis neatcgenesd s cahibyepeibititiyesbshancet adie

‘vector th was. Wil d type at positions 135 d 245. det erm ned the

e orn orls hatstad L 4BEed BT ERpIRsT REthGeHRAT ML B5i FOPHB. PRRASN ne -

and 10 efavirer®Z E0sBEp¥ibiddbiyV2454. pHredRhv- b 3G bdilspayed rheor

reductions in ; tibility,to nevirapine (4:fold), efavir -fold

L Sel o el noHRETE | Biag  EpkdxPRE | EBL Al Tk s fY G S
which there was a significant decrease in efavirenz (270-
fold), nevirapine (>600-fold) and delavirdine (>250-£o0ld)

20 suscept ib:i_.lity .



| 135T/ V245T exhi bited no drug-dependent stinulation of 15 v

replication in the presence of efavirenz and only mnor sti %#a@ﬁ%&ﬂﬂi

viral replication in the presence of nevirapine (-10% or delavirdine

(~10% . 24 NOV 2004 106 8103N + 1135T + V2458 A resistance test vector
containing three nutations, K103N, |135T amnal V245E (RTV- K103N/ | 135T/ V245E)
was 5 construcﬁquﬁ{gilg@ﬁrg%ﬂ ydAS e n@f Teg earlier. The

esistance tebAifEee Sy %W ﬁé@@% Dﬁtﬁ' %gf"t . %%25'%%@% by 851 X e
det er m ned the;qm:trﬁattmmfalptlrmmtg@l sequeneﬁ)hgbl I E'hga nocleothdeNSRGusnce
del avi rdi ne, nevi ra§| ne_a ef a\é renz, in RTV-K

h _
RTV- K103N/ | 138F%/255EP8ES I ayed FEduSTPoREc TR ssﬁ53 e[I)]t Lbe?l ty t%ﬂﬁ%w P&Dp"". ne

(244-fol d)§ efddddens (88VED|l dHIANd Seghanicedi Det {169 f dog) Abmpased N a
wild type cont

drug-dependent'fl%‘?l %ggPTgﬁeg\‘{‘(ﬂ%’lg? |13 /Y?%%El #5?%%9#‘263%&5}18}: are
efavi renz but &hblecdembdefate |tvel scénim['olll regquetngrl at i din o RIAEFIGIBS on
in the presence of Neviraplne, (e 187 capd 428K 4oN€ 16320%22, 16 NAY407
184, 195, 200, 211, 245, 250, 275, 276, 277, 286, and 294
10 compared to the contrxol  sequence. In RTV-010835
additional mutations appeared at codons 103 and 230. The
mutation K103N has been previouslir 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 gsite directed
mutagenesis and in vitro phenotypic susceptibility
testing to correlate the observed ch;.nges 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 was 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)
wag 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 Ki03N/M230L-RTV displayed high-
level reductions in susceptibility to nevirapine (>600-
fold), efavirenz (>470-fold) and delavirdine (>250-f0ld)




K103N + 1135T + V245T A resistance test vector containing three nutations,
K103N, 1135T and V245T (RTV-K103N | 135T/V245T) was 5 construc@ddN8idI8psst ed
in the phenotypic assay described earlier. The results were conpared to

t hose determ ned using a genetically defined resistance test vector that
was wild type at positions 103, 135 and 245, W determ ned the pattern of

. 79 C : .
phenotypic susceptibllity to 10.the NNRTIs, "del avirdine, nevirapine qu
efavirenz, in F?F%]%B%‘JI{I 1)'(‘:T'h% ﬁi’%&lé@ﬁ/ Ff%?PS’ZHfo r%g g ?M@?Sﬁ?&?ﬁ 0
reductions in suisseptshowedy $igmefdcapt nedfizP4t ntel ad ifea diort-
and del avi rdi n%.( >%EO igl éé:.%orrpar e?l;o a w | d?}ﬁg control _RTV.( ‘[}hoq)
RTV15 K103N | 1353245 TP3nSRed & W dsB&n@5FS6R t PEXLERPYIFal (~70%) ,
replication in gffeerreasende-4df¥)ef andr eddl{viadbine Me1boapi.nea (+&Hstaitbe
dol 10 S0l SRS LS, 0 T BABES TS A ey
SusceptibiIitymmﬂhﬁ&mmstamKéoaNﬁMEBQg/Empendng)25w§hiEmbm@umﬁdﬂ?ﬁltand .
Replication in : Lple i ons, can _nodul_at e, bot h,.suscept i bi | i n
stinulation pr o%ﬁ\%%&/glrl%%glgat%éna%#le?égﬁfﬁnﬁslsgé’t rEFOtREAng 5Il]1éﬁ5ty%‘? |
30 anal ysiz of i m@moaemvlgmmfm Resi stlaswe rléegbggﬁ@ie@lri ezufmfig% a
constructed as in e J QM Virys sa
i ndi vi dual pat ideni ajfgfﬁlllftggﬁggggaraselst%iaﬁgepmerﬁ%sr%%?o’é %ﬁ?‘gyé’ﬁlf’ ﬁé’rf‘gd
This patieht hdypseeat ppesibiong ML08at ddawidnd IR I W0 TRE| ad(iitﬁlonud:lmet}ee_nd
lam vudine) AZ}y; ghhe &MEIL$&n onto 2% K103N, M230L backbone results in

a reversal 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 + Gl90sS

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
pericd. This patient had been previously treated with
four NRTIs (zidovudine, stavudine, didanosine,

30 lamivudine, and a PRI nelfinavir. At the time the first
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




los and a PRI (indinavir) for a period of approximtely 2 years at the tine
the first (97-309) and second (98-754) sanples were obtai ned. 2rhdi{iarqpht
began taking a new anti-viral reginmen including an NRTI (stavudine), an 5
NNRTI (nevirapine), and two PRIS (nelfinavir and saquinavir) at the tine
the.third sanple (98-1032) was obtained. Ad&lbti onal sanples were obtained
4, 5 and 10 weekemhhhed (Qhd2t@ELeFe 00Ed Ol 4659 AN t9brdB3, 48 weeks.
respectively). e _patient' the t opped taking 10 nevirapi ne, and

addi ti onal sarrpg‘g vgﬁ?%zob‘faa? n@gid;ﬂerOth?G,xg%% S5tREek? weeks. A
(99-2-008973, 98edbdd SamP189800myml- OR2dDB0, whesRetirRig/ )48 Theckat iffter
then switched therapy.again-to zidqovudin | amd vudi ne_and i,ndi navir, and
addi tional sanpres %eé%gg%lﬁf‘gf‘n@ ff%”gfy E‘u"%ﬁfhf‘t[%e 1%51¥AA1263F ARFrEdsSashi iR
(99-2-006!1 73) . 35al Isei:nbasureirentivalpaRNant abher REY PCRNOwaat ess@f dEaw
are shown in Fi Eal.J.owi.ng  ini.tiation of d4T, irapi he, nelfjnayir
and saqui navi r,g%‘%%r%g?i @rﬁtléfbteri%ﬁ&é’aga T et (Pg’%\jctﬁﬁﬁgi PR 2¢Bbad
foll owed 20 by wiral useqtenbasetodényi falr kdadof- PR2AGAGRA qopi &U/IMIE RT
Renoval of nevi [ n r he reqginen |led,to eductiopn in vical load to
<300, 000 copi es§%ﬁ%(§1§lf oqI#ereed%%‘ﬁPg%?? | sotat ?8 3FRF r AR ANGRP PER
was used to genendieapati genederineld segtent £d hgdnecapsi sedidbaviceal test
sequences g¢@di 1 : d 16,313 _af i 1 tyelve

sanpl es. The Pg‘ge(\g/\géxe-gi ir!ligag'rE g‘ t%n oﬁg‘{ljzlgn |C5‘P§r Rg:e(’neor]\%!q%ql' ve??‘ﬁ’?et R TVs
gener ate resi steere tidwnvduisiresd ddsi gaat peRbuypie, &3¥a¥54to RA&HOERIne

RTV011658, - RTV- V=103 A ~7~757.. RV 30.008980, .

RTV1080, rrv s ol aad duallYEdRelly Ehe'n 606 REY sgus;ﬁweé?w%lt%jp}%ty

- assay to deternt®ed apaneht efyanhd-yeanoiviaeilydrpgshe |Thiel p@Enel of anti-
susceptibility 204 tis i . i angl _of

anti-retrovi ralfﬁtﬁﬁ%g co rﬁ?cg rfeé e]%is%/éo# a{nﬁgbgggsggs] E%%\A%ﬁgssgﬁﬁllgnomi 4

NOV 200 1035 zi cewuliREEs |(@idmmidiae st bamivudindi dsteyiudd nezal didabbaine and

abacavir) NNRTI s {dglavigdi ngnqefaybLe9s) aRfRIgw I iwirﬁ%'P%Atﬁan(E%n\zma .

(amprenavir, indinavir, nelfinavir, ritonavir, and saquinavir] .
5 deternined f o*@achedsiaitigide t eaidecPBEspoofamprenavhr dr ugindinadir The

pattern of SusoeoLiinaviy, t G AldndHid e Hd0SARIRYMAS, XABhNCHCEHT was
conpared to known patferns_of susceptibility. pattern of susceptl |I|tg
fo the NNRTIS VBRtSHELRSRJLPET eoath &GRS IRPANGR e s \WeeE973poed Hpr 783c
RTV- 0089802@nd &g 1089 éd. WhirEE pHEEErWEHE RARARS 1t 18 AR NSF the
- (>600-fol d), delavi rd#:ne %fromS to 18-fold) _and efavirenz (from 16 to 300
fol d) suscepti BT§95. CeoFefe MRS &xavhrerth 3 d RFUMDABOAS LRI Bt STBSZ0
and RTV-1080 shemedugtugrdbpanggnt 1 sidvedahi of uvdégtibepiigatioon ha
response to nemtne %‘40 #o 250% ,_ del avi.,rdine (20 to 180% and efavirenz
(30 to 1709 . $ W3S 1 BPEeEKEAgEornPahdett BRI W ithavbirk chpere
stinulation of wiasah sbgphifatane Hetreaeh RRV guschi@ibilidy o e fdiréfz

- DEt exm . naj4 0a Pi4§(?_n ctik/cP)e, .O;1e i‘}:éSE‘}:eH'(l/s%%m%'o?%) and delavirdine (144-

fold) susceptibility and significant drug-dependent

stimulation of wviral zreplication in the presence of
‘nevirapine (~80%), delavirdine (-30%) and efavirenz
(~20%) .



RTV- 309, RTV-754, RTV-1032, RTV-011658, RTV-011659, RTV1033, RTV-008973)
RTV-757, RTV-008980, RTV1080, RTV1264 and RTV-006174 DNA wedel NG pgs by
ABl chain term nator 25 automated sequenci ng. The nucl eoti de sequence was
conpared to the consensus sequence of a wild type Aade B HV-1 (HV
Sequence Dat abase Los Al anps, NM. The genBlype was exam ned for sequences
that are different fromthe control sequence. Miutations were observed at 30
the positions listed, |n F|ur 14b. O 2004 é 0_15 0 llo Site

di rected nut agegkayEiratiou oL EBRAF P F-RheRRBL 0B SheRT FPe=Rut ati ons in

phenot ypi c susREp-tiblﬂ?l Iayldt diﬁ%fmlkwm)vmal mr@sanﬁllﬁlzvdm 1883 ditspimayed
{he oSt o e Lo £oRaRARLeS ! LUMBHARDT kA AN 0old A flerdd O

t he sanplest romt 'S patren smgeclone
‘obt ai ned f5 omwm caiperteddetov dheRTvopoehsthatsdguenas aoforss whdd type

phenot ypi ¢ pat SUSFEPLL ARAY Qg g%@ Myl | on
of viral repl |éf%(|§|%ncgchgyglperl st c%o?llu he E%‘?i%geoo TﬁgtTEl 8%/ 1033}3
had the fol |l oty nmgeacitype prea@nt ekaminedr evie t$m%m¢@$as§haV35lare

R L

D218E, K2l q~ H 103 I ne nevirapli ne

stimul ati on deamtaétibne ygme%notqdzm HRYSRT CFZBB‘#’? ﬁ/@esBGan&OEzwleRTvs
dramatic §Gauctyons g suseeptibiyli 10 421. fohd), Alavisenz G50-39k)
and (>600- ahd “drdmetic ; =drlg-dependent of Viral Teplication in the
pr esence of (120%), *18wi rddik, ( BRPH and 5293 ; ¢ePpagpHneto the control

sequence. In RTV-012090 additional mutations appeared at
- codons 101, 103, 190 and 230. The mutations K10lE, XK103N

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 K101lE, K103N, G190S and M230L are correlated
with the significant drug-dependent stimulation of viral
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 Resistance and Drug-Dependent Stimulation of Replication
in HIV: V2418 + K1O03N + I1357

Preparation of resistant test vectors and phenoctypic
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
unknowst. Isolation of wviral RNA and RT/PCR was used to
generate a patient derived segment (PDS) that comprised



y " 24 NOV 2004 m vi 06A A resistance test vector containingd§®bvoﬁmgge
mut ati ons present in RTV-1033-3 except for V106A (RTV-1033-3/

constructed and tested using the phenotypic assay described earlier. The
results Were conpared to those determ ned using the parent RTV-1033-3. W
determ ned the pattern of phenotypic susce@ bility to the NNRTIs,

del avi rdi ne, neiradpiseqmmcet acodény, ﬁdrtdkireﬁePRe@nﬂ)amclo&,313 of

RTV- 1033- 3/ 106y TheRIVoHi3% 3L 100X dical ated, a.0odghate Leduchlon ilay

nevi rapi ne (9- aV|ren
susceptimIityvauuqrstgnghnaratanara&gashantaemesdlmaqﬂﬁrfded;gnated

susceptibili tyB%Q'X@ﬁf@?ésc%bbhw% Qﬁpqég;gﬁggnt q:et%t\gq iu’llS tyﬁﬁ‘\?ﬁ?gﬁﬁl‘:

RTV. The RTV-1 ‘'showed™ no "drugde ent | 1T Ion o
replicati o i nasbaypr ésendetefrmdeleayiacdivetielly shodedghantitatlivedfy the

d d dent | ti A
(505 "and neviFYSineoE amopotbt S kERYLGRh & pshy oF FaBPEFxRk Rt
vect or contai ndmggsll of Thiwe matetl on prmsbrretroRizal OSB‘l&sexcemprhmed
F227L (RTV- 1033 3200F) JF WasEONSTLUCLET ARd,hesLed warg t e RBenal

ier. to those

assay describe he resul TS Were conpare erm ne
usi ng the parehanﬁﬁwkhﬂﬁﬁ 3. stevistigray nedidasogdmesr n Gﬁlphéﬁ@mwmtz and

suscepti bifhi ty NRTI s |rd|n ne an nz, i he
reverted f@ vec or 1033}8ﬁ§§§%. TheSEAQE{%%gH%7227 Qg?&p ggg éﬂd
signi ficant r eeviKepiTiat nevid alzﬁthe (aepoenaydy, bdndihavar. (nelfdpgvignd

del avirdine (7 SCEREI aredaf,0 |
The RTV—IOSS(S%iggk&h%gaed rulg%la pen E? st|%%Igg%gwéééyﬁétégaiﬁeh "ot

each registance test vector pool for each drug tested.
The pattern of susceptibility to all of the drugs tested

15 was examined and compared to known patterms 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-£01d) and delavirdine {>250-fold)

20 susceptibility and a significant 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 sequence. In RTV-011073 mutations were
noted at HIV RT codons 20, 67, €9, 70, 102, 103, 118,
I135T, 162, 211, 214, 218, 219, 241 and 277 compared to

the control sequence.



15 viral replication in the presence of delavirdine (-.100%, efavirenz
(-100% and nevirapine (-120%. V106A and F227h A resistance ZdstiiVegildr
containing all of the mutations 20 present in RTV-1033-3 except for V106A
and F227L (RTV1033-3/106V/227F) was constructed and tested using the

. phenotypi ¢ assay described earlier. The reBBlIts were conpared to those
determ ned using the parent RTV-1033-3. W determ ned the pattern of

DPonoLLPLS ShoERL L Rt Sae B S0 AP
RTV- 10333/ 106VéReZEL£idi spiteatdensodiar agpkenetypte ossscepiébiddpyndd 18atbt d),
efavirenz (6-f e Ltdkne -fold) susceptibility conpared to a
wld type cont?%?i‘ﬁ%%.g#hteﬁégél?a'@- %8?3 3/ 106V] 227F showed drug-dependent
stimulatiof of AvFEALIStERGE 4193 ToFEPe Prokaipingf adédl &F rtdishanitaBogys

efavirenz (-. 8@ cand AeVIRTAHIND T3 -8t - for 26neNP¥ 42804l Ind OPfy 7k
.V189L and F22 A resistance éest vector%ont ajning.all of the nutations

present in RTVWRE33°2nekEdpted oand 06RStedgdising fRey Phenotypic assay

- (RTV-1033- 3/ 106¥EE89Wed? 7TE2rY@eT COMSld Ugbadlard hepé eddugdied heophenekypi ¢
assay descri begﬁearl ier., The, results were conpared_to_those determ ned

t
.using the par FeRPPEYs-USing hbEc RATRAL t R ~Raft0den of Wenedet§pRened
suscepti bi@i t ythe tgwe-tNNRT| 6f ghlctivitighiine, sueydpeb e #d a0 iavimRDZs, i n
the reverted v cior N V-10333/106V/ 189V/ 227F, The )
RTV- 1033. 3/ 10697 1 8UIFE3 7L o RST YRR 05 ARG, cRERVIEREZ) n Hoy RS FRverted
(2.8-fold), efeagttesz RIZvioldp7ardadel/aviTdi ne TRe7-RDVA)130BBLPLLVYRTUTY

comared (0 2 WiL0;Leg SLiOL ALY, Vi BN 1007 SLACRMARM el oo
del avi rdi ne (-838&%iraplimel r end163@eJ.dand neevtfampreaz(-. 4Q%-£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 the7V241$

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 -in susceptibility to nevirapine

(146-fold), efavirenz (54-fold) and delavirdine (59-fold)

compared to a wild type contrecl 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 V241S is wvery

striking. A resistance test wvector containing a single

mutation at V241S (RTV-V241S) was constructed and tested




2 4 NOV 2004 114 V106A. F227L and T286A A resistance test vectgrgw QB I ng
all of the nutations present in RTV-1033-3 except for V106A, F22 n
T286A 5 (RTV-1033-3/106V/ 227F/ 286T) was constructed and tested using the
phenot ypi ¢ assay described earlier. The results were conpared to those
determ ned using the parent RTV1033-3. W determ ned the pattern of

- phenot ypi ¢ susgeptihél igneddtvidie: NAEELG, MM NearDedk! apiie 2868ulls
efavirenz, in the reverted vector, RTV-10333/106V/ 227F/ 286T. The
RTV- 1033- 3/ 106 WeXer FLoBRRECs pky eBhRBGer dekerRiRRY| JHRl0% feviidfl nEype

(51219, o cmmede o) s Sobosatuon G bt sse e yesc
conpared to a wi e contro : e - -

showed drug-deﬁé’rﬁdﬁﬁgo]gﬁ%rﬁm’ét‘?%nt]%? RISy efele A Fonnen PREIFABLBRC AT
del-avi rdi ng (- @¥4vicdmy) ranz €h&0RTAND Y] rapthe RTON241S 241 NOY a3
115 L2831. R284K eid T286A A resistance test yector containi n% all of the
mitati ons preséfeli’n FRAURIEONS eiﬁéptsufscﬁeﬂ_tféél 1t gke afEvEssEATS (-

(RTV- 1_833- 3/ §8§ld1%)|4R/ 2865?{1%&200“634&&1@11 aagdt Sai@:chwﬁsfc&tgaé he (Bhératg)pi c
‘assay described earlier. The res S were conpar t hos eterm
usi ng the paretﬂo“ﬁla\mé%&t? fe ‘ﬂﬂ‘érrﬁyﬁlfd tq‘?gR:ﬁ eﬁ?o{vof p t%ﬁ'ﬁ:‘%{l—lg
suscepti bility drpvdie NI Sepsiedant r gt heul aeidn apf neizal iepafieatienz ir n
the revert vector, RTV-10333,/283L/284R/ 286T,, Th .
RIV- 1035, H83 LI B RRACT Sb) BELITER AR (CaRE) 1 oELEVIRELAS (PSRdoinE
(>600t ol d), ef ais rénurg{BEpdmdeht astidel aviodi 0 (Iradl dpplivasdemt iin |Hiey
conpared to a Wld E{%’(Pee Cf)nt%o‘lr. Rél'\/. The 15 RTV-1033-3/283L/284R/ 286T

St mitRY on-of " vir al

showed drug-der?&ﬁ?ee replication in the presence of
~del avirdine .(-40%, efavirenz (~30% and nevirapine (~80%

15 EXAMPLE EXAMPLE 7

Using Resistance Test Vectors to Correlate Gemnotypes
and Phenotypes Associated with NNRTI Drug
Susceptibility And Resistance and Drug-Dependent
20 Stimulation of Replication in HIV: V241S + K101lE +
V106M + I135T + E13BA + G1l90A

Preparation of resistant test wvectors and phenotypic
analysis of patient 014451 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 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 wviral vector to generate resistance test
vectors designated RTV-014459 and RTV-014451. These RTVs




24 NOV 2004 116 L2831. R284K. T286A. V293l and E297K A resi stzg \F%
vector containing all of the nutations present in RTV-1033-3 jm f 94‘
L2831, R284K, T286A, 5 V293l and E297K :
(RTV-1033- 3/ 283L/ 284R/ 286T/ 293V/ 297E) was constructed and tested using the
phenotypi ¢ assay described earlier. The re8Blts were conpared to those
det er mi ned usiwgré&hethanentesdasd 1033- 2 Phedotgpiicnedssag patdt eletefmine
phenot ypi ¢ susceptibility ta the NNRTLS 0 | avi 1 disne | Lani ie;
efavirenz, in ?H uF@%S??eE”&e%@PFlﬁ?\?}ﬁf&;g- %%3%%4@5%%%%The
RTV1033- 3/ 283Lt384Rp2G6T/ 2¥3¥n29 Firetirepiapdd deiugs .f | Bmits mexhet iohsanhi-
nevi rapine (144-fol d favirenz (5-fold) ' a el avirdLn - .0l
susceptibilit yrggﬁﬁﬁgait ga/%ugﬁ ‘\%m‘f‘%r%"y%% 5“8@%5-% .{:ﬁlhe%l(ajs%esp Rhown
"RTV- 10333/ 383L4284RPHES TLAABVIRITE , s Hoamidrundi we ug stepuddost, siidahasion, of

viral replication i he pr n of l\avir, , ' r ' lL,pe.
.24 NOV 2004 1158herabdpsh &Y e%?’a\?eaé{%) \é%‘%&afl%i E‘S‘i%{%ﬁ“‘ﬁb Qnﬁ%{gé?giﬁg
present in RTVahf33-Bevinapildel j on awd Y1PRCS RTVampeengviriglGneggsavir,
constructed and .Usi ng.. aenot ypkC desgy i bed r kel
results were clolﬁ%grﬁel%q'tlc%s't h%%xégﬁéﬁgrgm n%lgaus%@ﬂt/%e pa)g'ent I%%e/ Elr(t):gg S&Q\%‘é
det erni ned t hedpatteimedf fshersrdipi cesistapce bEpety Viegtore DRWETI 0T each
del avirding, ngyirapine 2nd &faVidaNerd bt Nisceptibility 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-014451 in which there
ﬁras a significant decrease in efavirenz (»450~-fold),
15 nevirapine (>600-fold) and delavirdine (41-fold)
susceptibility and a significant drug-~dependent
" gtimulation of wviral replication in the presence of
nevirapine (~100%), delavirdine (~920%) and efavirenz
(~70%) .




10 nut ated vector, RTV-1033-3/181C. The RTV-1033-3/181C di spl g%fm
significant reduction in nevirapine (>600fold), efavirenz (>4 d?ﬂ%d
del avirdi ne (>250-fold) susceptibility conpared to a wild type control RTV.
The ' RTV-1033-3/181C.showed no drug-dependent stimulation of 15 viral
~replication in the presence of nevirapine ggt- showed ‘drug-dependent

S

stimulation of _viral .replication_in, the gesence f.elavirenz (-.100% and
nevi rapi na (- 1%%%%%@%%@ al | of the
mut ati ons pr esRAV-Ph4RFY- 2083 RIV10 144G S 1A t weng 8avalRred]l 33 HBIsashaims

constructed ange{-mhgeogs iaﬁ%ohﬁgelih %@%ﬁé@ﬂc‘ir@ﬁ aq]@%méfg&f@é | s&tuedbe

results were conpared to those determ usi'ng the parent RTV-1033-3. we
25 det erni ned vae manRaredf tphddn ypressnsgept seavenget % e MURH stype
del avi rdine, neyigapige @Rd el piyeMoqidhddepabbBhed V656H Orlamos, NM) .
RTV- 1033- 3?184€I¥é£%he RTV-1033- 2?184V Isplayed a significant reducti on) in
nevi r api ne (>600¢&0l BJenelfyRs r evizs ( 2&xpgrdedandier nogeaueaceeédudtidadn i Arso

del avi rdine (5?§§kg):e§l%80%ebinbi thby £8APRLET LRqReWtbd tYpencoRivobhi FIYo
The RTV-1033-3 4V showed drugdependent stimulation of viral replication

in the presenceubftdensg vegien@otesh@t HEFART ezl (-804 andBheviPapi #d3,
(~1009% . 24 pe¥ 2004 118741 07e73097s RTYV309 s, dpad yedshromey Vi pys,
sanple frompatient 1033 before the patient had recei ved any NNRTI

i nhi bi t or 40 RT%880928%niand AP B FPYEET§Betpatthe rFQi'ft’%‘Ekc@p%/T%i PREVEBCEo
del avi rdi ne angpef@wyLenz48nd a3S 8 dndBdukit Dt bl S v | Gty &6dons
nevi rapine (3-fold) and no drugdependent stinulation_of vira r%@gi fc_;vati n
in the presencé®d# NgeTI3nd al2Pngl iy dﬂ‘ét?W§0§-l§5L%VJ(ﬁ)"ltl"%\i t88% he
patient - deri vedaREV nedn t hpkeraduiynuistiidwans a86d peenciypdeipedd er a3 thf
NNRTI susceptibility and drug-dependent stinul ation of viral replicatio
characteristi crﬁﬁlﬁﬁénﬁ?\/- f933t§ ol WEEISRTHEYaE2R1Rgq + ASLPASH g P
mut at i ons 15r es@Rhvikeis MRNerdY MISCIstimsPat Voh! of DEINa1 TGP ik3B3on.
L1091, ML84V, 15 \§/é18'9|_’ T200A, 1202T, H2Q8Y, 8211K,  T215F %18511 %193,
Ho21Y, L228H, EDgddigoBakieRbgGRMRHE EJvK 2RP2365°5 i bt ek LES
type pattern okisusceWwibhéMi apdt aldalravin dche apbcffivd reemahnilca bawkibone
“reduction in susceptibility 1o nevirapine (3-fold).and no,.dr .
dependent, ot | REFEERGn Tt V) VEEBF, 08 CSF AL T EehnERCof TR Tigant

drug-dependent stimulation of wviral replication in

20 response to all three NNRTIs. The results shown in
Example 6 above suggest that the mutation V2411 may
contribute to the stimulation of wviral 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 vectors and phenotypic

analysis of patient 005738 HIV samples



24 NOV 2004 119 ML84V A resistance test vector containing all ﬁf ﬁﬁv
mut ati ons present in RTV-309-3 except for the ML84V ( RTV- 3093/4 5‘4 w24
constructed and tested using the phenotypic 5 assay described earlier. The
results were conpared to those determ ned using the parent RTV-309-3. W
determ ned the pattern of phenotypic susce@i bility to the NNRTIs,

del avi rdi ne, neéviragpisiararel eéavi veotori washeortanicetd/ed adescribed in

RTV- 309- 3/ 184 V-, 30 184M 10 di spla er at reduct iop.in
del avirdine (4-T0 -%Q“%l%r av?‘rrgélnz {5-Yofdy aﬁ?da/ i rg’g‘l patient
suscepti bility 00&GREER ed tThe wridrt y@ndcmmmmntRTk/reél'hmeﬁHVr&(ﬁ{r@nhM%e
showed drug-de sti VI raI cation.J t he pres nge of
.del avi rdi ne (- %%ef av?#lé%ét?gg af‘se%g% ra%i %‘éTl/%CgO %as Sq"es

i nvention furt lgemamwitat e3 patriend dmcim@ slagméntel(lPi)Eanothmnposmprdlsedf or

i sol ati on and L‘ﬂhq:%b: IoéF‘tﬁIr elgclrés%an élﬂré] naﬂyc&gogédgngu V- 1 1Teverse ¢

transcriptase in and using such® vectors host
cell's and conpdgian odotid caMA asM ant'-ﬂhall PRIS dm:@g.'&ccaasamgd Thhto an

invention al so 4 n r
capacity to 25 |?h%f)aeé7 %éﬂ?aﬁgﬁ%gﬁﬁ an 8 ‘gég%g%% #géeg’%tgﬁgé §°55,
NOV 2004 1. A wedhed clestagratedgRTHe066726t | REVe995088 wah hleh ebeistted
Conpr 1 oi notter ant r® pRORSLYBACL HREEY ) ) Methafilik STRPG.PALLED  ana
the presence ofquanwitatiisielat féléﬁoheﬂgb tShJ@qa.w-lléudJé:m d:cen@onanngD\f
reverse transcrjpasee HRans ese f t n S
ArRbidset 1N BYg . esensr; 9 adp %h'tg rBPLEeh3Lg!

with a decrease I N NNRTI susceptlblllty or Wt rug- deﬁn
‘stinulation of dpuas Fepprégefonmembers of the classes owI as NRTIs

zidovudine, lamivudine, stavudine, didanosine,

15 zalcitabine, and abacavir) NNRTIs (delavirdine, efavirenz
and nevirapine), and PRIs (amprenavir, indinavir,
nelfirnavir, 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 RTV-005738 in
‘which there was a moderate decrease in efavirenz (17-
fold), nevirapine (>600-fold) and delavirdine (63-fold)

25 susceptibility and a significant drug-dependent
stimulation of +wviral replication in the presence of
nevirapine (~20%), delavirdine (~40%) and efavirenz
(~20%) .



2. The nmethod of claiml, wherein the presence of such a nuta |€ﬂ
correlates with a decrease in NNRTI susceptibility and drug-dep gymzum'
stinmulation of viral replication. 3. The nmethod of claim1, wherein the
mut at ed codon 230 encodes a leucine (L). 4. The method of claim1, further
conpri si ng eval uating whet her the biol ogi c&8 sanple of the H V-infected
patient conpri Pesemmdrsitticaciof eremdiypeg MIEV amwmﬁmma B@dplRisase having a
mutation at ongmey_ dEyAs of dop, 01,6 10 n codon 4.9
codon 221 or codon 238, whergng tahe BPeg %%g’ o% ¥ &ﬁ%a IOL?lgI n Stor
conbi nati on wi fiﬁtﬁmﬁﬁeﬁl ofe@terGiam. 230 Eber elrax@&qmtdﬁ a SEpraEEe | was
NNRTI Susceptllp._ é&etﬁtJhﬂzé@&i{eﬁu £l e‘h%é"ﬂ:?fl Neilg %é’ltgﬂa&gdgn

101 encodes a amc acid mut at codon encod

aspar agi neJ(| ~] Iﬁ?hé mftEed &?@P@mqele@ﬁ@baég alegst dilamoee) , MMhe nut Ehed
codon 190 enco i ( e EQ;ﬂngE o]

(Y), or the nu ?gg:%gjoﬁ%%@xgﬁ%ggegsmg@%h%eo me%l’ tﬁ%g %%% %ggf‘%}qg
claimo, furthéF®nihe sFARtEohl aaa1ARCahet HaY Rﬂé‘%ﬁﬂiﬂgl@aﬂiam ewefet he
HN-inf ect ed pahioeRld GRTPHOSEE: HWE! ﬁsﬁNaCk%ﬁ”C@éHa@a 'ﬂs\éde V&1 8k, K122B,

_transcriptase having a_nutation at one or nmore of codon 103 or codon
éé@r?b"g

wherein the pr of142¥n S§LABFat iKHV3IQ cHRBERat YR 1Mt HIEOGRI al2BRVat

codon 230 jgor r ghatss, witem, Ct@zfiﬁ.@SWMSﬁJNFﬂ'imySCﬁﬁm' | rhy3 angdnyi EEQ?Q
drug- dependant sti mi |on of viral repllcatlon 7. The nethod of claime¥,
wherein the rruF&’F@:’f‘r@gd HFBEPKSgi ne (1~ and the nut at ed
codon 190 encodes a seri ne (S). 121 24 NOV 2004 8. The nethod of claiml,
wherein the H V-infected patient is being treated with an antiretroviral
~agent. 9. The nethod of claim 11, wherein the presence of the nutation is
detected by determ ning a nucleic acid sequence encoding the nmutation. 10.
The nmethod of claiml, wherein the H V-infected patient is undergoing or
has undergone prior treatment with an NNRTI or other antiretroviral agent.
11. The method of claim 10, wherein the H V-infected patient is undergoing
or has



under gone NNRTI therapy and the presence of a nmutation at cod2n m IS
determ ned relative to reverse transcri ptase codon 230 presen ‘% h2004

H V-infected patient prior to NNRTI therapy. 12. The nethod of claiml,
wherein the NNRTI is delavirdine, efavirenz or nevirapine. 13. The mnet hod

of claimO0, wherein the NNRTI is del avirdi 88, efavirenz or nevirapine. 14.

A net hod of assesrepptdeiedf edft i vembtsisanf aestn verteosi dedr plemsetypic

transcri ptase i nhjhi (" - - eggﬁ% tient conprising
detecting, in a %%élséél ggﬁ?zlee%? We%llﬁr#ect %%tient t he presenc
of a mutation &t resdevanme Jfeatcvackori vaacranshevetrg Ay desariked in
transcri ptase, i he seqc u t a8 rrelaiheSy iy
.decrease in Nhﬁ%ﬁgggge%ti E?Ig)ﬁtigo(ﬁvfﬁ%sﬁ g&g%l}gudg%ke:ﬁggﬁta stEi érrt‘l :%%(\%%Qg?
viral repl Pcat PEA13P5. THEGrePRe@Tofand aFHFERNL! (FRFNRMIApIESILHGNS are
eval uating whef,figpothe bi pLophcHbnSarPhErah R HiYal RTeEER] wRA! 8dd to,

-conprises nucleic acid encoding H'V reverse transcri E’t ase having a nutat.i
at one or noregdeheEaden 3 0BabiensdsieTiyed \FRIBIRE t HEDH) eddtide EPMBREEASE

mutation in coghi-patigamiehded BBERhHOFCR L£AJOSE 26k GRIT ehat &S Widin aof
decrease in NNRTI susceptibility or with a drug-dependent stinulation of
viral replicatRén. The2PDE Mo¥ecsegedrintet RBd I8 iGasaR Sene yViked

conpri si nggevakdatbig vbetdeslerHte bi ohe@igtlanzenptesef ke dd Vabsigakedd

e

on

patient conprises nucleic acid encoding H V reverse transcriptase havi n% a

nutation at on8T¥rOfdieOsf RTUPO1HA0 MeFonthe®, L&SFST 138, & oBBAN?SEPS
codon 190, wheggkAvt heopr eetRemitk Suebusatulgl i aAdi Nngaanbioatiealyi t khe

retrovira

mut ati on at codgon 241 i : L
c)gorrel at es, W {1 ar g‘ecrease |r5rNN Iagg_'f(_:egg:l bility or

with a drug-dep&N&dnt ©5t | FEFEERLH ° r 8pIRFRt o

drugs. This panel of anti-retroviral drugs comprised
15 wmembers of the classes known as NRTIs =zidovudine,
lamivudine, stavudine, didancsine, zalcitabine, and
“abacavir) NNRTIs (delavirdine, efavirenz and nevirapine),
and PRIs (amprenavir, indinavir, nelfinavir, ritonavir,
and sagquinavir). An IC50 was determined for the
20 resistance 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
susceptibility. A pattern of susceptibility to the
NNRTI= was observed for patient RTV-007130 in which there
25 was a significant. decrease in efavirenz (>450-fold),
‘nevirapine (>600-fold) and delavirdine (»250-fold)
susceptibility and a significant drug-dependent
stimulation of wiral vreplication in the presence of
nevirapine (~50%), delavirdine {~30%) and efavirenz
30  (~40%). '



17. The method of claim 14, wherein the nutated codon 241 &é‘omg Zﬁ%eri ne
(S). 18. The nethod of claim 14, wherein the nmutated codon 241 encodes an
isoleucine (1). 19. The nethod of claim 15, wherein the nmutated codon 103
encodes an asparagi ne (I~ and the nutated codon 135 encodes a threoni ne
(T). 20. The nmethod of claim 16, wherein tHe nutated codon 101 encodes a
gl utam ¢ aci d pfeteriireatismiet gaiordd toneotienia I sambes (M, the

nmut at ed codon S hr, [ h t d RERAES

al ani ne (A ar#%?&?ﬁ?&wt@%d,%oﬁ%zeen%ogggguﬁlgl gﬁl%ﬂgp(k)%%tgl. The o

rretjhod of cl aismtbinatrdr ebaquascpngsence Bfe sustciedtide | oFSENPRERat &8RS t h

a decrease in L bi L1 d - + b U -4 ig al
é%ﬁ}@%ré&%fgédﬁg Lo %eﬁ]ggi , ggﬁggﬁesnsﬁna 2l 1 AUkRHOR 1 id @

replication. : e met f clai rein the H V-infécCted patient
i s being t¥ eatRiVvi t h(BHV arfiequaneyi ratakpse . 8 PRawt hodf- cl aitha s,

wherein the pr Of whize AL 153,085 8Gh88c0Y A81eR) MhPENGY I FEked:d C
aci d sequence ®&nco g the nutation. 24. The nethod of claim 14, wherein
t he HI V-i nf ectfbmathenconsroddaegsianfeor hbs RR¥ePdhdOprusaticds wexe

with an NNRTI on othet iddifd reyiralpiageidz, 103, 122, 135, 162, 174,
184, 190, 208, 221, 245, 272, 277, 283, 293 compared to
10 the control sedquence.

EXAMPLE 9

Using Resigtance 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 virus sample obtained from patient
006782. The prior and current treatment regimens are

25 unknown. Igolation of viral 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 classes known as NRTIs zidovudine,



25. 26. 27 28. 29 30. 31 123 24 NOV 2004 The method of claim ﬁ,# Woyr

the H V-infected patient is undergoing or has undergone NNRTI therap d
the presence of a mutation at codon 241 is determined relative to reverse
transcri ptase codon 24| present in the H V-j nf ected patient p:’jl or to NNRTI
t herapy. The claim 14, wherein NNRTI i s del avirdine,

ef avirenz or 4?@ €A rrﬁf:ﬁgﬂdﬁfleasseé%‘ilﬁaoﬂféeeffé’éltlpﬂhéﬁ@é@e@f aandn

nucl eosi de revemdvmsmmwe(dmxbii—@iné . NNE 1 Dered) &Eﬂ%&iﬁiﬁiﬁ@@‘
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- and saguinavir). An IC50 was. determined for the
‘ 5 resistance 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

susceptibility. A pattern of susceptibility to the

NNRTIs was observed for patient RTV-007130 in which there
10 was a small decrease in efavirenz (5-fold), nevirapine
(8-fold) and delavirdine (18.5-fold) susceptibility and a
significant 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 nuclectide 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, Cle28,
G196E, I202V, 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. Isclation 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



nmutation at (a) codon(s) 98, 135, and/or 181; (b) codon(s) 10?, iﬁﬁ, ﬂfS,

and/ or 190; (c) codon(s) 103, 225, and/or 270; (d) codon(s) 1 51’ /3 538;

(e) codon(s) 98, 103, 135, 181 and/or 190; or (f) codon(s) 103, 135 and/or

- 225; of the nucleic acid encoding H 'V reverse transcriptase, wherein the
presence of such nutations correlates with2a decrease in NNRTI

susceptibilityrer withe apgsugredepantaiicest ifAdatawninfivatolr gepld catiam.
The nethod of claim 27, wherein the presen

f tati t d, 8,
108 Monaror CleTerEBEo it SenerAs en hsG Ry EaRar LEL ukePErE RS Rl

of a mutation atrvcodangs). 1RtV-d0B1243wasantier t8Bted did eat gsherdditeybt hod
of claim?27, wherein 2tihe r%sence of a rrutﬁlt?'%on at .codon
© THE

és% %?3 25,
and/ or 270 is G&FB&te FEFRBE ofCEPERRFSY, IMer T HHEPretente BPea
mut ati on af codewed) &85 amsdeptildBlitsy debecsiegpanel of anti-retroviral

drugs. This panel of anti-retroviral drugs comprised
members of the classes known as NRTIs zidovudine,
lamivudine, stavudine, didanosine, zalcitabine, and

abacavir) NNRTIs {(delavirdine, efavirenz and nevirapine),

10 and PRIs (amprenavir, indinavir, nelfinavir, ritonavir,

and saguinavir). An IC50 was determined for the
registance 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 significant decrease in efavirenz (>450-fold),
nevirapine {(>600-fold) and delavirdine (>250-fold)
susceptibility, and a significant drug-dependent

20 stimulation of viral replication in the presence of
nevirapine (~20%), delavirdine (~BO0%) and efavirenz
(~70%) . '

Determination of genotype of patient HIV samples )
25 RTV-012123 DNA was analyzed by BABI chain terminator

automated sequencing. The mnucleotide 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 cocdons 20, 39, 41, 44, 60, €7, 28, 102,
103, 118, 122, 135, 142, 162, 173, 181, 150, 196, 202,
210, 215, 221, 245, 272, 277, 293 and 297 compared to the
control seguence.




124 24 NOV 2004 32. The nmethod of claim27, wherein the prese@de@\vT%nM
mut ati on at codon(s) 98, 103, 135, 181 and/or 190 is detected. 33

nmet hod of claim 27, wherein the presence of a nutation at codon 103 is
detected. 34. The nethod of claim 27, wher%n the presence of a nutation at
codon(s) 103, 135 and/or 225 is det ect ed The net hod of claim 27,

wherei n the mRZRRATRHHROR XE crroriank destaniveckous (Erd 3EheRedyrdichod

of claim 27, v&xﬁeyﬁlé hef b4 el &t COLONOP4BTENEQHEBea t hreonine (T). 37. The
erein. th rrut ted codon 24 encoges a _net hi.oni_ne

hod of |
TS s She A fdsstbeheen kis; WA OB EREHER 08 A58 A B8dos

alycine (9, tmeamplatjli ciastam h35v&ﬁﬁg;je§aﬁpl$rh e@m?ﬁn%&) ffﬁ:fiﬁl/ @faztt%*aqlt
mut at ed cogon codes, a cyst ei ne ._The nethod of claim
wher ei n th% rru@%%%%odo o) %’r%d@?g AT ¢ CEEAFTERE, t’ﬁ%gm?%?e&%don

103 encodes anudspawagi nas(dla,t:.tdne' cﬁmtwai:edlcmst%n akzhb Iencmteswa?_}]hggthw f
{T), and/or th d_cad 0 encodes an al anin e nethod o
claim 27, vvher% Iml%%t%gnﬁt aﬁ% oﬁe’fﬁgeén(,s&%?% g%‘é‘ﬁi aﬁpﬁg @UPRiRe
nmut at ed codon 225 kncedasnaelsi s:tddiinrga fobr, aamd/cﬁfr Pheaput afzedh codg@n 32

d L oni a1y The_net m 27,..wherein the rrut ted
ggggnei?,gneﬁg e‘gniar'}?'ﬁ"g g%%sl ne (1) gnﬁﬁﬁ?%ﬂ tlt?é:omﬁrét LRALGRERT 1987En X an

glycine (. vector to generate a resistance test vector designated
RTV-014397. RTV-014387 was 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
15 members of the classes known as NRTIs zidovudine,
lamivudine, stavudine, didanosine, zalcitabine, and
rabacavir) NNRTIs (delavirdine, efavirenz and nevirapine),
and PRIs (amprenaviyr, indinavir, nelfinavir, ritonavir,
and saquinavir). An IC50 was determined for the
20 resigtance test vector pooi 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-£01d) and delavirdine (>250-fo0ld)
susceptibility and a significant drug-dependent
stimulation of wviral replication in the presence of
nevirapine (~100%), delavirdine (-100%) and efavirenz

30 (~70%)}.



42. The nethod of claim 27, wherein the nmutated codon 98 encodes a glutamc
acid (E), the nutated codon 103 encodes an asparagi ne (I ~, the M@e@ﬂ
codon 135 encodes a 24 NOV 2004 125 threonine (T), the mutated codo 81
encodes a cysteine (C), and/or the nutated codon 190 encodes an al ani ne
(A). 43. The nethod of claim 27, wherein the nutated codon 103 encodes an
asparagine (l~, the nutated codon 135 encodes a threonine (T) and/or the
nmut at ed codon 5 encodes a hi_stl dine = 44, . Th hod of cl aim 27,
Wherein the prastrEBUGr ELaRNO R PRRPENE S B, BALLEEEEh SoHOLPRace | ' R
suscepti bi | it yREWdOULAG7dePBAdanasst analuzedn oy \ABRI glepln cdtdxminatsr The
nmet hod of cl ai rei 1 V- i nf ec pat.i L g.bei te L th
an anti retrovigr%lfzg%g%ta. f%.&{%%eﬂrl?é'hod o?ﬁgl aﬁ%bgept\%ﬁqgrei n tegl-%%r egnégn%:e
of the nutati oremparedt Eot shehyronsensvisnisrguenasiad ¢ adildl sapercade B
encodi ng the maliongur’. sIfeRBENOA0nckal MAd MOSRSED U9 . — n
H V-infected patient is underdoing or has undergone prior freatnent wth an
NNRTI or ot hergemotyYRer WA apxagéned 480 Tisedqnenices ofhal aipmed Bilkrrenh
the HIV-infected pathentedr AAesa086-0" has widRidansNYRHad ielARYe A0d
‘the presence oﬁ%‘grrut ation at co%%ﬁh%gis geterm’ ned rel atlvaelto revee'rse
transcriptase eoded 245HiVedthtcodonpe3H VIPRA ed08d PaBIer#62r ilr6 4 ol NARTI
therapy. {§. The; mebhed ofa¢] abmy27 o 78heffy ojhecbhifdtels tde!ad rbRerol
ef avi renz or nevirapl ne.

sequence.

EXAMPLE 10
15 .
Using Resistance Test Vectors to Correlate Genotypes
and Phenotypes Associated with NNRTI Drug
Susceptibility And Resistance and Drug-Dependent
Stimﬁlation 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 viral
vector to generate a resistance test vector 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



50. A nethod of assessing the effectiveness of a non nucleosEﬁ@Eﬁﬁpgmﬁg
transcriptase inhibitor ("NNRTI") on an H V-infected patient conprising
detecting, in a biological sanple of the H V-infected patient, the presence
of a nmutation at codon 270, wherein the presence of such a nutation or
mutations correlates with a decrease in NNFA susceptibility or with a
dr ug- dependant Mgl at i Bhisf panedl eéplaned topkrovizel 24rNge 200pBisedhe
method of ¢ ai feafhed 4l LOET EAUP! 96RG.BYa R0 e liierTd he, Dagkag: G2
sanpl e of the V-infected patient conprises nucleic acid encoding
reverse transcrigftiasedingi ng sfavuoaneen adiderosinewr e zolcis@dineg3, asg,
or 225 wher el n iy LoL R P o S L ONe £20, CODS N2L 3 Ol |
qrut ati on at_ codon 270 correlat%suﬁf%%va g%%éqséQTn NNRTI_sus%ept?%?szy or
with a drud depewkieRRISt | fRmRitenayisr, virdinpupri caigldinaZdr Thel hepavdTof
claim50, wheregijy t hea gl akeeh-podon 240 araorles,f Seidd¥rdSled S3fodNethe
- 'met hod of claimb52, whérein the nutated codon 103 encodes an asparagi ne

(I'~, the nutat &esceHfeAnasstentoderten peehi hor( BaClhndres tRetegtat edhe
codon 225 encoqes waeshh Sbf dbf8cbphiibi Pdey TS %gthQ<¥héﬁé&€%§0teﬁbéaewasthe
presence of such a nutation correlates W th a decrease in RT
suscepti bi | i ty SFRIRY- defBidant SSRFEPAL i oFDf  VERATTr ep|REERSBHI 55. OFhe
- nethod of g ai Bmphepbebel ey he HaV- imfrachaf RE | edbcepth®ing tr eabedtiet h
an antiretroviral agent. ) :

NNRTIs was observed for patient RTV-013415 in which there

wag a significant decrease in efavirenz (>450-fold),
nevirapine (>600-fold) and delavirdine (>250-fold)
susceptibility and a gignificant drug-dependent
15 gtimulation 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 BABI 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

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




56. The nethod of claim SO, wherein the presence of the rruta?#opgy &
detected by determ ning a nucleic acid sequence encoding the Zﬂ@ 57.
The met hod of claim50, wherein the H V-infected patient is undergoing or
has undergone prior treatnment with an NNRTI or other antiretroviral agent.
58. The method of claim57, wherein the H \§nfected patient is undergoing
or has under gone NNmtllmbahyynatnﬂ Répl ivatsbne el fHEV MEB 30+ 2488 on 245
is determned relative to reverse transcri &Ezgﬁ codon 245 present in the
HN-i nfected patient prior to NNRTI therapy The met hod of cl ai m 50,
wherein the NNRTI is delavirdine, efavirenz or nevirapine. 127 24 NOV

2004 60. A net hpeeparaBS6nsS6E NPesdSt bt CEdst OPESEoPE andapHifetPpitV
The. presench of STRLYEER PRPRCTFYE aERFELIFET 2o tehmound. viher oi n the cel |
conprises a nucAeresaetdnsegrtemt evmm@mgv&di \bmrmnerwetédaascﬂeptaibeﬂa\mrng
221 and 238 (1P 500nt 24E N FaoVLrle) TOURNE AL SNBRS fOE 1B TIER
and 190; (v) co'tﬂﬁﬁ9245 1898 p8bomnckrkBlrurrent treatment regimens are
unknown. Isolation of viral RNA and RT/PCR was used to
10 generate a patient derived segment (PDS) that comprised
viral sequen'ces coding for all of PR and aa 1 - 313 of
“RT. The PDS were inserted into an indicator gene viral
vector to generate a resistance test vector designated
RTV-010829. RTV-01082% was then tested in a phenotypic
15 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 zidovudine,
lamivudine, stavudine, didancsine, zalcitabine, and

20 abacavir) NNRTIs (delavirdine, efavirenz and nevirapine),

and PRIs (amprenavir, indinavir, nelfinavir, ritonavir,

‘and sSaguinavir}. An IC50 was determined for the
resistance test vector pool for each drug tested. The
pattern of susceptibilityrto 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-fo0ld) and delavirdine (>250-f0ld)
30 susceptibility and a significant drug-dependent
stimulation of wviral replication in the presence of

nevirapine (~100%), delavirdine (~100%) and efavirenz
(~80%) .



(vi) codons 245, 10l, 103, 135 and 190; (vii) codons 245, %ﬁm %ﬂd 270;
(viii)codons 245, 13S and 138; (ix) codons 245, 98, 103, 135 b4 00;
(x) codons 245 and 103; (xi) codons 245, 103, 135 and 225; (xii) codons
270, 103 and 13S; (xiii)codons 230 and 103; %XIV)COdOﬂS 230 and |81; (xv)
codon 230, 221 or 238; (xvi)codons 241 and g (xvii) codons 241, 103 and
'135; (xviii) codons 241, 101, 106 and 190; (xix)codons 245, 103 and 135;

(xx) codon 24S orD&E&znﬁm&mhﬁﬁdaﬁsg%ﬁ&ky@@Bofl tdleeht? BTV @&mpugscodon 230

codon 241 i n_ ity roryEzs LR e otk Red 3% R aai e
or 190; = 24 NAwWROGAL4R8 egquemcmngon 245ﬂun conbleqitida wsebuanaat atwaen

I 9 10 8, 0 : 0]
corb nat i o wi (FPTEEA Tt e eotbonpt] sfhuente 85 6 WA 21add s
HIV-1 (HIV Sequence Database Loz Alamos, NM). The

genotype was examined for sequences that are different

from the control sequence. In RTV-010829 mutations were
noted at HIV codons 31, 35, 90, 102, 103, 122, 162, 196,
10 211, 214, 215, 228, 245, 270, 276, 277, 292, 293 and 297

compared to the control segquence.



and an indi cator gene, wherein expression of the indicator g?AENﬁ&bQ

upon the activity of the HV reverse transcriptase; (b) neasuring the
anount of expression of the indicator gene in the cell fromstep (a); and
(c) conparing the anmount of expression of the indicator gene as neasured in
step (b) with an anount of expression of th28indicator gene by performng
steps (a), (b), and (c) in the absence of the candi date conpound, wherein
the di fference be ueen he t of expression qof the indicator_gene
measured in step EB)<an ? Eﬁt"e&e et’f‘ﬂ'srre‘é%ﬁ?ed:q ncg?ég c)the
correlates with thelefbécspeemias o tiaftd ogan divd ghenlditypdd. isneddeptditallitcy
conmpound, thereby.as | ect | the candidate HV
antiretroviyal co go%% g%tE¥ﬁl%%gt%&g' q%féﬁﬁ%GO wherein_the cel

conpri ses nué&e?%sé§Fan§§gﬁ€ﬁF @ﬁ@@&qu¢%NP¥%%Qﬁs%11r9ﬁs&hﬁﬁ@ﬁkﬁ¢k@@%g
a nutation at Got&8sSn230n #EY- andsiﬁlexé%pﬂ%xn%@%qfsac|nﬁiﬂa&Qm wWefel n

the cell conprlses a nuclelc aci d segnent encodlng reverse

transcriptase HAAFRP 24V ht | ¥ASar cssucted 160d 16@5‘:1% ugingnd Hias.

63. The nmet hod gHekdieypi &0, adhif eided i el | SHAPIABES PhdUGHEHE B¢ dvere
segnent encodi ng H V reverse tranécrlptase havi.ng a_nutation at col on 241

or 135. 64. TheéqmR of O cHBPRF 6BSCRRBABRR HfdT8eltoc AR ef Y TRAIR2R -

aci d segmetrg erwe)ctﬂ@geﬂh&hé@whéegataa&ﬁr bt PIRAAYIDAE BuBHatit Ny e Eokens
241, LO1, 106 éP 8_and 1? The net hod ,of cI I m 60, wherein the
cel | conprises Lﬁyé#Esacgﬁ ERYRBAPCenBEYLAGPHRY PECe SI@YHTaTr i1t Jsle
‘havi ng a nut atlmﬁt@@l ORSciZdb, r&ﬁr dBse2e b 48t. 66.Thihe rEthwrhafo L2 a6

Cranserl pt ase IARHRPESTL BEBrCaPeEol bRGRShEcRRDT 10 0 PR R L, | 350
24 NOV 2004 nev1rap1ne (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 TI270M
(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 wviral 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,



67. The nmethod of claim®60, wherein the cell conprises a nuclgiq_r:pmgizgﬂ
segnent encoding H V reverse transcriptase having a nutation at codo 4245,

103, 225 and 270. 68. The nethod of claim 60, wherein the cell conprises a
nucl ei ¢ acid segnent encoding H V reverse transcriptase having a nutation
at codons 245, 135 and 138. 69. The net hod®%f claim 60, wherein the cell
conpri ses a nUELesT, aday Begn¥aB2&nCc FR I Hande VB2 ST t r(RIVCOLHBRSY 246N ng a

nmutati on at co 2 98, , : T im
60, wherein thgggépl ﬁ%srrp%c’é%%%émﬂl%g e%&a%éﬁﬁﬁgngn%ﬁy%ﬁﬁ@gse
transcri pt ase aaseyg desaritedn ecarldedonsTRe5 rerhltos. Were ToRMRRYEdd &9
claim60, whergin_the cell ri ¢ B N | CapLge Segaun di ng
-reverse transc?#’%?%sed%g:ﬁ%%gggnuﬁ% ;"t%%od%%gé '45,ﬂﬁ3?1gg§_§and 25‘?‘/
72. The mefhoddeterianead6d;hahprsiterrheot elphesgpiiisessusagerebélakyd to
segnent. encodi Hi er lpt ; I3 teHd Bz codonshe 70,
<103 and 135. 7g.ﬁeT'§§R&n‘§¥ﬁ03%%%%%%?%620%2%3%&t %élraéell corrprzi ses a

nucl ei ¢ aci d segwemtedncodienor V REVe0IO8204R4SN-BE4Fe havi ng™he nutBFYon
at codons 230 8?63%@224 ¥-25he Mot 9Feq! Al HAr i BelilorsBhk  in
conprises a nucleic acid_segnent encodihg HN réverse transcriptase hfw ng a
mitation at cosvssepsdbadtysito 75evinapdBehol b -Erkdim eefayRErEm {he-
cel . conprygses clogi |- SRHMRNL (L8608 1G) HRLRBYPESE Lt ANSETIdt

havi ng a I’%Et at Fg%agt a?g(cjo%lZé?%l%Zl o# 238. j;%) Thﬁﬁrret hod of _cl ai m 6 ,e
wherein the ceRpngsepriRBE. a rthe eRIVAOLY 8284 RERV -2AdEdi PROTRY M& efEHI-

transcriptase RaykRGeRcMItAli QM Ali&PdoBs 244 ad | O8plidatiba nefrhodrak
claim 60, wherein the cell conprises a nuclejic acid seggegt.eﬁgoding H%V
reverse transcPEBEESEShRF nGeY ikaPificon afa¥baons, 2#F 99334 H13S: 0]
24 NOV 2004 78nhlhe pmtshad ofamhBe M BQugwlepehdehhe stdhulenipr sef ®iral
nucl ei ¢ aci d segnent encodi ng .

15 replication ig modulated by the presence of the mutations

V245E and I270M. Drug-dependent stimulation of wviral
replication can be completely abrogated by reversion of
mutations V248E, I270M, V276I, R277K, V292I, V2931 and
E297K.
20
EXAMPLE 12

Using Resistance Test Vectors to Correlate Genotypes and
Phenotypes Associated 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




H V reverse transcriptase having a nutation at codons 241, 13]5'# Nﬂ@G?%ﬁd
190. 79. The nethod of claim®60, wherein the cell conprises a nucleic acid
segnent encoding H V reverse transcriptase having a nutation at codons 245,
103 and 135. 80. The nethod of cI ai m 60, %q’iei n the cell conprises a

nucl ei ¢ acid se%ﬁ t _encodi n reverse nscriptase having a nutation

at codon 24S of S%T“e’i*ﬁ@ nﬁP {90t o] ik 6F Bhhans pa He <813 @fRT ses .

a nucl ei ¢ aci df:&agrrerlﬂ efleask ngatbYekever sget @@@SGﬁén‘E a$RsBRVERY Rt ' on
at codons 270, 1 6'1535 and 225. 82. The nethod of claim@®60, whereint

cel | conprisest %ﬁ BT cIEPPd Vd&Gte YECERZo dih GaNerate & sedishnnge pb‘cfa%‘é

havi ng a nut atvestat deédgr:&%@dl RO IEH T ONRYL §1 85 Fpit %Exbo%lﬁ-;tn C@Q@e&m
103, 190, 221 or 238. he met hod of cI ai m_60, wherein the cel

conprises A nuttei & ad I’so SRR ngt P VOeEREmdEey rm%‘ﬁé‘% haRding

a nutation at @mimh:.ﬁdtlvelyomenalem i hsassebeiboni ey eedan ddte1 198
106, 135, 138 or, 190. Jéﬁfe're t hod of cl.aim 60, wherein the cell

conprises a nifttet cr%‘é?‘a"% HEodi Te 1A VISR s &% r ARCH TR ESVHE ng

a nutation at dosgps 2:Bnpi cehbineabets %fhtmmu&aasgasahmna% NkPis
103, 135, 138, 28&0 225.. 85. The net hod cl.aim 60, wherein the

cel | conpri ses'% nuv%ggnggm d s]ead?f'e SR odi ng® F‘Vuldéﬁ?r'se t iR PRt e
havi ng a Wit atzaicitakicenadd0 abacastii) natiNRTIs t (el Atiaiind, adfoetesnd03,
135, or 225 .13  npevirapine), and DPRIs (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
15 drugs tested was examined and compared to known patterns
of susceptibility. A pattern of susceptibility to the
NNRTIs was cobserved for patient RTV-013522 in which there
was a sigificant decrease in efavirenz (>450-fold),
nevirapine (>600-£f01d) and delavirdine {(>250-fold)
20  gsusceptibility and a significant drug-dependent
stimulation of wviral replication 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 seguence was
compared to the consensus sequence of & 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,
Kle6R, 184, 156, 204, 211, 248, 250, 270, 286, 293 and
297 compared to the control sequence.



86. A test vector conprising: (a) a nucleic acid segnent, mhiﬁgégﬁ,stb
conprises a region encoding H V-1 reverse transcriptase conprissi n¢ 2’45%
mutation or nutations at (i) codons 230, 103 and 181, 13l 24 NOvV 2004
(ii) codons 230, 101, 103, 190, 221 and 238; (iii) codon 241 or 135; (iv)
codons 241, 101, 106, 135, 138 and 190; (Mpicodons 245, 98, 135 and 181,
(vi) codons 245, 10l, 103, 135 and 190; (vii) codons 245, 103, 225 and 270;
(viii)codons 245, 135 and 138; (ix) codons 245, 98, 103, 135, 181 and_190;
(x) codons 245ikR 9h5ected) XSFRAR-BURISHEFLE 355 gpFedr SO (KPRFLEBIShe
270, 103 and ke (i i gpentionte 2a0taidoh3;id XhNeAOUPPEC 2 Fhsaagh thidbhi ity )
codon 230, 10 221 or 238 &xvi%c&%gns 241 d 103; (xvii) codons 241, 103
and 135; (xvii'3 %Eﬁ%ﬁ§e593,1¥5 , Sahg ¥ ; (xi x)codons 245, 103 and

| 35; (xx) Toddn pdsispagcer t2rl; ectow odonrsaviong @Bl ¢85thed mimtions:

' present in RTV-010829 except for the I2708 (RTV-
013522/270I) was constructed and tested wusing the
phenotypic assay described earlier. The results were

compared to those determined using the parent RTV-013522.

-

10 We determined the pattern of phenotypic susceptibility to
the NNRTIs, delavirdine, nevirapine and efavirenz, in the
reverted vector RTV-013522/270I. The RTV-013522/270I
.displayed moderate reductions in nevirapine (14-fold) and
efavirenz (8-fold) susceptibility and a significant

15 reduction in delavirdine {40-fold) susceptibility
compared to a wild type control RTV. The RTV-013522/2701
showed no drug-dependent stimulation of viral replicatidn
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 mutation at
12708 is very striking. A resistance test vwector
containing a single wmutation at I2708 (RTV-I2708) was
congtructed 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 RIV-
12708 showed  drug-dependent stimulation of wviral
replication in the presence of nevirapine (~60%),
delavirdine (~60%) and efavirenz (~40%).




(xxii) codon 230 in conbination with a nmutation at codon 101, |03, 190, 221
or 238; (xxiii) codon 241 in conbination with a nutation at ccﬂiérﬂ@p %03
| 06, 135, 138 or 190; (xxiv) codon 245 in conbination with a nutation Q
codon 98, 101, 103, 135, 138, 181, 190 or 225; or (xxv) codon 270 in

conbi nation with a nutation at codon 103, 385, or 225; and (b) an indicator

gene, wherein expression of the indi cagosmmeese1r3n a host cell depends upon
the activity of said reverse transcri ptase. 24 NOV 2004 132 87. The test
vector of C aim 86, wherein said nucleic acid segnent conprises a region
encodi ng Hi V- 1 Sietzer démcaadcmhpagsaeséspn'sedngormbaﬁii-@msth?- codeno1£230,

103 and 18l. s fsd ﬂ(@&; ﬂ@;ﬂl&?ogc r gLl goacid

segnent conprlses a region encodr se transcrlptase conpri si ng
mut ati ons &t codons 230, |01an11@3re11wu;§211 g 3R BEY The test -vector of

C aim 86, whergpasgaid nucleic aci d segnent conprises a region encoding
H V-1 Vreverseoéranscrl tase %\ﬁr‘% a nut t|on at o%gélﬁé 1 orﬁ%ES 90.
The test vector J&f° %‘r% reY‘?‘lc cﬁ& PaFETEei G 98¢ a
regi on encodi ny2&6¥X-, 1 KRTEFYB4BE&1HSW&1$ ptagstoonredi rgrdrutatsiteds an cbdens
241, 101, 106, 5 1 1...Th est_v wh LN
sai d nucl ei c aE n?&b%gﬁt % S esgrl e& E-_ar’ffél ng I%—F%I %gggﬁts WeTe

giron €nco 1 reverse
transcri ptiise complairgidﬁg:omthxw@ndeaErdeedsuﬁdﬁg @8, g5 worll 18| degineiﬁhe

test vector of GLaLip8.e “bELE! vaAdL gﬁge' %@&'%iﬁgﬂﬁﬁéac%@%é

regi on encodi n§ reverse transcriptase conprising tions a ons
24S, 101, 103, 2485 and 188. %té'lt‘relm@it \tdet or pett€ra m 86, V\Phﬁaph}@acd

el e, 2ol SEUIEN SIS OO Ind SYREPEegpgne ana
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 wvector 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 RTV-V245T displayed no

30 reductions in susceptibility to nevirapine, efavirenz or
delavirdine compared tc a wild type control RTV. The
RTV-V245T showed no drug-dependent stimulation of wviral
replication in the presence of nevirapine, efavirenz, or
delavirdine.




94. The test vector of Caim86, wherein said nucleic acid sige
conprises a region encoding H\N-1 reverse transcri ptase conprisi Vnﬂﬁﬂéi ons

at codons 245, 135 and 138. 95. The test vector of Claim 86, wherein said
nucl eic acid segnment conprises a region encoding H V-1 reverse
transcriptase conprising nutations at codo¥®® 245, 98, 103, 135, 181 and
190. 24 NOV 2004 133 96. The test vector of C aim 86, wherein said
nucleic acid sqqrigRt conprises a region encoding H V-1 reverse
"transcriptase Comprising nutations at codons 245 and 103.. 97. The test
vector of O ai A S6eSHPbRBFR A nTRTEPE SEPGd8¢RENt2 c SAFE S S™EF61PBn

encodi ng HI V-1 mewer se (RAIYLIARISAY) aSas ONdhsiAe-Tad atdrs talsteadons 24he
103, 135 and 225. 98. The test vector Qf ¢l aim 86, wherein said. nucleic

aci d segmert cERSHLIPIC r GHTHY eRCEIXATSA VEFTLEGEr seTPPanSEFPpEEseveTe
conpri sing mit ldnsred €£6U0eRsse7BetéPminBd 3Endd JhgetEsdliechierinkd

<l ai m 86, wherein said nucleic acid segnent conpri g a_region encodin
HN-1 reverse t FERFEIRR e “08pr YRFTRF nifati o af"li%do'fgpgisﬁq'anaoiﬁé.lglfoo.

The test vectorimf. O ai nw@6, dbeeehinsdi d thie! eipatarizth segifent phenptiypée a
region encoding HV- 1 reverse {1 anseriRiase cQIpLisiogmut aLi,ons af cadgns
: 10 efavirenz, in RTIV-I135T. The RTV-I135T displayed no
reductions in susceptibility to nevirapine, efavirenz or
delavirdine comparsed to a wild type control RIV. The
RTV-I135T showed no drug-dependent stimulation of wviral
replication in the presence of nevirapine, efavirenz, or

15 delavirdine.

K103N

A resistance test vector containing a single 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 vector that was wild type at positions

103. We determined the pattexrn of phenotypic
sugceptibility to the NNRTIs, delavirdine, nevirapine and
25 efavirenz, in RTV-K103N. The RTV-K103N displayed

reductions in susceptibility to nevirapine (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.



101. The test vector of Claim86, wherein said nucleic acid sg LV
conprises a region encoding H V-1 reverse transcri ptase conpri % aZﬁE%
mut ati on at codon 230, 101, 221 or 238. 102. The test vector of C aim 86,
wherein said nucleic acid segnment conprises a region encoding H V-1 reverse
transcriptase conprising nmutations at coddf4 241 and 103. 103. The test
vector of Claim 86, wherein said nucleic acid segnent conprises a region

encodi ng Hl V- Mscri ptase conprising nutations at codons 241,
103 and 135. . _"' vector of Claim86, wherein said nucleic acid
segment conprilseseaisbghon ERsbdivieytiaRV-Contaaring t FEAsBHEREASBSc oM ng
nutations at codong 24, (AP scl Q8 ARSadRD- w05 olBEcheEaY BRHOE el Al

I'd nucl el

86, wherein sa c acld segnent conprises a region encoding H V-1
reverse transdtigtbhenctypitspagarudaawidest evebirt 248he1 ngsyAgs yere 24

NOV 2004 134 106, Theat et th8ekoadterrliddl 86siMhes ehensdiidany) eidraedd
segment conpri ses?a region encoding H V-1 reverse transcriptase conprising
a mutation at xeslostaace bestovepohor that was wddd F¥PeoRtoPogifiiargeto3

wherein sald ned el £35¢1 d SRATEALLEOHRALACS chel CGalt 2L OGN dlhckyygver se
‘transcriptase conprising nutations at codons 270, ;103, 135 and 225. 108
‘The test vectcfusgeriibi 8oy WheFRenNNBTdSnutrdryizdiidieye JIRHERIRT i a

region enggdi NOedPt defeVer 86 t FARAGHIHHESE NP | S| Mhed MMIAIKIUBNI TISDN
230 in conbination wth a nmutation at codon 10I, ]5331 190, 221 or, 238, 1009.
The test vectciizplayefm BeduGharBen 38 d SHECERE it F SsedfentPTHRPERE a
region encodi ngi 4 Ved1ApYerseatip8ss! | pdESEoT@NPrand ngdalavivding at1zodon
241 in conmbination with a nutation at ,iodon 101, 1%:%, 10% 135, Fb:%? lg,{,v_l_QO.
110. The test Vetdbr compaTa BB, MhWidfn SR FRREHY aBTY - seg

conprises a reg @MNENCOST NNV teyerge Hiagsdepphdemtconplinalagion of
mut at.ion at codon 245 in _conbination with a nutation at c%don 98 %01 103,
135 138 1381 V¥ or rza/_pél_lcatlon in the presence O nevirapihe,

efavirenz, or delavirdine.

I135T + V245E 7
A resistance test vector containing two mutations, I135T

20 and V245E (RTV-I135T/V245E) was constrgcted and tested in
the phenoﬁypic assay described earlier. The results were
compared to those determined using a genetically defined
resistance 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 RTIV. The RTV-

30 I135T/V245E exhibited no drug-dependent stimulation of

viral ©replication in the presence of nevirapine,

efavirenz, or delavirdine.




111. The test vector of Claim86, wherein said nucleic aci ﬂg;q‘wtﬁm@

conprises a region encoding H V-1 reverse transcriptase co

i'sing a

nmut ati on at codon 270 in conbination with a nutati on at codon 103, 135,
225. 112. The test vector of Claim 86, wherein said indicator gene is

luci ferase. .AYQY . AL+v-. Ak .Ay. A . A(v . ABOR\Y . Av . AHu. AkK@. ANv . A
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I135T + V245T - .

A resistance test vector containing two mutations, I135T
and V245T -(RTV—IlBST/V24ST) was constructed and tested in
the phenotypic assay described earlier. The results were
compared to those determined using a geneticallir defined

resistance test vector that was wild type at positions

135 and 245. We determined the pattern of phenotypic
susceptibility to the NNRTIs, delavirdine, nevirapine and
efavirenz, in RTV-I135T/V245T. The RTV-I135T/V245T

displayed minor reductions in susceptibility to
nevirapine (4-fold), efavirenz (2.4-fold) and delavirdine

- {2.5-fold) compared to a wild type control RTV. The RTV-

1135T/V245T exhibited no drug-dependent stimulation of
viral replication in the presence of efavirenz and only
minor stimulation of wviral replication in the presence of

nevirapine (~10%) or delavirdine (~10%).

or
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K103W + T135T + V245E
A resistance test vector containing three mutations,
- K103N, I135T and V245E (RTV-K103N/I1357T/V245E) was
5 constructed and tested in the phenotypic assay described
earlier. The results were compared to those determined
using a genetically defined resistance test vector that
was wild type at positions 103, 135 and 245. We
determined the pattern of phenotypic susceptibility to
10 the NNRTIs, delavirdine, nevirapine and efavirenz, in
RTV-K103N. The . RTV-K103N/I135T/V245E displayed
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 viral replication
in the presence of efavirenz but showed moderate levels
of wviral stimumlation of replication in the presence of
nevirapine (~A15‘%) and delavirdine (~20%).
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K103N + T138T + V2457

A resistance test vector containing three wmutations,

K103N, I135T and V245T {(RTV-K103N/I135T/V245T) was
5 constructed and tested in the phenotypic assay described

earlier. The results were compared to those determined
using a genetically defined resistance test vector that
was wild type at positions 103, 135 and 245. We
determined the pattern of phenotypic susceptibility to

10 the NNRTIs, delavirdine, nevirapine and efavirenz, in
RTV-K103N. The RTV-K103N/I135T/V245T displayed
significant reductions in susceptibility to nevirapine
(594-fold), efavirenz (174-fold) and delavirdine (>250-
fold) compared to a wild type control RTV. The RTV-

15 K103N/I135T/V245T showed 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 DfugeDependent
25 Stimulation of Replication in HIV: Multiple mutations
can modulate both sﬁsceptibility 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 2%-year

period. '~ This patient had been previously treated with
35 two NRTIs (zidovudine and lamivudine) AZT, 3TC (NRTIs),
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and a PRI (indinavir) for a period of approximately 2

vears at the time the first (97-309) and second (98-754)
samples were obtained. The patient began taking a new
anti-viral regimen including an NRTI (stavudine), an

5  NNRTI (nevirapine), and two PRIg (nelfinavir and
saguinavir) at the time the. third sample (98-1032) was
obtained. Additional samples were obtained 4, 5 and 10
weeks later (00-2-011658, 00-2-011655 and 98-1033,
respectively) . The ©patient then stopped taking

10 nevirapine, and additional samples were obtained after
12, 16, 24 and 36 weeks (995-2-008%73, 88-757, 99-2-8980

and 98-1080, respectivély) . The patient then switched

. therapy again  to =zidovudine, lamivudine and indinavir,
and additional samples were obtained after 5 months

15 (AA1264) and 10 months (99-2-006174). Viral 1load
- measurements, patient therapy, and dates of draw are
shown in Figure 14. Following dinitiation of d4T,
nevirapine, nelfinavir and saquinavir, the patient
experienced a transient reduction in wviral load followed

20 by a return to baseline viral 1locad {(~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 viral 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 wviral vector to generate resistance test
vectors designated RTV-3089, RTV-754, RTV-1032, RTV-
011658, RIV-011i659, RTV-1033, RTV-008973, RITV-757, RTV-

3G 008980, RTV1080, RTV1264 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. Thig panel of anti-retroviral

drugs comprised wmembers of the classes known as NRTIs
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zidovudine, lamivudine, stavudine, didanosine,
zalcitabine, and abacavir) NNRTIs (delavirdine, efavirenz
and nevirapine), and PRIs {amprenavir, indinavir,
nel finavir, ritonavir, and saguinavir). An ICS0 was

determined for each resistance test vector pool for each
drug tested. The pattern of susceptibility to all of the
drugs tested was examined and compared to known patterus
of susceptibility. A pattern of susceptibility to the
NNRTIs was observed for patient RTV-1033, RTV-008573,
RTV-757, RTV-008980 and RTV-1080 in which there were
reductions in nevirapine (>600-fold), delavirdine {(from 3
to 18-fold) and efavirenz (from 16 to 300 fold)
susceptibility. Furthermore, RTV-1033, RTV-008973, RTV-
757, RTV-008980 and RTV-1080 showed drug-dependent
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
suséeptibility and the percent stimulation of wviral

replication for each RTV is shown in Figure l4a.

Determination of genotype of patient HIV samples

RTV-309, RTV-754, RTV-1032, RTV-011658, RTV-011l659, RTV-
1033, RTV-008973, RTV-757, RTV-008980, RTV1080, RIV1264 ‘
and RTV-006174 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, NM). The

. genotype was examined for sequences that are different

from the control sequence. Mutations were observed at
the positione listed in Figure 14Db.
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15 type control RTV. The RTV-1033-3/106V showed no drug-

dependent stimulation of +wviral replication in the
presence of delavirdine but showed low levels of drug-
dependent stimulation of wviral replication in the

presence of efavirenz (~20%) and nevirapine (~40%).
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efavirenz (~100%) and nevirapine (~120%).

V106A and F227L .
A resistance test vector containing all of the mutations - - -
20 present in RTV-1033-3 except for V1062 and F227L (RTV-
1033-3/106V/227F) was constructed and tested using the
phexiotypic 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 NNRTIs, delavirdine, nevirapine and efavirenz, in the
reverted wvector, RIV-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%).
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(~40%) .
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V1063, ¥227I. and T2862A

A resistance test vector containing all of the mutations
present in RTV-1033-3 except for V106A, F227L and T286A
(RTV-1033-3/106V/227F/286T) 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 the NNRTIs, delavirdine, nevirapine and
efavirenz, in the reverted vector, RIV-1033-
3/106V/227F/286T. The RTV-1033-3/106V/227F/286T
displayed moderate reductions in nevirapine (6-fold),
efavirenz - (5-fo0l1d) and - delavirdine (3-fold)
susceptibility compared to a wild type control RTV. The
RTV-1033-3/106V/227F/286T showed drug-dependent
stimulation of wviral replication in the presence of
delavirdine (~60%), efavirenz (~50%) and nevirapine
(~70%) .
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displayed significant reductions in nevirapine (=600~
7.fold), aefavirenz {85-fold) and delavirdine {(7-fold)
susceptibility compared to a wild type control RTV. The
15 RTV-1033-3/2831L/284R/286T showed drug-dependent

stimulation of wviral replication in the presence of

delavirdine (~40%), efavirenz {(~30%) and nevirapine
(~80%) .
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stimulation of viral replication in the presence of

delavirdine, efavirenz or nevirapine.
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RTV-1033-3/181C showed no drug-dependent stimulation of

15 +wviral zreplication 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 RIV-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
those determined using the parent RTIV-1033-3. We

25 determined the pattern of phenotypic susceptibility to
the NNRTIsz, delavirdine, nevirapine and efavirenz, in the
mutated wvector, RTV-1033-3/184V.' The RTV-1033-3/184V
displayed a significant 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%).
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characteristic of the RTV-1033 pool. The RTV-309-3 had
the following . mutations present in the revere
transcriptase: V35I, D67N, TeSD, KX70R, L109I, M184V,
15 v1ig89L, T200A, I202T, H208Y, R211K, T215F, D218E, K213Q,
H221Y, L228H, L2831, 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 nevirapine (3-fold) and no. drué-—
20 dependent stimulation of wviral replication in the
presence of NNRTIs.
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the NMRTIs, delavirdine, nevirapine and efavirenz, in the
reverted vector, RTV-309-3/184M. The RTV-309-3/184M
10 displayed a moderate reduction in delavirdine (4-fold),
efavirenz (5-fold) and nevirapine ($-fold) susceptibility
compared to a wild type control RTV. The RTV-309-3/184M
B  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 vwvectors, host

cells and compositions for isolation and identification
20 of the non-nu.cleoside 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.
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5. The method of claim 4, wherein the mutated codon 101 encodes a glutamic acid (E), the
mutated codon 103 encodes an asparagine (N), the mutated codon 181 encodes a
cysteine (C), the mutated codon 190 encodes a serine (S), the mutated codon 221 encodes

a tyrosine (Y), or the mutated codon 238 encodes a threonine (T).

6. The method of claim 0, further comprising evaiuating whether the biological sample of
the HIV-infected patient comprises nucleic acid encoding HIV reverse transcriptase
having a mutation at one or more of codon 103 or codon 190, wherein the presence of
such a mutation in combination with a mutation at codon 230 correlates with a decrease

in NNRTI susceptibility and with drug-dependant stimulation of viral replication.

7. The method of claim 6, wherein the mutated codon 103 encodes an asparagine (N) and

the mutated codon 190 encodes a serine (S).
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nucleic acid encoding HIV reverse transcriptase, wherein the presence of such a mutation

correlates with a decrease in NNRTI susceptibility or with a drug-dependant stimulation

of viral replication.

15. The method of claim 14, further comprising evaluating whether the biological sample of
the HIV-infected patient comprises nucleic acid encoding HIV reverse {ranscriptase
having a mutation at one or more of codon 103 or codon 135, wherein the presence of
such a mutation in combination with a mutation at codon 241 correlates with a decrease

in NNRTI susceptibility or with a drug-dependent stimulation of viral replication.
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16.  The method of claim 14, further comprising evaluating whether the biological sample of

the HIV-infected patient comprises nucleic acid encoding HIV reverse transcriptase
having a mutation at one or more of codon 101, codon 106, codon 135, codon 138 or
codon 190, wherein the presence of such a mutation in combination with a mutation at
codon 241 correlates with a decrease in NNRTT susceptibility or with a drug-dependent

stimulation of viral replication.
17.  The method of claim 14, wherein the mutated codon 241 encodes a serine (S).
18, The method of claim 14, wherein the mutated codon 241 encodes an isoleucine (I).

19.  The method of claim 15, wherein the mutated codon 103 encodes an asparagine (N) and

the mutated codon 135 encodes a threonine (T).

20.  The method of claim 16, wherein the mutated codon 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 (A) and/or the mutated codon

190 encodes an alanine (A).

21.  The method of claim 14, wherein the presence of such a mutation correlates with a

decrease in NNRTI susceptibility and drug-dependant stimulation of viral replication.

22.  The method of claim 14, whercin the HIV-infected patient is being treated with an

antiretroviral agent,

23.  The method of claim 14, wherein the presence of the mutation is detected by determining

a nucleic acid sequence encoding the mutation.

24.  The method of claim 14, wherein the HIV-infected patient is undergoing or has

‘undergone prior treatment with an NNRTI or other antiretroviral agent.



1* & ()-g2QLel P|[:vU410 @ >HP#10%*& () -* @ VHP#10%#&' () -* THP#10%& () -

[ HP#1094&' ()-* P#10%#& ()-* P#10%#& ()-*P,-./;)vU410 - THO+10%& ()-0

HO+10%+& ()-0 9+10%& ()-0 4<% 10%& ()-v10#10#10# 24 NOV 2004

TPCO#10%#& ()-\1 OPQR| [ NA41010+10+10+ b&@ﬂow&' ()-0 QF9+10%& ()-04

(10% (Y& (): gy dgﬁi'ﬁia@?%‘*h&b“??“ﬁfm €0 ?Wi‘%%“&dew&o O 10 & ()-C
V& . . ; .

@$10% & Pipdergens @@n&pym&%mﬁwq odor 24 Hes deferomgedce: () - 4

i 10y o Bt Bthigfibd coR Ak @*%551‘3@5%&?? *9?6&'?%%'3#?@&-&% 5)
1vU410 @mmwmemp@w%{ & ()- 10g10q)10q @" #109g& ()-: TP'#10%& ()-: @
109% & () - 14>6u|[: vU410 @\ (10% (f& ()-, @ bH3Lp#10% & ()- 3Lp#10% & () -

@i 10%& ()-@ @plo% & ()- @O%& ()- !-|obUilo
@ #1084 & The mEMSETOMIN{ Q)Xo Herti thd ORMK NSs Ak lavirdiaE)fhORY, Béhdvirapine.
TH (10% (& () -,  xH (10%K(X& ()-, -|[:bUA10 @ Py#10% & ()- =H G 10% & ()-

H G 10%( m&' ()- $\ G 10% & ()- H 1098($& ()- q"10% & ()- | obU410
@$1997) Z& ththyd 6f d9€sbiig t@ effectiveness of a non nucleoside reverse transcriptase

inhibitor (“NNRTT”) on an HIV-infected patient comprising detecting, in a biological
sample of the HIV-infected patient, the presence of a mutation at codon 245 and a
mutation at

(@) codon(s) 98, 135, and/or 181;

(b) codon(s) 101, 103, 135, and/or 190;

(¢)  codon(s) 103, 225, and/or 270;

(d)  codon(s) 135 and/or 138;

(e) codon(s) 98, 103, 135, 181 and/or 190; or

@ codon(s) 103, 135 and/or 225;

of the nucleic acid encoding HIV reverse transcriptase, wherein the presence of such
mutations correlates with a decrease in NNRTI susceptibility or with a drug-dependant

stimulation of viral replication.

28.  The method of claim 27, wherein the presence of a mutation at codon(s) 98, 135, and/or

181 is detected.

29, The method of claim 27, wherein the presence of a mutation at codon(s) 101, 103, 135,
and/or 190 is detected.

30.  The method of claim 27, wherein the presence of a mutation at codon(s) 103, 225, and/or
270 is detected.

31.  The method of claim 27, wherein the presence of a mutation at codon(s) 135 and/or 138

is detected.
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37.  The method of claim 27, wherein the mutated codon 245 encodes a methionine (M)

38, The method of claim 27, wherein the mutated codon 98 encodes a glycine (G), the
mutated codon 135 encodes a threonine (T), and/or the mutated codon 181 encodes a

cysteine (C).

39.  The method of claim 27, 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), and/or the mutated codon 190 encodes an alanine (A).

40, The method of claim 27, wherein the mutated codon 103 encodes an asparagine {N), the
mutated codon 225 encodes a histidine (H), and/or the mutated codon 270 encodes an
methionine (M).

41.  The method of claim 27, wherein the mutated codon 135 encodes a threonine (T), and/or

the mutated codon 138 encodes an glycine (G).

42, The method of claim 27, wherein the mutated codon 98 encodes a glutamic acid (E), the

mutated codon 103 encodes an asparagine (N), the mutated codon 135 encodes a
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45.  The method of claim 27, wherein the HIV-infected patient is being treated with an

antiretroviral agent.

46. The method of claim 27, wherein the presence of the mutations is detected by

determining a nucleic acid sequence encoding the mutations.

47.  The method of claim 27, wherein the HIV-infected patient is undergoing or has

undergone prior treatment with an NNRTI or other antiretroviral agent.

48.  The method of claim 47, wherein the HIV-infected patient is undergoing or has
undergone NNRTT therapy and the presence of a mutation at codon 245 is determined

relative to reverse transcriptase codon 245 present in the HIV-infected patient prior to
NNRTI therapy.

49, The method of claim 27, wherein the NNRTI is delavirdine, efavirenz or nevirapine.

50. A method of assessing the effectiveness of a non nucleoside reverse transcriptase
inhibitor (“NNRTI”) on an HIV-infected patient comprising detecting, in a biological
sample of the HIV-infected patient, the presence of a mutation at codon 270, wherein the

- presence of such a mutation or mutations correlates with a decrease in NNRTI

susceplibility or with a drug-dependant stimulation of viral replication.



Q(10% & ()-9)-! @(10%& ()-g)vU4l0 (10%#p& ()- @, 109 & ()-

@##10% & ()-=10) H10) ) 10) @ #/10% & () - LH@ (1099 & ()-9g)]s|[:vual0
@#-109 & ()-@ @10 & ()-@D pH( 109 & ()- < jH(10% & () 24 NOMROGR6-) ~& () -
+H(10%.) L& () -"| obW10 @$v10% ~# & (326 10<)<10<)<10<) <@ [ H3- #10%) <& () -

3- #189/C) Cghd hmﬂ%dnﬁ&ﬁﬁﬁ@%ﬁy&eﬂ&omﬂmﬁ{ﬁl&mlﬁ whethér ﬁ%ﬂo@o@dﬁmﬁ 1Qyee () -
TH3#&10% & () - " @ @H3#&10% q! H3#&109 ' & (

3#&100%7" &the @E@d@#}ﬂl@%ﬁ@&m@l@qm &nc(o)hrxg I@\Mm@e&e (Cl)anscnptase
a3y 18@3‘@9? % HABAOR ob 0% oA shdonoiac 3. 57 205 wencip e praseieof el 10

@I ) 10%) & futdtddh)is bomhBHAEsH w)vrth 3|1ﬂtﬂt&%n?at (chden/¥ Y0 okelitesSwith a ddrdd0 ¥ & () -/
NNRTI susceptibility or with a drug-dependent stimulation of viral replication.

52.  The method of claim 50, wherein the mutated codon 270 encodes a serine (S).

53.  The method of claim 52, wherein the mutated codon 103 encodes an asparagine (N), the
mutated codon 135 encodes a threonine (T), and/or the mutated codon 225 encodes a
histidine (H).

54, The method of claim 50, wherein the presence of such a mutation correlates with a

decrease in NNRTT susceptibility and drug-dependant stimulation of viral replication

55.  The method of claim 50, wherein the HIV-infected patient is being treated with an

antiretroviral agent.

56.  The method of claim 50, wherein the presence of the mutation is detected by determining

a nucleic acid sequence encoding the mutation.

57.  The method of claim 50, wherein the HIV-infected patient is undergoing or has

undergone prior treatment with an NNRTI or other antiretroviral agent.

58.  The method of claim 57, wherein the HIV-infected patient is undergoing or has
undergone NNRTI therapy and the presence of a mutation at codon 245 is determined
relative to reverse transcriptase codon 245 present in the HIV-infected patient prior to
NNRTI therapy.

59. The method of claim 50, wherein the NNRTI is delavirdine, efavirenz or nevirapine.
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activity of the HIV reverse transcriptase;

(b}  measuring the amount of expressioh of the indicator gene in the cell from step (a);
and

(c) comparing the amount of expression of the indicator gene as measured in step (b)
with an amount of expression of the indicator gene by performing steps (a), (b),

| and (c) in the absence of the candidate compound, wherein the difference between

the amount of expression of the indicator gene measured in step (b) and the
amount of expression measured in step (c) correlates with the effectiveness of the
candidate HIV antiretroviral compound, thereby assessing the effectiveness of the

candidate HIV antiretroviral compound.

The method of claim 60, wherein the cell comprises a nucleic acid segment encoding

HIV reverse transcriptase having a mutation at codons 230, 103 and 181.

The method of claim 60, wherein the cell comprises a nucleic acid se gment encoding

HIV reverse transcriptase having a mutation at codons 230, 101, 103, 190, 221 and 238.

The method of claim 60, wherein the cell comprises a nucleic acid segment encoding

HIV reverse transcriptase having a mutation at codon 241 or 135.

The method of claim 60, wherein the cell comprises a nucleic acid segment encoding

HIV reverse transcriptase having a mutation at codons 241, 101, 106, 135, 138 and 190.

The method of claim 60, wherein the cell comprises a nucleic acid segment encoding

HIV reverse transcriptase having a mutation at codons 245, 98, 135 and 181.

The method of claim 60, wherein the cell comprises a nucleic acid segment encoding

HIV reverse transcriptase having a mutation at codons 245, 101, 103, 135 and 190,
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83.  The method of claim 60, wherein the cell comprises a nucleic acid segment encoding
HIV reverse transcriptase having a mutation at codon 241 in combination with a mutation

at codon 101, 103, 106, 135, 138 or 190.

84.  The method of claim 60, wherein the cell comprises a nucleic acid segment encoding
HIV reverse transcriptase having a mutation at codon 245 in combination with a mutation
at codon 98, 101, 103, 135, 138, 181, 190 or 225.

85.  The method of claim 60, wherein the cell comprises a nucleic acid segment encoding

HIV reverse transcriptase having a mutation at codon 270 in combination with a mutation
at codon 103, 135, or 225.

86. A test vector comprising:

(a) a nucleic acid segment, which segment comprises a region encoding HIV-1
reverse transcriptase comprising a mutation or mutations at

(i) codons 230, 103 and 181;
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(xiv)codons 230 and 181;
(xv) codon 230, 101, 221 or 238;
(xvi)codons 241 and 103;
(xvil) codons 241, 103 and 135;
(xviii) codons 241, 101, 106 and 190;
(xix)codons 245, 103 and 135;
(xx) codon 245, 225 or 270,
(xxi)codons 270, 103, 135 and 225;

(xxii) codon 230 in combination with a mutation at codon 101, 103, 190, 221
or 238;

(xxiii) codon 241 in combination with a mutation at codon 101, 103, 106, 135
138 or 190;

(xxiv) codon 245 in combination with & mutation at codon 98, 101, 103, 135,
138, 181, 190 or 225; or

(xxv) codon 270 in combination with a mutation at codon 103, 135, or 225;

?

and

(b) an indicator gene, wherein expression of the indicator gene in a host cell depends

upon the activity of said reverse transcriptase.
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encoding HIV-1 reverse transcriptase comprising mutations at codons 245, 101, 103, 135
and 190,

93.  The test vector of Claim 86, wherein said nucleic acid segment comprises a region

encoding HIV-1 reverse transcriptase comprising mutations at codons 245, 103, 225 and
270.

94.  The test vector of Claim 86, wherein said nucleic acid segment comprises a region

encoding HIV-1 reverse transcriptase comprising mutations at codons 245, 135 and 138.

- 95, The test vector of Claim 86, wherein said nucleic acid segment comprises a region

encoding HIV-1 reverse transcriptase comprising mutations at codons 245, 98, 103, 135,
181 and 190.
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encoding HIV-1 reverse transcriptase comprising mutations at codons 245 and 103.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region
encoding HIV-1 reverse transcriptase comprising mutations at codons 245, 103, 135 and
225.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region

encoding HIV-1 reverse transcriptase comprising mutations at codons 270, 103 and 135.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region

encoding HIV-1 reverse transcriptase comprising mutations at codons 230 and 103.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region

encoding HIV-1 reverse transcriptase comprising mutations at codons 230 and 181.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region
encoding HIV-1 reverse transcriptase comprising a mutation at codon 230, 101, 221 or
238.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region

encoding HIV-1 reverse transcriptase comprising mutations at codons 241 and 103.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region

encoding HIV-1 reverse transcriptase comprising mutations at codons 241, 103 and 135.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region

encoding HIV-1 reverse transcriptase comprising mutations at codons 241, 101, 106 and
190.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region

encoding HIV-1 reverse transcriptase comprising mutations at codons 245, 103 and 135.
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The test vector of Claim 86, wherein said nucleic acid segment comprises a region

encoding HIV-1 reverse transcriptase comprising a mutation at codon 245, 225 or 270.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region
encoding HIV-1 reverse transcriptase comprising mutations at codons 270, 103, 135 and
225.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region
encoding HIV-1 reverse transcriptaée comprising a mutation at codon 230 in combination
with a mutation at codon 101, 103, 190, 221 or 238.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region
encoding HIV-1 reverse transcriptase comprising a mutation at codon 241 in combination

with a mutation at codon 101, 103, 106, 135, 138 or 190.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region

encoding HIV-1 reverse transcriptase comprising a mutation at codon 245 in combination
with a mutation at codon 98, 101, 103, 135, 138, 181, 190 or 225.

The test vector of Claim 86, wherein said nucleic acid segment comprises a region
encoding HIV-1 reverse transcriptase comprising a mutation at codon 270 in combination

with a mutation at codon 103, 135, or 225.

The test vector of Claim 86, wherein said indicator gene is luciferase.



