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Introduction

It has been well established that persistent infection with high-
risk human papillomaviruses (HPV), the most important of which 
are HPV16 and HPV18, plays the leading etiological role in the 
development of cervical and anal cancer and their immediate 
precursors, and a substantial proportion of vaginal, penile, and 
vulvar cancers (1). In addition, recent data suggest that HPV in-
fection, particularly with HPV16, is also etiologically linked with 
a subset of head and neck cancers, especially with squamous cell 
carcinoma of the oropharynx and, to a lesser extent, squamous 
cell carcinoma of the oral cavity and larynx (2-4). The presence of 
HPV in head and neck cancers is consistently associated with bet-
ter disease prognosis; even though the HPV status of a cancer has 
important clinical implications, it is still not used for therapeutic 
decision-making outside the context of clinical trials (5).

In addition to swab specimens and fresh or fresh-frozen tissue 
biopsies, which are most frequently used in HPV diagnostics, tis-
sues fixed with formalin and subsequently embedded in paraffin 
or paraplast (FFPE) can also be used for detecting and identify-
ing HPV. However, sensitive and accurate detection of HPV in 
these specimens is particularly challenging because DNA is often 
fragmented due to procedural influences (e.g., excessive tissue 
fixation, DNA extraction) and/or environmental influences (e.g., 
elevated storage temperature) (6-8). Because DNA fragmentation 
can significantly reduce the efficiency of PCR, it is recommended 
to use HPV methods that amplify a relatively small portion of the 
viral genome (< 160-bp) when working with archival specimens. 
The most frequently used methods for detecting HPV in FFPE 
tissue specimens have been those based on SPF10 and GP5+/6+ 

primers, targeting 65-bp and 150-bp fragments of the HPV L1 gene, 
respectively (9).

The Abbott RealTime High Risk HPV test (RealTime; Abbott 
Molecular, Des Plaines, IL) is a fully clinically validated test that 
allows concurrent individual genotyping of HPV16 and HPV18 
and pooled detection of 12 HPV genotypes: HPV31, 33, 35, 39, 45, 
51, 52, 56, 58, 59, 66, and 68 (10–11). RealTime is performed on 
a real-time PCR m2000rt instrument (Abbott Molecular) using a 
modified GP5+/6+ primer mix; co-amplification of a 136-bp frag-
ment of human beta-globin gene is used as an internal process 
control for sample adequacy, DNA extraction, and amplification. 
The extraction of DNA can be performed manually or alternatively 
with a fully automated high-throughput m2000sp instrument or a 
smaller m24sp instrument; all three sample preparation methods 
are comparable in terms of DNA yield, and they use the same rea-
gents and the same extraction procedure (11). RealTime is origi-
nally validated for use with cervical swab specimens collected in 
various transport media (10, 12). However, it has recently been 
shown that DNA extracted from pre-lysed FFPE tissue specimens 
of cervical and head and neck cancers with the Abbot DNA extrac-
tion systems can also reliably be used for RealTime (9, 13, 14).

This study evaluated the performance of RealTime in compari-
son to the INNO-LiPA HPV Genotyping Extra test (INNO-LiPA; In-
nogenetics NV, Ghent, Belgium) for detecting and identifying HPV 
in 60 archival FFPE tissue specimens of head and neck cancers. 
INNO-LiPA is a widely used HPV genotyping test based on hybrid-
ization technology, which allows the identification of 28 different 
HPV genotypes, including all 14 HPVs covered by RealTime. The 
test enables amplification of a 65-bp fragment of the HPV L1 gene 
using biotinylated SPF10 primers, followed by genotyping of the
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resulting amplicons with a single-typing strip containing HPV-
specific oligonucleotide probes (15). To the best of our knowl-
edge, this study is the first to comparatively evaluate RealTime-
and INNO-LiPA in archival tissue specimens of head and neck 
cancers.

Materials and Methods

A total of 60 FFPE tissue specimens obtained from the same 
number of Slovenian patients with histologically confirmed 
cancer of the oral cavity or oropharynx were included in the 
study. Forty-seven patients had squamous cell carcinoma and 
13 patients had verrucous carcinoma, an uncommon variant of 
squamous cell carcinoma. Three 10 μm thick sections were cut 
from each tissue block and processed for DNA extraction; be-
fore sectioning, two to three outer sections were discharged. 
In order to prevent possible sample-to-sample contamination, 
both the microtome blade and working surface were cleaned 
of tissue and/or paraffin parts and decontaminated using DNA 
Away solution (Molecular Bio-Products, San Diego, CA) after 
each use.

DNA was extracted from the tissue sections using a DNA 
Mini Kit (Qiagen, Hilden, Germany), following our in-house 
protocol. Briefly, tissue sections were incubated with 180 μl of 
buffer ATL and 20 μl of proteinase K overnight, on a rocking 
platform at 56 °C and 400 rpm, followed by incubation at 90 °C 
for 1 h. In the next step, 400 μl of premixed Buffer AL and etha-
nol (ratio 1:1) was added; samples were mixed vigorously and 
transferred into QIAamp Mini spin columns. Centrifugation for 
1 minute at 8,000 rpm was followed by washing the spin col-
umn membrane with 500 μl of Buffer AW1 and 500 μl of Buffer 
AW2. DNA was eluted with 100 μl of Buffer AE, quantified using 
a NanoDrop ND-2000c instrument (NanoDrop Technologies, 
Oxfordshire, UK), and stored at −20 °C until use.

RealTime and INNO-LiPA were performed on all 60 samples, 
following the manufacturers’ instructions. Up to 200 ng (up to 
10 μl) of DNA of each sample was used per 50 μl PCR reaction 
because it has been previously shown that this concentration 
supports the most efficient PCR (16). To control for possible am-
plicon carryover contamination, water blanks were placed after 
every seventh reaction tube in all PCR runs. Samples were con-
sidered RealTime-positive when the cycle threshold (Ct) value 
for any of the HPV genotype and beta-globin detected was less 
than or equal to the cutoff value of 35.

Results

A 136-bp fragment of beta-globin, serving as an internal control, 
was successfully amplified from all 60 tissue samples included in 
the study; the RealTime Ct values ranged from 24.2 to 29.8 (mean 
27.4; median 27.8). HPV DNA was detected using RealTime in 5/60 
(8.3%) of the cancer specimens; the Ct values ranged from 20.6 to 
30.1 (mean 24.7; median 23.2). All RealTime HPV positive samples 
were histologically confirmed as squamous cell carcinomas and 
all contained HPV16. Using INNO-LiPA, HPV DNA (HPV16) was 
detected in all five cancers previously positive with RealTime; all 
other specimens tested HPV DNA–negative. All water blanks used 
to control for PCR contaminations were negative for internal con-
trol with RealTime and HPV DNA with both tests.

Discussion

Formalin-fixation and subsequent paraffin embedding is a stand-
ard procedure for long-term preservation of tissue specimens in 
pathology departments worldwide. FFPE specimens, which are 
routinely used for histopathological purposes, can also be used 
for etiological and epidemiological studies of HPV and other viral 
infections in cases in which fresh or frozen tissue is not available. 
However, sensitive and accurate detection of viruses in such ar-
chival specimens may be affected because viral DNA is often de-
graded as a result of excessive fixation or long and/or inappropri-
ate storage conditions. Such damage to DNA includes chemical 
modification, cross-linking, and fragmentation (7, 8). Therefore, 
HPV methods, including INNO-LiPA and GP5+/GP6+-based as-
says, that target small portions of viral genome are the most suit-
able and have been most frequently used for detecting HPV in 
archival tissue specimens (6, 9, 17, 18).

RealTime is intended to be used with cervical swab specimens 
collected in various transport media (11, 12) and has been clini-
cally validated for primary cervical cancer screening in women 
30 years and older, and ASC-US triage (10). However, it has re-
cently been shown that RealTime combined with the Abbott DNA 
extraction system can also be used for HPV detection in FFPE tis-
sue specimens of head and neck cancers; specifically, oral, oro-
pharyngeal, and laryngeal cancer (13, 14). Similarly, we recently 
showed that RealTime in conjunction with m2000sp is an excel-
lent alternative to INNO-LiPA for reliable detection of 14 targeted 
HPV genotypes in FFPE cervical cancer tissue specimens; there 
was 100% genotyping agreement between the two methods on 62 
samples tested for HPV genotypes that can be identified by both 
assays (9).

In this study, comparative evaluation of RealTime and INNO-
LiPA was conducted for the first time on DNA extracted from 60 
FFPE tissue specimens of head and neck cancers using a Qiagen 
DNA Mini Kit. In order to minimize the fragmentation of DNA dur-
ing isolation, an incubation step at 90 °C was introduced in order 
to partially reverse formalin cross-linking between nucleic acids, 
between nucleic acids and proteins, and between proteins, as 
suggested by the manufacturer (19). Both HPV assays evaluated 
showed equivalent performance and 100% agreement in detec-
tion of HPV DNA in 60 cancers. Successful and early (Ct < 30) am-
plification of the RealTime internal control suggested that the re-
covery of amplifiable DNA from all FFPE specimens was excellent 
and that the extracted DNA was of adequate quality. Although 
INNO-LiPA co-amplifies a fragment of the human HLA-DP1 gene, 
which serves as internal amplification control, the result was 
often negative, most probably due to the relatively large target 
amplicon (270-bp). Because the detection of HPV-DNA by PCR in 
cancer tissue may not be directly linked to a causal relationship 
in the case of head and neck cancers (5), further evaluations are 
needed to see whether RealTime and INNO-LiPA detect only the 
biologically relevant HPV infections.

The majority of previously published studies have used various 
organic compounds to remove paraffin before tissue lysis. How-
ever, no data indicate that paraffin disturbs tissue lysis as long 
as it is melted during the proteinase K incubation step (8). Al-
though some authors believe that unremoved paraffin can lead to 
inhibition during subsequent PCR (20), this was not observed in 
our study. In addition, the deparafinization step is generally time 
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consuming, is associated with increased risk of sample-to-sample 
contamination, and can result in great tissue loss during removal 
of the melted paraffin and subsequent washing of the tissue with 
ethanol, especially when the tissue sections are small.

In conclusion, this study showed that the RealTime assay in 
combination with the Qiagen DNA Mini Kit is a reliable, sensitive, 
and specific diagnostic tool for detecting and partial genotyping 
of targeted HPV genotypes in FFPE tissue specimens of oral and 
oropharyngeal cancer.
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