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Figure 1 Integration analysis ofHPV16 DNA in three
different cervical cancer samples (A-C). In each panel,
lanes 1 and 2 contained DNA digested with restriction
endonucleases that do not have cleavage sites in HPV1 6
DNA (BglII and EcoRV, respectively); lanes 3, 4, and 5
contained DNA samples that were digested with enzymes
with one cleavage site in the HPV16 genome (BamHI,
NcoI, and SphI, respectively). PanelA is characteristic of
only integrated HPV16 DNA: in lanes 3, 4, and 5 more
than two HPV-human junction fragments per lane are
present and no band is seen at 8 kb. Panel B exhibits only
episomalforms ofHPV16 genome: the multimeric circle
(mc), open circle (oc), and supercoil (sc) DNA forms
visible in lanes 1 and 2 are converted totally to an 8 kb
linearform when DNA samples are digested with enzymes
which cleave HPV1 6 DNA once (lanes 3, 4, and 5). Panel
C is representative of a complex coexistence of episomal
monomeric, multimeric, and integrated HPV16 DNA.
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1) allowed the physical state of viral DNA to be
highlighted in the 55 positive samples. The
results are shown in fig 2. Both episomal and
integrated DNAs were detected in three
(12.5%) of 24 cervical intraepithelial neo-
plasms (grade 2-3); three (12.5%) cervical
intraepithelial neoplasms contained integrated
HPV DNA only, and the remaining 18 (75%)
cervical intraepithelial neoplasm samples con-
tained episomal HPV sequences exclusively. In
contrast, integration was detected in 25
(80.6%) of the 31 cancers: 20 (64.5%) showed
only integrated sequences and five (16.1%)
contained both episomal and integrated
DNAs; the remaining six (19.4%) cancer sam-
ples contained episomal HPV sequences exclu-
sively. The differences in the physical state of
the viral genome in lesions with different
histopathological diagnoses were highly signifi-
cant (p < 0.0001); the differences were also
significant (p < 0.02) when only HPV16 asso-
ciated lesions were considered, as shown in
table 1.

THE PHYSICAL STATE OF DIFFERENT TYPES OF
HPV DNA
The results of the analysis of the physical state
of different types of HPV in cervical intraepi-
thelial neoplasia (grade 2-3) and invasive
carcinomas of the cervix are shown in table 1.
Differences were observed between cervical
intraepithelial neoplasia (grade 2-3) lesions
containing HPV16 DNA and those containing
the other types of HPV analysed. Of the 19
cervical intraepithelial neoplasia (grade 2-3)
samples containing HPV16, episomal se-
quences only were seen in 13, three had both

Figure 2 Analysis of the physical state ofHPVDNA in
lesions with different histological diagnoses. The difference
in frequency of viral genome status between cervical
intraepithelial neoplasia (CIN) (grade 2-3) and cervical
carcinoma is statistically significant (p < 0. 0001).

episomal and integrated HPV DNA, and the
other three specimens revealed only integrated
HPV DNA. In contrast, HPV18 and 35 DNA
was not found in any cervical intraepithelial
neoplasia (grade 2-3) samples; in addition, the
five cervical intraepithelial neoplasia samples
containing HPV31 showed viral DNA only in
the episomal form. To date no correlation has
been observed between these findings and the
clinical pathological parameters.

Cervical cancers revealed differences in the
integration profiles of HPV16 and HPV18
DNA. Of the 23 cancers containing HPV16
DNA, 12 revealed only integrated HPV DNA,
five specimens showed both episomal and inte-
grated DNA, and the remaining six had only
episomal HPV16 DNA. In contrast, all four
cancers containing HPV18 sequences revealed
integrated viral DNA exclusively. Although this
appeared to be a real phenomenon, the differ-
ence between the DNA integration frequency
of HPV16 and 18 was not statistically signifi-
cant, owing to the low frequncy of HPV18
DNA. The two tumours containing HPV31
DNA and the two cases containing HPV35
DNA showed integrated sequences only.

Discussion
The presence of both episomal and integrated
HPV DNAs is the major problem confounding
the analysis of the physical state of the viral
genome because the monomeric and multi-
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meric episomal forms can mask the relatively
small amount of integrated DNA. In order to
resolve this problem we used the principal
method described by Cullen et al,14 which uses
restriction analysis with a panel of HPV type
specific restriction endonucleases followed by
Southern blot analysis. The use of five different
enzymes for each specimen reduced the chance
of faint HPV-human junction fragments being
obscured by episomal HPV DNA in the same
sample. The study permitted the clear defini-
tion of the physical state of the viral DNA in 55
samples. In 81% of the cervical cancers,
integrated HPV DNA was revealed in compari-
son with 25% of the cervical intraepithelial
neoplasia (grade 2-3) samples. The results
suggest that there is a temporal relationship
between the integration event and the acquisi-
tion of invasive characteristics. These data are
in agreement with those reported by Cullen et
al'4 who observed the presence of integrated
viral DNA in 81% of the cancers analysed.
Generally, it is assumed that integration into
the host chromosome leads to the disruption of
the E1IE2 ORF5 with consequent malignant
progression due to the possible overexpression
of the E6 and E7 sequences. From the results
obtained in this study, where 19% of the cervi-
cal carcinomas analysed contained only episo-
mal HPV DNA, it can be hypothesised that
integration is a fundamental, although not
obligatory, element in the majority of tumours.
A large heterogeneity in the frequency of inte-
gration has been reported in HPV1 6 associated
tumours' 1 14-16; this could be due to the epide-
miological differences in the populations con-
sidered. The heterogeneity does not exist in the
case of tumours containing HPV18, where
integration is observed consistently.'4 In the
majority of early studies, the physical state of
lesions containing HPV16 were investi-
gated8 1113 15 16 18; subsequently, the analysis was
extended to other types of HPV.'4 From the
comparative analysis of the physical state of
HPV16, 18, 31, and 35 significant differences
were found between the integration profiles of
HPV16 with respect to the other HPV types. In
fact, all eight carcinomas containing HPV18,
31, or 35 showed integrated DNA exclusively,
whereas of the 23 cancers containing HPV16
genomes, six (26%) revealed only episomal
sequences. Moreover, HPV18 and 35 DNAs
were not observed in any of the cervical
intraepithelial neoplasia samples analysed. It
has been hypothesised that HPV1 8 is clinically
more agressive than HPV16 because it has
been found to be associated with cervical
intraepithelial neoplasia less frequently than
with cervical carcinoma, and also because it is
considered to be more efficient at immortalis-
ing human keratinocytes in vitro.27 In addition,
HPV16 has been found to be associated with
well differentiated cancers much more often
than HPV18. " The data obtained in this study
indicate the existence of tumours in which
HPV16 DNA is not present in the integrated
form, suggesting that integration and, conse-
quently, inactivation of E2 are not essential for
the development ofHPV16 associated carcino-
mas; in this respect they are different from

HPV18, 31, and 35 tumours where the viral
genome is present in the integrated form.
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