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Abstract
Ains-To examine the prevalence of
human papillomavirus (HPV) and
Epstein-Barr virus (EBV) in low grade
glandular intraepithelial lesions of the
cervix, adenocarcinoma with high grade
glandular intraepithelial lesions com-

bined, and adenocarcinomas; and to per-
form a genotyping mapping analysis of
endocervical carcinomas to determine the
extent ofHPV infections in such lesions.
Material-Archival paraffin wax embed-
ded material from the files of the depart-
ments of pathology, National Maternity
Hospital, Dublin, and University College
Cork, Ireland.
Methods-HPV prevalence was examined
using type specific HPV PCR, general
primer HPV PCR (pan HPV screen), non-
isotopic in situ hybridisation (NISH), and
PCR in situ hybridisation (PCR-ISH). In
situ hybridisation was performed using
fluorescein labelled oligonucleotide cock-
tail for eber transcripts ofEBV. Genotypic
analysis was performed, in all cases where
possible, using a grid system
Results-HPV 16 and 18 were predomi-
nantly identified in low grade glandular
intraepithelial lesions, high grade glandu-
lar intraepithelial lesions, and adenocar-
cinomas, with HPV prevalence increasing
with grade of dysplasia. EBV was only
identified in subepithelial lymphocytes in
a minority of cases. No link could be
shown between HPV and EBV in endocer-
vical lesions. HPV infection was not clonal
in endocervical cancer and coexistent
adjacent cervical intraepithelial neopla-
sia, where present, tended to show a simi-
lar HPV type.
Conclusions-The restriction of HPV
types 16 and 18 to endocervical lesions
suggests that their effect is restricted and
specific to endocervical mucosa, but the
mechanism of interaction is currently
unknown.
(7 Clin Pathol 1997;50:904-9 0)

Keywords: human papillomavirus; Epstein-Barr virus;
endocervical lesions

The relative frequency of adenocarcinoma of
the cervix has increased to between 12.7% and
18.5% in recent years.1-3 In contrast, the
incidence of invasive squamous cell carcinoma
has decreased, largely because of cervical

screening, which has little apparent effect on
endocervical lesions.'

Criteria for the diagnosis of glandular
intraepithelial neoplasia and -adenocarcinoma
in situ of the cervix are controversial. Such
lesions are often focal and quite superficial and
therefore are not commonly diagnosed. More
extensive multicentric lesions, although more
easy to see, are often quite difficult to differen-
tiate from adenocarcinoma of the cervix.

Endocervical glandular intraepithelial neo-
plasia is diagnosed by the presence of endocer-
vical glands, the epithelium of which shows
intraluminary papillary projections with focal
cribriform or bridging patterns. Basophilia of
the cytoplasm with nuclear atypia and pseu-
dostratification are usually prominent. Catego-
risation into low and high grade lesions has
been suggested, but there is considerable over-
lap between the high grade designation and
adenocarcinoma in situ (see below). In this
paper, the low and high grade categorisation
formula is adopted, taking into account the
virtual similarity between high grade glandular
intraepithelial lesions and adenocarcinoma in
situ.
Adenocarcinoma in situ again shows baso-

philic cytoplasm, significant nuclear atypia,
frequent mitotic figures, and nuclear pseudo-
stratification over several layers. Papillary
projections are prominent and the architecture
complex, but stromal invasion is not seen.
The precise biological significance of less

severe endocervical lesions, termed atypical
endocervical hyperplasia of the columnar
endocervix, has not been well established.
Although the clinical and histological features
of microinvasive squamous cell carcinoma are
well defined, those of its endocervical counter-
part are not.
The potential for undifferentiated cells in

Mullerian tissues to differentiate along several
lines leads ultimately to a wide range of tumour
types, among which are endometrioid or papil-
lary serous adenocarcinoma of the cervix.
The most frequent member of this group is

represented by endocervical adenocarcinoma,
the most well differentiated form called
"adenoma malignum."4 Papillary serous
carcinoma of the cervix typically grows in a
papillary fashion, with a proportion differenti-
ating along tubal lines resembling serous
carcinoma of the ovary. Endometrioid carci-
noma can arise in foci of cervical endometrio-
sis but more commonly arises from undiffer-
entiated endocervical reserve cells. Clear cell
carcinoma is morphologically identical to clear
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cell carcinoma of the endometrium; these are
tumours of Muillerian duct origin, some of
which occur in young women exposed prena-
tally to diethylstilboestrol.6 Mesonephric ad-
enocarcinomas are extremely rare neoplasms
and are histologically similar to clear cell
adenocarcinomas of Mullerian type.7 Enteric
adenocarcinomas of intestinal type occur very
rarely in the cervix.8 Adenosquamous carcino-
mas are also found, some of which having a
"glassy cell" morphology.9
Over 70 types of human papillomavirus

(HPV) are now described, and there is a strong
association between "low" and "high" risk
HPV types and the development of premalig-
nant and malignant squamous epithelial le-
sions of the cervix. HPV 6 and 11 are
considered to be low risk types, associated with
condylomas and cervical intraepithelial neo-
plasia (CIN) grade 1. HPV types 16, 18, 31,
33, 35, 39, 51 are high risk types related to the
development of high grade CIN (CIN 2 and 3)
and invasive squamous cell carcinoma. HPV
has also been detected in glandular intraepithe-
lial neoplasia, adenocarcinoma in situ, and
adenocarcinoma of the endocervix. Prevalence
rates vary but approximately 79% of adenocar-
cinoma in situ lesions and 43% of adenocarci-
nomas contain HPV, predominantly of types
16 and 18.10-12 It seems reasonable therefore to
postulate that similar cellular events are opera-
tional in endocervical lesions as in CIN and
invasive squamous cell carcinoma.
The idea of a sexually transmittable infec-

tious carcinogen as the dominant factor in the
pathogenesis of cervical neoplasia has received
widespread attention.12 13 Possible agents in-
clude herpes virus 2 (HSV 2), Chlamydia
trachomatis, HPV, cytomegalovirus, and more
recently, Epstein-Barr virus (EBV) . The
association between human papillomavirus
and squamous cell cervical neoplasia is well
known, although its role in endocervical
neoplasia is still inconclusive."3 The role of
synergistic/carcinogenic factors such as two or
more viruses interacting, possibly at different
stages of cervical carcinogenesis, has previously
been considered by zur Hausen. 15 EBV, an
oncogenic herpes virus, has been suggested as a
possible viral cofactor. EBV has a ubiquitous
distribution, causing widespread and largely
asymptomatic infection worldwide. The virus
is known to be associated with three lympho-
proliferative disorders of B cell origin-
infectious mononucleosis, Burkitt's lymphoma,
and lymphomas-in immunocompromised pa-
tients. An association between EBV and undif-
ferentiated nasopharyngeal carcinoma has
been documented previously.'6 '7 Indeed other
carcinomas, for example, tonsil, tongue, larynx,
and thymus, have also shown an association
with EBV.'8-22

Sixbey et al have produced in vitro and in
vivo evidence of EBV viral replication in the
cervix.23 In particular, they have shown that
cultured ectocervical epithelial cells can be
infected with EBV.23 Using cultures of ectocer-
vical epithelium, they also have demonstrated
that EBV can binding to epithelial cells.
Cultured ectocervical epithelial cells react with

several monoclonal antibodies specific for the
EBV receptor on B lymphocytes, strongly sug-
gesting expression of a functional EBV recep-
tor on cervical epithelial cells. To our knowl-
edge, no such data exist in relation to
endocervical mucosa. Similar observations
have been seen in other stratified squamous
epithelia, for example, pharynx and tongue.24
In addition, late EBV DNA viral antigens have
been identified in exfoliating cells, but not in
attached epithelial monolayer culture cells,
suggesting an association between viral replica-
tion and the stage of epithelial differentiation.
Infectious EBV capable of transforming B
lymphocytes have been isolated in cervical
washings from women recovering from infec-
tious mononucleosis, and from EBV positive
individuals who have had no clinical or
serological evidence of acute EBV infection.25
It appears that the cervix may be a site of
chronic viral shedding in a manner similar to
the nasopharynx.

In this study, we examine the prevalence of
HPV and EBV in three cohorts of endocervical
lesions- low grade glandular intraepithelial
lesions, adenocarcinoma with adjacent high
grade glandular intraepithelial lesions/adeno-
carcinoma in situ, and pure adeno-
carcinomas-to investigate any synergistic rela-
tion between HPV and EBV in the
pathogenesis of endocervical carcinoma. In
addition, we performed an HPV genotypic
mapping analysis of the adenocarcinoma co-
hort, to establish the extent ofHPV infection in
such lesions. In genotypic mapping, selective
fields are analysed within a tumour in order to
delineate the extent and clonality of a particu-
lar genetic marker (that is, the presence of
HPV, ras, p53 mutations, and so on).

Methods
MATERIALS
Archival paraffin wax embedded material was
retrieved from the files of the departments of
pathology, National Maternity Hospital, Dub-
lin, and University College Cork, Ireland. Ten
low grade glandular intraepithelial lesions,
eight high grade glandular intraepithelial le-
sions and adenocarcinoma combined, and 11
adenocarcinomas of the cervix were examined.
Coexistent areas of CIN were also assessed.
HPV prevalence was examined using type spe-
cific HPV polymerase chain reaction (PCR),
general primer HPV PCR (pan HPV screen),
non-isotopic in situ hybridisation (NISH), and
PCR in situ hybridisation (PCR-ISH). Geno-
typic analysis was performed (in all cases where
possible) using a grid system (1-4), as
illustrated in fig 1. Tissue was microdissected
from each of the areas designated and analysed
by solution phase PCR.

HPV IN SITU HYBRIDISATION

Three 5 gm sections (selected from different
areas of the tumour) were cut onto APES
coated glass slides (PH 106, C A Hendley,
Essex, UK).

Tissues were dewaxed in xylene and rehy-
drated through a graded alcohol series. Proteo-
lytic digestion was carried out using 0.5 mg/ml
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Figure 1 (A) Genotypic mapping experiment in an endocervical adenocarcinoma, based on a grid system, divided into
areas 1-4. (B) Adenocarcinoma in situ in an endocervical gland. (C) HPV 16 NISH in adenocarcinoma in situ showing
a discrete nuclear signal.

proteinase K in proteinase K buffer (50 mM
Tris HCl pH 7.6, 5 mM EDTA) at 370C for 10
minutes. Slides were immersed in phosphate
buffered saline (PBS) containing 2 mg/ml gly-
cine for five minutes and washed in PBS for a
further five minutes. For alkaline phosphatase
detection, slides were immersed in 20%
(vol/vol) aqueous acetic acid at 4°C for 15 sec-
onds. For peroxidase detection, slides were
immersed in 3% sodium azide/hydrogen per-
oxide to abolish endogenous peroxidase activ-
ity. Slides were then washed in PBS for five
minutes. A postfixation step was not carried
out. Dehydration of the sections then took
place through graded alcohols to water.

Cloned HPV probes (6, 11, 16, 18, 31, 33)
(genital types; gifts of Harald Zur Hausen)
were labelled with biotin or digoxigenin using a
standard nick translation protocol.26 Probes
were prepared at 200 ng/ml.
The hybridisation buffer contained 2x SSC

(sodium chloride/sodium citrate), 5% dextran
sulphate, 0.2% dried milk powder containing
no vegetable extracts, and 50% formamide.
Approximately 10-20 ng of the appropriate
probe in hybridisation buffer was applied to the
centre of each PH106 slide well. Gel bond
(FMC Bioproducts, Rockland, Maine, USA)
cut to cover slip size, was placed hydrophobic
side down over each tissue section and sealed in
place with nail varnish. Sections were dena-
tured at 90°C for 10 minutes. After denatura-
tion, slides were transferred to a humidified
box and incubated at 37-42°C overnight. Fol-
lowing hybridisation, the gel bond was re-
moved with a scalpel blade and the slides
immersed in 2x SSC at room temperature.
Medium stringency posthybridisation wash-

ings were initially applied using 2x SSC at
60°C for 20 minutes, followed by 0.2x SSC for
42°C at 20 minutes, then O.lx SSC at room
temperature for five minutes, and 2x SSC at
room temperature for five minutes. Higher
stringency washes included 0.2x SSC at 55°C
and 60°C for 10 minutes and O.lx SSC at
room temperature, 42°C and 55°C.

The hybridisation signal was detected using
one step, two step, or three step techniques as
described previously."6 Colorimetric detection
was achieved using a NBT/BCIP substrate for
alkaline phosphatase or aminoethylcarbazole
(Zymed kit for peroxidase, California, USA).`
Sections were counterstained with 2% methyl
green for alkaline phosphatase detection or
haematoxylin for the peroxidase detection sys-
tem.

Tissue controls for NISH included HPV
positive cervical wart, and myocardium (nega-
tive for HPV). Reaction controls included
hybridisation buffer on its own, biotin/
digoxigenin labelled plasmid sequences
(pBR322), and irrelevant probe (herpes zoster
virus, HZV). Labelled human placental DNA
was used to check hybridisation efficiency.

Detection controls included omitting pri-
mary or secondary antibody steps and addition
of the colorimetric substrate only.

EBER-ISH
Tissue dewaxing was carried out as above. In
situ hybridisation was performed using a fluo-
rescein labelled oligonucleotide cocktail for
eber transcripts of EBV: 20 gl of probe
hybridisation solution were incubated on the
tissue sections for two hours at 37°C; slides
were then washed in Tris buffered saline
containing 0. 1% Triton X- 1 00 for three
minutes three times. Detection was achieved
using the Novocastra in situ hybridisation
detection kit, following the recommended
method for hybrid detection.

SOLUTION PHASE PCR
HPV DNA sequences were derived from the
EMBL genetic sequence database. HPV E6
sequences which remain intact following viral
DNA integration were chosen."' Oligonucle-
otide primers were synthesised on a Perkin
Elmer Applied Biosystems DNA synthesiser
(Perkin Elmer, Cheshire, UK), deprotected,
and stored in liquid ammonia at -200C.
During oligo synthesis, a biotin reporter
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molecule with a 15 carbon atom linker arm was
added to the 5' end of the oligonucleotide
probe, which was subsequently used as an
internal probe to confirm product specificity.
The nucleotide sequence of the primers were
as previously described.27

General HPV primers (which identify
sequenced and unsequenced human papil-
lomaviruses) were also used for a pan
HPV screen, unrestricted by the type specific
viruses chosen. These were as previously
described.28
For EBV amplification EBNA-1 primers

were used-primer 1: ATCGTGGTCAAG-
GAGGTTCC; primer 2: ACTCAATGGTG-
TAAGACGAC-and probed with a 30 mer 5'
biotin labelled probe: AGAGCTCTCCT-
GGCTAGGAGTCACGTAGAA, using South-
ern analysis.
Ten 5 gm sections were cut and placed in

sterile Eppendorf tubes. Strict anticontamina-
tion protocols were adopted. Nucleic acid
extraction was carried out using proteinase K
(0.1-0.5 mg/ml) in proteinase K buffer
(100 mM NaCl, 10 mM Tris HC1, 25 mM
EDTA, 0.5% sodium dodecyl sulphate,
pH 8.4). Proteinase K incubation was carried
out for three to five days at 37°C with adequate
mixing of samples. Proteinase K inactivation
was then carried out at 94°C for 10 minutes.
DNA was purified using a standard phenol
chloroform isoamyl alcohol technique. Nucleic
acid was precipitated using 3 M sodium acetate
and ice cold ethanol.
For genotypic mapping areas were selected

as in fig 1 and microdissected using a sterile
blade. DNA was extracted as above.
For type specific HPV PCR, the PCR

solution consisted of PCR buffer (50 mM
KC1, 10 mM Tris HCI pH 8.3, 1.5 mM
MgCl2, 0.01% gelatine, 200,uM of each
dNTP, 1.0,M of each primer, 2.5 units of
AmpliTaq DNA polymerase and 100 ng of
DNA template). Samples were then subjected
to 40 cycles of PCR in a Perkin Elmer 480
DNA thermocycler. Cycling parameters were
as follows: 94°C for one minute, followed by
94°C for one minute, 55°C for two minutes,
72°C for three minutes x 40 cycles, with a
final extension set for 72°C for five minutes.
Similar conditions were applied for EBNA-1
PCR.
For general primer PCR, amplification con-

ditions were similar except 3.5 mM MgCl, was
used and an annealing temperature of 400C
was applied.
Type specific HPV PCR products were con-

firmed by dot blot hybridisation, as previously
described.27

HPV AND EBV PCR-ISH
Sections of 3-5 gm thickness (again selected
from different areas of the tumour) were cut
onto APES coated single well slides and placed
on a hot plate for 12 to 16 hours. Section
dewaxing was carried out as for normal in situ
hybridisation. Proteinase digestion was carried
out using 0.5 mg/ml proteinase K in proteinase
K buffer as for in situ hybridisation at 37°C for
10 to 15 minutes. Blocking of endogenous

alkaline phosphatase and peroxidase was car-
ried out as above. Slides were then washed in
PBS for five minutes. Tissues were amplified
using the GeneAmp in situ PCR system 1000
(Perkin Elmer), which ensures maximal ther-
mal kinetics.29 30
The PCR solution consisted of PCR buffer

(50 mM KC1, 10 mM tris HC1 pH 8.3,
4.5-5.0 mM magnesium chloride, 0.01% gela-
tine, 200 ,uM of each dNTP, 2 ,uM each primer,
5 units of TaqIS/50 ,ul, and 0.2% bovine serum
albumin). HPV primers were as previously
shown.27 EBNA-1 primers were as detailed
above. A control reference gene, 13 globin, was
used to assess the efficiency of amplification. [
Globin primers were as follows: primer 1
(5'-ACACAACTGTGTTCACTAGC-3') and
primer 2 (5'-CAACTTCATCCACG-TTCA-
CC-3') and a biotinylated [3globin oligoprobe
(5'-GACTCCTGAGGAGAAGTCTGCCGT-
TACTGC-3'). Slide assembly was achieved
using Amplicover clips and discs and the slide
assembly tool.
The following cycling parameters were

applied: 94°C for six minutes followed by 40
cycles of 94°C x one minute, 55°C x two min-
utes. In addition, a separate extension step was
included in some protocols but did not appear
to yield better results. Following amplification,
disassembly of the Amplicover clip and disc
was performed. Slides were then carefully
dipped in 100% alcohol to dehydrate and post-
fix the amplified product. In addition some
slides underwent 2% paraformaldehyde post-
fixation for three to five minutes.
The amplified product was then detected

using standard in situ hybridisation as de-
scribed in the in situ hybridisation section,
using an internal oligoprobe at 5-10 pmol/
100 jl of hybridisation mix containing (2x
SSC, 5% dextran sulphate, and 10% forma-
mide).

Colorimetric detection was achieved using
NBT/BCIP as for in situ hybridisation.

Appropriate controls used included fixed
SiHa cells containing one to two copies ofHPV
16, fixed CaSki cells containing 200 copies of
HPV 16, and fixed P3HR1 cells containing
EBV genome. For each assay the following
PCR in situ hybridisation controls were
included: (1) reference control gene ([B
globin)31; (2) no Taq DNA polymerase; (3) no
primers; (4) primer 1 only; (5) primer 2 only;
(6) target primers with an irrelevant probe
(HHV 8); (7) irrelevant primers (that is,
HHV8) with the target probe; (8) reference
control gene primers ([ globin/PDH) with the
target probe.

Results
LOW GRADE GLANDULAR INTRAEPITHELIAL
LESIONS
The age range of patients with glandular
intraepithelial neoplasia examined was 26 to 40
years (mean 33.5 years). Results of the HPV
analysis are given in table 1.
By PCR, three of 10 cases were HPV 16

positive. NISH analysis confirmed these two
positive cases, but extensive NISH analysis
was not possible because of lack of adequate
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Table 1 Prevalence ofhuman papillomavirus in endocervical lesions

Non-isotopic in situ hybridisation Polymerase chain reaction

6 11 16 18 31 33 6 11 16 18 31 33

Low grade GIN
NT NT 2/2* NT 0/10 NT 0/10 0/10 3/10 0/10 N/A 0/10

Adenocarcinoma and high grade GINIACIS combined
0/8 0/8 2/8 1/8 0/8 0.8 0/8 0/8 5/8 2/8 N/A 0/8

Adenocarcinoma
0/11 0/11 2/11 1/11 0/11 0/11 0/11 0/11 3/11 1/11I N/A 0/1 1

*Two residual samples showed evidence of GIN.
ACIS, adenocarcinoma in situ; GIN, glandular intraepithelial neoplasia; N/A, sequence not
available for primer design; NT, no tissue available.

A B /

Wl...

Figure 2 (A) NISH in adenocarcinoma in situ of the cervix showing HPV 16 in one cell
nucleus. (B) HPV 16 PCR-ISH ofa parallel section, showing two cells positive with a
stronger intranuclear signal visible as compared to NISH. Notice also leakage of
amplification product into the cell cytoplasm focally, which indicates minimal
overpermeabilisation.

ADENOCARCINOMA AND HIGH GRADE GLANDULAR
INTRAEPITHELIAL NEOPLASIA/ADENOCARCINOMA
IN SITU COMBINED
The age range ofpatients with adenocarcinoma
and adenocarcinoma in situ combined was 38
to 48 years (mean 41.8 years). Results of the
HPV analysis are given in table 1.
By PCR analysis, five of eight and two of

eight cases were HPV 16 and 18 positive,
respectively. Coexistent CIN 2 was seen in
three cases, all of which were HPV 16 positive.
By NISH, two of eight and one of eight cases

were HPV 16 and 18 positive, respectively. The
in situ hybridisation signal in HPV positive
cases was punctate in all cases. In three of the
cases (with high grade glandular intraepithelial
lesions/adenocarcinoma in situ in relation to
adenocarcinoma) both the intraepithelial le-
sion and adenocarcinoma were positive.
EBV was only identified by PCR in two

cases, again subepithelial in location with no
intraepithelial localisation seen.

The genotypic mapping experiment per-
formed on six cases showed monotypic HPV
types (that is, either 16 or 18) in each respective
case. In three cases all four areas were HPV
positive, in two cases two areas were HPV
positive, and in one case only one area was
positive by PCR analysis. NISH and PCR-ISH
confirmed this geographical segregation. Low
risk HPV types 6 and 11 were not identified in
any of the cases.

histological material. Two HPV 16 positive
cases had coexistent HPV 16 positive CIN 2.
EBV was identified in one case only, in
subepithelial lymphocytes. No intraepithelial
EBV signals were seen, either on NISH or

PCR-ISH.
Of the two cases positive on NISH for HPV

16, the in situ signal was punctate but tissue
preservation was poor. PCR-ISH increased the
signal intensity, and the number of cells positive
in an individual dysplastic gland (fig 2).

ADENOCARCINOMA
The age range ofpatients with adenocarcinoma
of the cervix was 36 to 63 years (mean 47.37
years). Results are illustrated in table 1.
By PCR analysis, three of 11 and one of 11

cases were positive for HPV 16 and 18, respec-
tively. Of the four cases positive by PCR, only
two of four areas in each case were HPV posi-
tive on genotypic mapping, suggesting that the
tumour was not clonal for HPV. NISH and
PCR-ISH confirmed solution phase PCR data
except in one HPV 16 case. No unsequenced

Table 2 Epidemiological data for adenocarcinoma of the cervix, adenocarcinoma in situ (ACIS), glandular intraepithelial
neoplasia (GIN), and human papillomavirus (HPV) prevalence

HPV type (number of caseslnumber tested)

Country Method 6 11 16 18 31 33 Reference No

Ireland PCR Adca 0/11 0/11 3/11 1/11 0/11 0/11
Adca + ACIS 0/8 0/8 5/8 2/8 0/8 0/8
Low grade GIN 0/10 0/10 3/10 0/10 0/10 0/10

UK In situ Adca + ACIS 0/16 0/16 7/16 4/16 0/16 0/16 32

S Africa In situ Adca + ACIS 0/22 0/22 0/22 9/22 0/22 0/22 32
(6 of the virus positive carcinomas had adjacent carcinoma in situ)

Denmark In situ Adca - 4/11* - 33
ACIS - - 4/4* - 33

UK In situ (No HPV association)

USA In situ Adca 0/17 - 1/17 16/17 - - 10
ACIS 0/7 - 0/18 0/18 - - 10
GIN 0/18 - 0/18 0/18 - - 10

USA In situ ACIS - - 4/13 7/13 - - 37
(mRNA)

*Combined data (HPV 16 and 18).
ACIS, adenocarcinoma in situ; Adca, adenocarcinoma; GIN, glandular intraepithelial neoplasia.
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HPV types were identified using the pan HPV
PCR approach. The data in this cohort again
identified the tight restriction ofHPV types 16
and 18 with the development of endocervical
adenocarcinoma. EBV was only identified in
one case by PCR, but not confirmed by NISH
or PCR-ISH; this presumably was due to
circulating infected B lymphocytes.

Discussion
The results of this study show a 30%
prevalence of the high risk HPV 16 in low
grade glandular intraepithelial lesions (three of
10 cases). The results differ from those of Oka-
gaki et all' (see table 2), who did not identify
HPV in low grade glandular intraepithelial
neoplasia lesions, but are in agreement with the
data from Jaw;orski' s group.'
Our cohort of adenocarcinoma and high

grade glandular intraepithelial neoplasia/
adenocarcinoma in situ combined showed five
of eight and two of eight cases positive for HPV
16 and 18, respectively, by PCR (approxi-
mately 90%). This mirrors the prevalence rates
ofHPV 16 and 18 for CIN grades 2 and 3 and
invasive squamous cell carcinoma. Interest-
ingly, only four of 11 adenocarcinoma cases
(36%) contained HPV 16 or 18, suggesting
that HPV shedding occurs with time once
tumour development has occurred. Our find-
ings for HPV in adenocarcinoma and high
grade glandular intraepithelial lesions/adeno-
carcinoma in situ are similar to those of Cooper
et al who examined endocervical lesions in
British and South African patients32 and to a
smaller Danish study.33 Interestingly, Young et
al were unable to identify any association
between HPV and endocervical cancer,34
which is not in keeping with the broad body of
evidence to date.
The prevalence of HPV 18 in our study is

low as compared to Cooper's South African
cohort and the series reported by Okagaki et
al.'0 32 This may reflect geographical variations
in HPV prevalence, which is supported by
HPV prevalence in other systems.3536
Using an mRNA analysis, Farnsworth iden-

tified HPV in 1 1 of 13 cases ofadenocarcinoma
in situ, with a predominance of HPV 18 (table

2.37
Genotypic mapping experiments carried out

on adenocarcinomas in this study, showed that
the majority of lesions did not contain HPV
DNA sequences in all four areas sampled,
indicating clearly that the tumour is not clonal
for HPV. Importantly, no discordance between
types was found in this analysis, suggesting that
one and only one virus type (that is, 16 or 18)
has the propensity to survive in such lesions.
No mixed infections were identified, again in
keeping with previous reports. Our data also
confirm the absence of low risk HPV types 6
and 11, which again is a constant finding in
other studies, even accounting for geographical
variations (table 2). The apparent segregation
of HPV 16 and 18 with endocervical lesions
points to some specific attribute of these viral
types which are necessary for endocervical car-
cinogenesis. Perhaps the specific E6/E7 motifs
in these types can interact in the development

of endocervical cancer in a similar way to the
recently described interaction between E6/7
ORFs of HPV 16 and human surface ovarian
epithelial cells.38
We did not identify EBV in the epithelia of

any ofthe lesions examined. PCR positivity was
due to circulating positive infected B cells. We
conclude, therefore, that no link exists between
HPV and EBV in the development of endocer-
vical carcinoma. Its precise role in squamous
cell carcinogenesis is not understood, but it
appears that EBV can be found in squamous
epithelial lesions."4 23 25 39-41

In summary, HPV 16 and 18 appear to be
involved in the pathogenesis of endocervical
cancer from low grade glandular intraepithelial
neoplasia to adenocarcinoma. We were unable
to show any link between HPV and EBV in
endocervical lesions. HPV infection is not
clonal in endocervical cancer and coexistent
adjacent CIN, where present, tends to show a
similar HPV type. The restriction ofHPV types
16 and 18 to endocervical lesions suggests that
their effect is restricted and specific to
endocervical mucosa, but currently the mech-
anism of interaction is unknown.
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