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A rapid quantitative real-time PCR method was employed to quantify the copy number of E2 and E6 genes
for analysis of the physical status of human papillomavirus type 16 (HPV-16) DNA. Significant differences with
respect to both copy numbers were found when more than 40% of HPV-16 DNA was integrated with disruption
of the E2 gene in an experimental model. The physical status of HPV-16 DNA in 50 clinical samples was
exclusively episomal in 21 cases (42%), concomitant in 14 cases (28%), and integrated in 15 cases (30%). The
prevalence of integrated and/or concomitant forms of HPV-16 DNA increased with progression of cervical
disease. Four of 11 cervical intraepithelial neoplasia involved integrated forms of HPV-16 DNA partially or
exclusively. This rapid, sensitive technique is useful in the analysis of the physical status of HPV DNA.

Certain types of human papillomavirus (HPV) play a pivotal
role in the carcinogenesis of cervical cancer; moreover, high-
level expression of HPV E6 and E7 oncoproteins is required
for progression of cancer cell replication (7, 9, 17, 21). Three
alternative processes could increase the expression of these
proteins. A high copy number of HPV DNA would directly
contribute to increased expression of E6 and E7 (15). In fact,
numerous cervical cancer cell lines harbor hundreds of copies
of HPV DNA per cell. Furthermore, the amount of HPV-16
DNA increased by orders of magnitude with increasing disease
grade (22). Secondly, mutations affecting YY1 motifs in the
long control region can enhance the viral oncogene expression
(5, 15, 16, 18). Finally, integration of HPV DNA into the
cellular genome also leads to overexpression of E6 and E7
oncoproteins, since either the E1 or E2 open reading frame
(ORF), the product of which represses activity from the pro-
moter P97 for the E6 and E7 genes, is preferentially disrupted
or deleted following integration (1, 4, 8, 20, 23).

The present study describes a rapid method of quantitative
real-time PCR to quantify copy numbers of E2 and E6 genes
for analysis of the physical status of HPV type 16 (HPV-16)
DNA. This technique was developed based on the following
assumptions: (i) preferential disruption of E2 genes will cause
the absence of E2 gene sequences in the PCR product follow-
ing integration; (ii) copy numbers of both genes should be
equivalent in episomal forms; and (iii) E2 gene copy number
will be smaller than that for E6 in concomitant forms.

MATERIALS AND METHODS

Specimens and DNA extraction. Twenty-two invasive cervical carcinoma spec-
imens analyzed in a prior study were evaluated (25). Additionally, cytobrush
specimens were collected from outpatients with a confirmed histological diag-
nosis of CIN or invasive carcinoma at the Department of Obstetrics and Gyne-

cology, Okayama University Medical School Hospital, Okayama, Japan. All
specimens were screened for the presence of HPV DNA as described previously
(14). Twenty-eight specimens positive for HPV-16 DNA were included. DNA
was extracted from these samples via a routine procedure consisting of protein-
ase K digestion and phenol extraction. Approximately 100 ng of total DNA was
obtained per �l of cytobrush specimens. Fifty samples, including 11 cervical
intraepithelial neoplasia (CINs) (dysplasia or carcinoma in situ), 11 microinva-
sive cancers, and 28 invasive cancers, were analyzed by quantitative real-time
PCR.

Quantitative real-time PCR. All samples were tested for disruption of the
HPV-16 E2 gene by PCR for the E2 gene (19). Subsequently, samples were
subjected to quantitative real-time PCR. E2 and E6 genes of HPV-16 DNA were
severally quantified with a GeneAmp 5700 Sequence Detection System (Applied
Biosystems, Foster City, Calif.). The PCR mixture consisted of 1 �l of template
DNA and 5.0 �l of 10� PCR buffer (supplied by the manufacturer), containing
15 mM MgCl2 (Perkin-Elmer Biosystems, Norwalk, Conn.), a 200 �M concen-
tration of each deoxynucleoside triphosphate, 1.25 U of Mix Ampli Taq Gold
(Perkin-Elmer Biosystems), a 1 �M concentration of each oligonucleotide
primer, and 1.25 �l of 1:10,000 SYBR Green I (Molecular Probes, Eugene,
Oreg.). Total volume was 50 �l.

Primer sequences were selected utilizing Primer Express software (version 1.0;
Applied Biosystems). The primers for each sequence were 5�-TTATTAGGCA
GCACTTGGCCA-3� (nucleotides 3383 to 3403) and 5�-GTGAGGATTGGAG
CACTGTCC-3� (nucleotides 3540 to 3560) for the E2 gene and 5�-AAGGGC
GTAACCGAAATCGT-3� (nucleotides 26 to 46) and 5�-CATATACCTCACG
TCGCAG-3� (nucleotides 215 to 233) for the E6 gene. All oligodeoxynucleotides
were synthesized on a model 394 DNA synthesizer (Applied Biosystems). Am-
plification was effected with initial denaturation for 10 min at 95°C, followed by
40 cycles of denaturation at 95°C for 15 s, annealing at 57°C for 30 s, and
extension at 72°C for 1 min.

Standardization. Full-length HPV-16 plasmids were grown and purified by
standard methods. DNA solution was diluted with TE buffer (10 mM Tris-Cl, 1
mM EDTA [pH 8.0]) in adequate proportions, and DNA standards containing a
series of 104 to 107 copies of HPV-16 genome were prepared. Linear plots of the
log of the copy number versus number of cycles at which the fluorescent signals
enter the log-linear phase were consistently obtained for both genes. Triplicate
dilution series were included as standards in each run. HPV copy number in
samples was evaluated using regression analysis. All assays were performed at
least in duplicate.

Cutoff value determination. Full-length HPV-16 plasmids contain equivalent
numbers of E2 and E6 ORFs, whereas eucaryotic expression plasmids pSR�E6
(E6 plasmids) carry the entire E6 but not the E2 ORF (11). E6 plasmids were
purified and DNA was mixed with full-length HPV-16 DNA in order to prepare
a concomitant status of HPV-16 DNA. Full-length HPV-16 plasmid DNA was
replaced by an equivalent copy number of E6 plasmid DNA in increments of
20%. Thus, DNA solutions representing episomal (full-length exclusively), inte-
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grated (E6 exclusively), and concomitant (20 to 80% integrated) forms of
HPV-16 DNA were prepared. Quantification of copy number for E2 and E6 was
conducted six times by real-time PCR assay. Differences in the copy number for
E2 and E6 genes were determined by unpaired t test. Probability values of less
than 0.01 were considered statistically significant.

2D gel electrophoresis. Four specimens in which a mixed form of HPV-16
DNA was suggested by real-time PCR assay were subjected to two-dimensional
(2D) gel electrophoresis. Total DNA (10 �g) was incubated with a no-cut
enzyme, HindIII (New England Biolabs, Inc., Beverly, Mass.), and electropho-
resed in a 0.4% agarose gel. The resulting lane was excised from the gel and
recast within a 0.8% gel, followed by electrophoresis in the second dimension (6,
24). A 2D blot was prepared and hybridized with 32P-labeled HPV-16 as de-
scribed previously (25).

RESULTS

Cutoff value determination. As the concentration of E6 plas-
mid increased, the copy number for E2 decreased in linear
fashion; in contrast the copy number of the E6 gene was largely
unchanged (Fig. 1). Statistical analysis demonstrated the exis-
tence of significant differences between copy numbers for E2
and E6 when sample DNA contained in excess of 40% E6
plasmid DNA in solution. This finding implies that real-time
PCR can reliably distinguish the concomitant presence of ep-
isomal and integration forms from a pure episomal form when
more than 40% HPV-16 DNA is integrated with disruption of
the E2 gene. Hence, the cutoff value was set at 0.6 for the ratio
of E2 to E6 copy numbers to distinguish the concomitant form
from the pure episomal form.

Real-time PCR assay and Southern blot analysis. To vali-
date the reliability of the cutoff value, quantification of copy
number for E2 and E6 via real-time PCR assay was conducted
for 22 invasive cancer specimens, in which confident detection

of the physical status of HPV-16 DNA had been effected in a
prior study (25). In 10 cases exhibiting integrated HPV-16
DNA, the E2 gene was not amplified by real-time PCR and
completely concordant results were obtained (data not shown).
It was shown that HPV-16 DNA existed in an episomal or
concomitant form in the remaining 12 cases. Table 1 presents
final results of the physical status in those cases investigated by
four different molecular methods. Four of twelve cases, upon
examination of the E2/E6 copy number ratio by real-time PCR

FIG. 1. Quantification of E2 and E6 copy number by real-time PCR assay for establishment of a cutoff value. E6 plasmid DNA was mixed with
full-length HPV-16 DNA to prepare a concomitant status of HPV-16 DNA. These DNA solutions represent episomal (full-length exclusively),
integrated (E6 exclusively), and concomitant (20 to 80% integrated) forms. Quantification of copy numbers for E2 and E6 was conducted six times
by real-time PCR assay. Differences in the copy number for E2 and E6 genes were determined by unpaired t test. Error bars, standard deviations;
�, P � 0.01.

TABLE 1. Comparison of physical status of HPV-16 DNA
in invasive cervical cancers analyzed by four

different molecular methods

Sample no. E2/E6 ratioa

Result of:

Real-time
PCR

Southern hybridization
and multiplex PCR

1 0.53 Mixedb Episomal
2 1.00 Episomal Episomal
3 0.41 Mixedb Mixed
4 1.11 Episomal Episomal
5 0.91 Episomal Episomal
6 0.94 Episomal Episomal
7 0.55 Mixedb Episomal
8 0.77 Episomal Episomal
9 0.61 Episomal Episomal
10 0.51 Mixedb Mixed
11 0.87 Episomal Episomal
12 1.13 Episomal Episomal

a Obtained by comparison of copy numbers of genes.
b Concomitant form of HPV-16 DNA was confirmed by two-dimensional gel

electrophoresis.
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assay, displayed values below 0.6; furthermore, mixed forms
were suggested. Southern blot analysis and multiplex PCR
revealed concomitant forms in two of these four samples. In
the remaining cases, E2/E6 copy number ratios calculated from
real-time PCR were 0.53 and 0.55 and discordant results were
obtained. Subsequently, these four samples were subjected to
2D gel electrophoresis, which clearly demonstrated episomal
forms as well as integrated HPV-16 DNA (Fig. 2). In the
remaining eight specimens, the E2/E6 copy number ratio
ranged from 0.61 to 1.13. Moreover, all testing methods were
in complete agreement.

Real-time PCR assay for clinical specimens with cervical
lesions. A specific fragment of the E2 gene was not amplified
in 15 of 50 cases (30%), suggesting integration of HPV DNA
into the host genome. Specimens with intact E2 genes were
subjected to real-time PCR assay, and the presence of con-
comitant forms was considered in cases displaying E2/E6 copy
number ratios below 0.6. Figure 3 illustrates the prevalence of
the physical status of HPV-16 DNA in dysplastic and neoplas-
tic cervical lesions. The physical status of HPV-16 DNA was
exclusively episomal in 21 cases (42%), concomitant in 14 cases
(28%), and integrated in 15 cases (30%), respectively. Surpris-

FIG. 2. 2D gel electrophoresis demonstrating episomal forms as well as integrated HPV-16 DNA. Four specimens in which a mixed form of
HPV-16 DNA was suggested by real-time PCR assay were subjected to 2D gel electrophoresis. Three representative photographs are shown here.
The HPV-16 DNA in these specimens was present as episomal forms (arrow) as well as integrated HPV DNA. The hybridization signal in the lower
arc encompasses the entire distribution of human DNA (data not shown). Molecular size standards are shown above each panel. (A) Sample 1;
(B) sample 3; (C) sample 7.

FIG. 3. Prevalence of the physical status of HPV-16 DNA in cervical lesions. The segments (open, stippled, and black) represent ratios of
specimens harboring HPV-16 DNA in pure episomal, concomitant, and pure integrated forms, respectively, according to histopathological
diagnosis.
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ingly, 4 of 11 CINs (dysplasia or carcinoma in situ) involved
integrated forms of HPV-16 DNA partially or exclusively. The
prevalence of integrated and/or concomitant forms of HPV-16
DNA increased with progression of cervical disease.

DISCUSSION

The prevalence of “high-risk” HPV, such as HPV-16, -18,
and -31, increases with the progression of CIN grade. How-
ever, it is possible that viral genomes maintained as episomes
would be expelled within several months in most HPV infec-
tions, and the vast majority of grade I CINs regress spontane-
ously (10). Integration of HPV DNA with destruction of the
E2 gene is an important mechanism with respect to evaluation
of expression of E6 and E7 proteins, since the E2 gene product
can repress activities from the HPV promoters that direct
expression of these genes (1, 17, 20). In fact, integration of
HPV DNA, regardless of type, rarely occurs in grade I CIN in
cases where invasive cancers contain integrated HPV DNA (2,
3, 6).

Thus, accurate detection of the physical status of HPV DNA
is extremely important for greater understanding of the mech-
anisms mediating cervical carcinogenesis and cancer progres-
sion. A number of Southern blots and, on occasion, 2D gel
electrophoresis are essential in order to analyze the physical
status of HPV. These procedures require large quantities of
high-molecular-weight DNA, which is an obstacle when work-
ing with minute intraepithelial lesions. In contrast, a simple
PCR technique to amplify the E2 gene can detect integration
of HPV DNA even in instances in which the amount of sample
DNA is very small (3). However, this method faces limitations
related to distinction of a pure episomal form from mixed
forms of HPV DNA due to retention of the E2 sequence in
both cases.

In a prior study, we developed a new method to solve this
problem (25). A cutoff value of the relative ratio of HPV E2 to
E6 PCR products (E2/E6 ratio) was determined to discrimi-
nate between pure episomal and mixed forms. However, E2/E6
ratios varied extensively depending on viral DNA load, so
much so that it was impossible to establish a cutoff value (data
not shown). Then, we developed a rapid method of quantita-
tive real-time PCR to quantify the copy number of E2 and E6
genes for analysis of the physical status of HPV-DNA.

This technique can reliably detect concomitant forms with
40% integration accompanied by destruction of target E2 se-
quences. Southern hybridization may have limitations regard-
ing display of faint signals when the amount of HPV DNA
integrated into a random site of the host genome is very small.
In fact, our method suggested concomitant form of HPV DNA
in two cases that had been misinterpreted by Southern blot
hybridization. These results indicated that real-time PCR assay
is more sensitive than Southern blot hybridization in the de-
tection of small clusters of integrated HPV DNA.

Disruption outside the E2 ORF is possible; moreover, the
target sequences in this real-time PCR assay are extremely
small (177 bp in the entire E2 ORF of 1,097 bp). Although the
small size of target sequences is preferred for sensitive quan-
titation by the real-time PCR approach, it will be possible to
design several PCR targets contiguously to cover the entire E2
ORF. Several valid primer pairs have been discovered in our

laboratory; however, these studies have not been concluded
(data not shown). Therefore, the present assay could lead to
false results through the misinterpretation of concomitant
forms as episomal forms. However, this possibility is not high,
as most integration with destruction of the E2 gene involves
deletion of a large portion of early genes (12).

It is widely believed that integrated sequences rarely occur in
CIN (2, 3). We postulate that concomitant forms are likely to
be underestimated, as conventional blotting approaches are
not applicable to most minute CIN lesions; moreover, concom-
itant status cannot be detected in some cases. The present
investigation, dealing with a relatively small sample size, sug-
gests that some clusters of episomal viral genomes begin to
integrate into the host genomes in dysplastic lesion and that
this event is an important mechanism of cervical carcinogene-
sis.

High prevalence of integration in CIN was also detected by
a protocol involving amplification of papillomavirus oncogene
transcripts (13). This method is able to distinguish episome-
from integrate-derived HPV mRNAs. We postulate that the
survey including HPV-18-positive samples might produce a
slightly lower prevalence of integration as a result of distinct
integration profiles of HPV-16 and -18. The majority of HPV-
18-containing cancers involve exclusively integrated HPV
DNA (2, 25). The amplification of papillomavirus oncogene
transcripts assay is a useful technique based on RT-PCR for
analysis of the physical status of HPV DNA. However, it is
sometimes difficult to obtain high-quality RNAs from clinical
samples. In contrast, our methods require a small quantity of
DNA. Additionally, the protocol is rapid and quite simple.

In conclusion, quantitative real-time PCR can aid research-
ers in the analysis of the physical status of HPV DNA. More-
over, this protocol can be applied to the determination of the
natural history of HPV as well as the mechanism of cervical
carcinogenesis.
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