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; Current Status of the HIV-2 Assay and a Proposal for Development i

of an HIV RNA PCR Quantitative Assay (S Kwok)

The HiV-1 and HTLV assays developed in our lab are currently being finalized at RDS.
As of May 27, 1990, our lab has focusad primarily on developing an assay for HIV-2. Since the

HIV-2 project was lnitlated last year, we have eﬁoountemd two major obstacles.

First, sample procurement has been a problem. The COC has provided us with some

HIV-2 samples. However, these are 1éw and far between, Furthermore, the amount of DNA we

receive for each sample Is gensrally enough for cnly a few reactions which poses & problam

when deai!lng with recalcitrant samé!es. We have recenuy lnli!aiad ’a collaboradion with Dr, Vamier

¥ at the University of Gsnéva in Haly. Wa‘recelved So HIV-2 samples from his group but many of 1 S ~’f B

these samples were not PCR competen! as datermlned by HLA ampnﬂcaﬂons. Once agaln the

quantity of material was lnsufﬁdent for extensive studies. The abmty 1o obtain large quantities - 7 ,
of well-characterized HiV-2s Is gbsolutely critical to the success of this project. Once a good - K s

candidate primer palr has been idantified, validation of the primers will require yet another batch
of samples. ’

f-‘ ] Second, the HIV-2 genomes are more heterogeneous than the HIV-1g and selection of

l aad

=

] & primer pair-probe system that amplifies all isolates has besn a challengs. To date, sequence
— a1 Information Is gvaliable for only 7 HIV-2s. Three SIV lsolates, & virus closely refated to HIV-2, ’
E - N have been sequenced. Despite identifying regiom that are highly consarvad (which ere few), we '
—

F—

¢

=

’ havoon!ybeanablatodeiecimolm&otamswimwrbestpdmerpak it eppears that the

ssquenced Isolates may representbut & fracﬁon of those present In the population. Furthermore,

HIV-2 isolates from diierent parts of Atrica may be divergent.

-
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. :' The Incorporation of HIV-2 Into the HIV-1 assay has covious appeal. HIV-Z has been —~——*~—~
observed pmarkly In West Alrica and 1o date, only & handful of individuals in the United States """’“ [
2ve boon Infacted Wi this vius. Thes indviduals wers elther from Wost Affica or had '; ; .
contracted the disease there, Serologlcal and peptida essays for HIV-2 are avaliable. in addiion, ; 1 I
given the problems with sampla procurement and the hetarogenelty of the virus, | feo! we need {1 “:
— : S , : BN
. o reavaluate the priorlty ghven o the HIV-28. ‘ E B
lproposematmherhandwommmmwtoﬁw-z.mumbeclntodevelopu X | "i'
T procacurs for quanitation of HIV-1 viral oad In Infected petients. Our affort on HIV-2 would be 11-
- decroased but not terminated. There ls a huge demand for quantitative assays to evaluate drug F '
“' ! efficacy. A quantitative assay for HIV RNA by PCR would fill this need. ’ _E
N S ~ % 1
i f CONSIDERATIONS:
,] in developing & quantitative HIV RNA assay we need to wa Into consideration every 1+
::i T aspact of the procadure, from sample preparation to amplicon detaction - 4
flé A Selection of 8 samole preparation protocol. Wealy, the sample
i preparation protocol should be egsy to use and requirs only & few
.’; manipulations. Mieroprobe s and HRI's extraction procedures are
: f simple, but the etfeciony of zamp!a recovery needs 10 bo assesecL
‘ B) _mzamm Rmmranwbﬁmmd?caw!!
f e bepedomwhtshdcmwm\meDNApo!ymem To.
: :*: he extent possicie, reactions will be pretreatod with UNG and *
: T amplified In the presence of GUTP. |
Witnessed & Understood by me,
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possibie, reactions wil ba pretreated with UNG and amplitied In the presence of
duTP.

Cyeling. For accurale quantiation, the range of exponentia

ampiffication as a function defined cycle number needs lo be

determhed. ’

_ Petection. Kisaly, the detection method should be non-radioactive,
have a sensltivity of 107 molecu!es and hava a broad dynamic
range (1-1000 input molewles). It would be best If a colorimetric
microtiter datection format aimilar 1o that currently used at Roche

PN J VO WO T N S NN Y

o

could be emp!oyed The current HRP detewon method has 8 very
narrow range (115 hpu: molecules) wﬂh xha ampnﬂcauon prcﬁles .
currently In p!ace due to PCR plateau. The dyuarmo range for
detaction of ampﬁccns In the microtiter format is between 10%10°

molecules (R. Pottahil). By moditying the ampllﬁcaﬂon proflie we

shouid be abla to establish & linear range of detaction, Competition

betwesn Watson-Crick strands may Interlere with probe capture
and an - asymmetric amplification. system may ba required.
Altsrnatively, given the efficlancy and speciiclty of the SK462431

system with UNG prebreatment at 50°C, we may be able to
quantiate wih fuorsscence alons. ‘Slephen Schart and Steve Wi
recommended using flouorescent tagged primers (éqx‘ or JGE), '
ABI claims stamole senslivity with both labels,

"
354

e o TR ‘v‘
ooy cour Tdsn A
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internal standard fo mentior sample recovery. We need o first determine

whether Intracellutar genomic RNA, viral particulate RNA, or mRNA should be
targeted. For intracefiuar gonomic and mMANA, we might consider. co-
ampilfication of a ‘housekeeping’ gene. For viral particles, perhaps we could
spkks In an exogenous, non-human virus such as MuLV. This virus would have
Inserted lnto & non-functional part of its genoma, the SK462 and SK431 primer
binding sites and & modified Intamal HIV sequence (sea below).
Potential pitfalls with uslng MuLV: '
g. Malntaining a stock of Intact viruses.
b. Quantitation of vlr;d particies as there will be defective viruses and
empty capsids '
¢. Amplification of MuLY may not necessarlly -
refiact condition of Hw particles in the specimsn.

Internal follow RT PCR efiiciencies. ¥ MulV or other *mutated”

virions are not used, RNA transcripts contalning the same primer binding sites
put with @ modified Intsrnal sequence, can be spiked Into the rea;:ﬂons. The
internal sequance should ba sufficiently ditterent 8o that t can be differentiated
from the true target. Several approaches can be iakah.‘ These Include, 8)

replacement of the 5K102 probe region with 1unk uquences' b) eomplete .

scrambiing of the internal sequence. or ¢) Alics Wang‘s HIV plasmid which
tpantmoSKMS»SGmbnmdeentalmtsMBpowmtaﬁon leading to
craation of & new restriction cndonuoum’m u;wxln the Sms-aﬁ'regk'm.
mammﬂwmeshmm«cmmuw 1) restriiction

smmmwamwmwmmwm~
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target; 2) hetarodimers that form can abolish restriction sites (very Ekely

especially at high input nwrper): 3) potential mutation In the true target that

generates same restriction endonuciease site (much less tksly).

STRATEGY:

Devslopment of this maywi! have to cccur as & multi-step process, some of which can

occur concurrantly.’

Gliven the uncertalnties of us!rig MulV as control, we will construct a randomized clone

of the reglon fianked by SKAB2431 for use s an intomal standard. The SK462-431
reglon can ba depictad as § separate reglons: A-E. Reglon A=SK462, B=reglon between
A and SK102; C=SK102; D-mo!on‘ between SK102 and SK431; and E=SK431. Our

strategy is to retain the prmer binding sltes A and E, but shutfle regicns B, C, and D each
saparately and th_an combine, rathor than shutfie the Intemal sequences altogether. The

Intent is to maintaln the location, sequence composition, and Tm of the 8K102 probe

region.

0 O 0 O o P O O N BB -

The shutfied sequences wili be gensrated by ﬁgaﬁoh and repalr of two long

oﬁgcnudeoﬂdasﬁm&owdapbﬂbma of complementarity at the 3 larminus. The first ',
. oligonuciactide contalns & Pst nksr, the 5K462 reglon, and the first halt of the shutfle

saquence. The second oligonuciectide contains a BamHl anku uquoncc, the SK431

redmmd&wmﬁemmtotﬂwswondhﬁowudwmommm. Afior annealing

and subsequent repair with Klsnow, the fragmant will be digasted with Psf and BamH
1 and cioned into & transcription vector, pSPE4 (with poly A).

| —

[T I,
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3. After cloning and isotation of plasmid DNA, ths DNA wil be linearized and transcribed In F“‘"*’“ ,

vitro with SP6 RNA polymerase. To remove residusl D
an o!iqocﬂ’co&u:mawmnherdgeswdwth RNAse froe DNAse.

KA. the RNA WL b passed trough i

us amounts of RNA witl be spiked In® the extracted samples.
polymerase of

4, For quantitation, vario
Control and sampie RNA will be reversed iranscribed with either Tih DNA
ar Tth DNA polymerased MuLY RT will be used

— MLV RT. The decision on wheth

ji depends on Tt ablty 1 incorporala QUM 1 the cne-step reaction and on 12 relative
i

-

u

wod

pRT!PCRmatlncotpomes dUTPAING i

importance THhvs caryover prevention. Single ste

can be performed with MuLV and Taq DNA polymerase
rve as control for reversse transcription

but without ihe benaft of RT &t i

elavated temparature, The Intamal standard will 86

as woll as PCR.

rditons which will aliow preferential - n

5. Attompts will be made to lenlly reaction ¢0
of RNA over DNA. For example, given the relatively low maiting termperature v

(75°C for SKa8-39 and 86°Clor SK462-431) over complax DNA, we may
amplfication of the ampiicon. Sinca

gmplification

of our amplicons
bcabtatomodfym&namuonpromuww

RNA-DNA hybrids are more stable than DNA-DNA hybrids, one pqtenﬁai problem Is
ration conditions which wil setedmty. allow denaturation of the

wanscribed cONA from RNA while keeping the duplax DNA intact.

i

1
—
.
—
- \dentifying denat
.o--1

Thtspomnﬁa!prowm unbcm&n!zadhat\‘eastﬁwuways. Ons, which

- “m@m‘mﬁwwm,uwamwmnmmmﬂ
primer will be used 1o reverse

oy jower melting lemperalures.. Since the downsiream

Witnsssed h Understood by ms, Date tmw . L oste by
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transcribe from RNA, the usiness™ end of this potentially long transcript shouid — B
st have a lower melting tsmperature which, hopefully will be “breathing” ! T
wﬁldenﬁytoaﬂow.uﬁ mwmuémmdmmwhmmtqmu t
PCR at a lower than standard denaturation te:ﬁpemmm. Second, RNAse H can
be added to degrade the RNA prior to PCR. Finally, modified bases that
decrease In this duplex can also gkew the reaction. .

The HIVEX2 RNA transcripts genarated by A. Wang's group and the HIVZ6 plasmid
DNA generaled by S-Y Chang, provides an atiractive mods! system for evaluating .

RNA vs DNA amplificatons. Minor sequence variations between these two viral
vartants has enabled us to design type specific probes that will turther {acliitate

analysis..

A qdanmaﬁve detection system that has a broad dynamic range needs to be developed.
We will begin by evaluating amplificaions with ROX and JOE (fuorescent) labsled pAmers

b

and assess signal as a function of c:opy and cycle number. Products will bs Initialty
analyzed on ABI's gene scanner. Samples will be ampiified with dUTP and reactions

pretroated with UNG:!SO‘ctoan'dnutes. i the results are pmm!slnq.tmassaycan
becomnedto:nﬂaoﬁwchcapmfomat lnth!ﬁomm.uwmduchcmbe b

analyzed on two diﬂmm piates, sach coated with elther the shufﬁad SK102 {for the
h\emaicomroaorwmsmozmmaiw!y.udabeiadpmeumba usadandm
products captured with ROX (for intarnal control) and Joe (for true target) labeled probes.
Only SKA31 which Is complementary to SK102 will be labeled. Several investigators have

Wu I O 0 o e R 4

o wwmzm:;ww;m Dats

w . Fa .
g P
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: reported incraased signal detection whan both primers were {abeted -presumably due i —

t
o, ]
—T—  gstructures. A single-labeled primar may provide more accurats quantitatl i
| ing the i
- In this strategy, there are no Internal controls to monitor sarmple recovery during :
» : DN
“ extraction procadure. In addiion, while we witl attempt to preferentially amplity RNA over DNA,
T ' ton of the
-—1-—' the presence of any gingle-stranded DNA In the sample may compromise interpreta
i ‘ )
T resulis.
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