
J Clin Pathol 1992;45:382-384

Papers

Integration ofhuman papillomavirus types 16 and
18..in-cervical adenocarcinoma

K Cooper, C S Herrington, E S-F Lo, M F Evans, J O'D McGee

Abstract
Aims: To determine which type of
human papillomavirus (HPV) is associ-
ated with cervical adenocarcinoma and
whether the virus was integrated or

episomal in two continents.
Methods: Biopsy specimens from the UK
(n = 16) and South Africa (n = 22) were
analysed by non-isotopic in situ
hybridisation (NISH) for HPV types 6,
11, 16, 18, 31, 33, and 35 on archival
biopsy specimens using digoxigenin
labelled probes.
Results: A total of 20 adenocarcinomas
(53%) from both groups contained HPV
DNA. In the UK group, seven and four
cases contained HPV 18 (44%) and 16
(25%) respectively. In the South African
group, nine cases contained HPV 18
(41%) while HPV DNA was not detecta-
ble in the other 13 cases. Hence HPV 18
was present in 80% of HPV positive
adenocarcinomas.
Conclusions: The HPV 16 or 18 genome
was integrated in all viral positive cases.
In two cases HPV 18 was also present in
an episomal form. These data indicate
that HPV integration is common to
cervical adenocarcinoma in two contin-
ents by the same methodology. The
lower prevalence of HPV 18 detection in
the South African group may have been
due to the presence of other or

unsequenced HPV types.

University ofOxford,
NuffieldDepartmentof
Pathology and
Bacteriology, John
Radcliffe Hospital,
Oxford OX3 9DU
K Cooper
C S Herrington
E S-F Lo
M F Evans
J O'D McGee
Correspondence to:
J O'D McGee
Accepted for publication
30 October 1991

The association between HPV and genital
intraepithelial neoplasia and invasive malig-
nancy has resulted in over 20 genotypes being
identified in the genital tract within the last
decade (for review see de Villiers).' The
majority of these HPV types were isolated
from neoplastic squamous epithelium. More
recently there has been increasing interest in
the association between HPV and glandular
neoplasia of the cervix. In 1988 it was shown
that HPV DNA was found as frequently in
adenocarcinoma and adenosquamous cancer
as in squamous cell cancer of the cervix.2 It
was also demonstrated that HPV18 was the
predominant HPV type in adenocarcinoma.
Although the latter association has been con-
firmed in other studies,3-" two reports from
the UK failed to show a significant associ-
ation.4 15

HPV DNA is present in three morpho-
logically distinct forms in the nuclei of
cervical intraepithelial neoplasia (CIN) and
cervical squamous cell cancer (SCC) by non-
isotopic in situ hybridisation (NISH).'617
These NISH signal types have been desig-
nated 1-3. It was postulated that the type 1
signal represents episomal virus, type 2
integrated virus, and type 3 a combination of
both. This hypothesis has been strengthened
by the demonstration that these NISH signal
types correlate with episomal and integrated
virus in a combined in situ and filter hybridis-
ation study.'8 This approach to defining the
physical state of the HPV genome (unlike
Southern blotting) can be applied to retro-
spective studies of archival biopsy specimens.
The aims of this study were twofold: (i) to

determine by NISH signal pattern whether
HPV is integrated, or otherwise, in cervical
adenocarcinoma; (ii) to investigate and com-
pare the prevalence of HPV DNA in cervical
adenocarcinoma from South Africa (Durban)
and the UK (Oxford).

Methods
BIOPSY MATERIAL
Archival formalin fixed paraffin wax embedded
cervical biopsy specimens of adenocarcinomas
(n = 22) were obtained from the surgical files
of King Edward VIII Hospital, Durban,
South Africa (SA) from 1988. The British
group of adenocarcinoma biopsy specimens (n
= 16) were from the archival files of this
department from 1982 to 1991. Parallel
haematoxylin and eosin slides of the adenocar-
cinomas were reviewed by a consultant his-
topathologist and classified according to mor-
phological subtype.'9

NISH
NISH was performed using digoxigenin
labelled genomic probes for HPV 6, 11, 16,
18, 31, 33, and 35 as previously described for
HPV detection in CIN and squamous cell
cancer (SCC).'6"' Biopsy specimens (of CIN
or SCC) known to contain HPV16 and 18
were analysed in parallel with each batch of
cases as positive controls.

Results
NISH GENOTYPING OF HPV
A total of 20 adenocarcinomas (53%) from
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HPV integration in cervical adenocarcinoma

Table Adenocarcinoma differentiation and HPVgenotyping

HPV16 HPV18 HPV negative

Adenocarcinoma subtype UK SA UK SA UK SA

Well differentiated 3 0 4 6 5 5
Moderately differentiated 0 0 1 1 0 1
Poorly differentiated 1 0 2 2 0 7

both groups contained HPV DNA. In the UK
group, seven cases (44%) and four cases
(25%) contained HPV 18 and 16 respectively.
In the SA group, nine cases contained HPV
18 (41%). Overall therefore, HPV 18 was
present in 80% of the HPV positive adenocar-
cinomas (table). In addition six of the viral
positive adenocarcinomas had an adjacent
adenocarcinoma in situ component, of which
four contained HPV DNA. The virus was not
detected in the morphologically normal glands
adjacent to adenocarcinomas in three cases.

NISH SIGNAL TYPE
All the HPV DNA positive adenocarcinomas
contained a type 2 NISH signal-that is a
punctate/dot signal within the nucleus (fig 1).
In addition a type 3 signal was present in two
cases from the UK (fig 2). Although two
adenocarcinomas showed an NISH signal in
the majority of cells, most adenocarcinomas
contained an NISH signal in focal collections
of tumour cells. The two cases that contained
a type 3 NISH signal pattern were well dif-
ferentiated adenocarcinomas. The four viral
positive cases with an adenocarcinoma in situ
component contained a type 2 NISH signal.

CORRELATION OF ADENOCARCINOMA
MORPHOLOGY AND HPV TYPE
The tumour morphology and HPV types are
summarised in the table. HPV 16 was not
detected in any of the 22 SA cases. In both the
UK and SA HPV positive cases (20) there was
no significant correlation between HPV status
and differentiation. It should be noted
however that the majority of the poorly dif-
ferentiated adenocarcinomas in the SA group
did not contain any of the HPV types probed
for in this study while the three poorly dif-

Figure I NISH type 2 signal in theform ofpunctatel
dots in a tumour cell of cervical glandular origin.

ferentiated UK cases contained HPV 16 or 18.
No tumour from the UK or SA groups

hybridised with HPV 6, 11, 31, 33, or 35.
Apart from indicating that these viruses were
not detectable in cervical adenocarcinoma the
data also indicate the specificity of the reac-
tions with HPV 16 and 18.

Discussion
It was shown recently by NISH that HPV
DNA is present in three morphologically dis-
tinct forms in the nuclei of CIN and SCC.'617
These are referred to as NISH signal types 1, 2,
and 3. A type 1 signal is diffuse throughout the
nucleus, a type 2 signal is punctate, and type 3
is a combination of type 1 and 2. It was
postulated that a type 1 signal represents
episomal virus, type 2 integrated virus, and
type 3 a combination of both.l167 An NISH
type 1 signal occurs in koilocytes and keratinis-
ing squamous cells which express capsid
protein suggesting that it represents episomal
HPV. There are four types of evidence indicat-
ing that a type 2 signal represents integrated
HPV. This NISH signal is present in: CaSki
and HeLa cell lines which contain integrated
HPV 16 and 18 respectively;2' it is evident on
sister chromatids in SCC biopsy specimens;'7 a
type 2 signal was present in 59 HPV positive
SCC from two geographic locales irrespective
of whether the HPV was type 16, 18, or 33;17
there was an absolute correlation between an
NISH type 2 signal and the presence of
integrated HPV on Southern blot analysis of
DNA from the same CIN and SCC biopsy
specimens.'8 By analogy with this evidence a
type 2 NISH signal in 53% of adenocarcin-
omas from two different countries indicates that
HPV 16 or 18 are also integrated in this cancer
type.
The presence ofHPV 18 in 80% of both SA

and UK HPV positive adenocarcinomas fur-
ther illustrates the strong association between
HPV 18 and this cancer type in two geo-
graphical regions. The predominance of HPV
18 (44%) over HPV 16 (25%) in the UK group
is compatible with most other Western studies.
Two studies from different centres in the USA

Figure 2 Combined punctate and diffuse signals (NISH
type 3) in cervical adenocarcinoma cells.
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employing in situ hybridisation (ISH), showed
HPVDNA in 42-5% (17/40)2 and 83% (5/6)5 of
cervical adenocarcinomas. HPV 18 was the
predominant type in both studies. In Finland
HPV 16 and 18 were found in 18% (19 of 106)
of adenocarcinomas, with HPV 18 in 17 of
these cases;'3 and in Japan several types ofHPV
DNA were detected in 46-7% (15/32) of
cervical adenocarcinomas, ten of which con-
tained HPV 18.8 Using a cocktail ofHPV 16/18
biotinylated DNA probes, 4/11 adenocarcin-
omas and 4/4 in situ adenocarcinomas from
Denmark, contained HPV sequences by in situ
hybridistion; in contrast HPV 16/18 were not
detectable in endometrial adenocarcinomas
infiltrating cervical tissue.6 Similar incidence
figures (64-89%) have been found in the USA
for in situ and microinvasive adenocarcin-
omas.3 422 It would seem that not only is
invasive adenocarcinoma associated with HPV
infection but so are its presumed precursors,
adenocarcinoma in situ and microinvasive
adenocarcinomas. The four cases of HPV
positive adenocarcinoma in situ in this study
would support this association.

In contrast to these and other results, two
recent UK studies have suggested that HPV
infection is not associated with adenocarcin-
oma of the uterine cervix. HPV 16 and 18 were
demonstrated in 6-3% of adenocarcinoma and
12 5% of in situ adenocarcinoma by NISH,
and in 31% of adenocarcinoma by polymerase
chain reaction (PCR).14 In the other study no
HPV DNA was detected by NISH in adeno-
cancers.'5 Whether this is due to geographic
variation or methodological differences is not
clear. An integrated NISH type 2 signal can
often only be confidently observed where the
NISH signal (red) at high magnification and the
nucleus (blue) are clearly defined in two distinct
contrasting colours as shown here (fig 1); only
the minority of cells present in adenocarcin-
omas are HPV positive by NISH. This may
explain the low prevalence of HPV in the
previous in situ hybridisation studies.
The absence of HPV from the majority of

cells in adenocarcinoma could be due to insuf-
ficient sensitivity of the NISH procedure to
pick up one viral copy or fragments of theHPV
genome. The sensitivity of the NISH
methodology used here is 2-5-12 copies of
HPV/cell. There are at least two alternative
explanations-that those cells which contain
integrated HPV could be the proliferating
"stem"' population in adenocarcinoma and
HPV negative cells could represent genomic
"drift" in the overall cancer cell population.
Alternatively, integrated HPV may not be an
absolute requirement for the persistence and
progression of all tumour cells.
Even though all the HPV positive adenocar-

cinoma in the SA group contained type 18, only
41% overall were HPV positive. This is low
when compared to the UK group. This may be
due to the presence of other or unsequenced
types in SA cases as was previously suggested
in studies examining the prevalence of HPV
types in CIN and SCC.'6 1723 In the 20 HPV
positive tumours there was no correlation be-
tween tumour differentiation and viral infec-

tion, as was implied in a previous study which
combined both SCC and adenocarcinoma.9
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