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Detection of integrated high risk human
papillomavirus in adenoid cystic carcinoma of the
uterine cervix

W Grayson, L Taylor, K Cooper

Abstract
Aim-To investigate the role of human
papillomavirus (HPV) in adenoid cystic
carcinoma of the uterine cervix.
Methods-Eleven archival, paraffin wax
embedded specimens were analysed by
non-isotopic in situ hybridisation (NISH)
for HPV types 6, 11, 16, 18, 31, and 33 using
digoxigenin labelled probes. The polymer-
ase chain reaction (PCR) was carried out
on each of the cases using consensus
primers to HPV.
Results-A total of eight adenoid cystic
carcinomas harboured the HPV genome
by NISH, ofwhich five were PCR positive.
Integrated HPV 16 DNA was demon-
strated in seven of the eight NISH positive
cases. One adenoid cystic carcinoma
showed integrated HPV 31. HPV DNA was
not detected in the three remaining cases.
Conclusions-Integrated high risk HPV
genome, in particular type 16, is associ-
ated with this uncommon type ofprimary
cervical cancer.
(i Clin Pathol 1996;49:805-809)
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Adenoid cystic carcinoma of the cervix is a rare

neoplasm originally described by McGee et al
in 1965.' Although adenoid cystic carcinoma is
classically described in salivary glands,2 similar
tumours may arise in the bronchus,3 oesopha-
gus,4 breast,' sinonasopharyngeal region,6 ear,7
and prostate.8
The association between human papilloma-

virus (HPV) and the evolution of squamous
epithelial neoplasms of the genital tract is well
documented.9 0To date, over 70 different HPV
types have been identified.'0 Certain types,
such as HPV 6 and 1 1, are regarded as low risk
as these types are associated predominantly
with genital condylomata and low grade cervi-
cal dysplasia. Other types, such as 16 and 18
and to a lesser extent 31, 33, 35, 45, 51, 52, and
56, however, are regarded as high risk viruses
because of their well recognised association
with high grade cervical intraepithelial neopla-
sia and invasive carcinoma."

Integration of high risk HPV DNA into the
human genome is a crucial step in the
evolution of HPV induced cervical cancers.'2 13
Non-isotopic in situ hybridisation (NISH) has
emerged as an invaluable technique in the
identification of both episomal and integrated
HPV in archival cervical biopsy material.'147

Several previous studies have focused on the
role ofHPV integration in cervical intraepithe-
lial neoplasia (CIN),'5 invasive squamous
carcinoma," 1618cervical adenocarcinoma,'`0
adenosquamous carcinoma,'9 and small cell
carcinoma. 1
The present study investigated the role of

HPV integration in adenoid cystic carcinoma,
a distinctly uncommon primary cervical neo-
plasm representing less than 1% of cervical
adenocarcinomas."

Methods
Eleven formalin fixed, paraffin wax embedded
specimens of adenoid cystic carcinoma, taken
between 1974 and 1995, were obtained from
the archival surgical files of our department.
The specimens comprised 10 cervical biopsy
and one hysterectomy specimen. Parallel hae-
matoxylin and eosin slides of the adenoid cystic
carcinoma were reviewed and classified using
established morphological criteria.22-25

NON-ISOTOPIC IN SrrU HYBRIDISATION
Non-isotopic in situ hybridisation was per-
formed as described previously.'5 Sections, 4 pm
thick, from the paraffin wax embedded tissue
samples were cut and placed on slides pre-
treated with aminopropyltriethoxysilane (Sigma,
St Louis, Missouri, USA). The sections were
allowed to dry overnight at 42°C and then
dewaxed and rehydrated according to standard
protocols. The slides were treated with 3%
hydrogen peroxide in methanol to reduce
residual non-specific peroxidase activity. Un-
masking of nucleic acids was achieved by a
limited proteolysis in proteinase K (500 gig/ml)
at 37°C. This reaction was stopped in distilled
water after 15 minutes and the slides were air
dried. Aliquots of hybridisation mix (6 p1) con-
taining 2 ng/4l digoxigenin labelled HPV 6, 1 1,
16, 18, 31, or 33 (gift from Professor JO'D
McGee, Oxford, UK) were added to each well
on multispot slides, which were covered with a
14 mm glass coverslip. The slides were then
placed in a moist Terasaki plate. Target DNA
and probe were denatured in a hot air oven at
95°C for 15 minutes and then allowed to
hybridise at 42°C for two hours. The sections
were then subjected to two post-hybridisation
washes of five minutes each in 4x SSC (stand-
ard saline citrate) buffer and incubated in TBT
(Tris buffered saline containing 5% (w/v)
bovine serum albumin and 5% (v/v) Triton
X-100) for 10 minutes.

Detection of hybridised probe followed con-
ventional immunohistochemical techniques.
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Table 1 PCR primer sequences for the HPVE6 and l-globin26 genes

Primer 5'-3' Nucleotide sequence* Target Strand

WD72 CGGTCGGGACCGAAAACGG HPV E6 Positive
WD76 CGGTTSAACCGAAAMCGG HPV E6 Positive
WD66 AGCATGCGGTATACTGTCTC HPV E6 Negative
WD67 WGCAWATGGAWWGCYGTCTC HPV E6 Negative
WD154 TCCGTGTGGTGTGTCGTCC HPV E6 Negative
GH20t GAAGAGCCAAGGACAGGTAC P-globin Positive
PCO4 CAACTTCATCCACGTTCACC ,-globin Negative

*Degenerate code: W = A + T; Y = C + T; S = G + C.
tProduct size 268 bp.

Table 2 Clinical profile of 1 1 cases of adenoid cystic
carcinoma of the cervix

Case number Age (years) Race Specimen

1 Hysterectomy
2 Biopsy
3 - Black Biopsy
4 68 Black Biopsy
5 67 Black Biopsy
6 109 Black Biopsy
7 77 Black Biopsy
8 - Black Biopsy
9 54 Black Biopsy
10 93 Black Biopsy
11 74 Black Biopsy

-= data not available.

Sections were incubated for 30 minutes with
monoclonal anti-digoxigenin (1 in 10 000;
Sigma) followed by biotinylated rabbit anti-
mouse F(ab')2 fragment (1 in 200; Dako,
Glostrup, Denmark) for 30 minutes. Final
incubation was in avidin-peroxidase conjugate
(1 in 75; Dako) containing non-fat dry milk
(0.05 mg/l,) as a further means of reducing
non-specific nuclear staining. All dilutions of
anti-sera were made up in TBT. Sections were

incubated in diaminobenzidine as chromogen
substrate and counterstained lightly in Mayer's
haematoxylin. Positive controls obtained from
tissues known to contain specific HPV types
were included in each run.

POLYMERASE CHAIN REACTION
Two 10 jim sections of tissue were cut from
each specimen and placed on a clean glass
slide. The proper PCR protocol was observed
at all times to prevent contamination and

Figure 1 Photomicrograph of cervical adenoid cystic carcinoma showing characteristic
cribriform architecture and basement membrane material. (Haematoxylin and eosin;
original magnification xI00.)

cross-contamination of samples. The sections
were dewaxed and rehydrated following the
standard protocol, rinsed in sterile distilled
water and allowed to dry. DNA was extracted
from the samples using the Qiagen QIAamp
tissue kit (Qiagen Ltd, UK). The samples were
suspended in a lysis buffer containing protein-
ase K and incubated overnight at 55°C. DNA
was precipitated with ethanol in a spin column
and finally eluted in water. A 10 gl aliquot of
each DNA sample was amplified using a
mixture of positive and negative strand primers
to the E6 region.26 Each 50 ,il reaction
contained 10 mM Tris-HCl, 50mM KCI, 4mM
MgCl, 200 jiM DNTP, 2.5 units Taq polymer-
ase (Boehringer Mannheim), and 0.1 jIM each
of primers WD72, WD66 and WD154, and
0.4 [tM ofWD76 and WD67. The PCR primer
sequences are given in table 1.

Parallel amplification of the P-globin gene
(GH20 and PC04) was performed to deter-
mine the integrity of the DNA in each sample.

Conditions for HPV E6 and f-globin PCR
assays, carried out on a Perkin Elmer thermo-
cycler, were as follows: four minutes at 94°C
followed by 40 cycles of one minute at 95°C,
one minute at 550C, one minute at 72°C, and
a five minute extension period at 72°C.

Fifteen microlitres of the amplification prod-
uct were analysed for the expected amplimers
(240 base pairs (bp) for HPV and 268 bp for
,B-globin) on a 3% agarose gel, and stained with
ethidium bromide. The molecular weight of
the products was determined by comparison
with DNA molecular weight marker V (pBR
322 DNA cleaved with Hae III) (Boehringer
Mannheim).

Gels were viewed with an ultraviolet transil-
luminator and photographed on Polaroid film.

Results
The clinical profiles of the 11 cases of adenoid
cystic carcinoma are documented in table 2.
The age of the patients was known in seven
cases and ranged from 54 to 109 years. The
mean age was 77 years, a figure similar to that
reported in the literature.26 All nine patients in
whom the race was known were black.
Histologically, all 11 cases showed a variable
combination of growth patterns, including
rounded cribriform islands and nests (fig 1), as
well as sheets, trabeculae and cords of cells.
Two cases showed predominantly solid growth,
a subtype which has been referred to as the
solid variant of adenoid cystic carcinoma.25
One case (case 3) showed grade III CIN of the
overlying surface epithelium, arising from
which was an infiltrating squamous cell carci-
noma (SCC). The superficially invasive
squamous carcinoma islands showed an abrupt
transition to classic adenoid cystic carcinoma.
Another case (case 6) showed adenoid cystic
carcinoma arising directly from overlying CIN
III. Case 4 showed microscopic foci of
squamous differentiation.

NON-ISOTOPIC IN SITU HYBRIDISATION
Eight patients harboured HPV DNA (table 3).
Of these, seven tumours contained HPV 16,
whilst the remaining tumour was positive for
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Figure 2 Cervical adenoid cystic carcinoma cells showing punctate (type 2) as well as
combined punctate and diffuse (type 3) signals by NISH.

Table 3 Analysis ofHPVin 11 cases ofadenoid cystic
carcinoma of the cervix by NISH and PCR

Case number HPV NISH Signal type PCR
type8

1 16 2 Negative
2 Negative Negative
3 16 1,2,3 Negative
4 16 2, 3 Positive
5 16 2 Positive
6 16 1,2,3 Positive
7 16 1,2,3 Positive
8 Negative Negative
9 Negative Negative
10 31 1, 2 Negative
1 1 16 2 Positive

*HPV types 6,11,18, and 33 were not present in any of the
specimens.
Signal type: type 1 = diffuse; type 2 = punctate; type 3 = com-
bined punctate and diffuse.

HPV 31. The NISH signal pattern was
analysed using the criteria established by
Cooper et al. 16 28 All eight NISH positive
tumours contained integrated HPV DNA, as

can be seen by the presence of a type 2 (punc-
tate) signal or a type 3 (combined punctate and
diffuse) signal, or both (fig 2). Four of these
cases also had scattered cells with a type 1 (dif-
fuse) signal indicative of episomal HPV DNA.
The positive NISH signals were generally
encountered in small groups of cells randomly
distributed within the tumour. None of the
tumours contained more than one HPV type.
In case 3, the tumour with associated CIN III
and SCC had HPV 16 positive (types 1, 2 and
3) signals in the in situ neoplastic component,
and numerous type 2 and type 3 signals in both
the minor invasive SCC component and the
adenoid cystic carcinoma. The single HPV 31
positive tumour (case 6) had a similar NISH
signal pattern in its CIN III and invasive
adenoid cystic carcinoma components.

Neither episomal nor integrated HPV 6, 1 1,
18, or 33 was identified in any of the tumours.
POLYMERASE CHAIN REACTION
Amplimers of the HPV E6 gene (240 bp) were
present in five of the eight NISH positive
tumours (fig 3). The three PCR negative,
NISH positive cases included two HPV 16
positive tumours and the single HPV 31
positive case (table 3). The three NISH
negative adenoid cystic carcinomas also failed
to demonstrate HPV DNA by PCR.

Discussion
Adenoid cystic carcinoma of the cervix is an
uncommon neoplasm with a worse prognosis
than conventional squamous cell carcinoma.25
To date, more than 140 cases have been
reported. The vast majority occur in black
postmenopausal women, with an average age
of 72 years.23 24 27 The cases in the present series
reflect a similar clinical profile.
To our knowledge, this is the first study to

investigate the role of HPV in these rare cervi-
r cal carcinomas. Integrated HPV 16, 18, 33,

and 35 have been demonstrated previously in
CIN,'5 and HPV types 16, 18 and 33 have been

Figure 3 PCR confirmation ofHPVDNA in five of the 11 cases of adenoid cystic carcinoma. Case 6 shows a weak band
(240 bp). -* = 234 bp; = 267 bp;B = blank; - = negative control; + = positive control;M = molecular weight marker.
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implicated in cervical squamous cell cancer."1
There is also a well documented association
between integrated HPV types 16 and 18 and
cervical adenocarcinoma,'7 20 with one study
also implicating HPV 33.29 Adenosquamous
carcinoma may be associated with HPV 16,
1818 or even 31 infection.19 HPV 18 is strongly
associated with cervical small cell carcinoma.'8

In recent years, several molecular techniques
have been used to investigate the role of HPV
in cervical cancers. These include Southern
blot analysis,'3 20 dot blot hybridisation 29 and
fluorescence in situ hybridisation.'8 NISH has,
however, emerged as a superior tool in the
identification of the HPV DNA in archival
biopsy material,1-1728 30 and has even been
applied to routine cervical smears.3' NISH can
be completed in one working day, and is
particularly applicable to diagnostic histopa-
thology in that only small amounts of biopsy
material are required, morphology is preserved
and specific signal patterns are generated.'4
Using this technique we have demonstrated

a punctate NISH signal pattern, thus confirm-
ing the integration of high risk HPV DNA, in
particular HPV 16, in cervical adenoid cystic
carcinoma. Integration of viral DNA into the
host cell genome is recognised as a crucial
event in cervical carcinogenesis. The integra-
tion of HPV DNA into the host genome is
responsible for disruption of the E2 gene,'3 32

leading to a loss of its transactivating repressive
effects on the E6 and E7 gene couple.'4 The
result is an overproduction of E6 and E7 viral
oncoproteins which have the ability to bind
host p533334 and retinoblastoma gene products,
respectively.3' As a consequence, functional
regulation of host cell growth is lost, giving rise
to an abnormal proliferation,36 contributing to
the neoplastic growth of cervical epithelia.
An interesting observation in the present

series was the increased detection of HPV
DNA with the NISH technique compared with
PCR. Three discordant NISH positive/PCR
negative cases were identified. The NISH
system has been shown to detect as few as
2.5-20 viral copies per cell.28 30 In contrast, the
detection of HPV in archival material using
PCR requires a minimum of 400 copies per
sample.37 These observations may offer a plau-
sible explanation for the detection of HPV by
PCR in only five of the eight adenoid cystic
carcinomas shown to harbour integrated HPV
DNA by NISH. Alternatively, tissue fixation or
PCR inhibitors in paraffin wax embedded
material may account for this discrepancy.
Although the present study has definitively

demonstrated integrated high risk HPV ge-
nomic material in adenoid cystic carcinoma,
the reasons for the rarity of this neoplasm and
its almost exclusive occurrence in postmeno-
pausal black women remain obscure. A possi-
ble explanation for this is that a long period of
latent infection is required prior to integration
into the host genome. Alternatively, an as yet
unidentified co-factor may be required in the
evolution of this tumour type.
The two cases in the present study in which

co-existing squamous cell carcinoma with
adenoid cystic carcinoma was demonstrated,

mitigates for a common cell of origin in these
tumours. Furthermore, the demonstration of
integrated HPV 16 or 31 in both the CIN/SCC
and adenoid cystic carcinoma components in
cases 3 and 6, respectively, supports this
hypothesis. In addition, HPV infection of
cervical squamous epithelium has been closely
correlated with keratin production,38 account-
ing for the HPV positive keratinising squamous
cell carcinoma. In contrast, adenoid cystic car-
cinoma is characterised by strikingly excessive
production of basement membrane material.2'
Whether HPV infection correlates with the lat-
ter phenomenon warrants further investiga-
tion.
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