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E6/E7 mRNA expression analysis: A test for the
objective assessment of cervical adenocarcinoma
in clinical prognostic procedure
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Abstract. Detection of E6/E7 mRNA expression using the
real-time nucleic acid sequence-based amplification assay
(NASBA) PreTect HPV-Proofer was compared with results
of human papillomavirus (HPV) DNA detection in 98
paraffin-embedded samples from patients with cervical
adenocarcinoma. HR-HPV DNA was detected in 61 (62%),
while HR-HPV E6/E7 mRNA was detected in 63 (64%) of
the samples. Correlation between results from DNA analyses
and the E6/E7 mRNA assay showed consistent results in
87% of samples (47 of 54). The results from these two
methods in detecting presence of HPV infection of any type
agreed in 77%. Overall agreement between the methods was
seen in 82 of the 98 cases (84%). When evaluating change in
sensitivity for detection of HPV positives by adding more
HPV types to the HPV DNA assay, maximum sensitivity was
reached by targeting four HPV types. The coverage of HPV
DNA presence was 76.9%, while the E6/E7 mRNA assay
achieved a maximum coverage of 80.8% using only three
HPV types. Thus, E6/E7 oncogene expression analysis may
provide a more objective test for assessment of neoplastic
glandular cells. Further studies may reveal whether the
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clinical performance of the E6/E7 mRNA assay will be of
prognostic value in management of cervical adenocarcinoma.

Introduction

Cervical cancer remains the second most common form of
cancer among women worldwide, with an estimated half a
million new cases and a quarter of a million deaths each year
(1). In Sweden ~450 women are diagnosed with invasive
cervical cancer, and 150 die each year from the disease (2).

In the last decade, however, an increase in the incidence
of invasive adenocarcinoma (AC), which comprises 10-20%
of all cervical cancers, has been observed in several countries,
where functional cervical screening programs exist (3.,4).

Through cytological screening, precursor lesions can be
detected and removed before cancer develops. Due to its
location high up in the endocervical canal, AC and its
precursor lesions, adenocarcinoma in situ (AIS), are generally
considered more difficult to detect through routine Pap smear
screening (5).

The predominant etiologic agent in cervical cancer is
infection with high risk human papillomavirus (HR-HPV),
found to be present in >95% of squamous cell carcinoma
(SCC) and in between 55 and 90% of AC (6).

About 80% of infections with HR-HPV are transient,
probably because of a T-cell response to HPV (7). Approxi-
mately 1% of women infected with HR-HPV will eventually
develop cervical cancer (8). HPV types 16 and 18 are the most
common in invasive cervical cancers, with type 18 being
significantly more common in cervical AC than in SCC (9).

In a small subset of women, persistent HR-HPV infection
will lead to transformation through integration of portions of
the HPV genome into the host cell genome. Expression of the
E6 and E7 viral oncogenes is maintained, while expression of
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other viral genes is disturbed or disrupted. Disruption of the
E2 gene, which may result in deregulated E6/E7 expression
through transcriptional derepression, is important since it
allows E6/E7 expression to continue while other genes are
suppressed. HR-HPV E6/E7 expression in turn augments
genomic instability through induction of centrosome
abnormalities. HR-HPV E6/E7 proteins inactivate growth
inhibitors within the cell, most importantly the tumor
suppressors, pRB and p53 (10). HPV-related malignant growth
requires the presence of full-length E6/E7 oncoproteins
(11,12).

Compared with cytological screening, HPV DNA-based
testing has demonstrated higher sensitivity for histologically-
verified cervical neoplasia. Due to the high prevalence of
transient infections, most HPV DNA-positive cases never
develop any kind of dysplasia (13,14). In addition, it has
been far more difficult to establish a causal link between
HPV DNA and adenocarcinoma than it is for HPV DNA and
squamous cell cancer, since a significant number of adeno-
carcinoma cases exhibit no HR-HPV presence (6).

Since expression of E6/E7 oncogenes is necessary for
development of cervical intraepithelial neoplasia and sub-
sequent cervical cancer, testing for HR-HPV E6/E7 mRNA
as a sign of persistent expression of E6/E7 oncogenes of
infected cells could provide a more effective means for early
detection of cervical cancer, especially AdCx (15).

The aim of this study was to evaluate whether the real-
time NASBA-based PreTect HPV-Proofer assay (NorChip
AS, Klokkarstua, Norway) can be used to detect the full-length
mRNA E6/E7-region of five HR-HPV types in paraffin-
embedded tissue samples of cervical adenocarcinoma. We
also wanted to analyze whether the PreTect HPV-Proofer is a
more sensitive method for detection of adenocarcinoma of
the cervix due to transforming HPV infection, than the DNA
test in paraffin-embedded material. For this purpose we
examined HPV status in a series of cervical adenocarcinomas
using the PreTect HPV-Proofer and compared it with typing
by SSCP or direct DNA sequence analysis after PCR amplifi-
cation as well as by the Linear Array HPV genotyping test in a
subset of these cases.

Patients and methods

Tumor material. The study includes formaldehyde-fixed
paraffin-embedded tumor tissue specimens from 98 primary
cervical adenocarcinomas diagnosed and surgically treated at
Karolinska University Hospital-Huddinge between 1992 and
2000. Clinical information from these cases has in part been
previously published (16).

According to histopathology, eight adenocarcinomas
showed only superficial proliferation of the mucosa and no
obvious signs of infiltration into the surrounding stroma were
present. These tumors were regarded as ‘in situ adeno-
carcinomas’, while the remaining 90 tumors were considered
to be ‘infiltrating cervical adenocarcinomas’. All patients
were retrospectively followed-up from time of diagnosis until
January 2007 and disease recurrence and survival data were
recorded.

Extractions from all blocks (total of 98) were carried out
twice. The first round of extractions was used for GP5/6* PCR
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followed by SSCP-typing, or PCR for direct DNA sequencing.
The second round of extractions was for mRNA analyses. A
third round of extractions was carried out exclusively on cases
testing negative (N28) to allow an opportunity to perform the
Linear Array HPV genotyping test (LA).

HPV DNA analyses by GP5*/6* PCR. The flow chart in Fig. 1
summarizes the study design. Results from HPV analyses have
previously been published for all cases (17).

HPV DNA typing. HPV was typed using direct nonradio-
isotopic single-strand conformational polymorphism (SSCP)
(18) and/or by direct DNA sequencing of a PCR-amplified
L1 target (6).

Samples showing inconsistent results were further analyzed
by reverse line blot (RLB) hybridization, provided sufficient
material was available. RLB hybridization was performed
using a previously described assay (19).

HPV RNA analysis by NASBA. Paraffin-embedded tissue
blocks were sliced with a microtome blade into five 10-ym
sections and transferred to 1.5 ml RNase-free vials and stored
at 4°C. The microtome and forceps were cleaned with 70%
ethanol twice between each sampling to prevent contamination
between blocks. Sections for DNA and RNA analysis were
incubated in two consecutive baths of xylene for 10 min each
before centrifugation for 5 min at 2500 rpm, followed by two
consecutive baths in 100% ethanol, 10 min each. After final
centrifugation for 5 min at 2500 rpm, the pellets were dried at
55°C for 2-4 h and treated for at least 3 h with 100 x10.5 mg/
ml proteinase K (Invitrogen, Carlsbad, USA, 20 mg/ml) in
RNase-free 1X Tris-HCI (Sigma Aldrich, St. Louis, USA) at
55°C until digestion was complete. Finally, 900 pl lysis buffer
(Nuclisens, bioMérieux, Marcy 1'Etoile, France) was added to
each tube before extraction using the NucliSens manual
extraction kit (bioMérieux). Extracts were stored at -80°C.

Full-length mRNA from HPV types 16, 18, 31, 33, and
45 were detected using the real-time NASBA-based assay
(PreTect HPV-Proofer, NorChip AS), according to the manu-
facturer's instructions.

To avoid false negatives due to degradation of mRNA,
primers and probes against human UlA mRNA are included
in the HPV-Proofer kit for performance and integrity control.
However, the U1A control was found to be suboptimal for
integrity control in paraffin-embedded tissue due to modified
or fragmented nucleic acids, and was therefore replaced by
glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The
amplicon defined by the GAPDH primers was adjusted in
size to better match the HPV amplicons. Thus, GAPDH
primers achieved approximately the same sensitivity as the
HPV primers (unpublished data).

The cases that were still HPV-negative for both mRNA
and DNA after examination with GP5*/6* PCR followed
by typing and PreTect HPV-Proofer were further analyzed
using the Linear Array (LA) HPV genotyping test (Roche
Diagnostics, Basel, Switzerland).

HPV DNA extraction and detection with Linear Array.
Paraffin-embedded archival biopsies were de-waxed with
xylene-ethanol and DNA was extracted using a MagNNA Pure
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Figure 1. Flow chart illustrating the design of the study.
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LC Robot in accordance with the procedure outlined in the = morphology of cervical adenocarcinoma, consistent with the
manufacturer's manual (Roche Diagnostics). HPV-DNA initial diagnosis. A total of 13 cases remained HPV negative
detection and genotyping were carried out using the Linear  after testing by both DNA methods, including Linear Array
Array (LA) HPV genotyping test outlined in the manu-  (seven of the initial 28 cases had no material left), as well as
facturer's manual (Roche Diagnostics), which includes 37 HPV ~ the mRNA methods, and were therefore further examined by
types divided into three ‘risk categories’ according to Mufioz ~ immunohistochemical staining for vimentin (VIM) and
and co-workers (20). monoclonal carcinoembryonic antigen (CEA) to exclude

Furthermore, the HPV mRNA and DNA negative tumors  potential cases originally arising from endometrial tissue.
were histopathologically re-evaluated and revealed typical ~ Results are summarized in Fig. 1. Samples were diagnosed in
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Table I. Mismatches between HPV types detected by mRNA
vs. DNA tests.

mRNA method DNA method

PreTect HPV-Proofer SSCP RLB
HPV 18 HPV 45 NT
HPV 16 HPV 18 HPV 16
HPV 16/31 HPV 16 NT
HPV 45 HPV 18 HPV 45
HPV 45 HPV 18 NT
HPV 16 HPV X HPV 16
HPV 45 HPV 18 HPV 45
HPV 45 HPV 31/33 NT

NT, not tested with RLB due to insufficient sample material.

a blinded fashion, i.e., the respective assessment was
disclosed only after both the HPV DNA and HPV mRNA
and histology had been evaluated.

Statistical analysis. Age stratified (<70 years and =70 years)
Cox regression analysis was performed to evaluate the
difference in survival between HPV mRNA-positive and HPV-
negative cases. The analysis was performed using SPSS 17.0.
P<0.05 was considered significant. Various measures of
diagnostic accuracy were used to assess the detection rate of
HPV positives for different combinations of HPV types.

Results

See Fig. 1 for an overview and results from the analyses.
Mismatches between DNA and mRNA were observed in
eight cases (all initially analyzed by PCR-SSCP) and four of
these cases were reanalyzed by RLB for comparison (Table I).
In these cases the results of mRNA typing were confirmed.
The remaining four could not be tested due to lack of sample
material.
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Figure 2. Detection of different HPV types with DNA (white bars) and
mRNA (black bars) methods. The asterick includes HPV DNA 31/33 and an
unknown case; HPV mRNA 16/18 and HPV16/31.

Frequencies of HR-HPV DNA and E6/E7 mRNA. Of the 98
samples analyzed by SSCP or direct DNA sequencing, HR-
HPV was detected in 61 (62%) of the samples, whereas HR-
HPV E6/E7 mRNA was detected in 63 (64%) of the samples.
All extracts from paraffin-embedded tissue samples were
positive for the GAPDH mRNA integrity control and/or were
positive for HPV and could therefore be included in the high-
risk HPV E6/E7 mRNA analysis.

Of the 28 cases that remained HPV-negative after
evaluation with GP5*/GP6* PCR and PreTect HPV-Proofer,
eight additional cases were HPV-positive using LA (seven
cases for HPV 16, one case for HPV 52); eighteen remained
negative, while two had no material left for LA analysis.

The frequencies of the different HR-HPV types found with
PreTect HPV-Proofer and SSCP/direct DNA sequencing in
samples from cervical adenocarcinoma are summarized in
Fig. 2. Analysis of the results from DNA testing and E6/E7
mRNA assay showed consistent results in 87% of the samples.
The methods showed agreement in 54 cases (77%) for presence
of HPV infection of any type. Nine (9%) of the samples
showed infection with HPV in the mRNA assay alone, and 7
(7%) tested positive for HPV only by consensus PCR.

Table II. Number of TP, FN, TN detected in HPV positives (by any method) in cervical adenocarcinoma using SSCP and

direct sequencing.

HPV type in cocktail # Types # TP #FN # FPP #TN Sensitivity
0 0 0 782 0 20 0.0%
HPV 16 1 28 50 0 20 35.9%
HPV 16-18 2 53 25 0 20 67.9%
HPV 16-18-45 3 59 19 0 20 75.6%
HPV 16-18-45-31 4 60 18 0 20 76.9%
HPV 16-18-45-31-33 5 60 18 0 20 76.9%

%One case with unknown HPV-type, thereby giving total positives 60 (TP60) instead of 61 (TP61). "Specificity was overall 100% because

we included only cases with adenocarcinoma.
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Table III. Number of TP, FN, TN detected in HPV positives (by any method) in cervical adenocarcinoma using PreTect HPV-

Proofer.

HPV type in cocktail # Types #TP #FN # Fp2 #TN Sensitivity
0 0 0 78 0 20 0.0%
RNA16 1 32 46 0 20 41.0%
RNA 16-18 2 53 25 0 20 67.9%
RNA 16-18-45 3 63 15 0 20 80.8%
RNA 16-18-45-31 4 63 15 0 20 80.8%
RNA 16-18-45-31-33 5 63 15 0 20 80.8%

aSpecificity was overall 100% because we included only cases with adenocarcinoma. TP, true positive; FN, false negative; FP, false positive;

TN, true negative.
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Figure 3. Unadjusted difference between HPV mRNA-negative and -positive
patients. Kaplan and Meier curves of Cum Survival related to HPV E6/E7
mRNA expression detected by NASBA. HR-HPV E6/E7 mRNA negative
cases (n=35) had worse Cum Survival than those with detectable HR-HPV
E6/E7 mRNA (n=63), but the difference was not statistically significant.

Overall agreement between the methods was seen in 82 of
the 98 cases (84%). An interesting finding was that mRNA
for double types 16/18 and 16/31 was found in two cases
where the equivalent type-specific DNA was detected only
for HPV 16 in the 16/31 case, but was completely negative for
DNA in the 16/18 case by PCR.

In eight cases the E6/E7 mRNA assay and DNA analysis
revealed different HPV types. Type mismatches are listed in
Table I.

Performance of HPV DNA and HPV mRNA tests in regard to
the mix of types in the test cocktail. Tables II and III show the
change in sensitivity for detecting HPV positives after adding
more HPV types and subjecting the sample to mRNA detection
by NASBA and by HPV DNA assays. It is more meaningful
to evaluate the performance of different HPV tests and typing

in HPV positive cases alone because an HPV test cannot
achieve a positivity rate of 100%. Therefore, the coverage for
the HPV types included in the E6/E7 mRNA assay has been
calculated for HPV-positive cases by both methods.

The prognostic value of HPV analysis of cervical adeno-
carcinomas. Mean age of the HR-HPV negative group was
62 years, compared with 49 years for the HR-HPV positive
patients. The observed age-adjusted hazard ratio for death
as the event of interest, between the HR-HPV negative and
HR-HPV positive patients was 1.77[(0.80; 3.90), P=0.160].
The unadjusted difference between HR-HPV negative and
HR-HPV positive patients is presented in Fig. 3.

Discussion

The material for our study included 98 paraffin-embedded
tissue samples of primary cervical adenocarcinomas, which
were used to compare HPV detection by mRNA and DNA-
based methods. We wanted to know whether detection of full-
length mRNA in the E6/E7 region of HR-HPV types provides
a more sensitive method for detection of adenocarcinoma of
the cervix due to transforming HPV infection than does DNA
testing of paraffin-embedded tissue material.

We used PreTect HPV-Proofer, to detect full-length mRNA
from HPV types 16, 18, 31, 33, and 45. To our knowledge,
this study is the first to report on the usefulness of the NASBA-
based PreTect HPV-Proofer assay in paraffin-embedded tissue
samples of primary cervical adenocarcinomas. HR-HPV
E6/E7 mRNA was detected in 63 of 98 (64%) samples.

Eight cases (8%) revealed different HPV types when using
mRNA vs. DNA based assays. Kraus et al described the
differences in HPV status between the results from NASBA-
analysis vs. type specific PCR and found discordance in only
4 cases out of 202 samples (2%) of squamous cervical
carcinomas (21). In our study, all eight cases were obtained
using SSCP rather than type-specific PCR, which may be one
reason why discordance was higher in this study than in the
study of Kraus et al (21). In four of these cases RLB was
analyzed, which detected the same HPV types found using
the PreTect HPV-Proofer. Our study found agreement
between the mRNA and DNA methodology for HPV type
(any type) in 77% of cases. Detection of HPV mRNA thus
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seems to be at least as feasible as HPV DNA detection in
formalin fixed paraffin-embedded tissue. When examining
fresh-frozen tumor tissues, prevalence of HR-HPV may be
higher because alterations in the DNA sequence may be
caused by formalin fixation and storage in paraffin (22-24).

We found recovery of mRNA for amplification to be highly
dependent on the extraction procedure (results not shown);
performance of downstream assays increases with decreasing
amplicon length. Amplification of the UlA fragment, which
is ~100 bp longer than the HPV amplicons in the PreTect
HPV-Proofer assay, was unsuccessful.

Previous studies, using the sensitive PCR technique for
detection of HPV DNA on formalin-fixed, paraffin-embedded
biopsy specimens of cervical adenocarcinomas, reported HPV
positivity at rates ranging from 32 to 85% (25,26).

Differences in sensitivity may be due to use of different
DNA/RNA extraction methods, primers, and consensus
and/or HPV type-specific primers, as well as to differences in
preparation, fixation, and processing of the sample tissue.
However, the main reason for these differences may be lack
of control for the presence of cancer tissue in all sections
collected. In this study, it was not possible to include histo-
logical evaluation of tissue samples both before and after the
tissue was used for RNA/DNA extraction. Another factor
which may reduce efficiency of HPV detection is loss of
portions of the viral genome during integration. Integration
of HPV DNA may result in deletion of the viral genome
containing the sequences targeted by the PCR reaction. The
absence of an episomal HPV genome in the majority of
glandular tumors (27), as opposed to squamous tumors, may
result in significant underestimation of HPV DNA and cervical
adenocarcinomas (28). Although little is known about the
possible transient nature of E6/E7 expression, the E6 and E7
oncoproteins play significant roles in malignant transformation,
and are consistently expressed in malignant tissue. All 18
samples that were HPV-negative by all methods were
reviewed by an experienced independent pathologist for
cervical origin, as well as for grading and staging. Further
analysis of relevant cases for histological genesis was carried
out on a total of 13 samples using immunhistochemistry for
vimentin and CEA. In the five remaining cases, there was
insufficient material to carry out further investigations.
Positive staining for vimentin and negative staining for CEA
would indicate an endometrial origin for the cancer. None of
the samples showed this pattern. Cervical origin would be
clearly indicated by positive staining for CEA and negative
staining for vimentin; this finding was noted in only two
samples (29-31).

Interestingly, both assays showed a coverage for HPV of
~70% when targeting HPV 16 and 18 alone. Overall, if we
focus on the 77 HPV-positive cases (DNA and mRNA), the
coverage for HPV types 16, 18, 31, and 45 is 99%. An
unknown HPV type detected with DNA typing showed
mRNA type 16 with the PreTect HPV-Proofer and was also
confirmed to be DNA type 16 with RLB hybridization. HPV
DNA type 52 detected by LA is the one and only case that
stood in the way of a 100%-detection rate for these four HR
HPV types. The Linear Array assay detects HPV type 52 in
the same position as HPV 33, 35, and 58. An additional band
at specific positions for the latter 3 types is required to score
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for these types, which makes HPV 52 especially vulnerable
to false positivity by LA assay.

The 28 negative HPV cases which were re-extracted in a
third round before LA analysis could not be re-analyzed for
mRNA with the PreTect HPV-Proofer due to insufficient
sample material. Consequently, the positive LA results could
not be compared in the statistical calculations.

We conservatively estimate that 35-52% of all cases of
adenocarcinoma in our Swedish (6) population is attributable
to HPV 16 and 18. The first-generation of HPV vaccines
targeting these two most common types is currently on the
market and vaccination should be able to prevent at least
one-third of cervical adenocarcinomas and their precursor
lesions in our population. Despite the worrisome increase in
the incidence of adenocarcinoma in recent decades, there is
cause for optimism. Through a combination of continuous
public education about HPV transmission, improved detection
of precursor lesions to cervical carcinoma by incorporating
HPYV testing into screening programs, and through a continuing
vaccination program for HPV 16 and 18, cervical carcinoma
may become one of the most preventable major forms of
cancer on a global scale.

Thus, detection of mRNA transcripts of HPV genes known
to be involved in oncogenesis may be more useful and
sensitive than the exclusive use of HPV DNA tests to detect
active and potentially persistent infection (32). Since HPV-
Proofer always detects full-length E6/E7 mRNA, a positive
result should correlate very well with integrated HPV, loss
of HPV replication, and stabilized E6/E7 full-length mRNA
expression. Stabilized E6/E7 full-length mRNA caused by
integration of HPV correlates very well with high, stable
expression of full-length E6 proteins, which results in a
response from both p16 and p14 (33).

It has been suggested that p16 transcription may be directly
induced by transcription factor E2F, released from pRb after
binding to the HR-HPV E7 protein (34). In our previous study
of cervical adenocarcinoma, we showed that levels of the
tumor suppressor protein pl6INK4a are higher in poorly
differentiated tumors and in HPV-positive tumors than in
HPV-negative tumors (16). No correlation was found between
clinical outcome, stage, and histological grade in this study
of patients with detectable full-length E6/E7 mRNA.

Our data indicate that mRNA HPV testing is at least as
sensitive as an HPV DNA testing for identifying women with
cervical adenocarcinoma. Since most adenocarcinomas are
HPV-positive, it is possible that mRNA testing will have a
stronger impact on prevention of adenocarcinoma than
cytological screening, especially in young females. Thus,
E6/E7 oncogene expression analysis of precursor lesions (i.e.
adenocarcinoma in sifu and glandular dysplasia) will be the
next step to verify the potential of E6/E7 expression as a
molecular marker for early detection and progression to
invasive disease. In contrast to cytology, detection of E6/E7
HPV mRNA is an objective molecular marker, and may allow
diagnosis of cervical adenocarcinoma at an earlier stage in
the natural history of the disease. The ability to detect almost
all HPV-related adenocarcinomas, including the limited HPV
types covered by the PreTect HPV-Proofer assay, is a new
discovery that underlines the potential of this test for adeno-
carcinoma screening.
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Consequently, we are planning to conduct both retro-

spective studies using archival Pap smears and prospective
randomized studies with routinely collected Pap smears.
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