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Integration of human papillomavirus (HPV) DNA occurs early in cancer development and is an important
event in malignant transformation of cervical cancer. Integration of HPVs preferentially disrupts or deletes the
E2 open reading frame, which results in the loss of its expression. The preferential disruption of the E2 gene
causes the absence of the E2 gene sequences in the PCR product following integration. Twenty-two carcinomas
positive for HPV type 16 (HPV-16) DNA were first tested for the disruption of the E2 gene by PCR. A specific
fragment of the E2 gene was not amplified in 10 cases, suggesting integration of HPV DNA into the host
genome. Next, multiplex PCR for the HPV E2 and E6 genes was carried out in the remaining 12 cases. Copy
numbers of both genes should be equivalent in episomal forms, while the E2 gene copy number will be smaller
than that for E6 following the preferential disruption of the E2 gene in concominant forms. Although relative
ratios of HPV E2 to E6 PCR products (E2/E6 ratios) ranged from 1.40 to 2.34 in 10 of 12 cases, multiplex PCR
products from 2 cases displayed extremely low ratios of 0.69 and 0.61. Southern blot hybridization with an
HPV-16 probe revealed that only in these two cases was both episomal and integrated HPV DNA being carried
simultaneously. Thus, multiplex PCR for the E2 and E6 genes of HPV-16 DNA following PCR for the E2 gene
can distinguish the pure episomal form from a mixed form of episomal and integrated HPV DNA. Clinical
application of this technique will help researchers to understand the implication of the integration of HPV
DNA for cervical carcinogenesis and cervical cancer progression.

A strong association between specific human papillomavirus
(HPV) types and anogenital cancer has been well established.
Certain types of HPV, including types 16, 18, 31, 33, 35, 45, 52,
56, and 58, play a pivotal role in the carcinogenesis of cervical
cancer (33). In fact, the HPV viral DNA is identified in at least
90% of cervical carcinomas by PCR (2, 16, 30). The viral DNA
is integrated into the cellular genome in cell lines derived from
cervical carcinomas (3, 13, 27, 32) and in the majority of ma-
lignant tumors (6, 28). In contrast, integration of HPV DNA,
regardless of type, occurs infrequently in preneoplastic-lesion,
cervical intraepithelial neoplasia (CIN). Thus, integration has
been proposed as an activation mechanism for progression
from preinvasive lesions to cervical cancers (2, 6, 28).

It is known that integration usually disrupts or deletes either
the E1 or E2 open reading frame (ORF), which results in the
loss of expression of the corresponding gene products. Disrup-
tion of the E1 and E2 genes also leads to overexpression of the
E6 and E7 oncoproteins (11, 15), since the E2 gene product
can repress activities from the HPV promoters that direct the
expression of the E6 and E7 genes (1, 21, 26). The preferential
disruption of the E2 gene will cause the absence of the E2 gene
sequences in the PCR product following integration. Thus,
accurate detection of the integration of HPV DNA was
achieved by using a simple PCR technique to amplify the E2
gene (8, 19). This rapid method, however, has limitations for
distinguishing pure episomal forms of HPV DNA from mixed
forms of episomal and integrated HPV DNA. Here, we report

an accurate method of multiplex PCR for E2 and E6 to dif-
ferentiate all physical types of HPV type 16 (HPV-16) DNA.

MATERIALS AND METHODS

Tissue specimens and DNA extraction. Primary lesions were screened for the
presence of HPV DNA as described previously (17). Twenty-two invasive carci-
noma specimens positive for HPV-16 DNA were included in the present study.
Specimens were obtained at the time of admission for surgery at the Department
of Obstetrics and Gynecology, Okayama University Medical School Hospital,
Okayama, Japan. DNA was extracted from tissue specimens and CaSki cell lines
(20) by a routine procedure of proteinase K digestion and phenol extraction.

PCRs for E2 and a mixture of E2 and E6. For detection of integration, the E2
ORF of the HPV-16 genome between nucleotides 2810 and 3836 was amplified
according to the PCR conditions described by Park et al. (19). Next, multiplex
PCR for the HPV E2 and E6 genes, both of which were in the same reaction
tube, was performed. The primers for each sequence were 59-CTTGGGCACC
GAAGAAACAC-39 (nucleotides 3438 to 3457) and 59-TTGGTCACGTTGCC
ATTCAC-39 (nucleotides 3770 to 3789) for the E2 gene and 59-AAGGGCGT
AACCGAAATCGGT-39 (nucleotides 26 to 46) and 59-CATATACCTCACGT
CGCAG-39 (nucleotides 215 to 233) for the E6 gene. These primers yielded 352-
and 208-bp fragments for the E2 and E6 sequences, respectively. The conditions
for multiplex PCR were the same as those previously described for the c-erbB-2
gene and the mdm-2 genes (23, 24). All oligodeoxynucleotides were synthesized
with a model 394 DNA synthesizer (Applied Biosystems, Foster City, Calif.).
PCR products were electrophoresed on a 2% agarose gel and stained with
ethidium bromide. The UV-illuminated gels were photographed with Polaroid
negatives (type 665), quantitated with an image scanner (GT8000; Epson, Suwa,
Japan), and analyzed with Intelligent Quantifier software (Bio Image, Ann Ar-
bor, Mich.). The relative ratio of HPV E2 to E6 PCR products (E2/E6 ratio) was
calculated. In order to verify the constancy of the E2/E6 ratio, the amount of
template DNA (0.5 to 20 pg) or the number of amplification cycles (20 to 35) was
altered by using HPV-16 plasmid DNA as the template DNA. E2/E6 ratios in
this preliminary experiment always exceeded 1.28 (data not shown).

Southern blot hybridization. Ten micrograms of genomic DNA was digested
with BamHI or PstI (New England Biolabs, Inc., Beverly, Mass.), electropho-
resed in 1% agarose gels, and transferred onto nylon membranes (Hybond N;
Amersham, Little Chalfont, Buckinghamshire, United Kingdom) by Southern
blot procedures (25). BamHI has one cleavage site for HPV-16 DNA, while PstI
is a multicut enzyme yielding the characteristic cleavage pattern. The membranes
were sequentially hybridized with a 32P-labelled HPV-16 probe (11).
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RESULTS

E2 PCR and multiplex PCR for E2 and E6. All invasive
cervical cancer specimens were screened for the presence of
HPV-16 DNA by nested PCR for the E6 gene (data not
shown). Twenty-two carcinomas positive for HPV-16 DNA
were then tested for the disruption of the HPV-16 E2 gene by
PCR for E2. The specific fragment of the E2 gene (described
above) was not amplified in 10 cases, suggesting integration of
HPV DNA into the host genome in these cases. In contrast,
the expected fragment of 1,027 bp was abundantly amplified in
the remaining 12 cases (Fig. 1). In these cases, therefore, it was
postulated that HPV DNA was present in episomal form with-
out any disruption of the E2 gene. It was possible, however,
that HPV DNA in these cancers exists in pure episomal form
or in mixed episomal and integration forms.

Multiplex PCR for the HPV E2 and E6 genes was carried
out in these 12 cases. Specific fragments of the E2 and E6
genes were successfully coamplified in all cases (Fig. 2). Al-
though E2/E6 ratios ranged from 1.40 to 2.34 in 10 of 12 cases,
multiplex PCR products from 2 cases displayed extremely low
ratios of 0.69 and 0.61.

Southern blot hybridization to analyze the physical status of
HPV-16 DNA. Southern blot hybridization was carried out with
an HPV-16 DNA probe for confident detection of the physical
status of HPV-16 DNA in these cervical carcinomas. Ten mi-
crograms of tumorous DNA was first digested with single-cut
enzyme BamHI and hybridized with an HPV-16 DNA probe.
A single 7.9-kb band is supposed to appear when HPV DNA is
episomal, and an off-sized fragment will appear when HPV
DNA is integrated into the host genome. Figure 3 is a repre-
sentative autoradiograph for five tumors. Lane 1 shows the
single 7.9-kb band that was totally converted from the episomal
DNA to a linear form upon BamHI digestion. Lanes 2 and 3
exhibit the presence of a couple of off-sized fragments and the
absence of any 7.9-kb band, indicating that these are purely
integrated HPV DNAs. Lanes 4 and 5 show the single 7.9-kb
band as well as off-sized fragments smaller than 7.9 kb, sug-
gesting that HPV DNA exists in mixed episomal and integra-
tion forms in these cancers. These lanes represent two cancers

from which multiplex PCR products displayed E2/E6 ratios much
lower than those for the PCR products in the other lanes.

For confirmation of the simultaneous existence of episomal
and integrated HPV DNA, genomic DNAs from these two cases
were next digested with PstI, a multicut enzyme, to yield the
authentic cleavage pattern. Genomic DNAs that exhibited the
purely episomal HPV DNA were also digested with PstI and
served as controls (Fig. 4). These controls show characteristic
BamHI and PstI cleavage patterns (lanes 1 and 2). In contrast,
the two cancers with extremely low E2/E6 ratios showed addi-
tional off-sized fragments along with authentic PstI fragments
(lanes 3 and 4). This confirmed that HPV DNA exists in mixed
episomal and integration forms in these cancers.

DISCUSSION

The viral genomes are exclusively maintained as episomes in
benign lesions induced by HPVs such as HPV-6 and -11 (10,
17). Only episomal HPV DNA is detected in CIN type I (CIN-
I), and integrated sequences are rarely found in CIN-II and
-III (6, 8). In contrast, the viral DNA is usually integrated into
the cellular genome in cell lines derived from cervical carcino-
mas (3, 13, 27, 32) and in the majority of malignant tumors (6,
28). Thus, integration occurs early in cancer development and
is an important event in malignant transformation (2, 6, 28).
Several studies have also demonstrated the stable persistence
of integrated HPV DNA in the invasive tumor cells or the
presence of HPV DNA sequences in cancer cells that exist
within metastatic lymph nodes (5, 7, 12, 18, 31). This phenom-
enon made it possible to predict the unexpected recurrence of

FIG. 1. PCR for the E2 ORF of HPV-16 DNA. Cervical carcinomas positive
for HPV-16 DNA were examined for the disruption of the HPV-16 E2 gene by
PCR. No amplification of a specific fragment of the E2 gene (1,027 bp) suggested
the integration of HPV DNA into the host genome (lanes 1, 4, and 6). When the
E2 gene was abundantly amplified, it was postulated that HPV DNA is present
in episomal form without any disruption of the E2 gene (lanes 2, 3, 5, and 7).

FIG. 2. Multiplex PCR for the E2 and E6 genes of HPV-16 DNA. Cervical
carcinomas with intact E2 genes were subjected to multiplex PCR for the E2 and
E6 genes. Specific fragments of the E2 (352 bp) and E6 genes (208 bp) were
successfully coamplified in all cases. The E2/E6 ratio was obtained by densitom-
etry. E2/E6 ratios for two cases were extremely low (0.69 and 0.61) compared to
others (lanes 3 and 7).

FIG. 3. Southern blot hybridization to analyze physical status of HPV-16
DNA. Ten micrograms of tumorous DNA was digested with single-cut enzyme
BamHI and hybridized with an HPV-16 DNA probe. A single 7.9-kb band is
shown when HPV DNA is episomal (lane 1). Off-sized fragments (arrowheads) ap-
pear when HPV DNA is integrated into the host genome (lanes 2 and 3). Lanes
4 and 5 show the single 7.9-kb band as well as off-sized fragments smaller than
7.9 kb, suggesting that HPV DNA exists as mixed episomal and integration forms
in these cancers. Molecular size standards, in kilobases, are shown to the left.
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cervical cancer in patients with histologically negative nodes by
a sensitive nested PCR for HPV DNA (17).

Thus, accurate detection of the physical status of HPV DNA
is very important for a better understanding of the mechanisms
of cervical carcinogenesis and of cervical cancer progression
and metastasis. To analyze the physical status of HPV, a num-
ber of Southern blots and, sometimes, two-dimensional gel
electrophoresis are essential. These procedures require large
quantities of high-molecular-weight DNA, which is an obstacle
when working with tiny intraepithelial lesions.

It is widely known that the transforming properties of the E6
and E7 oncoproteins are due, in part, to their capacity to bind
to the p53 and the retinoblastoma tumor suppressor proteins
and to inactivate the functions of their putative checkpoint
controls (29). Integration of the viral genome into the human
chromosome in the cancer cells usually disrupts or deletes the
E2 ORF, which results in the loss of expression of the E2 gene,
but high levels of E6 and E7 expression are maintained (11,
15). The E2 gene encodes a site-specific DNA-binding protein
that is involved in the regulation of the HPV promoter that
directs E6 and E7 expression (1, 21, 26). The reintroduction of
the E2 gene into cervical carcinoma cell lines thereby leads to
the inhibition of cell proliferation (10, 14).

The preferential disruption of the E2 genes will cause an
absence of the E2 gene sequences in the PCR product follow-
ing integration. Accurate detection of the integration of HPV
DNA was achieved by a PCR technique to amplify the E2
gene (8, 19). First, we explored the presence of the E2 gene by
amplifying the E2 ORF. A specific fragment of the E2 gene
was not amplified in 10 of 22 cases (45.5%) with HPV-16 DNA.
These cases involved the integrated form of HPV DNA. The

frequency of viral integration that we found is slightly lower
than those from preceding studies using the same method (8,
19). Since PCR for E2 and conventional Southern blot analysis
in these previous studies were in complete concordance con-
cerning the detection of the integration of HPV DNA, we
presume such a small difference is due to epidemiological
differences among the population studied. However, to rule
out the possibility of integration outside the E2 ORF, including
the E1 ORF, additional sets of primers from these regions may
have to be used for further confirmation.

In the remaining 12 cases with an intact E2 gene, there are
two possibilities: a pure episomal form or the concomitant
presence of episomal and integration forms. We then tried
multiplex PCR for the E2 and E6 genes to differentiate be-
tween these possibilities. The copy numbers of both genes
should be equivalent in episomal forms, while the E2 gene
copy number will be smaller than that for E6 following the
preferential disruption of the E2 gene in concomitant forms.
As expected, in a preliminary experiment with HPV-16 plas-
mid DNA, E2/E6 ratios were independent of the amount of
template DNA and the number of amplification cycles. Next,
we applied this technique to a survey of the differences in the
copy numbers of both genes in 12 cases with an intact E2 gene.
Multiplex PCR products from two cases displayed extremely
low ratios of 0.69 and 0.61 compared to those for the other
cases (1.40 to 2.34) (Fig. 2). These two cases might involve
mixed episomal and integration forms.

In order to verify the simultaneous existence of episomal
and integration forms of HPV DNA, conventional Southern
hybridization was carried out with an HPV-16 DNA probe.
Digestion of genomic DNA with BamHI or PstI is generally
used for the accurate detection of the physical status of
HPV-16 DNA (22). BamHI has one cleavage site for HPV-16
DNA, while PstI is a multicut enzyme yielding the authentic
cleavage pattern. Control DNAs representing the purely epi-
somal HPV DNA showed the linearized single 7.9-kb band
upon BamHI digestion (Fig. 3, lane 1, and Fig. 4, lanes 1 and
2). In contrast, integrated HPV DNA exhibited the presence of
a couple of off-sized fragments and the absence of any 7.9-kb
band (Fig. 3, lanes 2 and 3). When DNAs from two cases with
extremely low E2/E6 ratios were digested with BamHI, the
single 7.9-kb band and off-sized fragments smaller than 7.9 kb
were observed in the Southern blots, suggesting the simulta-
neous existence of episomes and integration forms of HPV
DNA in these cancers (Fig. 3, lanes 4 and 5). To further con-
firm these results, DNAs were digested with PstI. Additional
off-sized fragments along with PstI-specific restriction frag-
ments were clearly observed in the Southern blots (Fig. 4, lanes
3 and 4). These two cancers are undoubtedly carrying both epi-
somal and integrated HPV forms.

PCR amplifying the E2 ORF is a useful complement to
prove the integrated form of HPV DNA (8). Reverse tran-
scription-PCR for the E2 gene seems to be more sensitive than
PCR for DNA (19). These methods, nevertheless, have limi-
tations for distinguishing the pure episomal form of HPV
DNA from mixed forms of episomal and integrated HPV
DNA, because the E2 sequence is retained on the episomes in
both cases. Our multiplex PCR for E2 and E6 is expected to
solve this problem. It is possible that this tool cannot deter-
mine the physical status of HPV DNA accurately when con-
comitant episomal forms with relatively small amounts of HPV
DNA exist due to limitations in the sensitivity for quantitation
of the PCR products. HPV multimers carrying some deletions
or duplications have been also reported (4, 9). Although a
range of E2/E6 ratios for determination of the purely episomal
forms will be required, we could not determine a cutoff value

FIG. 4. Southern blot hybridization following digestion with single-cut en-
zyme BamHI (B) and multicut enzyme PstI (P). PstI digestion is supposed to
yield the authentic cleavage pattern, i.e., 2.8, 1.9, 1.6, and 1.0 kb (indicated at the
right) and 0.5 kb (invisible in this panel). DNAs representing purely episomal
HPV DNA were loaded in lanes 1 and 2. The two specimens with extremely low
E2/E6 ratios showed additional off-sized fragments (arrowheads) along with
authentic PstI fragments (lanes 3 and 4).
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from the present study. It is widely believed that integrated
sequences are rarely found in CIN-II and -III, but it is likely
that the simultaneous presence of episomal and integrated
forms in CINs and invasive carcinomas is more frequent. These
lesions are generally small, and a sufficient amount of DNAs is
not always available. A PCR-based analysis of the physical
status of HPV DNA is applicable to small amounts of DNA
purified from tiny lesions, formalin-fixed paraffin-embedded
tissues, or cervical cytological specimens. Clinical application
of this technique will help researchers to understand the im-
plications of the integration of HPV for cervical carcinogenesis
and the progression of cervical cancer.

Similar investigations for other types of HPV DNA will be
easy to establish. In fact, we have found PCR primers that can
coamplify the E2 and E6 genes of HPV-18 with satisfactory
sensitivity and efficacy. Unfortunately, all carcinomas revealed
exclusively integrated HPV except for one, which presented
both episomal and integration forms (data not shown).

In conclusion, multiplex PCR for the E2 and E6 genes of
HPV-16 DNA following PCR for the E2 gene can help re-
searchers to analyze the physical status of HPV DNA.
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