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DNA hybridisation of routinely processed tissue
for detecting HPV DNA in anal squamous cell
carcinomas over 40 years
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Abstract
To study possible changes in the incidence
of human papillomavirus (HPV)
associated anal squamous cell carcin-
omas (SCC) a simple, rapid, and sensitive
technique (alkaline hydrolysis) to permit
DNA hybridisation from formalin fixed,
paraffin wax embedded tissue was

developed. The sensitivity and specificity
ofthe technique were established by com-
parison with Southern blot analysis and
in situ hybridisation on the same tissue
specimens. Ninety tissue specimens in a

single analysis were examined using this
technique. Alkaline hydrolysis was

applied to fixed tissue samples which
showed a two-fold increase over the past
10 years in the percentage of anal cancers

containing HPV type 16 DNA when com-

pared with the previous 30 years using 207
cases of anal cancer collected over a 40
year period.
This method has several advantages

over the polymerase chain reaction as it is
simple, relatively inexpensive, and may
be widely applied to the detection and
quantification ofDNA sequences, includ-
ing cellular oncogenes.
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Though the association between squamous cell
carcinoma of the uterine cervix and HPV type
16 has been well documented, the association
between anal squamous cell carcinoma and the
same HPV type has only recently been des-
cribed.' To determine whether human
papillomavirus (HPV)-associated anal
squamous cell carcinoma (SCC) is a relatively
new entity or has existed for many years a

group oftumour specimens dating back to 1948
were examined for the presence ofHPV type 16
DNA. During the course of this investigation
we identified the need for a simple, rapid, and
sensitive method for the detection of HPV
DNA in large numbers of formalin fixed,
paraffin wax embedded tissue specimens.
AlthoughDNA has been successfully extracted
from formalin fixed tissue specimens,2 the
method requires the destruction of large
amounts of material, and the outcome of sub-
sequent Southern blot analysis has been incon-
sistent. Currently, the only satisfactory tech-
niques for the examination of formalin fixed,
paraffin wax embedded tissue are in situ
hybridisation and the polymerase chain reac-

tion, though the latter is not widely available at
present. In situ hybridisation has been used to
show HPV DNA in anal cancer tissue3 but is

generally considered to be less sensitive than
Southern blot analysis performed on fresh
tissue, and in our experience has proved tech-
nically demanding and time consuming, par-
ticularly when applied to large numbers of
specimens. A new sensitive method was
therefore sought which would allow many
specimens of formalin fixed and paraffin wax
embedded tissue to be screened simultaneously
for HPV DNA sequences without the destruc-
tion of large amounts of tissue.

Methods
ALKALINE HYDROLYSIS
McIntyre and Stark recently described a
method ofDNA hybridisation which had been
developed for the detection and quantitation of
specific DNA sequences in small numbers of
tissue culture cells.4 This method uses alkali to
hydrolyse tissue proteins while denaturing but
preserving DNA. Alkaline hydrolysis liberates
fragments ofDNA which are then dotted on to
a nylon membrane for hybridisation. This
study was performed using a modification of
this method to examine formalin fixed and
paraffin wax embedded tissue.

In the experiments performed by McIntyre
and Stark4 the optimal number of cells to detect
a single copy gene with minimal background
was 10 000. We calculated that a single 5 ,um
section from an anal squamous cell carcinoma
of 1 cm2 in area contained about a million cells;
based on this calculation a single 5 ,um his-
tological section was used for all our meth-
odological experiments.
A 5 ,um section of formalin fixed, paraffin

wax embedded tissue was cut using a
microtome and placed in a microcentrifuge
tube. The tissue was dewaxed in 1 ml ofxylene,
and the xylene removed by rinsing three times
in 1 ml of 9800 v/v ethanol using pulsed spins
in a microcentrifuge to pellet the tissue at each
step. After air drying the tissue was stored
frozen at - 20'C until needed.
The hydrolysis was performed in 250 pd of

0 4 M sodium hydroxide at 80°C for one hour;
the resulting suspension was cooled to room
temperature and 100 pl of supernate was pipet-
ted on to a nylon membrane (Gene Screen Plus,
New England Nuclear, Boston, Massachus-
sets) through a dot blot (BioRad, Amersham)
apparatus. Each of the wells was rinsed with
100 pl of 0 4 M NaOH, the manifold was taken
apart, and the membrane was washed with
2 x SSC before being pre-hybridised and
subsequently probed with an HPV 16 DNA
probe labelled with 32P dCTP by random
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Figure 1

Autoradiograph of time
course for alkaline
hydrolysis of a 5 pm
section from a colonic
tumour using a HeLa total
DNA probe, which shows
that the maximum amount
ofDNA was available for
hybridisation at 60
minutes. Hybridisation
and washing were
performed under stringent
conditions.

A

D
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priming.5 Washing was performed in
0 1 x SSC at 65°C. Autoradiography was per-
formed at -70°C using Kodak XAR5 film
between two intensifying screens.
A preliminary series of experiments was

performed to establish the optimal conditions
for hydrolysis for formalin fixed, paraffin wax
embedded tissue using 5 jm sections cut from a
single block of a colonic tumour. Alkaline
hydrolysis was carried out at 80°C4 for varying
periods (fig 1) and in different concentrations
of sodium hydroxide. Using a radiolabelled
human cellular DNA probe (HeLa), it was
established that the amount ofDNA liberated
from the hydrolysis reaction was consistent
(fig 2) and that the optimal conditions for
hydrolysis were 60 minutes at 80°C in 0 4 M
sodium hydroxide.
Having established the optimal conditions

for hydrolysis, the sensitivity of the method
was investigated by its ability to detect a single
copy gene (2-5 A synthetase)6 from a single
tissue section.
The practical application of the technique

was tested by examining 50 anal squamous cell
carcinomas for HPV 16 DNA sequences.
These tumours had already been examined by
Southern blot analysis of fresh tissue and by in
situ hybridisation of formalin fixed tissue. All
the anal cancers in this series were squamous
cell carcinomas.

SOUTHERN BLOTTING
DNA was extracted from fresh anal cancer
tissue using proteinase K digestion followed by
phenol chloroform extraction.7 DNA (10 jug)
was digested with restriction enzymes Bam Hl,
Pst 1, and Hind III, underwent electrophoresis
performed in a 10% agarose gel, and was trans-
ferred to a nylon membrane using the alkaline
transfer technique.8

All hybridisations were performed under
"stringent conditions" (0 9 M NaCl and 50%/
formamide at 42'C) with a radiolabelled HPV
16 DNA probe. The filters were washed under
stringent conditions (0-1 x SSC at 65°C).
Autoradiography at - 70'C was carried out as
above.

IN SITU HYBRIDISATION
Formalin fixed, paraffin wax embedded tissue

1 2 3 4 5 6 7 8 9 10 11 12
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Figure 2 Autoradiograph of alkaline hydrolysis using a singleS pm sectionfrom 36
anal cancers (rows A-C 1-12): row D contains negative and positive controls, purified
HPV 1I DNA in wells 1-4 (40-70 pg), purified HPV 16 DNA in wells 5-7 (30-
70 pg), 0-2 g CaSki DNA in wells 8 and 9, and purified HPV 6 DNA in wells 10-12
(50-70 pg). The signal in D2 is artefactual. The filter was hybridised with HPV type
16 DNA and exposed to Kodak XAR 5film for 48 hours.

sections were dewaxed in xylene, rinsed in
ethanol, and endogenous peroxidase activity
was blocked by treatment with 0-35%o
hydrogen peroxide in methanol. Sections were
digested with protease (type 24) for 15 minutes,
rinsed in phosphate buffered saline, and
dehydrated through alcohol. Hybridisation
was carried out using a biotinylated HPV 16
DNA probe in hybridisation medium contain-
ing 50% formamide for eight hours. Washing
was performed at 42°C in 0-1 x SSC. The
biotinylated HPV 16 DNA was detected using
a peroxidase streptavidin biotin complex and
the oxidation of diaminobenzidine to produce a
brown precipitate. The sections were counter-
stained with haematoxylin. Details of the
method used have been published by Coates
et al.9
To show how alkaline hydrolysis can be

applied to fixed tissue we used this technique to
examine 207 anal squamous cell carcinomas
which had been collected over 40 years at one
hospital. The method was applied as described
above. The positive and negative controls used
were tumours which had been shown to be
positive and negative for HPV type 16 DNA by
Southern blot which is the accepted "gold
standard" technique.
A linearised HPV 16 DNA insert cloned in

the plasmid SP 64 at the Bam Hl site was
prepared, using a previously described
method.7 The probes for Southern blotting and
alkaline hydrolysis were radiolabelled to a
specific activity of 106 counts/ml by random
priming, according to the method of Feinberg
and Vogelstein.5 Biotinylated probes for in situ
hybridisation were prepared by nick transla-
tion using a commercially available kit (Gibco
BRL).
CaSki DNA was used as a positive control in

both the Southern blot and alkaline hydrolysis
experiments. Though there was no evidence
from Southern blot analysis that any of the anal
squamous cell carcinomas contained HPV
types 6/11 DNA in addition to or instead of
HPV type 16 DNA; linearisedHPV types 6 and
11 were loaded as controls for type specificity,
and therefore of stringency, in the alkaline
hydrolysis of the formalin fixed, paraffin wax
embedded anal cancer specimens.

Results
The method described permitted consistent
detection of a single copy gene (2-5 A syn-
thetase) in the DNA liberated from one 5 ,um
section of fixed tissue, 1 cm2 in size, which is
estimated to contain about 106 cells. The HeLa
totalDNA probe was used to show that roughly
the same amount of hybridisable DNA was
liberated in each tissue section (fig 1).
Twenty five of 50 anal squamous cell carcin-

omas were found to contain HPV DNA type 16
by Southern blot analyis. The alkaline
hydrolysis method showed that 24 of the same
25 tumours shown by Southern blot analysis to
contain HPV type 16 DNA were also positive
(fig 2). In contrast, only 18 of the same tumours
were positive for HPV type 16 DNA by in situ
hybridisation. All the tumours negative by
Southern blot analysis were also negative by in
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Table 1 Comparison of results of alkaline hydrolysis
with Southern blot and in situ hybridisation

Tumours (n = 50)

HPV positive HPV negative

Alkaline hydrolysis 24 26
Southem blot 25 25
In situ hybridisation 18 32

situ hybridisation and by the alkaline
hydrolysis method (table 1). The seven
tumours negative by in situ hybridisation but
positive by Southern blot analysis were all
tumours which seemed to contain low copy
numbers of HPV type 16 DNA on the
autoradiograph (probably less than 10 copies
per cell). Though estimation of copy number
from an autoradiograph is subjective and is
only approximate, the sensitivity of in situ
hybridisation in our hands seemed to be similar
to that achieved by others using this tech-
nique.'0
There were no false positive results by either

in situ hybridisation or alkaline hydrolysis.
Seven cases were HPV 16 DNA negative by in
situ hybridisation but positive by Southern
blot analysis. These tumours contained less
than 10 copies a cell. An estimate of copy
number of the HPV type 16 genome was taken
from the autoradiograph of the Southern blot.
The single anal squamous cell carcinoma which
contained HPV type 16 DNA by Southern blot
analysis but was negative by alkaline hydrolysis
contained a low copy number of HPV type 16
DNA on the Southern blot. Human
papillomavirus type 18 was found in one
tumour by Southern blot analysis; this tumour
did not contain any HPV 16 DNA and was
negative for HPV type 16 DNA by alkaline
hydrolysis.
These results suggest that the sensitivity of

the alkaline hydrolysis method is greater than
that of the in situ hybridisation technique we
used. The age ofthe specimen did not affect the
detectability of a single copy gene.
The number of cases of squamous cell car-

cinoma collected annually has remained
relatively constant throughout this period-
about five new cases a year. Alkaline hydrolysis
showed HPV type 16 DNA in 49 of 207 anal
squamous cell carcinomas. The percentage of
cases containing HPV type 16 DNA remained
more or less constant at around 15% from 1948
to 1978. There seems to have been a sharp
increase in the percentage of HPV related anal
cancers, however, over the past 10 years; dur-
ing this period the percentage of anal cancers
associated with HPV type 16 increased to 50%O
(table 2) (global x2 = 15X58 p < 0-001).
Table 2 Percentage of anal squamous cell carcinomas
containing HPV 16 DNA from 1948-1987

Percentage of tumours containing
Year HPV type 16 DNA

1948-52 12
53-57 14
58-62 16
63-67 22
68-72 17
73-77 19
78-82 33
83-87 50

Discussion
We have described a simple technique for the
detection ofHPVDNA in fixed material which
may be more sensitive than in situ hybridisa-
tion and more simple than Southern blotting
while maintaining a similar sensitivity. This
method is considerably less time consuming
than either in situ hybridisation or Southern
blotting and has been applied to 90 samples in a
single analysis. A further major advantage of
this technique compared with the methods of
DNA extraction from fixed tissue is that
alkaline hydrolysis is very economical in its use
of tissue, using only a single section an
experiment and thereby allowing other tech-
niques such as in situ hybridisation to be
performed on adjacent tissue sections.

Alkaline hydrolysis is capable of detecting
HPV type 16 DNA from a single section cut
from a standard histological block. The
specificity of the technique is shown by the fact
that there were no false positive results. The
signal seen in well D2 of fig 2 is thought to be
artefactual as it is irregular in shape and all the
other controls in the adjacent wells are satisfac-
tory.
Human papillomavirus associated anal

squamous cell carcinoma is not a new disease,
but this study suggests that its incidence seems
to be increasing. Though this study of old anal
cancer specimens has been performed on his-
tological specimens from one centre with a
special interest in the disease, this series of
cases probably represents the largest collection
of tissue from anal cancers available in this
country. It is difficult to extrapolate the data
presented here to identify national trends,
particularly as national data collected by the
Office of Population Censuses and Surveys
(OPCS)" have only collected data on anal and
rectal tumours as separate entities since 1984.
The trend shown in this study suggests an

increase in the percentage of anal cancers
containing HPV type 16 DNA over the past 10
years compared with the percentage in the
previous 30 years (table 2) (global x2, 1 df
15-58, p < 0-001). This may reflect the sharp
increase in HPV infection reported in gen-
itourinary clinics over the same period.'2 The
data available on the national incidence of anal
cancers during this time period is limited as
anal cancer registrations have only been
separated from rectal cancer registrations by
the International Classification of Diseases
since 1980 (ICD 9). As a result of this, the
clinical importance of finding an increasing
prevalence of HPV associated anal cancer in
one centre is difficult to interpret and further
studies using anal cancer material from several
centres may be helpful.

In the future, polymerase chain reaction may
offer an even more sensitive method for
examinations of fixed tissues for specific DNA
sequences,"' but the technique described in the
present study is simple, rapid, quantitative and
does not demand great technical expertise.

In a much smaller study of old cervical
cancer tissues, in which HPV type 16DNA was
identified by in situ hybridisation, HPV type
16 DNA was identified in a sample dating back
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to 1932.'" It is difficult to obtain useful data on a
possible change in the incidence of HPV
related cervical cancer tissues from this study
as only 30 cases of invasive cervical cancer were
studied.
As a simple, sensitive, and inexpensive tech-

nique for the examination of formalin fixed,
and paraffin wax embedded tissue specimens,
alkaline hydrolysis has many potential applica-
tions on oncogene research. Quantitation of
gene copy number, as described by McIntyre
and Stark, using a scanning densitometer may
provide a further valuable application of this
technique-for example, in screening colorec-
tal, cervical, and bronchial carcinomas for c-
myc amplification. The polymerase chain reac-
tion cannot permit such quantification, is not
widely available, and is relatively expensive.
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