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1
POLYMERASE CHAIN REACTION ASSAYS
FOR MONITORING ANTIVIRAL THERAPY
AND MAKING THERAPEUTIC DECISIONS
IN THE TREATMENT OF ACQUIRED
IMMUNODEFICIENCY SYNDROME

‘This application is a contivustion application of U.S, Ser.
No, 09/399,082, filed Sep. 17, 1999, now abandoned, which
is 2 vontinuation applicatios of VS, Ser. No. 08/470,855,
filed Jup. 8, 1895, now U.S. Par. No. 5,968,730, which is a
divisional applieation of U.S, Ser, No. 07/883,327 Sled May
14, 1992, vow abandoned, alt of which arc incorporaled
herein by reference in their entircty.

This invention was made with Government support
under contracts AI2F162-04 and AI27766-07 awarded by the
Natiooal Jostitutes of Health, The Government bas certain
rights in this invention, ’

INTRODUCTION

The preseat jnvention relates to wethods of swonitoring,
via polymerase clfn reaction, the clinical progression of
boman i teficicacy virus inf and jts resy to
antiretioviral therapy, Accordiog 1o the investion, poly-
merase chain reaction assays roay be used fo predict immu-
oological decline apd to identify, at an coily stage, patienls
whose ipfection bas become resistant to 3 particular antircl-
rovinal dmg regimen.

BACKGROUND OF THE INVENTION

Human {mmunodeficicncy virus (V) isolated from
paticots treated with zidovwdine (AZT) may demonstrate
markedly reduced in vio susceptidility to AZT (Larder e1
al, 1989, Scicnee 243:1731-1734; Rooke eral., 1989, AIDS
3:411-415; Land et 3, 1990, J. Infect, Dis. 161:326-329;
Bouchier et al, 1990, Lavcet 336:585-590; Japovr ¢f al,
1991, Proc, Natl Acad. Sci. 88:3092-96; Tudos-Williams el
al,, 1992, Lancet 339:15-19). This reduced susceptibility
bas been selated to the duration of therapy withh AZT and thie
severity of HIV disease al the thne AZT thetapy is begua
(Ricbman et 3L, 1990, 1. AIDS 3:743~756), Nucleotide
sequeace analysis of AZT-resistant HIV strains bas revedled
a number of mulations o the reverse iranscriptase (RT) geoe
assecisted with decreased AZT suscoplibilily (Larder et al.,
1989, Scicuce 246:1155-1158; Larder ¢ al., 1991, AIDS
5:137-144; Kellaw et ai., 1992, Proc, Natl, Acad: Sci, USA
89:1934~1938; St. Clair e afi, 1993, Scicace
253:1557-1559; Richman el al, 1991, ). Isfect. Dis.
164:1075~-1081). Molecular cloning e pesi bave con-
firmed that these mutations ip the RT gene confer AZT
resistapee (Larder ot 3., 1989, Science 246:1155-1158;
Larder et al,, 1991, AIDS 5:3137-14%; Kellam el al., 1992,
Proc. Natl. Acad; Sci. USA 89:1934-1938; 8t. Clair ¢t al,
1991, Scicnee 253:3557~1559). Of these mutations the oge
at codon 215 tesuliivg in 2 siogle amiso acid substitution
{Thr—Tyr or Pbe) bas beea shown to be the mosl Comon
mutation and 10 bave the greatesi impact o0 o vitio sus-
ceplibility to AZT (Larder ot al., 1991, AIDS 5:137-144;
Ricbman ¢ 3, 1991, 1. Infect. Dis. 164:3 075-1081;
Boucher ¢t al,, 1992, 3, Jof. Dis. 165:105-110).

Several studics bave addressed 1he sclationship beiween
in vitto AZT resistance, mutations in e RT gepe and
clinical discase, Richwan and coworkers studicd 32 patients
with different stages of HIV disease and demonstrated thst
the development of in vitro AZT resistance was related o e
duration of therapy with AZT and 10 1he severily of discase
al the time AZT was begun (Richman cf al, 1990, 1. AIDS

: 2:
3:743-746). Doucher mnd coworkess smdied HIV P24
aptigenemic paticots treated ‘with AZT for 2 years. They
observed that st 6 montbs, scven paticots wilh 2 mutatien af

" codon 215 had 3 weak, non-statistically significany 1rcnd

5

23

a

0

4s

* exbibits 20 increase io_plasma HIV

0

L

65

toward lower CD4 comnls compared 10 nine patients who
were wild type at codon 215 (Boucher o al, 1990, Lancet
336:585-500), Alter 2 years searly all patenis bad the
mutatiop. Tudor- Willisms and coworkers studicd HIV iso-
lates frem 19 symplomatic childien treated with AZT for
539 months and showed that in vitro AZT resislance was
associzied with poor clinical outcome {Tudor-Williams ot
al,, 1992, Lancet 339:15-19). However, adult studies bave
not shown a precisc cormelation between the, development of
in vitro sesistance 20 progression of HIV discase.

SUMMARY OF THE INVENTION

The prescnt invention 1elates 1o methods of mositoring,
vis polymerase chain reaction {PCR), 1be clinical progres.
sion of human immunodeficiccy virus (HIV) infection ang
iis response to antiviral therapy. 1t is based, in pad; on the
discovery that phaama HIV RNA copy numbcy, as measured
using- PCR, may be used as a2 seasilive marker of the
circulating HIV viral load 1o assess the therapeutic effect of
anliretroviral compounds. fn working cxamples described
berein, 30 increase in plasma HIV RNA copy pumber was
found to comelate with disease progeession, and successhl
antiretroviral therapy was foved 16 coelate with 2 decline
in plasma BIV RNA copy number.

The iovention is also based, in pan, on the discovery that
genetic chonges in HIV which confer resistance 1o antiret
roviral therapy may be rapidly determined disectly from
patient periphesal blood clear celis (PBMC) andfor
plasna HIV RNA using 1 “pested”
working examples disclosed berein, a mutatioo st codon 235
of -HIV reverse tanseriptase (RT) was found 1o occur ip
AZT-reated patients which correlsted witly refractoripess 1o
AZT uestisent. The mutslion was fovnd in plasma HIV
RNAonc to eight months before it was deteclable ip PRMC,
The development of the condon 215 mutstion {n HIV RT
was found to be a barbisger of immunological declipe,
which oceurred beween six aod twelve wontbs after the
wutation was defeclable. in plasma HIV RNA,

In pacticular cmbodiments of the invention, PCR assay
may be used 1o monitor the clinica) progression of HIV
infection ip paticois receiving anfiretioviral therapy. An
increase in plasma HIV copy gumber detectsd by such ap
assay would correlate with refracioripess 1o trealment. 1f a
patient beiog freated with aw anliretroviral therapeutic agent
RNA copy oumber,; 2
physician sbould coosider altering the patients teatment
regimen. 1 sbould be noted that 1hie preseat ipveation offers
the advantage of being more scasitive in measwing HIvV
vires thian standard metbods which plasma p24

igen or jof fious virus d ble by cullise techaiques,

1o further eopbodiments of the inveotion, PCR assay way
be used fo detect mulations at codon 215 of HIV RT which
conrelaic with resistanee to antireiroviral therapy and which
precede immunologic dectine by 612 months, Once maia.
1ion at codon 215 bas been detected i 2 patiest wodergoing
aotirciroviral therapy, an slieration in the therapouiic regi-
men wust be considered. The speed at which 3 modificd
regimen should be instinsted may depend on whetber the
mubtion s preseat iy plasma HIV RNA o1 PBMC, If 1he
mulation is present jo' PBMC, o rapid altezation jo therapy
way be warranied.

in patients sulfering Bom HIV ‘infeciion,
infections arising as 2 result of a

PCR procedure, |

opponupistic
commomised iomunce
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3 .
syslem can be rapidly fatal. Jt is thurefore extremely Smpor-
1ot to strive fo avoid delzrioration of the immuse system jo
thess p B the p i bles the
carly prediction of i logical decline, it allows alter-
ation of a patient's therapeutic rogimen 5o as lo avoid
opportusistic infections, and therefore may be vsed fo pro-
mole survival and improve sbe quality of Jife of HIV.
infected paticots. . :

DESCRIFTION OF THE FIGURES

F1G. 1. Human immunodcﬁcicm:); virss RNA copy oum-
ber in 200 a4 of plasma Fom 72 subjects as di ined by

hon

3

1o

4

desireable 10 avoid using beparin 25 an anticoagulant of
paticot blood samples: If berapin has been used in 2 sample,
the sample may be purificd of heparin, for example, by

31, 1, 2 virus by 14, if 8 1,

5.3 PCR Assay of Plasra BIV RNA

According o the invention, it is desizeable lo avoid
degradation of RNA in plasma saroples prior o measure-
ment of HIY RNA copy number. Therefore, jo preferted
cmbodiments of the’ invention, guanidisium is added o
plasma’or serum samples prior lo storage at 3 concentration
of aboul 2.5M and sawples are kept frozen al =70° C., with
00 samples stored for longer than sbout 3 months, Serum

cDNA geoe amplification. O 39 paticnts who were pot
currcally yecoiving antirctroviral therapy, 20 bad 2 CD4
count <200/mm”® (HIV copy sumber 1,3692707) and 19 bad
3 CD4 count >200/mw’ (HIV copy nurober 44210), Of 33
subjects who were cureatly on AZT, 14 bad a CD¥ count
<200/mey® (HIV copy vumber 29545) and 19 bhad 2 CD4
count. >200/mm® (HIV copy number 1625). Mean copy
number {open cireles) of, subjects not oo therapy was
6902360 as compared to 1342219 for paticals curveatly op
AZT (P<0.05, independent sample t test).

F1G. 2. Human fumunodeficicncy virss RNA copy num-
ber in plason from 27 subjects before (pre) and 1 mo afier
(post) dideoxyoncicoside thermpy, (O) AZT: (®) AZT+adl;
and (A) ddI alone. Mean copy number decreased from
540:175 to 77235 after therapy (P<0.05 paired tlest).

F1G. 3. Hutman immupodeficiency virus RNA copy pum-
ber in plasma from 9 subjects with two jes oblained
before fnitiation of therapy (pre 1 and pre 2) and two
samples oblained ) and 2 mo aficr commencing therapy
{post 1 and pest 2). {A) adl alone; (@) dof+AZT.

FIG. 4. Scrial CD4 counts fo PBMC (celis/al) of 17
paticnts in which HIV reverse transcriplase carried 2 muta-
tion at codon 215 (lop) and of 21 palients in which HIV
1everse Iranscriptase was wild type at codon 215 (botioas).

F1G. 5. CD4 cell counts in PBMC from seriat lime poinis
in 37 paticots, O=wild 1ype < in serum specimen,
®=mulaol scquence in serum, Tewild lype scquence in
PBMC, F=mutant scqueoce ip PBMC; At 16 paticats mutant
al-codon 215 in both scrum HIY RNA and PBMC (provisal
DNA}, B: 10 patients mutant ot codon 215 in serum HIV
RNA bul wild type in their PBMC. C: 11 patients whom
remained wild type at codon 215 in their sermm HIV RNA
and PBMC. :

FIG. §. Relationship of PEMC 1o serum
38 patients at study codpoint,

F1G. 7. Nucleotide sequeoces of SK38, SK39, 20d SK19
{SEQ 1D NOS: 6-8).

DETAILED DESCRIPTION OF THE
INVENTION

The present jovention selates to mcibods of mositoriog,
via PCR, the clinical progression of HIV infecfion is
paticots recciving aotirctroviral 1berapy, For puiposes of
clarity and pot by way of liwitation, the delafled deseription
of the invention is divided into the following subscctions:

(3} PCR assay of plasma HIV RNA;

(i) PCR assay of peripberal blood mosonuclear cells;

(1) PCR assay for mutation at codon 215 of HIV reverse
isanscripiase; agd

{iv) wility of the ivention.

It should be poted that heparin appears 1o have an inhibi.
tory ollcct on gone sroplification via PCR. It is ibercfore

genotypes in the

may be used interchangeably with plasma according to the
iovention,
RNA may be extracied from plasma usiog stzadord
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techniques, such as those set forth in Chomezynski and ©

Sacchi, 1987, Aon. Biochem. 162:156-159. For exarmple,
200 g of chrificd phsma 1o which 200 #hof SM gusni-
dinjum thiocyanste had previously been added may be
extracted with phenolichioroform and precipitated with iso-
propanal. The resulting pelict may theo be washed in 75
pereent ethanol, dried, and brought wp into sohution in
dicthylpyrocarbonate-treated glass distilled waler.

From plsma RNA, HIV RNA may be wanscribed to
¢DNA using a suitable reverse transcriptase (for example,
Moloney mwrine leukemia virus reverse uanseriplase) usiog
standard techiques, such as for example, those set forth jn
Kawasaki, 1990, in "PCR Protocols: A Guide to Metbods
and Applications,” lapis et al., eds., Acsdemic Press,
Berkeley, Calif. pp. 21-27. Any sujtable primer for ampli-
ficalion of HIV penomic RNA seguences may be wsed,
inclading, but sot limitsd to, the oligomers SK38, SK39, and
SK19 (FIG. 7) deseribed in Kellog <t al,, 1999, in “PCR
Protocols: A Guide To Mclbods apd Applications,” Inais ct
al,, ¢is,, Academic Press, Berkeley, Calif. pp. 337-347. Ju
aprefersed cwbodiment of the invention, HIV cDNA maybe
amplificd a5 follows: 1o a 100 41 reaction mixiure, tcDNA
prepased as described supra may be added, togetber witk 50
prool of primers SK38 snd $K39,-10 1M of cach dNTPR, 10
oM Tris (pH 8.3), 2.5mM MgCL, 50 mM XCl, a0d 2.5 U
of RECOMBITAQ DNA polymerase. (Perkin-Etmer Ceius,
Norwalk, Conn.). The mixtare ay then bo overhaid with 50
#1 of mincral oil, apd wbes coplaivivg the reaction may be
placed in a DNA thermal cycler (.. Peskin-Elwer Cerus)
for about 30 cycles of amplifcation with the following
program: 93° C/30 secouds, 55° C/30 seconds, and 72°
C.J60 seconds for denaturation, annealing, and exiension,
respectively. Negative and positive controls which inchide
both high and Jow copy numbes HIV RNA 30d DNA may be
added 31 each siep,

JLis fmportant thal the number of cycles oot exceed 35,
a4 preferably, ‘only about 30 cycks of awmplificalion arc

- used in the PCR. Using 2 greater number of cycles may

detract from the seusivity of ibe assay.

The copy number of HIV RNA may then be measered by
metbods known to the skifled artissn. For exsmple, the
mumber of copies of 1V RNA jo 2 paticnt sample may be
quanlizted by hybridiziog the product of the sbove PCR with
2 detectably Jsbeled probe ihat s complementary o HIV
sequence. The amount of signal geoerated by probe Bybrid-
ized to PCR product may theo be compared 1o the amount
of signal geoerated by probe bybridized Io 2 known copy
aumber of HIV. Probe may be detectably hbckd by an
cczyme, a radioisotope, u Juorescent compouwd, a chro-
mogenic compound, or avy olber deicctably labeled cown-
povud.
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In a preferred, voplimiting embodiment of the jnvention,
at Ieasi one of the PCR primers may be biolinylated, probe
may be labeled with horseradish peroxidase (HRP), and
copy number may be evalvated by an enzyme-linked afboity
assay s foll 96-well mi (Maxisorp; Nunc,
Naperville, HL) may be coated with 100 24 of 2 0.1 mg/m]
sobution of avidin (Sigma Chomical Co., St Lowis, Mo.) in

A 50 mM Na,CO, (pH 9.6) overnight al-room temperature,

Welis may then be washed trice with PBS, and then filed
with 300 24 of a blocking solution containing SX Deobardi’s
solution, 1% gelatin (Sigma), 250 plfm] sheared, borring
sperm DNA (Promega Biolee, Madison, Wis)) at least over-
wight 2t 4° C, Immediately beforo use, the blocking solution
may be aspirated from ¢ach well and 5 pl of PCR product
preparcd as described supra (usipg af least one biotinylated
primer) may be added to cach well fogether with 65 4 of a
bybridization solution ining 5X salioe sodivro phos-
phaie EDTA, Sx Desbardt’s solution; and 1 pmol of HRP-
labeled SK19 HIV gag-specific probe. Becanse HI'V primer
was bivlinylted, HIV amplificd scquences should selec-
lively adhere to the avidin-coated wells, so thal a capture and
hybridization reaciion may be caricd out for ) hour at 42°
C. Each well may then be wasbed about 20 times with PBS
containing 0.05% Tweer-207 (polyoxyethylenc sotbitan

"
o

P
Py

mosolavrcale), for example, usiog 2 Blomek™ 1000 Avto- 25

mated Workslation (Beckosan Instrumsents, foc., Palo Alto,
Calif). The HIRP subsiratc O-phenylencdiamine (Sigma)
may then be prepared at 0.6 ;og/inl in 0.1 M cirare buifer
(pH 5.5) conlaining 0.03% hydrogen peroxide, aod 150 2d of

this solutioo may be added to cach well, Afier abour 10 3

1be ion way be stopped with INH, S0, snd the
oplical density of cach well measurcd at 490 am, for
ample by the Biomek 1000, Adower Jeve) of positivity had
been defined as an absorbance of 0135, This cutofl value
was caleulated from e mean absosbance obtained from a
group of scronegative sampkes plus tbree standerd devia-
tions. Copy number from subject samples may be defer-
mioed fidm the absorbanees oblaiocd from a dikution serics
of an RNA gag gene consiruct of knows copy sumber

(Holoduiy ¢t al., 1991, J. Infect, Dis. 163:862-366).

Io av aliermate prefersed, gpecific cmbodiment, RNA
callecied from plasma mnay be reverse-transeribed by wsiog
500 ng, of primer A (§-TTCCCATTAGTCCTATT-3) (SEQ
D NO:t) sod 5 woits of MuLV RT (Bethesda Rescarch
Labs) in 10 sl of xmplification buffer (25 mM KCL, 50 wM
Tris HCIpH 8.3, 0.1 1og/ot bovine serom albumio, 1.45 mM
cach of dATP, dGTP, dCTP and dTTP, 1.5 mM MgCl,, and
2.5 U of RNasgin, (Promega)) for 10 min. 3t room
cmp , then 30 mi a1 42° C. followed by beat
inactivation at 95° C. for § min. This cDNA may then be
amoplified by PCR using 250 ng of primer NE1 (5-
TCATTGACAGTCCAGCTY) (SEQ 1D NO:2) io 3 seac-
tion mixture (100 41} containing the same buffer as above
with 0,25 mM of each dNTPand 2.5 U of AMPLITAQ DNA

polymerase, using aboul 30 cycles of 94° €, for 1 min., 45° 5

C. for } min, and 72° C. for 2 min, 1o geocraic a 768 bp
region of the HIV pol gese, .

5.2 FCR Assay of Peripheral Blood Moooouclear Cells

Peripberal blood mononucicar cells (PBMCs) may be
vsed fresh or following cryopreservatioo (e.g. at ~190° C.).
DNA may be preparcd fom PBMCs usiog standard tech-
sicues for use in deiection of HIV provial DNA. Aoy
sujtable HIY prier oligooucleolide(s) may be used in PCR
to detect HIV provirus.

Jn & preferred, nonlimiting ernbods of the §
cryGpreserved (~190° C.) PBMC may be treated with a lysis
bulffer {for sxample, 0.45 percemt TWEEN.207

38

o

©0

Py
@

6

{polyoxyeihylene sorbilan monolaureate), 10 mM Tris HC
pH 80, 2.5 mM MgCl,, 50 mM KCl, and 0.1 .mg/ml
proteivase K) for about two bours at 56° C. and thes heat
wactivated at 95° C. for 10 minutes. Approximately 1 ug of
DNA (20 21 of the PBMC lysaie) may be used jo the initial
PCR smplification with primers A (5"
TICCCATTAGTCCIATT-3) (SEQ 1D NO:1) and NE1
{S“TCATTGACAGTCCAGCT-3% (SEQ 1D NO:2) with
reaction copditions as set forth i Larder et al, 1991, AIDS
5:137-144 to pencrate 3 768 bp region of the HIV pol gese,

33 PCR Assay for Mutation at Codon 215 of HIV
Reverse Transcriptase

To avalyse the changes in codon 215 of the 1Y pol gene,
‘a “double” or "nested” PCR procedure was performed using
the primers, reagents, and reaction conditions described by
Larder ct al., 1991, AIDS 5:137-144. Five il of the 768 bp
product generated by PCR with primers A (5'-
TYCCCATTAGTCCTATT-3) (SEQ 1D NO:1) avd NEI
{S"TCATTGACAGTCCAGCT-3) (SEQ ID NO2) and
cither plasna HIV RNA or PBMC DNA may be-used in a
sccond scries of nested PCR amplifications using primers
that detect wild-typo s oF 564 ted at codon
215. In preferred, non-limiting embodiments of the
invention, the following prmers may be used: lo defect
wild-type  secquence primers B (§'-
GGATGGAAAGOATCACC-3) (SEQ ID NO:3) and 3 W
{(3“FTGGTGTCGTCTGTTTTTTGTA-S) (SEQ 1D NOA)
20d 10 detect mutants at codoo 215, primers B (svpra) and
3M (3-AAGTGTGGTCTGTTTITTGTA-5) (SEQ 1D
NO:5). PCR may then be performed as follows. About § gl
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of templite may be used per PCR reaction in 100 ul -

coplaiging 25 mM KCl, 50 mM Tris HC pH 83, 0.1 mg/m}
bovint serum slbumin (BSA), 0.2 oM cach of JATP, dGTP,
ACTP and dTTP, 0.25 4 of each oligonucleotide primer, 3nd
1.5 mM MgCl,. Reaction oixtures may be bieated 30 100° C.
for two minules prior 10 addition of TAQ DNA polymerase
{2.3 U, Perkin-Elmer Cetus, Conn), overlaid with 100 ut of
Yghl winseaj of, aud subjecied to 30 cydles consisting of. 2
denaturation sicp (1 mioute, 94° C.), primer soncaling (30
seconds, 45° C.) and DNA syothesis (30 scconds, 72° C)
usipg, for cxample, a Perkin Elmer Cetus DNA- thenmal
cyeler. Tenpl of PCR product from cach set of “sested” PCR
reactions may then be analyzed to delermine the presence
and intensity of the prod For ple, PCR reacti
may be apalyzed on a 3.0 percent agarose gol with eibidivn
bromide stoleing; 3 portion of a paticnt sardple subjected o
"pested” PCR using primers B and 3W roay be run i » hane
next (0 another portion of the same paticat sawple subjecicd
to “nesied” PCR using primers B and 3M. A 210 bp PCR
product would be expecied; if the paticot sample conlajned
HIV RT having the codon 215 rawiation, the Jaoe camying
primer BAM PCR product should exhibit a band that is more
intepse than asy correspontting baod jn the primer B3W
lape, 3 the paticnt sample copiaised only wild type HIV RT,
the band in the primer B/3W lane should be more intense
tbau auy comesponding baod in the primer B/3M Jape.
Altcrnatively, if the paticnt sampls coptaived 3 mixture of
wild type and mutant HIV RT, bands of similar inteositics
sbould be in both lanes.

5.4 Wiility of the lovention

The prescot isveniion telales o meibods of monitoring,
via PCR, the clinical prog of HIV iofection in
patients receiving aatitstroviral therapy. Tecboiques
described o Sections 5.1 through $.3 supra, may be used 15
set forth below.

1a,0a¢ pariicuias einbodimeat, the present invention pro-
vides for o method of evaluating the clfectiveness of anli-

R
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setroviral thezapy of 3 pation! comprising (f) colleating a
plasma sarople from a0 HIV-ipfected paiicnt who is being
Ireated with an antirctrovinl agent; (i) awplifying 1he
Bl"ﬁcacodmg sucleic acid in the plasina sample using HIV
primers in abowt 30 cycles of PCR; and (3if) testing for the
presence of HIV sequence in ibe product of the PCR; in
which the ab of delectable HIV umclaigs
positively with the coaclusion that the fra) agent is
therapeutically effective and the presence of detectable HIV
sequcnce corelaits positively with (he conclision that the
antiretroviral agent is therapeutically ncffective. In furtber,
related, cmbodiments, the p of deteclabl
sequence correlates positively with an absolute CD4 count
.of Jess than 200 cells/rom®, and the ab of d& ble
BIV scquence comelates positively with a CD4 count greaier
than 200 cclls/mu®. The pbrase “corrclates positively,” as
T used herein, indicates thet 2 perticular remlt senders 2
particular conclusion more likely thap otber conclusions,

Tn another panticular cobodimeat, the present iaveotion
provides for 2 metbod of evaluating the cffectivencss of
.anliretrovieal therapy of a patient comprising (i) collecting o
plasma sample from su MIV-infected patient who is being
Ireated wilh an antirctrovital agent; (i) amplifyisg the
HIV-éncoding nucleic acid in the plasma sample using M1V
primers in aboul 30 cycles of PCR; and (iii) measuring the
HIV RNA copy oumber using the product of the PCR, in
which an HIV. RNA copy pumber greater than about 500
corrclates positively with the conclusion that the antiretro-
viral agent is therapentically ineffective, and an HIV RNA
copy number less than about 200 correlates positively with
the copclusion thal the antireiroviral ageot is herapeutically
eifective,

In » further embodiment, the present invention provides
for a metbod of evaluating the cffcetiventss of annrcuovual
therapy of o paticnt comprising (§) collecting onc pre-
treatment plasma sample from an HIV-infecied paticat who
is aboul lo be treated with an anticeiroviral ageot; (n)
collecting a posi-ircaiment plasme sample frow the HIV-
infected paticnt afier the paticnt bas been kreated with the
antirctroviral ageat; (i) amplifyiog the }lIV—cncoding
aucleic 3¢3d in the pre-ir and post-t plasina
samplcs usiog HEV primess io about 30 cyclcs of PCR (iv)
measuriog the HIV.RNA copy number-usiog the producis of
thie PCRs of siep (iii); avd (v} comparing the HIV RNA copy
pumber in pre-treaivoent 20d posi-treatment plasms samples,
in which 3 tatio of HIV RNA copy number in pre-jreatment
apd posi-t plasma samples of greater than about 4 10
1 conclales posx!wcly with the conclusion tbat the muxal-
roviral ageol is therapeutically cffective.

1o sdditional embodiments of the inveation, PCR assay
may be used te delect mutations at codon 215 of HIV RT
which correhic with resistance to antitclravinal berapy sud
which precede immunologic decboe by §-12 months.
Accordingly, tbe present invention provides for a meibod of
evalnating the effectiveness of soliretroviral therapy of @
paticut comprising (i) collectiog a plasma sample frorn 3n
HIV-infectcd paticnt who is being trealed with an aniirciro-
viral agent; aod (i) detcrmining (for cxample, vsing
“acsted” PCR} whether the plasma sample comprises
nucleic sckd encodiog BV RT baving 3 mulation i codon
215, is which the presence of the wutation correlaies posi-
tively with immunologic decline of the paticst within 3 six
1o ywelve month poriod, Under such cirenpsbinces, the HIV
wirus infocting the paticnl has becowse, via the mviation,
resistant o the atirewroviral agest. 1t therefore maybe
desirable afier detecting the mutation, to cither incrzase the
dosage of astisciroviial agent, change 10 avather aniireiro-

. (do1) and siopping AZT

BV

3

<0
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vira} agent, or add oo or more additional agtirctroviral
agents to the patient’s therspeutic regimen. For example, if
the patient was being reated with zidovadine (AZT) when
the mutation arse, Ihe paticnt’s lhctzpcunc regimen may
desirably be aliercd, within about a six to twelve month
period of ihe 'mutation’s occurrence, by either (i) changing
lo a different’ anliretroviral agenl, such a5 didnoxymo&ne
;oor (i) § g the
dosage of AZT; or (iii) adding avother antirghoviral agcm

such ss ddl, 1o the panem’s ahczapeu tie regimen. The cffec-
tiveness of the modificilion in therspy may be evaluated, 25
set forth above, by monitoring the BIV RNA copy numbcr.
A decrease in HIV RNA copy number corrclates positively
with the cffectivencss of a treatment regimes.

Because the mulation at the 215 codon appears First in
plasma HIV RNA and later in PBMC proviral DNA, once
the mutation is detecied o proviral DNA, the treatment
rchmcn is desirably modified with basie in order to avoid

decline, Accordingly, th inveotion pro-
vides for 1 method of cvaiuabng the clfectiveness of anti-
retroviral therapy of a patient compnsmg () eollecting
PBMC from as 1 V-infected paticnt who is being treated
with o antircifoviral agent; aod (35) determiniog whetber the
PBMC comprise pmvual HIV DNA which comprises a
mutation at codon 215, in which the presence of the muta-
tion corrclales positively with immunologic decline of the
patient withio 2 411 month period (because, as discussed in
Scction 7, infra, 3 rvlation in serurn HIV RNA was found
to precede the mutation in proviral DNA by 1-8 months).
Oncs. the mulatioo is delecied jn proviral DNA, immunc
declioe b evED WOTE & , and alteration of the
patient’s therapeutic regimen is desirable,

‘When immune decline is heralded by tbe Juerease ip HIV
RNA copy number anifor the prescace of the mulation at
codon 215, in addition o altering the patieal’s antirelroviral
Ibcmpy, i1 may also be desirable to treat the' pahtnl prophy-
lacstcally for oppormmsuc infeciions, using antifungal,
antibjotie, and/er aotiparssitic medications.

Antircioviral agent, 35 used berein, includes any known
antiretsoviral agent includivg; but oot limited 1o, dideoxy-
nucleosides. 1o profesred cmbodiments of the invention the
antirenoviral agent is AZT, Resil to ceitain apii
viral agents, including AZT,is assaciated with 2 mutation a1
codeg 215, Resisiance to other antircteoviral sgents, sueh os
ddl, is associated with 3 mutation al codon 74 The prescat
invention provides for analogous techniques jo which the
cllecliveness of antreliovisal therapy is monilored by deler
mining whether plasma HIV RNA or PBMC contain
mutation af codon 74:0f HIV RT, ip which a mutation at that
locus nay avgur mmuuolog;c:l decline a0d may warrant 2
muodification of anhrctmwta] therapy.

One prefeired, non g, specific eoob of the
invention is as follows. A sethod of evaluating the effec-
tiveoess of AZT therapy of 3 paticot compmwg (i) collect-
ing a plaswa ssmple from an HiV-infecied patient who is
being trcaled with AZT, (i) amplifying the HiVeencoding
RNA in e plasmoa sampic by couveniog the RNA 1o cDNA
aud awplifying HIV sequeoces using HIV primets in about
30 cycles of PCR; and (i) testing for 1be presence of HIV
sequencs in the product of the PCR, jo which the absence of
4 ble HIV seq [ positively with the con-
ctusion ihat AZT is therapevtically effective 2nd the pres-
coce of detectable HIV sequence corrclaies positively with
the conclusion thaf AZT is therapeutically inefective. Jn
maost preferred cmbodimsms, the HIV primers used com-
prisc NEI (sugira), SK38 andfor SK39 (supra), andfor the
preseace of HIV sequence is detected using an enzyme-

a3
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Hinked assay {c.g., & bomeradish peroxidase based asszy)
Similar crobodiments in which the HIV copy aumber is
measuied are zlso provided [or

Asother prcfcn'cd noo-liwiling, specibic emb of
the invention is as follows: A method of cvalu:hng the
effectivencss of AZT therapy of a patient comprising (i)
cuikmmg a plasma sarople from 3o HiV-ipfecled paticnt
who is being treated with AZT; (i) amp?itymg ihe HIV-
encoding RNA jo the plasma sample by convcmng the RNA
to ¢DNA and amplifying HIV scquences usmg HIV pnmcrs
that result fo 3 PCR product that comprises that pomon of
the RT gene that conizins the 215 codon (c.g pnmcr NEL,
supn), (i) performing “oested” PCR using primess. that
result io PCR products that reflect the prescoce of wild type
(e 8 primers B and 3W, supra) or 215 codoo mutant (e.g.
primers B and 3M, supra); and (iv) deterwining, via the
products of “nested” PCR, the presence of sbsence of 2
muiation at codon 215 of the HIV RT, in which the presence
of the mutation correlstes pcsiliv’ely with immunelogic
decline of ibe paticnt within a six lo twelve mdnth period. An
amalogous method may be used in which the paticat sample
is PBMC, s0d the presence of a mutation is proviral DNA s
delermined.

"
k=3

P
o

20

EXAMPLE

Reduction in Phsma Huwan Immunodebicicocy

Virus Ribonucleic Acid after Dideoxysucleoside

Therapy as Dreicrmined by the Polymerase Chain
Resction

6.1 Malcrials and Mctbods

6.1.1 Puicnis

Afier nformed consent was gbfained, whole blood
samples were coliecied by venipuncture in the preseoce of
acid-citrale-dexirose as ap anti hant, A smg&c
sample wis collected from 39 HIV antibody-posilive sub-
)CC!S who were not receiving antiretroviral therapy at the
lime of collection and from 33 HIV antibody-positive sub-

3

@

10
cthanel, dricd, and brought vp in dxexby}pyfomxbona!c
treated, glass, distitled water,
6.1.3 Roverse Tranbcription and l\mp]xﬁcatxon of cDNA
HIV RNA was transcribed to ¢cDNA using Moloney
murine Jevkemia virus roverse traoscriptase (Beibesda
Rescarch Laboratorics, Gaitbersburg, Md.} by the motbod

- deseribed ju Kawasaki, 1090, “Io PCR Protocols: A Guide to

Methods and Apphmlmns pp: 21~23, M. A. Tonis, D. H.

Gelfand, J. J. Spinsky, and T, J. White, ¢ds. Academié Press,
Berkeley, Calif. Oligowuess wsed for amplification included
$X38, SK39, and SK19 (Kellog ot al, 1990, “In PCR
Protocols: A Guide lo Methods and Applications," PP
337-348, M. A. Tanis, D. H, Gelfand, 1. 1. Sniosky, and T
1. White, ¢ds. Academic Press, Berkeley, Calif). Biotinyla-
tion of SK38 apd borseradish peroxidase (HRP) labeling of
probg SK19 were prepared as described in Levenson et al,,

Apphcalsens. op. 99-212 M. S, Jonis, D. H. Gelfand, 1.7,
Snmsky, and T. ). Whitc, cds, Academic Pmss, Berkelcy,
Calif. Amplification: of HIV cDNA was carvied oul as
follows: to-u 100~ feaction mixture was added the ¢cDNA,
50 prool of primers SX38 20d SDK39, 10 mM of each dNTP,
10 mM Tds (pH 8.3), 2.5 M MgCl,, 50 mM KCl, 20d 2.5
U of RECOMBITAQ DNA polymerase (Perkin-Elmer
Ceius, Norwalk, Conn.). The mixiure was then overlajd with
50 gt of mineral 03l Tubes were placed in 3 DNA thermal
cycler (Perkin-Elmer Cetus) for 30 cycles of amplification
with the following program: 95° C./30's, 55° C.30 s, and
72* C/60 s for devaturaiion, annealing, and exiension,
respeciively. Negative and positive coalrols wbich jocluded
botb high and Jow copy number HIV RNA and DNA were
added at each step.

6.1.4 Enzyme-linked AfBnity Assay,

To decet dnd quantitate PCR product, 96-well micro-
plates {(Maxisorp; Nubse, Naperville, 1LY were costed with
100 il of 2 0.1 mp/mi solution of avidin (Sigma Chemical
Co.,'St. Louis, Mo.) in 50’ mM Na,CO, (pH 9.6) overnight
al rodm tewperature. Wells were then washed twice with
PBS Wells weit then filled with 300 a4l of 2 “blocking

i 5X Deobadt’s soluion, 1% pelslin

jeets wha were currently op aud bad received AZT for 3 4o (Sigma), 250 ;zlim! sheared berring sperm DNA (Promiega
minimuro of 3 mo. Biotec, Madison, Wis.) al least overpight ot 4° C. Immedi-

Two plasmua samples were COHCC‘“’ from an addition} 27 31ely before nse, the blocking solution was aspirated from
subjects before and § month, sfter initiation of dideoxy-  cach welland § pl PCR product and 65 4 of a hybridization
nuclcoaside therapy. 18 of these subjects seceived S00 mg/d  solution, e g SX salive sodivin phosphate EDTA, 5X
of AZT ovrally. Scven subjecis seceived 3 combination of o5 Denhardt's solution, aad 1 pwol of HRP-labeled SK19 HIV

zidovudine (150-600 mg/d) and 2", 3"didcoxyinosioe (ddl)
(134-500 mg/d). Two patients received 500 mg/S of ddl
alone (sec-Table I for individual subject characteristics).
Finally, nine of these subjects bad 1wo plasma samples taken
1-3 wk. before initialing sptiretroviral therepy and 1wo 5
plasma samiples fakeo 1 and 2 wo. after commencing
therapy. Plasma was separaled within 4 h. by centrifugation
2t 500 g for 10 min. A second ceatrifugatios was performed
on the plasma at 500 g for 30 min. to remove any cellular
material. 200 41 of plasma was then mixed with 200 # of a
solution containisg 5 M guanidinium thiccysmie, variexed
briefly, and stored al =70° C. votll further vse, All samples
were sssayed within 3 mo. of collection. To decrease
varianee, all specimens 10 be compared Fom the sawe
subject were roa in the same assay.

6.1.2 Exiraction of RNA from Phswa

RNA was extracted [rom plasma by ibe metbod described
in Chomczyoski ¢l al., 1987, Ann. Biocbem. 162:156-159.
Briclty, 200 st of clarified plasma jo which 200 pd of S M
guanidinduin thmcy:natc bad prcwc*us}y beeo added was
exiracted with p I7chloroform snd precipiated with iso-
propanol, The f:snm'ng peliet was mm washed in 75%

35
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gag specific probe whs added to cach well, A caplurc and
hybridization rcacuog was then earried out in the well for ]
h. at 42° C. The 96.well ‘micioplate was tben placed in 2
Biomek™ 100 Adtomated Workstation (Beckman
Instruments, Joc., Palo Alio, Calif) where wells wers
washed 20 fimes with BPS containing 0.05% Tween-20™
{polyoxyeiliylene sorbilap mosolsureate), The HRP sub-
sirate Q-phenylencdivmine (Sigma) was prepared at 0.6
g/l o 0.1 M citrste buffer (pH 5.5) containing 0.03%
bydrogen pesoxide. 150 gt of this subsirate solution wis
added to cach well, After 10 min, the reaction was stopped
with 1 NH,S0, and the optical deosity of cach weli mea-
swed ot 490 om by the Blomek 1000, A lower Jevel of
positivity had beeo defined as an absorbance of 0,135, This
cutell value was caleulated Gom the mean sbsorbance
otitained from a group of scroncgative ssmples plus three
stapdard deviations. Copy vumber fiom subject samples
were determined from the absorbances obtained from a
dJilution serics of su RNA gap geoe copsiret of known copy
number described in Holodnily er al, 1991, J. Infect. Dis.
163:862-866. The lower Joved of sonsitivity in this assay was
40 copies of HIV gag penc RNA.
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6.1.5 Plasma HIV Cultare and P24 Antigen Assay

Quantitative HEV plasma moicroeniture was *performed
according 1o the method described in Ho ¢f al, 1989, N.
Eugl. J. Med. 321:1621~1625, P24 antigen was defected by
an aofigen caphire assay by a meclbod provided by the
supplicr (Abbolt Laboratories, North Chicago, J1L.).

6.1.6 Statistical Analysis .

Sample oplical density was converted fo copy number and
analyses performed on samples expressed as RNA copy
number/200 ut 'of plasma. At test of independent samples
was used in anslysis of subject who did ot receive autircls
roviral therspy compared to subjects who were receiving
“AZT. At test of poised samples was used to analyze paired
plasma data and CD4 counts from subjecls pre- and posi-
thierapy, All 1 tesls were two lailed. A'Fisher’s exact test or

Document 95-21
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chi square test were uscd for analysis of proportion where |
sppropriale. Statistica) significance was defined 25 P<0.05,

6.2 Results
- 72 subjects were evaluated i a cross-scciional siudy of
HIV distase io deiermioe plasma HIV RNA copy number by
PCR. ‘The resulls are presented in FIG. 1. 39 subjects who
were pol Iy recziving anti iral therapy and 33
subjecis who were seceiving AZT were evahnted. Untreated
subjecls were more likely 1o bave a positive signal thas
treated subjects (32 of 39 vs. 16 of 33, respeciively, P 0.008,
chi square). In the 39 subjects who wese not cusremily
reeciving therapy, the mean plsma HIV RNA copy number
was 690x360 (rucanxSEM) per 200 pi of plasma, while the
33 subjrcts who bad been receiving AZT therapy had 3 mean
copy number of 134=219 (P<0.05). Mean CD4 comnt for
cach growp was 316245 and 300237, respectively (P=NS).
" Subgioups were then analyzed with respect o CDA coupt,
Amoup, those with <200 CD4 eclls, unireated subjects were
more likely 1o have positive signal than frealed subjects (18
of 19 vs. 9 of 14, P<0.04, Fisher's exzct test). Among those
with >200 CD4 cslls, 14 of 20 volrcated subjects vs, 7 of 19
treated subjects had @ deteclable sigosl (P<NS, Fister's
exact test). Untreated subjects with.CD4 covnt <200/ imm?
had a mean RNA copy number of 1,3692707 aod mean CD4
count of 73217; vitreated subjects with CD1 >200/moy”® had
@ mean RNA copy oumber of 44210 and mean €D count
of $47:45; reated subjects with CD4 covats <200/mm? bad
a mean RNA copy number of 295+5 and mean CD4 count
of 115213; and trealed subjects with CD4 conats > 2007w’
liad caleulated mean RNA copy oumber of 1625 (which is’
below ibe lovel of descction of this assay and would be
intcrpreled as megative) and mean CHY coust of 437241,

27 additional subjects were theo evaluated before and 3
ma afier iniliation of didsoxynuciceside herspy. Clinica)
pararseters of \be subjects are presenied in Table 1 PCR
resulls arc presenied in FIG. 2. Resulls show tbat plasma
HIV RNA copy number fell from 5402175 o 77235 afier
Therapy (P<0.03, paired 1 test). Mean CD4 const increased
from 39924 1o 442225 alier 4 wk of therapy (P<0.006,
paired ¢ lest),

TABLE |
Clisicat Prraruciess sad POR Anatpis
of Plasma IV RMA from 27 Patieais
Pavieat  Aativinal
No,  yeatment Prefpon CIM PrefPost HIV RNA
¥ AZRY 477583 I
= A 3417653 13019
3 AZT 830w 5500
4 AZr 4322482

100777

it}

30

2

ES

b
W

50

55

80
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TABLE l-continued
Clisical Paramsiers sad PCR Analysis |
sf Plosens 3TV ANA from 22 Daticots
Paflent  Antiviral .

No.  istonent Predpost COH Pre/Post HIV RN
5 AzZr 3790418 sist”
€& AT ' 181508 P2
7 AZr 2220345 S494
8 Az 420402 00
9 azr 432532 93765

0 Az 430/430 188452

3 AT 4297404 1350

2 wts Aze 2807220 S0

13 AT 320 7848

4 Az 3207456 9505

5 aAzr ISIET 3nm

16 ddle AT 3007399 30010 !
17 dd e AZT? 3370398 26000
B 328310 92488 -

19 e AZTY 3831493 2450

W AT 4047413 Ly

23 Azr 2704450 o858

2 AT W44 L
2 2207295 2765437
4 ai 22370 0440
s AT 568/732 10349925
26 DD+ AZT 36773 2378
27 DD+ AZT 3107399 43950

"Remots history of AZT uze.

“AZT dose SO0 mg/d valess oiberwiss stsiad,
SATT 300 mp/d + 4ol 334 mphd

%di 500 mg/d.

"AZT 600 mgjd + 4t 500-op/d,

YTAZY 350 mgid + dal 34 wgld,

Finally, 9 of the 27 kubjccts bad iwo samples taken before
initiation of therapy and two samples taken“1 and 2 months
after commencing thierapy. The resnlis are preseated in FIG.
3. When two protherapy time-points wese analyzed for
constaucy of sigual, resulis show that mesn copy number for
each pretherapy time point was 9452377 and 643392,

“Two subjects had a-second prethesapy sample which was
uegative, Whee both pretberapy copy number values were
compared [o post therapy values, plasma HIV RNA copy
number fel} from 7942274 to <40 (which is below the Jower
level of detection i this assay) afier 1 and 2 mo pf thecapy
(P<0.05, paited t tost). Mean CD4 counl increased from
314165 1o 378225 (P<0.0S, paired 1 test).

Plasma culture was performed on fresh moterial obtained
from the initial pretreatment sample for 23 of 27 of these
patients only 7 of 23 were plastia virus positive by culture
(from; 1 10 100 tssuc culture infective doesfrol). All 23 of
these paticals west positive by PCR (>40 copies/200 M) n
addition, 2 p24 antigen test was performed on all 27 pre~
reatment samples. Only 2 of 27 had detectable p24 antigen
preséot (>30 py/ml),

6.3 Discussion -

The resnlts presenied bere demeustralc that plasma BIV
RNA can be detected and quantified by copy ovinber io the
wajorily of paticats fnfecied with FIV, In sddition, plsind
HIV RNA copy number way be used a5 3 marker of
circulating HIV viral Joad (o assess beatment. effect of
aptiretrovina compounds facluding dideoxynucleoside com-
pounds. We iitially conducted a survey o delermine
whether treatnzot or degree of immunologic impairment,
based on CD4 coumy; alfecied plasma HIV RNA vop¥
vumbes, Untresicd paticuls as a group had higher copy
oumbers than neated paticnts. Yatreated paticdis with <200
CO4 celldmm’ had s Migher mean copy number than
patienis with >200 CD4 celisfinm®, Likewise, trented
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patients with <200 CDM4 cells/mms™/bad higher copy sumbers
thag paticols with >200 CD4 celiimm?, indicating (hat
paticnls with rore advanced HIV discase have higher cir-
culating copy numbess than asyrmp tic paticots, and that
the anliretrovinal beoefit scen in paticots with bigher CD4
counts may be waning.

To assess the short-term impact of antiretroviral therapy
onpaticnts, 27 paticnis were evaluated before and 1 mo after
ioitistion of AZT, ddi, or towbinstion therapy, As CD4

counts increased after 1 mo of therapy, HIV RNA copy 10

ber Fell significantly. B , ihe resp of indi-
vidual subjects was variable, 16 of 27 subjects bad a marked
decrease in copy nursber and 11 of 27 did not. Because the
majorily of subjects received AZT alone, it was vot possible
10 assess aoy differences between AZT, ddi, or combination
regimens. .
Finally, nine subjects bad two bascline time points taken
in the 3 wk before eaiment, followed by twa moothly

>

=

14
o al, 1993, N. Engl. J. Med. 324:961-964), showed s
decrease in boib plasma vitemia 30d proviral DNA from
PBMC, coinciding with scroconversion after acute fofec-
lion. I coe seport, plasma HIV RNA Jevels felf with passive
i globulin therapy, ‘suggesting a therapy-based,
fesponsa in circulating HIV RNA load (Kaspas et af., 1990,
Proc, Natl. Acad. Sci. USA 8%:7613-7617). Otiman and
colleagues bave beea successful in detecting HIV RNA in
plasma from. 95% of patients evaluated (Ottman et al,, 1591,
1. Virel. Meibods 31:273-284). They also studied s group of
patients who were receiving AZT to determine whether there
Was any therapoutic fmpact on HIV RNA signal. 24 of 2§
patients who were yéceiving AZT had deteclable signal.
However, merbodological differeaces in hat study vs. ibe
presept stedy vray have contributed 16 the difli noted
between them. Firsy, Oftman el a): used an altracentrifuga-
lion siep to, sediment virus, eshancing vin ssocisied
RNA sccovery. Second, 40 cyeles of smplificalipn after
teverse anscription were performed, which would certainly

samples positreatment, Pr sigoal was in
7 of 9 subjects, and 2 subjecls bad discordant suwples, i.c.,
one was positive and ont wasnegalive. This could be related
to real changes in circulitiog HIV RNA, or infroduced
during sarople colicction, bandling, or the assay, However,
pretborapy and postiherapy saroples were mn o the same
assay aod 50 were subjeet 10 2] of the same¢ reaction
conditions. When sample pasitivity was considered in selo-
1ion Yo therapy, 16 of 18 preiberapy samples had a posilive
sigoal vs. 0 of 18 postsberapy somples (P<0.001, cbi square)
showing suppression of HIV RNA copy number with treat-
naent.
Curiently there is no standard methed 1o assess cisculating
viral Joad o all HIVinfected patients. Plasma viremia,
d by quantitative mi ltee, can identify and
quantify infectious virus in 50-100% ol patients, principally
those with advaueed stages of HIV disease, low CD4 conals,
and p24 aotigenemia (Ho ¢ ol.,, 1989, N. Eogl. J. Med,
321:1621-1625; Coombs e al, 1989, J. Virol. Mcthods
26:23-21; Elrnst et al, 1988," N. Eogl J. Med!
324:951~964). Many paticats with >200 CD# cells/mm? do
not have detectable infectious plasma viremia, This may be
dus 10 20 ob of circulating infectious virus, virus which
is peuiralized by spesific anlibody, or the inseositivity of
culture techaiques. The resvlts presenied bere fndicate that
the majority of paticots with >200 CD4 ceils/mm® do not
bave plasma p24 antigen or infectious virvs detectable by
culture techaigues. Jo the studics described torein, it appears
that virus vodelectable by cultore metbods was deicctable by
PCR methods. . . -
Allempis have been made 1o assess BIV viral load in
paticois by molecular techmiques, mainly by quantilative
PCR of HIV proviral DNA in eirculating mosonuclear celis
or.cell-free vidoo-associated RNA o plastoa. Published data
suggest that the number of cells infecled with HIV i

a

the itivity of such an assay to successfully
0 detect TRV RNA in virtwally all patiems. Although sensitiv-
ity isi d with ! cycle ber, thus defect

Lid
signal fo virtally ot patients, the sbility to show the
quantitative. changes:demonsirated bere with 30 eycles of
amplification is lost.”

We have previously shawn in ssrum that gquentitative
seram cultures were negative in the majority of paticnts with
>200 CD4 cells/mm’ (Holodniy e al. 1991, 1. Infeel. Dis.
163:862-866). I the curront study, 23 plasma samples were
cvalusted by culture and PCR. Al had detectable plasma
HIV RNAby PCR< but only seven were plasina HIVeculiure
positive. Other published expericnce compsring plasma HIV
cultere and PCR of HIV RNA from plasma is' hacking.
Otionan et al. tested only Iwo patients, both of whom were
positive in both assays. Coyle et al. reporicd that 14 of 20
paticnts had posilive plasma cultiees and 32 of 20 paticnis
bad detectable HIV RNA in plaswa, but po information was
given regarding coucordance or discordance of samples
(Coyle ct 31, 1990, Clin. Res, 38:778a (Absir.)).

The 1ype of plaswma sample and method of processing zad
storage- were found lo be very importsat. The type of
anlicoaguiant used for sample collcction con affect detecti
of plasua RNA. We have previously shown that plasma
coltécted in the present of herapin does not allow detection
of sigaal beeanse of an inhibjtory effect of beparin oh genc
amplibcation (Hofodaiy ¢t al,, 1991, J. Clin. Microbiol.
29:676-679). Althongh Coyle of al. (1990, Cliu. Res.
38:778x (Abstr)) fovnd deteciable signal from plasma col-
Jeeted in the presenés of heragin, an ulracentrifugalion step
preceding RNA snalysis lead lo removal of most of the
bieparin from the cuzyme-medinted assay system, However,
B0 COMParison exp among 2aticeagulants were per-
formicd 1o demoosiraie any silewation of signal obtained in
the p of hepari

will advancing disesse a0d that HIV proviral DNA costent
increases as well, We and otbers bave shows 2 decrease in
HIV proviral DNA with dideoxynucleoside therapy over
time {Aoki et al., 1990, AJOS Res. Hum. Retroviruses
6:1331-1339). This was pot the case in anotber publisbed
swall series {McElath ot 8, 1991, J. Clin. Invest.
87:27-30).

We bave sbown that HIV RNA could be quantified jo
scru aod ibat copy manber increased with discase progres-
sion (Holodoiy et al., 1991, J. Infect. Dis. 163:862-866).
Plasraa HIV RNA has been shown to be present before and
after scroconversion with quantitative decreases occuring
afier seroconversion (Hewlat o ok, 1988, 1. Clia. hwomn-
noassay 11:161-164). The recent repoit by Daar el al. (Dasr

Because of our concern for RNA degradation during
specimen storage and fiecze thawing, we decided 1o siore
fiesh plasma 2t =707 C. in the presence of guanidiniues and
process sawples wilbin 3 mo of collection. Samples were
stored ip gusnidinjum for RNAase jobibition. Preliminsry
daia from our laboratory wonld suggest that plasma HIV
RNA signal decays with Hime in 1be absesce of this RNA
stabilizer,

I summary, we have shown that plasma HIV RNA copy
oumber c2n be quantitated by PCR sod does decrease with
didcoxynuclcoside erapy. The sonisotopic, wicroplate.
bascd formal preseoted bere makes §i possible to process
waliiple paticol sawples with replicates in a single amph-
fication and assay run,
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EXAMPLE 7.1.5 PCR Aunalysis of BIV Reverse Transeriptase Gene

- Reationship of a M in the HIV Rover
Transmptase Gene to Decline jo CD4 Lympbocyte

Nuwbers in Long Term AZT Rccmxcnls

7.1 Materials and Methods

711 Swsdy Population
Cryopreserved PBMC and serum from 40 p.utmpm&s in

AIDS Clipical Trial Group (ACTG) protocols 019 (30 1
$ ford University Medi- -

¥ ) and 016 (10 paticnts) a S
cal Center AIDS Clinical Trial Unit wese used in this study.
Patients at enrollment in these studics were AZT naive, bad
>200 CD4 eellsul md had fow (016)or o symploms (01 9%
seferable to HIV infection, They were sub tty iceated
with AZT for 2 to 4 years. The mosl common doszgc was
500 mg per day. Approximalely one thitd of paticnts
zeceived cither 1200 mg or 1500.mg per day durmg the
initial part of their therapy, but were changed o' 500 mg per
day whea lower doses were found 1o be as effective but less
toxic than bigher doses (Fischl et a1, 1990, N, Engl, 3-Med.
323:1009-1014; Volberding et al, 1990 N. Engl. J, Med.
322:941-949). All samples were braiocd from 1bé pati
while they were on the prolocols and thes no p:m'cn!
dcveloped an AIDS defining diagnosis.

7.1,.2 CD4 Celf Counts

CD4 cell connts were oblaiaed appmxxmalc!y every three
mooths oo cach patient. All counls were purformed ot
Stnford’s ACTG-quatified cytofluorometry lab, Samphs
were staied with monoclonal antibodies to CD3, CD4, and
CDB8. The absolute CD4 count was calculated by multiplying
the percent CD4 by the 1o1al lymphocyte couot,

7.1.3 PBMC Preparation

Cryopreseaved’ (-190° C.) PBMC were treated with 2
Iysis bulfer (0.45% TWEEN-20" {polyoxyethylcoc sorbi-
tan monolaureate), 10 mM Tris HCI pHl 8.0, 2.5 mM MgCl,,
50 mM KC1, 2nd 0.1 rop/m] proteinase K) for 2 hours al 56°
C. and then beat inactivated at 95° C. for 10 min. Approxj-
maltely fug of DNA (20 4l of the PBMC lysa!c) was used in
1 ipilial PCR amplification with primers A(S-
TTCCCATTAGTCCTATT3) (SEQ 1D NO:1) and NEIS™-
TCATTGACAGTCCAGCT: -3 (SEQ 1D NO:2) with reac-
tion condilions as described o Larder et a1, 1991, AIDS
5:337-144 to generate a 768bp region of the HIV pel gere.

. 7.1.4 Serum HIY RNA Preparation

Cryopreserved (-70° C.) servm was thawed aud xbhn 350
A of sera was added 10 350 4l of solution D (C!mmczynskx
et sl., 1987, Anal. Biochem, 162:156-159) (guapadiniom

\h;ocyanawn»msrcapmetbaml) and- vortexed. RNA was,

then cxtracted with pbeno] and chloroform and precipitated
with ethanol as described in Chomayuskx ctal., 1987, Anal.
Biocher. 162:156-15918. HIV RIYA was ihen roverse tran-
seribed to cDNAby usxug 500 ng of primer A and 5 wnits of
murige lovkemia vims (MuLV) roverse irauscriplase
(Betbesda Ressarch Labs) in 10 4l of amplificstion buffer
{25 mmoVL KC1, 50 romol/L. Tris HC) Ph 8.3, 0.1 rog/ml
bovine serom aibumin, 1.45 smol/L cach of dATP, 6GTP,
dCTP 20d dTTF, 1.5 mmol/L MgCl,, 2.5 voits of RNasin
{Prowega}) for 10 min al room tempesatuss, thep 30 win at
42° C. followed by beat fnactivation 2t 95° C. for 5 min. Ttis
¢DNA was thea amplified by PCR using 250 ug of pricoer
NEI v 3 yeaction wixture (10D 41} cootaising the same
buffer as above with 0.25 mmol/L of cach dNTP and 2.5
upits of AMPLITAQ DNA polymerasc (Perkin-Elmer
Cetus}. This reaction wixture underwent 30 eyeles of 94° C
for | win, 45° C. for 1 win and 72° C. for 2 min to gcncraxc
a T68bp region of the HIV pol gene.
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PBMC from healthy HIV.

To analyze the changes in codon 215 of the HIV pol gene,
2 “double” PCR procedure was performed using the primers,
reageuls, and resclion conditions descyibed in Larder ¢t al,,
1991, AIDS 5:337-144. Five ul of the 768 bp produc(
gcncratcd by PCR with primers A and NEI was vsed in a
second scrics of nesfed PCR amplifications using primer B
iwd 3Wie dctcmmc‘:fa wild type scquence was present, or
B :u:d 3M 1o detenmipe if 2 mutant sequence was presen]
(primder sequences oS set forth supre and i in Lasder o al,
1991, AIDS 5: 137—-144) Samples were run with vegative,
positive and reaction mixture controls. Ten 1 of PCR
product from cach of the second sct of PCR reaciivos were
apalyzed on a 30% agmose gel with eibidivm bromide
staining. PCR products were considered to have a mutant or
wild type sequence by the method described by Boucher ct
al. (1990, Lancel 336:585-590; 1992, J. Infect. Dis.
165:105-110) and Larder et al., 1991, AIDS 5: 137-344: a

‘sample was considered fo contato the wxld type sequonce at

codon 215 i smplification with the primes B snd 3W
resulied in 2 210 bp PCR product of highest intensity; a

e was id tain 3 mutast soiy at
codon 215 if amphﬁcalmn with the primers B and 3M
resulted in a 210 bp PCR product of bighes! vtensity. The
sample was considered 1o bave a mixture of wikd type and
mutant sequences if amplxﬁcmon occurred witl both prim-
crs 3M apd 3W resuliing jn PCR products of similar
intensily. If a mixture was delected by PCR then tbat sample
was included in the matot group io owr slalxsucal analysis.

7.1.6 AZT Sensitivity Assay

Patient PBMC were cocuitured with mitogen-stimulated
gative donors. S
from jhese cultwses were collected and frozen when the Hv
P24 aptigen conccmmi)on excoeded 10,000 peg/iwl. 30-100
TCID,, (50% tissue culire infoctiovs dose) of virus slock
was used 1o infect ooe willion door PBMC preleated with
different concentrations of AZT {0.0 uM, 0,005 uM, 0.05
uM, 05 uM, 5.0 uM). Alter 7 days, P24 acfigen was
measurdd jo tbc el free supernatant from the culfures with
apd without zidovudinie. The concentration of AZT required
1o inhibit P24 pmduclmn by 90% (ICQO) a5 compared 10 the
drug fiee cul by inear regression
analysis (Chov et - a) 1984, Adv. Bozyme chulauon
22:27--55). In this assay, the 10,08 from AZFnaive paucms
saoged from 0.002 1M 10 0.038 2 AZT.

' 7.1.7 Stwtistical Avalysis |

" All comparisond between 1be | paticnls. wiih mutant and
wild type suams were perfonmned using the student's I-test.
Tbc calcuhuqns 00'thé [C,qs determined by the zidovudine
gcnsvtmly agsay wore performed wsing lhe log,o trans-
formed lC (e geomelric meaps were, “used rather than
aritbmetic mcans) ’

7.2 Resilts

72.1'PCR Anatysis of Codon 215 in PBMC.

Proviral DNA was detected by sested PCR in the PBMC
of 38 of 40 paticats after 3 mean 34 month Wweatment period.
The iwo patients in whom proviral DNA could not be
detected bad high CD4 counts af the time (heir PBMC were
analyzed (729 and 676 cellsiul). PCR amplification of the
PBMC from 17 of 38 patieats (45%) yieled 5 210 bp
product with the mutant primer, iodicating the prescoce of a
mutation 3t codon 215 {Thr to Tyr or Pbc) The PBMC fiom
23 of 38 patients (55%) ¢ lification prody
only vnlﬁ tbe wild typs primer {2 210 bp p:mk}cs} md.sczimg
the pmscncc ol Thr af codon 215.

Toe mean length of therapy and starting CD counis for
the two groups were similar (Tuble 2). Howeves, the 17

:
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paticnis with a mutation at codoa 235 of HIV RT ia PBMC
proviral DNA bad 2-50% decrease in their absolute CD4
counl between the time they began therapy (378 cells/ul) and
tbe cod of the study (189 cglls/ul). The 21 patients with 2
wild Lype sequence al codon 215 expericnced a mean 11%
incresse in-their absolute CD4 count between the time they
began therapy (397 cells/ul) and the end of the study (424
cellshul). The post-treat Cb4 p ges of the two
gronps of patients were also significontly difforent (25% in
paticnis with wild-fype sequence vs 14% in patients with a
mwulation in RT at codon 215) (Table 2). The CD4 counts at
cach time point for cach paticnt are shown in FIG. 4. -

TABLE 2
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7.2.3 Semu; Vires Compared lo PBMC Provirus -

. AUtbe final evatuation of the 38 patinis after @ mean 34
months of zidovudine, 11 patients were wild type in both
serum apd PBMC, 17 were wutant in boih serum and
PBMC, 20d 10 paticots bad 2 mutation ia their scrvm bw
temained wild type ja their PBMC 516, 6. Eight of the 17
paticats with 2 mulation in proviral DNA 3t the cnd of the
study period bad at least one PBMC sample available from
a0 earlier time point, In these eight paticals, 2 mulation in
serum HIV RNA preteded the mutation in proviral DNA by
1-8 months. The findings fo these 8 paticnts aod in the 10
patients who were wild type in their PBMC bui wutast in
ticir serums shows that detection of the scrum mutalion
precedes detection of the routation in PBMC. In no instance,

"CORRELATION OF PATIENT CD4 COUNT CHANGES
WITH PCR ANALYSIS OF CODON 218 OF 11V

15

did 2 routation ja patient’s PBMC precede ils appearance in
serum. :
7.2.4 AZT Sensitivity Results Detennined by Cell Cullure
invitro AZT susceplibilily lesting was performed on 17 of
38 pationts using a differcat aliguot of the same post-

trestment PBMC that were used for the PCR analysis. The
geowelric mean of the JCs of cight patients with the wild
type form at 215 was 0.04 pm AZT (range: 0.02-0.28 m);
tke grometric wean 1Cy, of sine paticuts with a routation 1

SVERS] id PEM
Wildiype Molast P
Nuomber of patisats 1 17 n
Mouths of AZT B=B 357 0.4
Stasling CD4 mesprcments . . .
Absehurs CDS {eelisil) 397 2 324 389 505
CD4 % . 2%z8 Wb 08 p=0.002).

CDH measwscments o » tine

of PCR anplysis )

Absolute CD4 {celisful) 424 = 20 189 298 £.0001
CD4 % 259 =6 06001

. 72.2 PCR Asalysis of Codon 215 in HIV RNA from
Serum . ) .

Serial PBMC samples from easdier lime points were
available on 8/M0 patienis; however, serial serum samples
from earlies ime poipis were available.on 37/40 paticois. fo
these 37 patients, 135 scrum pks were tested for the
prescoce of a codon 215 mutation, In 879 of tbese samples
(117), reverse ranscribed cDNA could be detected by PCR.
Filteen of the 18 sera ihat were, negative by PCR had been
previously subjected to multiple Fecac-thaws apd therefors
could be falsely negative. As all paticuls werc AZT-najve,
they were sssumed (o be wild type of codon 215 al the start
of AZT therapy.

Twenly-six of the 37 patieats developed a mulation jo
iheir HIV RNA. This included the 16 who were ajso muiant
ia eit PBMC at the 2nd of the study period (PIG. SA), and
tea paticats who were wild type in their PBMC but mutant
in seru HIV RNA 2t the end of the study period (FIG. 5B).
The time preceding the occurrence of the 215 mutation §o
their serum ranged from 2 10 44 mooths of therapy. Among
these 26 paticnts, the mean CD4 count at the start of therapy
was 398x139 cells/ul and their mean CD4 coust at 1hie time
of first detection of 2 codon 215 mwiation in theiy serum was
444:206 celisud. Niocieen of the 26 patients with a codon
215 mulativn ip their servm bad follow-vp CD4 counls a3
least 12 movihs sfter the mutation was frst detecied. In these
19 paticots, therc was 2 meas decrease of 1002116 CD4
cclis/ul (25% decline) at six months and 2 mean decrease of
170121 CDA cclisfd (40% decline) 2t 12 mooths.

o

33

<4

&
@

The 11 patients who remained wild type in thels serom. |,

over ibe enlite 34 mooth peciod of zidovudine therapy bad
ap increase of 7x92 CD4 cells/ul (2% increase), {FiG. 5C).
The mesn CD4 count 51 the stari of iberapy for the patients
who laier developed a mutant i their serum way 398139
cells/ul and this was nol sigoificantly different thop the

@

starting CD4 counts for those patienis who retmaiped wild 65

type (3972115 cells/pd, p>0.5). The aversge leogth of
therapy for both groups was 34 moniks.

codom 215 was 041 um AZT (moge: 0.03-8.0 M,

73 Discussion

As an increasing number of HIV infected individuals are
offered carly treakment with AZT, the significance of drug
resistant virus bas becowe ap fmporiant question. In the
preseat sidy we found a sironp conclation between the
presence of a mutation af codon 215, which is loked to AZT
resistance and an accclerated decling io CD4 cell number.
The paticnls we studicd all began taking-AZT when thesr
CD4 cell numbers wére relatively bigh and before the onset
of AIDS. We observed that the 17 paticols willy a mulation
al codon 215 ia proviral DNA in their PBMC experienced a
mean 50% decrease in their CD4 count beiween the time that
they- began therapy and the time that their cells were
analyzed for mutations. The 21 patients who were wild type
at codon 215 in (heir proviral DNA at the cud of teatment
expericoced 3 meap 115 inciease in their CDY count during
the same time perod.

Patient cells were dply available during the last year of the
study. However, by extractiog and reverse transeribiog HIV
RNA from patient’s serum specimens we weie able la detecl
codon 215 mutation af eaclicr time poipts, The paticots in our
study with and withoul'a mutation in scrum HIV bad similar
starting CD4 connis (3972115 vs. 3982139, p>0.5) and
similar Jengibs of therapy (34 wonths in both groups). Yet
we found that those patients who develop 2 mutation in HIV
RNA bad a subsequent 40% decline in their CD4 cells over
the next 12 months. The paticots wbo remained wild iype in
1beir serum bad a 2% increase in their CD4 cells over 34
wnths of therapy. -
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These resulis show that genctic chasges in the vinis which -

confer drug sesistance can be 1pidly determined disectly
formn patient PBMC and HIV RNA in patients serum using
a acsted PCR proceduze. By vsing PCR we were sble 1o
detect viral nucleic acid in 90% of PBMC samples and 87%
of servm samples. Techaiques which require cultoring BIV
fom PBMC or serum may sclect BIV subpopulations with
greater tropism for certain cells (Kusumi et al, 1992, J,
Vicol. 66:875~885; Meycrhans et al., 1989, Celi
58:901-910). This aray complicate the analysis of the clini-
cal siguificance of AZT resistance detected by phenotypic
assays.

Earlier clinital studies focused oa AZT resistance in
patients with initially fow CO4 &l counts o who were 2t
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bigh likelibood of 0% progression. Furtb ¢, these
stdics lesied HIV isolates which had beea passaged in
cultute. In conirast, fn (his study we did nof sclect patients
at high Hkelibood for discase progression but iustead we
included all paticols who ined on AZT for a1 ledst 2
years and who bad high CD4 counts.at lbe beginning of the
study; codon 215 rovtations in scrum vims ocoursed carly i
trcatiocol, The mean CD4 count af 1he first appsarance of the
mutation was bigher than the CD4 count at the start of
therapy {444 vs. 398 cells/ul). This sugpests that rovtation of
the reverse tanscriptase geos is not dependent upoo low
CD4+ Tezils. On the otber band, we also found that a large
b g of pati jncd wild type al codon 215 and
"pheastypically scusitive to AZT despite almost 3 years of
therapy. This may be because our paticnls were less
advanced in their disease os that by using PCR instead of
coculltre we were able to include paticnis whose virus
rnight not have grown in culturé, These resulls also supgest
thal the PBMC may not be the initlal source of mutant virus,
as evidenced in 18 of our paticals where the seruo HUV
RNA mutelion preceded that in PBMC by many months.
The source of the mutant HIVdetecied inserum may be cells
in fymphatic, central nervous system or reliculoendotbial
sites.

The significance of specific mutations in the RT geoc with
respect 1o AZT sesistance has beon defined in patient isolates
as well as thiough moleentar cloing experiments (Larder ot
s1., 1989, Scicnce 246:1155~1158; Larder et'sl, 1991, AIDS
5:137-144; Kellam et 31, 1992, 89:1934-1938; St. Clair ot
al,, 1991, Science 253:1557-~1559). Of the four mutations
first reported 1o be associaled with AZT resistance (codons
67,770,215, 219), 1he contation of codon 215 bas.been s;i_xown
1o be the most commonky oceurring and to have the greatest

impact on susceptibility. This impact on AZT susceptibility-

will vary depending on whether or not additional mutations
are_preseot (Larder et af., 1989, Science 246:1155-1158;
Larder ct-al, 1991, AIDS 5:137-244; Kellam ct 2l,.1992,
£9:1934-1938; $1. Clair et al, 1991, Scieace
253:1557-1559; Richman el al, 1991, L Jnfect. Dis.
164:1075~1081; Boucher et al, 1992, ). Infecl. Dis.
165:105-110), Recent sequencing studies of clinical isol

suggest that there are additionad mutations in the RT geoe

s
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that may contribute 1o AZT resistance (Japoer ¢t ok, 1992,
Proc. Natl. Acad, S¢i, 88:3092-96; Kellaro of ol., 1992, Proa.
Natl. Acad. Sci. USA 89:1934-1938; St. Clair el al, 199,

: Sclence 253:;557-1559). However, ihe occurrence of the

two tive 0 y for the amine
ici} change at codon 215 may be the most important
requirement for the development of resistasice (Kellam et 21,
1992, Proc. Nath. Acad: Sci. U.S.A. 89:1934-1938; Richman
el al, 1991, 1, Jofect. Dis. 164:1075-1081; Boucher ¢ 2},
1992, 1. Infect, Dis. 165:105-110), In this study, asubset of
17 paticols were tested using 2 ccll culture assey which
confinmed that e viruses with » mutation at codoa 215 had
reduced susceptibilily to AZT.

‘The patients with resistant or seositive virus In our stady
bad similar CD4 counts at the start of AZT therapy amd
veceived AZT for a simitar perod of ime, Therefore, the
development of resistanes and a mutation at codon 215
could not-be atiributed to any known prelreatment charac-
teristic. Nons of our palicats developed AIDS during our
study period and the paticnls who developed a mutation ja
their serom HIV RT did so at a relatively high CD4 count,
Thus, advanced slage of HIV discase could vot explaip why
some paticnts developed a mutation while others did vot.
Additiona) characieristics of the patient or virus may explain
why onc HIV strain develops a mulation and aporber does
not. 1t has been siated that syncytium-inducing, T-cell ropic
isolales in HIV-jofected individuals contribuie o the CD4
celt docline (Tersmette ¢t al.; 1969, Laoces 1:983-985). I an
HIV isolate can maintain 2 bigh level of replicative evenls
despite the pressace of AZT, this virus would have 2 much
greater Hkelibood of mwation, Treatment with AZT may
sclect both syncytivm-inducing wnd drug resistant virnus.
Sclection of more virutent HIV population under prolanged
AZT pressure, may explain why some palienls cxperienced
3 CD4 eell decling i the weaths alter the RT mutation arose.

The prescot reporl shows a strong association between the
preseoce of 3 HIV RT mutation and declining CD4 counts jn
AZT treated pati Fuith , it d ates that 3
HIV mutation kpown to cause AZT resislaoce can bo
deteeted prios 10 3 decling 3o CD4 ool pomber. |

Various publicalions arc cited herein that. are bereby
incorpurated by referencs in their eniiscly,

SEQUENCE LISTING

«160> NUMBER OF SEQ 1D NOS: B

<210> SEQ ID UO !

231> LEWGTH: 17

<2i2> TYPE: DHA

<213 ORGRNISH: Artificisl Sequence
<F70» FERTURE:

223> OIBRER INFORHATION: primer

<400> SEQUANCE: )

thoogattag toTtaty

<21 SEQ ID WO 2

«¥11» LENGTH: 17

<21¥> TYPEz DRA

<?10> DRGAMISH: Artificial Sequence
<20r FENTURE:

<223» UTHER INFORMATION: primer

<400> SEQUENCE: 2
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~continmed

teattgaoag tecagot " 11

«210> SEQ 1D ¥O 3

211> LENGTH: 17

<12> TIPE: DUA

<212> QRGANISHM: ArtiScial Seguonce
<230» FEATURE:

<223> OTHER INFORMATION: primer

<309> SEQUEICE: 3

gyatggasng gatcecs ! : 17

<Z10> SEQ IB MO 4

«)i> LENGTH: 23

<232> TYPE: DUA .
<213> ORGANIEM: Actificisl Sequence

<120> FENTURE: P

<223> OTHER IWFORMATION: primer

. <{8D> SEQUEHCE: 4

stgtittely totggtgtyg ¢ »

«210> SEQ 1D N0 5
<211 LEBGIH: 21
v <712> TYTE: DHA
) 213> ORCAHISH: Artificial Sequence
<2205 FERTURE:
223> DTHER INFORMATION: prier

«<4B0> SEQUENCE: 3 .

orgtiitikyg teryytytge & 21

210> SEQ ID WO 6

<213y LENGTH: 26

232> 'IYYE: DAA

<21¥> ORGAMISH: Actificial Sequance

<220» FERTURE:

<I23» UTHER INFORMATION: oligonucleotide

<400 SEQUENCE: &

shastosacy tatoegagta ggngoant 20

<210> SEQ ID NO 7

<211 LENGTH: 28

<212> TYPE: DA

213> ORENISM: Artificisl Sequence

Q10> FENTURE: )

<223> OTRER INFORMATION: oligonucleotide

400> SEQUENCE: 7 .
Ltrggiectt grottatgie cagootys 28 .
" <7305 STQ ID NO 8
<211 LEWGTH: 43
<212> TYPE: DUA
<Z1¥> ORCENISH: Artificial Seguence
«220> YENTURE:
<723> OTHER INFORMATION: probe
<480> SIQUENCE: 8

- atectgygat tasatpsast agtasgastyg tatagoocia < 41
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What is chimed is:
1. A metgod of evaluatiog 1be cffectiveness. of anti-HIV
therapy of an BIVeinfecled paticnt comprising:
3j collecting statistically sigoificant data useful for deter-

mining wheibier or not a decline in plasma HIV RNA §

* copy.numbers cxists afler initiating trestment of 3
H)V-infected patient with an antirctrovira) agent by:
(3) colieeting more than onc plasma sawmple from the

HIV-ipfected patient at ime intervals sufficieot 1o
ascerlain the existence of a stalistically significant
Gecline in plasma HIV RNA copy mumbers;

(i) amplifying the HiVeencoding nucleic acid in the
plasma samples using HIV primers via PCR for
abont 30 cycles; .

(iii) mcasndag HIV RNA copy ouwmbers.using ihe
producis of the PCR of step (if);

{(iv) comparing the HIV RNA copy numbers in the
plasma samples collected dusing the treatmeny; and

b} evaluating whetber a statistieally sigoificont decline in

plaswa HIV RNA copy bers exists in evalvating

the cifectiveness of anti-HIV tberapy of 2 patient.

2. The melbod of ¢laim 1 in which the HIV priwers are
SK38 and SK39.

3. The method of clsim 1 in which one HIV primer is
primer NE1 (S“TCATTGACAGTCCAGCT-3)(SEQ 1D
NO:2). :

4. ')I'hc wmethod of clhaim 1 ie which one HIV primer is
primer A (SSTTCCCATTAGTCCTATT-3)(SEQ 1D NO:1).

3. The metbod of clairs 1 in which the antisetroviral agent
is zidovudine,

§. The method of claim 3, whbacin the preseuce of »
statistically significant decline in plasma HIV RNA copy
number coreelales positively that the apkrctroviral ageot is
therapeoticalty effective.

Bt

. and the post

24

8. A wethod of evalualiog tbe effecliveness of apti-FH1YV
tberapy of a paticot mmprising{

(i) collecting 2 pre-treal plasona ple from the
HIV-iufected paticnt who is about to be treated with 3n
aotirelioviral agent;

(i) collecting 2 plasma sample alfter inftiation of treatment
with an anliretroviral agent and al a time inferval
sufficient 10 ascedtain the existence of 3 statistically
significant decline in plasma HIY RNA copy numbsrs;

(iif) amplifying the HiVeencoding nucleic acid in the
plasma samples using HIV primess via PCR for sbout
30 cycles;

(iv) measuring HIV RNA copy numbers using the prod-
ucts of Ibe PCR of step (iil); .

(v} comparing the HIY RNA copy oumbers in the plasma

ples collected jo the pr plasma sample
and Ihe plasma semple(s) collected afier initiation of
the treatment; and

(“) Tusth g hether a statisik Ny q;“; iGeant decline
in plasma HIV RNA copy numbers sxisis in evaluating
the cffectiveness of suli-HIV therapy of a patical,

9. The method of claim 8, wherein comparing the HIV
RNA copy uembers of sicp (v) Rurther comprises determin.
ing 2 ratio of HIY RNA copy numbers in the pre-lreatment
plasrua samples, wherein the vatio
being gredler than about 710 1 conelates positively with the
cooclusion that the anti iral agenl is therapeutically
effectiveness.

10. The. meibod of ehaim 7, wherein comparing the HIV
RNA.copy numbers of step {¥) funher comprises determin.
ing a ratio of HIV RNA copy in the pre-t t
and the post-treal plasia whercin the ratio
being preater than about 4 1o 1 correlstes positively with tbe

7. The method of claim 3 wh the ab. of a

slatistically significant declive in plsmas HIV RNA copy
numbers correlates positively that the antirctroviral agent is
therapeatically inefiective.

conclusion 1hat the antiretraviral agent is therapeutically
clectiveness.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. :6503,70582 Page1of 1
DATED : January 7, 2003
INVENTOR(S) : Thomas C. Merigan, David A. Kaizenstein and Mark Holodniy

It is certified that error appears irvthie above—ndenhﬁed palént and tbal said Lelters Patent is
hereby corrected as shown below:

Title page,

lem [75), Inventors, delete “Michael J. Kozal, Mento Park, CA. (US);”

llem [74], Attorney, Agent or Firm, please replace “Howrey Simon Arnold &
White, Ltd.” with -- Howrey Simon Arnold & White, LLP —

Column 12

Ling 48, pleasc insert a period after “patients” and capitalize “only” to read
as follows:

-- patients. Only 7 of 23 were plasma virus positive by culture -

Signed and Sealed this

Seventeenth Day of June, 2003

Nae?

JAMES E. ROGAN
Dircaior of ihe United Staies Pasent and Yrademork Office
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