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bstract

Monitoring human papillomavirus (HPV) E6/E7 mRNA expression may provide an accurate and informative diagnostic approach for detection
f oncogene activity related to the development of severe dysplasia or cervical carcinoma. A multiplex nucleic acid sequence based amplification
NASBA) assay, utilizing molecular beacon probes for real-time detection was developed for the identification of E6/E7 mRNA from HPV types 16,
8, 31, 33 and 45. The assay is called PreTectTM HPV-Proofer and this report describes the development and the analytical performance of the assay.
The reproducibility of PreTectTM HPV-Proofer with regard to a positive result was found to be between 96 and 100%, depending on HPV type.

he melting temperature for the different molecular beacons was in the range of 48–55 ◦C, indicating conformational stability, i.e. the molecular
eacons will not get activated by the 41 ◦C annealing temperature, but will be activated by the annealing to the target itself. The limit of detection
or HPV 16 was ten SiHa or CaSki cells and for HPV 18 one HeLa cell. No cross reactivity was observed with E6/E7 mRNA from the other tested

PV types. mRNA from cervical cells was also successfully amplified after more than one year of storage.
In conclusion, the PreTectTM HPV-Proofer assay, individually identifying E6/E7 mRNA expression from five carcinogenic HPV types, is a

eproducible assay that may serve as a valuable tool in monitoring HPV infections producing proteins with a transforming potential.
2007 Elsevier B.V. All rights reserved.

reenin

i
i
t
f
t
a
V
H
o
1
a

eywords: PreTectTM HPV-Proofer; mRNA; Cervical cancer; HPV; E6/E7; Sc

. Introduction

Carcinogenic human papillomavirus (HPV) infection is con-
idered to be the etiological agent for cervical squamous cell
arcinoma (SCC). HPV DNA has been detected in as much as
9.7% of SCCs, with the most common HPV types identified
s HPV 16, 18, 31, 33 and 45 (Bosch et al., 1995; Clifford et
l., 2003; Munoz et al., 2003; Walboomers et al., 1999). There-
ore, in order to increase the sensitivity for detection of severe
ysplasias or SCC, suggestions have been made to include HPV
etection and typing in screening programs (Meijer et al., 1992).
owever, the prevalence of HPV infections is high compared
o the number of women who will develop SCC, especially in
ounger women, and therefore DNA tests will suffer from low
pecificity.
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E-mail address: t.e.f.molden@medisin.uio.no (T. Molden).

w
(

r
o
e
d

166-0934/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
oi:10.1016/j.jviromet.2007.01.036
g

Currently available HPV DNA tests are generally target-
ng the conserved L1 region. The oncogenic effect, however,
s dependent on the E6 and E7 genes of the high-risk HPV
ypes, and their continuous expression seems to be necessary
or transformation and maintenance of a neoplastic or dysplas-
ic phenotype of the cells (Hawley-Nelson et al., 1989; Jeon et
l., 1995; von Knebel Doeberitz et al., 1994; zur Hausen and de
illiers, 1994). Thus, detection of E6/E7 transcripts of high-risk
PV types may serve as a risk evaluation factor for the devel-
pment of cervical neoplasia (Falcinelli et al., 1992; Hsu et al.,
993; Sotlar et al., 1998). In addition, a repeated monitoring of
specific HPV type gives an indication of a persistent infection,
hich has been shown to be a predictor of high-grade lesions

Bosch et al., 2002; Ho et al., 1995; Kjaer et al., 2002).
The nucleic acid sequence based amplification (NASBA)
eaction is a method that amplifies single stranded nucleic acids
r RNA equivalents (e.g., viral genomic RNA, mRNA or rRNA)
ven in a background of double stranded DNA. By exclusively
etecting mRNA, it is possible to monitor biological activity
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ased on gene expression. The NASBA method has been used
n a wide variety of different diagnostic assays, detecting both
acterial and viral RNA (el-Galil et al., 2005; Bruisten et al.,
993; Greijer et al., 2002; Lanciotti and Kerst, 2001; Loens et al.,
005; van der Vliet et al., 1993; van Gemen et al., 1993). Real-
ime multiplex NASBA with molecular beacons is a one-tube
mplification and detection method and the risk of carry-over
ontaminations is thereby minimized.

The technical performance of the diagnostic kit PreTectTM

PV-Proofer developed by NorChip AS, Norway is described.
his assay is based on real-time multiplex NASBA and has the
dvantage of detecting HPV type specific E6/E7 mRNA from
he carcinogenic HPV types 16, 18, 31, 33 and 45. Two primer-
nd probe-sets are included in each reaction vessel. PreTectTM

PV-Proofer can therefore be used in monitoring a persistent
iral infection. Also, due to the carcinogenic capacity of the
6/E7 gene products, detection of these transcripts identifies

he HPV infections with a transforming potential.

. Materials and methods

.1. Cell lines

HeLa (containing HPV 18), SiHa and CaSki (containing HPV
6) cell-lines were obtained from the American Type Culture
ollection, USA. SiHa and HeLa cell-lines were maintained

n Dulbecco’s modified Eagles medium (DMEM); CaSki cells
ere maintained in RPMI-medium. The media were supple-
ented with 10% fetal bovine serum (FBS), 2 mM l-glutamine,

nd 25 �g/ml gentamicin. The cells were incubated at 37 ◦C in a
% CO2 atmosphere. The cells were trypsinated, counted using
ürkers chamber, and lysed in NASBA lysis buffer (NucliSens,
ioMérieux, Boxtel, Netherlands). SiHa cells contain one to

wo copies of integrated HPV 16 DNA; CaSki cells contain
00–600 copies of HPV 16 DNA; HeLa cells contain approxi-
ately 10–50 copies of HPV 18 DNA per cell (Syrjanen et al.,

988). The HPV negative cell line MA-11 (Rye et al., 1996) was
sed as background in the limit of detection (LOD) study.

.2. Clinical samples

The clinical samples used in the testing for genetic specificity
ave been described elsewhere (Molden et al., 2005).

.3. Primers and probes

The target area for primer design was the E6/E7 region from
PV types 16, 18, 31, 33 and 45. All primers and probes were
esigned to detect the full-length transcripts. A full-length tran-
cript is defined as any un-spliced transcript covering at least
he E6/E7 region and may also be fused to human sequences.
n the verification and performance evaluation of the assay, two
ifferent types of probes were used for detection, an ECL probe

nd a molecular beacon probe.

Detection of mRNA from the human U1 small nuclear
ibonucleoprotein (snRNP) specific protein A (U1A) is used
o monitor sample mRNA integrity. Two differently labelled
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t
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olecular beacon probes are used in each multiplex reaction.
luorescein (FAM) is used as fluorophore for the detection of
PV 16, 31, and 33; Texas Red (TxR) is used for the detection of
1A, HPV 18, and HPV 45. All of the molecular beacons con-

ain the non-fluorescent quencher Dabsyl CPG (1-dimethoxy-
rityloxy-3-[O-(N-4′-sulfonyl-4-(dimethylamino)-azobenzene)-
-aminopropyl]-propyl-2-O-succinoyl-long chain alkylamino-
PG).

.4. Positive controls of assay performance

Positive controls were designed to monitor the integrity of
rimers, probes and NASBA reagents. These positive controls
omprise artificial target sequences covering a somewhat short
tretch of the native transcript target sequence. The molecu-
ar beacons cannot directly bind to these oligos, but during the
ASBA reaction they are amplified and converted to templates

or the molecular beacons. As a supplement to the cell line
erived templates, these oligos were also used to investigate
he sensitivity of the assay.

.5. Nucleic acids isolation

The isolation of DNA and RNA was performed by a
ilica-based method (Boom et al., 1990) using the NucliSens
xtractor (BioMérieux, Boxtel, Netherlands) and the proto-
ol for automated isolation. RNA and DNA were isolated and
o-purified after lysis of 1 ml cervical smear sample in lysis
uffer, from a total of 9 ml (BioMérieux, Boxtel, Netherlands).
he extracted DNA/RNA was eluted in 40–50 �l elution buffer

1 mM Tris–HCl, pH 8.5) and stored at −70 ◦C prior to analysis.

.6. PCR

Isolated DNA (stored at −70 ◦C for a maximum of 6 months)
as subjected to PCR using the consensus GP5+/6+ primers

Husman et al., 1995). Gp5+/6+ PCR was carried out in a 50 �l
eaction volume containing 75 mM Tris–HCl (pH 8.8 at 25 ◦C),
0 mM (NH4)2SO4, 0.01% Tween 20, 200 �M each of dNTP,
.5 mM MgCl2, 1 U recombinant Taq DNA Polymerase (MBI
ermentas), and 50 pmol of each primer. Three microlitres of
NA sample were used. A denaturation step of 2 min at 94 ◦C
as followed by 40 cycles of amplification in a PCR proces-

or (Primus 96, HPL block, MWG, Ebersberg, Germany). Each
ycle included a denaturation step at 94 ◦C for 1 min, a primer-
nnealing step at 40 ◦C for 2 min and a chain elongation step at
2 ◦C for 1.5 min. The final elongation step was prolonged by
min to ensure a complete extension of the amplified DNA.

HPV type-specific PCR for HPV type 16, 31, 33, and 35
as performed according to Karlsen et al. (1996), and HPV

ypes 6/11, 18, 39, 45, 51, 52, and 58 according to the PCR
rotocol described below (NorChip AS, Klokkarstua, Norway).
he PCR primers are directed against different regions of the

enome compared to the NASBA primers.

The HPV 6/11, 18, and 51 PCR reagent mixtures were similar
o the Gp5+/6+ PCR reagent-mixture, except for one change in
he protocol: 2.0 mM MgCl2 was used instead of 1.5 mM. The
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PV 39, 45, 52, and 58 PCR was carried out without (NH4)2SO4
nd Tween 20, but included 10 mM Tris–HCl (pH 8.3 at 25 ◦C),
0 mM KCl, and 0.001% gelatin. HPV type specific PCR uti-
ized 25 pmol of each primer. A 2 min denaturation step at 94 ◦C
as followed by 35 cycles of amplification. Each cycle included
denaturation step at 94 ◦C for 0.5 min, a primer-annealing step
t 57 ◦C for 0.5 min and a chain elongation step at 72 ◦C for
min. The final elongation step was prolonged by 10 min to
nsure a complete extension of the amplified DNA. The primer
nnealing temperatures for HPV 6/11 and 51 were 51 and 55 ◦C,
espectively. A �-globin primer set was used to assess specimen
dequacy (Operating procedure, University Hospital Vrije Uni-
ersiteit, Amsterdam, The Netherlands). DNase free water was
sed as negative control.

Visualization of the PCR products was performed on a DNA
00 chip according to the manufacturer’s protocol (Agilent
echnologies, CA, USA). The DNA chip utilizes a micro scale
el electrophoresis with an LOD of 0.5–50 ng/�l. The results
ere interpreted using the Bioanalyzer 2100 software.

.7. Real-time singleplex NASBA

Singleplex NASBA was performed as described by Kievits
t al. (1991) with some modifications. The NASBA reaction
Fig. 1) is isothermal at 41 ◦C and utilizes the activity of AMV
everse transcriptase (RT), RNase H and T7 RNA polymerase,
ogether with two primers to amplify single-stranded RNA
Compton, 1991). The products can be detected in real-time by
he use of molecular beacons (Tyagi and Kramer, 1996). Molec-
lar beacons are single-stranded oligonucleotide probes having

stem-loop structure that fluoresce only upon hybridization

o their target. The loop contains a sequence that is comple-
entary to the target and a stem region that is unrelated to the

arget but has a double-stranded structure. One arm of the stem

f
t
5
6

ig. 1. Schematic presentation of NASBA including molecular beacon detection. The
he cyclic phase. The activities of reverse transcriptase (RT), RNase H, T7 DNA dep
robe binding activities are indicated. In the absence of a complementary sequence,
Q) prevents the detection of the fluorescent signal emitted by the fluorophore (F).
equence, the stem region is forced open and the fluorescent signal becomes detectab
nd reproduced with permission granted from copyright holder (Humana Press Inc.).
l Methods 142 (2007) 204–212

s labelled with a fluorescent dye (fluorophore) and the other
rm of the stem is labelled with a non-fluorescent quencher. In
he non-hybridized state the fluorescent signal is “captured” by
he quencher (Stryer, 1978), but upon hybridization the fluo-
ophore and the quencher are separated and a fluorescent signal
s transmitted. A premix of reagents (nucleotides, dithiotreitol
nd MgCl2) was made in 80 �l diluent (Tris–HCl, 45% DMSO)
ollowed by addition of 16 �l KCl stock solution (BioMérieux,
oxtel, The Netherlands), 5 �l of each primer (10 �M), 2.5 �l
f probe (20 �M), and 11.5 �l NASBA quality water. Five
icrolitres of RNA sample (of a 5× dilution) was added to

0 �l NASBA pre-mixture and incubated for 4 min at 65 ◦C to
estabilize secondary structures of RNA. The mixture was then
ooled down to 41 ◦C for 4 min. The amplification reaction was
tarted by addition of 5 �l enzyme mixture (AMV-RT, RNase
, T7 RNA polymerase and BSA). Total reaction volume was
0 �l.

.8. PreTectTM HPV-Proofer; real-time multiplex NASBA

Real-time multiplex NASBA is based on the same princi-
les as singleplex NASBA. The assay PreTectTM HPV-Proofer
as optimized by testing different combinations and concentra-

ions of primers and probes together, ending up with two primer
nd probe pairs in each reaction vessel that gave similar rela-
ive fluorescent units (RFU). Three premixes were made by the
econstitution of reagent sphere(s) in the reagent sphere dilu-
nt, followed by addition of either U1A/HPV 16, HPV 33/45,
r HPV 18/31 primer/molecular beacon mixes and KCl stock
olution. The primer and probe mixtures have been optimized

or multiplex reaction. Ten microlitres of this premix were dis-
ributed to each well in a reaction plate, followed by addition of
�l RNA sample (of a 5× dilution) and incubation for 4 min at
5 ◦C and 4 min at 41 ◦C. The reaction was started by addition

light arrow represents the initiation phase and the dark arrow (curved) represents
endent RNA polymerase (T7 RNA pol) and the primer and molecular beacon
the stem of the molecular beacon hairpin structure is closed and the quencher
By hybridization of the loop sequence of the beacon with a complementary
le. This figure is a modification of a figure published by Deiman et al. (2002)
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in the beginning of the exponential phase of the sigmoid curve
of the melting temperature). At lower temperatures a low flu-
orescent signal was observed indicating that the arms of the
molecular beacons were closed. As the temperature increased,

Table 1
Melting temperatures (Tm) for the molecular beacon probes in the PreTectTM

HPV-Proofer kit

Molecular beacon Tm (◦C)

HPV 16 49
HPV 18 51
HPV 31 49
HPV 33 50
HPV 45 55
T. Molden et al. / Journal of Viro

f enzymes and measured in real-time using the Lambda FL
00 fluorescence reader (Bio-Tek, Winooski, USA) at 41 ◦C for
h and 30 min. The PreTectTM Analysis Software (NorChip AS,
lokkarstua, Norway) was used for routine analysis of the exper-

mental data. The excitation λ (nm) filters for FAM and Texas
ed were 485/20 and 590/20, respectively, and the emission λ

nm) filters were 530/25 and 645/40, respectively.
Artificial and standardized oligos, corresponding to the viral

equence, were used as positive controls for HPV 16, 18, 31,
3, and 45. RNase free water was used as negative control. U1A
erved as mRNA quality control.

.9. Visualization of NASBA product by
lectrochemiluminescence (ECL)

ECL is a well documented and sensitive method for the
isualization of NASBA products and therefore used as com-
arison for the molecular beacon assay. ECL detection was
erformed according to the NucliSens® Detection Kit pro-
ocol (BioMérieux, Boxtel, The Netherlands). The NASBA
eaction products were diluted 20× in detection diluent and
�l of this mixture was added to 20 �l hybridization mix-

ure and hybridized at 41 ◦C for 30 min. The hybridization
uffer (5× SSC) contained 2 × 1012 copies of an ECL [Tris(2,2-
ipyridine)ruthenium(II) complex]-labelled detection probe and
0 �g of streptavidin-coated magnetic beads pre-coated with
× 1012 copies of a biotinylated capture probe. The ECL detec-

ion was performed using the NASBA QR system (BioMérieux,
oxtel, The Netherlands). A positive result by the ECL assay
as defined as 10,000 ECL units or more.

.10. DNA sequencing

A selection of HPV DNA and mRNA positive samples
as sequenced for confirmation of genetic specificity. The

equencing was performed at the University of Oslo (Norway)
ith the MegaBACE Sequence Analyzer from Amersham Bio-

ciences (Little Chalfont, England) according to their protocol.
he sequences were compared to other known sequences in a
atabase search (BLAST from National Center for Biotech-
ology Information [NCBI]: http://www.ncbi.nlm.nih.gov/
LAST/).

.11. Thermal denaturation profiles

The melting point or temperature (Tm) is defined as the mid-
oint of the temperature range at which the double stranded DNA
olecular beacon probe is denatured. For molecular beacons,

his means that 50% of the molecules have adopted a hairpin
tructure. The melting points for the different molecular bea-
on probes in the PreTectTM HPV-Proofer kit was determined
y real-time detection of fluorescence (iCycler, Bio-Rad, Her-
ules, CA) using a standard NASBA reaction mixture. First, the

eaction mixture was heated to 65 ◦C for 1 min followed by cool-
ng down to 20 ◦C for 5 min followed by an increase of 0.5 ◦C
er minute and a temperature range of 20–80 ◦C. The melting
rofile of the molecular beacons in the presence of template was

U

A
p
e
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lso determined using target sequences to which the molecular
eacons could bind directly (anti-sense probe). No amplification
an take place for these anti-sense probes. The template was
resent in a concentration that was ten times higher (∼2.0 �M)
han the molecular beacon (∼0.2 �M). In total 16 parallel runs
ere tested for each molecular beacon and the mean melting
oint was calculated. The fluorescence versus temperature was
alculated as the mean between the start and the stop of the
xponential amplification phase.

.12. mfold analysis

For predicting the secondary structure of single-stranded
NA, we used mfold version 3.1 software-based on minimal

ree energy (http://www.bioinfo.rpi.edu/applications/mfold/)
Zuker, 2003), using default settings, 100 mM Na+, 3 mM Mg2+

nd a temperature of 55 ◦C.

. Results

.1. Assay setup

Our NASBA primers and molecular beacon probes were posi-
ioned in the transcript region coding for the oncogenic E6 and
7 proteins from the five most common carcinogenic HPV types
6, 18, 31, 33 and 45. Two primer/probe-sets were combined in
ach reaction vessel. HPV 18 is run together with HPV 31, HPV
3 together with HPV 45, and HPV 16 together with the U1A
ample integrity control.

.2. Thermo stability

The mean melting points for the different molecular beacons
sed in the PreTectTM HPV-Proofer kit are listed in Table 1.
he melting points for the molecular beacon probes were in the

ange of 48–55 ◦C, well above the temperature of the NASBA
eaction, which is 41 ◦C. At 41 ◦C, the molecular beacons still
ave a hairpin structure (as illustrated in Fig. 2 where 41 ◦C is
1A 51

t 41 ◦C, the molecular beacons for the different HPV types still have a hair-
in structure (as illustrated in Fig. 1 where 41 ◦C is in the beginning of the
xponential phase of the sigmoid curve of the melting temperature).

http://www.ncbi.nlm.nih.gov/BLAST/
http://www.ncbi.nlm.nih.gov/BLAST/
http://www.bioinfo.rpi.edu/applications/mfold/


208 T. Molden et al. / Journal of Virological Methods 142 (2007) 204–212

Fig. 2. Molecular beacon melting profiles of PreTectTM HPV-Proofer, exempli-
fied by HPV 16. Melting points for the molecular beacons were determined by
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Table 3
Cross reactivity with other HPV types

PreTecta

primers
HPV type (demonstrated by PCR) Total

number
16 18 31 33 45 6/11 35 51 X

16 29 0 0 0 0 0 0 0 0
18 0 22 0 0 0 0 0 0 1
31 0 0 13 0 0 0 0 0 0
33 0 0 0 9 0 0 0 0 1
45 0 0 0 0 14 0 0 0 1

Tested 29 22 13 9 14 28 8 13 221 357

All 357 samples were positive by consensus PCR and type specific PCR for
t
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c
e
f
t
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w
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i
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H
b
I
D
(
u
s
s

3

etection of fluorescence by the iCycler (Bio-Rad). The sigmoid curve repre-
ents the molecular beacon melting profile without template while the other curve
epresents the melting profile of the molecular beacon with template present.

he fluorescent signal increased due to the opening of the arms,
esulting in separation of quencher and fluorophore. In the pres-
nce of a template, a fluorescent signal was observed even at
ow temperatures due to hybridization of molecular beacons and
emplate. An illustration of a molecular beacon melting curve,
ith and without a complementary template, is shown in Fig. 2.
he components of the NASBA reaction mix had a sufficiently
tabilizing effect on the molecular beacon probes so as to obtain
melting curve consistent with the stem-loop conformation of

he probes.

.3. Reproducibility

The reproducibility of the PreTectTM HPV-Proofer assay was
ested by using four to seven samples of each type (i.e. positive
or E6/E7 mRNA). Each sample was run 6–27 times (Table 2).

relative increase of the fluorescent signal of more than 1.7
defined as positive) was observed in 96.4–100% of the runs. Oli-
os used as positive controls in the PreTectTM HPV-Proofer kit
ere tested with 30 parallels and a positive result was observed

n all cases (data not shown).
.4. Genetic specificity

The PreTectTM HPV-Proofer assay was tested for its genetic
pecificity (cross reactivity) by performing the assay on 357

able 2
eproducibility of PreTectTM HPV-Proofer

PV type Number of
samples

Number of
runs per
sample

Relative increase
in fluorescent
signal

Reproducibility
of positive
results (%)

PV 16 6a 13–26 >1.7 100
PV 18 7 7–26 >1.7 99.1
PV 31 4 16–26 >1.7 96.4
PV 33 7 11–27 >1.7 100
PV 45 7 9–27 >1.7 100

positive result is defined as an increase of the fluorescent signal of more than
.7.
a In addition, one sample was positive in 12 out of 26 runs. This is most likely

xplained by a low number of transcripts.
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he respective HPV types. HPV X was positive by consensus Gp5+/6+ PCR,
lthough negative for HPV 6/11, 16, 18, 31, 33, 35, 45, and 51.
a PreTectTM HPV-Proofer.

ytological samples in which a single HPV infection had been
stablished by PCR (Table 3). These samples were typed by PCR
or HPV types 6/11, 16, 18, 31, 33, 35, 45, and 51 (samples
hat were positive for Gp5+/6+, yet negative for the specified
PV type are termed HPV X). In addition, five samples, which
ere positive by PCR for HPV 39 (n = 2), 52 (n = 1), and 58

n = 2) were tested (data not shown). A single HPV infection
s defined as positive for only one of the HPV types tested by
CR and does not exclude infection with other HPV types not

ncluded in the PCR. No cross reactivity was observed with the
PV types that were tested. However, three samples defined as
PV X were positive for E6/E7 mRNA from HPV 18, 33, or 45
y PreTectTM HPV-Proofer, yet negative by type-specific PCR.
n addition, a selection of 30 samples, which were both HPV
NA and E6/E7 mRNA positive for HPV types 16 (n = 7), 18

n = 7), 31 (n = 5), 33 (n = 6), and 45 (n = 5), were sequenced
sing the Gp5+/6+ PCR primers and compared to other known
equences in a BLAST database search. NASBA, PCR and DNA
equencing gave an identical identification of the samples.

.5. Limit of detection (LOD)

The LOD for the PreTectTM HPV-Proofer assay was deter-
ined by testing oligos in serial dilutions in four parallel runs
ithout other nucleic acids present (Table 4). Some differences

etween the different HPV types were observed. The HPV 16
rimers and probes were the most sensitive ones, detecting
ligos at 0.1 nM. While the HPV 18 and the HPV 45 primers
nd probes were the least sensitive, detecting oligos at 10 nM.

able 4
imit of detection (LOD) for PreTectTM HPV-Proofer on oligos

oncentration
nM)

U1A HPV 16 HPV 18 HPV 31 HPV 33 HPV 45

0 + + + + + +
+ + − +a + −

.1 + + − − +a −

.01 + − − − − −

.001 − − − − − −
positive test result is defined as a relative increase in the signal of more than

.7 in four parallel runs.
a Three out of four runs gave a positive test result.
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ig. 3. Limit of detection (LOD) of PreTectTM HPV-Proofer using oligos as
emplate.

n illustration of the real-time NASBA reaction in response to
ifferent concentrations of template is given in Fig. 3. To further
scertain the LOD of PreTectTM HPV-Proofer (real-time multi-
lex NASBA), cell lines containing HPV 16 (SiHa, CaSki) and
PV 18 (HeLa) were tested with real-time singleplex NASBA,

nd electrochemiluminescence (ECL) assays in four 10-fold
erial dilutions containing from 105 cells to less than one cell.
or comparison, cell lines were also tested by consensus and type
pecific PCR. The LOD was defined as the concentration (num-
er of cells) producing a 100% hit-rate in four separate trials. The
OD for HPV 31, HPV 33 and HPV 45 has not been established
s cell lines containing these HPV types could not be obtained at
he time.

The consensus and type specific PCR assays had a LOD rang-
ng from 1 to 100 cells, depending on the cell line (Table 5). The
OD of singleplex and multiplex NASBA ECL assays, detecting
–10 cells, was almost identical, and corresponded to the LOD
f the real-time NASBA molecular beacon assay. However, the
OD of the singleplex NASBA molecular beacon assay was
bout 10-fold lower than the corresponding multiplex reaction
or HPV 16. This was not observed for HPV 18. The difference
as minimal in that the multiplex reaction detected approxi-
ately 75% of the samples at the LOD of the singleplex reaction.
he LOD was also tested in a background of HPV negative MA-

1 cells (data not shown). This did not notably influence the
erformance, neither of the singleplex nor the multiplex HPV
8/HPV 31 reactions. However, the LOD of the HPV 16 mul-
iplex reaction was reduced. The LOD threshold for the HPV

4

a

able 5
imit of detection (LOD) for PreTectTM HPV-Proofer on cell lines

rimer Single NASBAa/ECL assayb Multiplex NA

SiHa CaSki HeLa SiHa

P5+/6+ – – – –
1A 10/10 10/10 1/1 10/10
PV 16 1/1 1/1 – 10/1
PV 18 – – <1/<1 –

a Real-time singleplex NASBA assay.
b The ECL detection was performed with the product obtained from the NASBA m
c Real-time multiplex NASBA assay, PreTectTM HPV-Proofer.
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6/U1A multiplex reaction was in a ratio of one SiHa or one
aSki cell, in a background of 100 HPV negative cells.

.6. Cut-off

The cut-off level for a NASBA application with real-time
etection is defined as the level of fluorescence that discriminates
etween a positive and a negative test result. In order to reflect
hether a given specimen is positive or negative for a particular

arget RNA, it is critical that the cut-off level is determined accu-
ately. Two principal parameters are involved in determining the
ut-off level; baseline fluorescence and the variation observed in
he baseline fluorescence signals. Depending on the molecular
eacon and the fluctuations in the reaction medium, the level of
he background signal as well as the baseline fluorescence may
ary between reactions. Instead of determining baseline fluo-
escence values by a significant number of confirmed negative
pecimens, it was decided to calculate mathematically the base-
ine level by using the 1st and 2nd derivative for each sample.
y doing this, the negative control does not need to contain the

ame sample matrix (for example cervical cell samples) as the
iological specimens that will be investigated with the NASBA
ssay. A RFU ratio above 1.7 is regarded as a positive result and
RFU ratio below 1.4 is generally regarded as a negative test

esult. A RFU ratio between 1.4 and 1.69 is regarded as inde-
erminate. A repeated indeterminate result should be considered
ositive. For cases where a sigmoid curve is observed but the
FU ratio is below 1.4, it is recommended to re-extract the sam-
le with a higher input of template as the sample may contain a
ow level of template. The determination of the cut-off level is
ased on comparisons to ECL detection results and evaluation
f the difference between the highest and the lowest values for
he baseline fluorescence in a random sampling of a significant
umber of negative and positive samples (data not shown).

A PreTectTM HPV-Proofer reaction which is positive for HPV
6, as well as for the U1A mRNA control is shown in Fig. 4a;
reaction which is positive only for U1A is shown in Fig. 4b.
NA that was stored at −70 ◦C for more than 12 months was
ell conserved and amplifiable by PreTectTM HPV-Proofer.
. Discussion

This report describes the design, design verification and
nalytical performance of PreTectTM HPV-Proofer, a real-time

SBAc/ECL assayb PCR

CaSki HeLa SiHa CaSki HeLa

– – 100 1 100
10/1 10/1 – – –
10/1 – 100 1 –
– <1/<1 – – 10

olecular beacon assay.
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Fig. 4. Real-time multiplex HPV 16/U1A NASBA. (a) A SCC sample positive for HPV 16 E6/E7 mRNA and the U1A mRNA performance control. (b) A SCC
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ample negative for HPV 16 E6/E7 mRNA but positive for the U1A mRNA per
nits. This is a visualization of the one-tube multiplex NASBA run and it is not

ultiplex NASBA assay for rapid detection of E6/E7 mRNA
rom each of the carcinogenic HPV types 16, 18, 31, 33 and 45.
eal-time multiplex NASBA with molecular beacon detection

s carried out in sealed vessels, thereby minimizing the risk of
arry-over contaminations.

To date, the focus of HPV detection has been on DNA.
owever, the majority of HPV infections are transient or non-

ransforming, creating a high false positive rate and a low clinical
pecificity for HPV DNA testing methods. In contrast, as the
6/E7 oncoproteins are the main cause of a malignant trans-

ormation of the cell, E6/E7 mRNA detection may be better
uited for diagnostics regarding the development of severe dys-
lasias. Upon integration of HPV into the human genome, which
s regarded as a important for SCC development, E6/E7 mRNA
xpression is deregulated and will increase to a level causing
ransformation (Jeon et al., 1995).

No cross-reactivity was observed between PreTectTM HPV-
roofer and E6/E7 mRNA from phylogenetically related HPV

ypes that were tested. However, three samples, which were pos-
tive by consensus PCR, but negative by type-specific PCR, were
6/E7 mRNA positive with PreTectTM HPV-Proofer. This could
e due to differences in sensitivities of the methods. In general,
he specificity of a molecular beacon has been demonstrated to
e better than a standard linear probe and it can be designed
o distinguish targets that differ with a single nucleotide base-
air (Bonnet et al., 1999). For example, no false-positive results
ere obtained for the West Nile (WN) and St. Louis encephalitis

SLE) viruses, for any of the serologically related flaviviruses
ested (Lanciotti and Kerst, 2001).

The LOD for the Gp5+/6+ PCR assay was found to be in
he range of 1–100 cells for HPV 16 (SiHa, CaSki) and for
PV 18 (HeLa). This is in good agreement with other methods,

ike the enzyme immunoassay variant of the Gp5+/6+ PCR and
outhern blot analysis (Jacobs et al., 1996). The LOD of the real-

ime NASBA assay and the NASBA ECL assays performed with
6/E7 mRNA from HPV 16 (SiHa, CaSki) and HPV 18 (HeLa)
as better than the LOD of PCR by a factor of 10. This most

ikely reflects the higher number of detectable mRNA copies
ompared to the DNA copy number (Jeon et al., 1995) or a pos-

ible difference in sensitivity of the assays. The copy number of
he viral genome in SiHa cells is 1–2, while CaSki cells have as

uch as 600 copies of the genome. However, it has been reported
hat SiHa cells have 10–20 times higher E7 mRNA expression

i
H
t
t

nce control. U1A, sample mRNA quality control. R.F.U., relative fluorescence
ical to how it is presented in the software from NorChip AS.

evels than CaSki per HPV DNA copy (Kozuka et al., 2000)
nd a similar LOD of SiHa and CaSki cells therefore indicates
hat the PreTectTMHPV-Proofer reaction amplifies mRNA and
ot DNA. The LOD for PreTectTM HPV-Proofer was also deter-
ined using oligos as templates. However, the amplification of

he target is dependent on the length as well as on the secondary
tructure of the product and this is therefore not fully compara-
le to the clinical situation. The oligos are shorter than the viral
RNA sequence and therefore do not reflect the overall efficacy

f amplification, but rather indicate efficacy of primer and probe
nnealing.

Regarding single- and multiplex NASBA, only minor dif-
erences were observed. A benefit of running the reactions
ultiplex, meaning two or more real-time amplifications in each

ube, is the smaller amount of consumables and sample material
sed. A multiplex reaction also makes preparations easier and
llows for a higher throughput of samples. The use of molecular
eacons in real-time PCR, with multiplex detection of up to four
argets, has been reported (Marras et al., 1999; Vet et al., 1999).

The reproducibility of a positive result by the PreTectTM

PV-Proofer assay was in the range of 96–100%, with the excep-
ion of a few samples. For example, one sample was positive for
6/E7 mRNA from HPV 16 in 12 out of 26 runs. This is most

ikely explained by a low number of transcripts.
RNA integrity is monitored by amplification of the human

1A transcript. U1A is a low abundance housekeeping gene
nd a negative test result will reveal sample degradation or low
umber of cells in the original sample. Accordingly, in the three
ell lines HeLa, CaSki and SiHa, the LOD of U1A was found
o be equal to or lower than the LOD of HPV. A detectable
evel of U1A mRNA shows that the RNA is preserved and a
egative HPV E6/E7 mRNA result is most probably not due
o reduced quality of the sample. We have shown in a previ-
us study that U1A and HPV E6/E7 mRNA are stable for at
east 12 months when stored at −70 ◦C (Molden et al., 2005).
his shows that mRNA is stable over time when stored under

he correct conditions and is suitable for routine diagnostic
ssays.

In conclusion, the PreTectTM HPV-Proofer assay, identifying

ndividually E6/E7 mRNA expression from five carcinogenic
PV types, is a reproducible assay that may serve as a valuable

ool in monitoring HPV infections producing proteins with a
ransforming potential.
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