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Laboratory techniques in the investigation of
human papillomavirus infection

Ethel-Michele de Villiers

Introduction
Although the existence of a human
papillomavirus was demonstrated by electron-
microscopy as early as 1949,' the plurality of
this group of viruses only became evident
about 30 years later.23 With the advent of gene
technology, methods to clone and characterise
the viral DNA became available, the result of
which is a list to date totalling 68 different
genotypes of known human papillomaviruses,
with probably a number of yet to be identified
types still to come.

Plurality of the human papillomaviruses
After the recognition of the existence of dif-
ferent types of human papillomaviruses
(HPV), Orth et a13 demonstrated the presence
of different HPVs in lesions of patients suffer-
ing from epidermodysplasia verruciformis.
Here a number of different HPV types can

occur in lesions from the same patient,
sometimes even more than one type within
one lesion. Table 1 presents a very generalised
summary of papillomaviruses detected in skin
lesions (benign and malignant).
The association of a papillomavirus infec-

tion with the development of genital carcin-
oma was postulated by zur Hausen.4 The
rapid progress in papillomavirus research, as

well as the development of methods to detect
an HPV infection, have largely been influen-
ced by this association. Not only have 27
different HPV types been isolated from benign
and malignant genital lesions (table 2), but the
various aspects of the hypothesis been inves-
tigated and verified on a molecular [zur
Hausen, in press] and epidemiological5 level.
Although the available data can only serve as

an indication (table 3),6 papillomaviruses will
most probably be shown to play an important
etiological role in the development of the
majority of benign and malignant tumours of
the oral mucosa, as well as in head and neck
tumours.
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Table 1 HPV types present in skin lesions

Verrucae 1, 2, 3, 4, 10, 26, 27, 28, 29,
38,41,49,57,63,65

Epidermoid cyst 60
Butcher's wart 2, 7
Epidermodysplasia

verruciformis 2, 3, 10
5,8,9,12,14,15,17,19,20
21, 22, 23, 24, 25, 37, 47, 50

Bowenoid changes 16, 34, 35
Squamous cell
carcinoma 5, 8, 14, 17, 20, 47,

41

The papillomavirus genome
The genome of a papillomavirus consists of a
number of open reading frames (ORF), each
capable of coding for a messenger RNA which
in turn will be translated into a protein. These
ORFs are grouped into those coding for
proteins active in the nucleus and cytoplasm
of the host cell (early proteins), and those
coding for viral capsid proteins (late proteins),
the L1 and L2. The L1 ORF contains
sequences conserved in all papillomaviruses
and codes for a group specific antigen.78 The
L2 polypeptide has been suggested to be the
type specific antigen, but such sequences have
not yet been identified unequivocally amongst
those HPV DNAs sequenced. The El has, at
least in the bovine papillomavirus, been iden-
tified as the gene responsible for the replica-
tion and maintenance of the episomal form of
the DNA molecule within the host cell.910
The E2 controls the transcription rate of the
other early genes,"1 12 such as the E6 and the
E7, both of which are known as the genes
playing a major role in the malignant transfor-
mation of a host cell.'3 The function of the E4
gene has not been fully understood. The E4
gene product can be detected within the cyto-
plasmic inclusion granules of papillomatous
lesions'4 and probably acts by binding and
disrupting certain cytokeratins.`5 The func-
tions of the other ORFs in the HPV genome
have not yet been clarified.
The transcription patterns of the ORFs

have been studied in great detail.6 17 The
localisation of the single mRNAs has been
demonstrated in genital lesions varying from
condyloma acuminata, low grade CIN to high
grade CIN to invasive carcinomas.'8 The
detection of such transcripts could be of
inportance in the diagnosis of a lesion, that is,
which grade in the development of malig-

Table 2 HPV types present in genital lesions

Condylomata acuminata 6, 11, 42, 44, 51, 55, (53), 67
Intraepithelial neoplasia 6, 11, 16, 18, 30, 31, 33, 34,

35,39,40,42,43,45,51,52,
56,57,59,61,62,64

Carcinoma 6,11, 16,18, 31, 33, 35, 39,
45, 51, 52, 54, 56,66

Table 3 HPV types present in tumours of the head and
neck

Papillomatoses 6,11, 32
7, 57 (2)

Focal epithelial
hyperplasia 13, 32

Carcinoma 2,6,11, 16,18, 30
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nancy. Another factor of increasing impor-
tance in the diagnosis is whether the viral
DNA exists as an episomal molecule or
whether it is integrated into the cellular gen-
ome, in which case the E2 ORF is usually
disrupted.'6 The HPV genome is in an
episomal state in benign and premalignant
genital lesions, but integrated in the majority
of invasive carcinomas.' 2'

Definition of an HPV type
Papillomaviruses need a differentiating cell
layer for the circular double-stranded DNA
molecule to replicate and the capsid proteins
to be synthesised and assembled to form
mature virus capsids. Owing to these special
requirements, papillomaviruses cannot be cul-
tivated in the laboratory on a routine basis.
Therefore the methods applied to detect a
papillomavirus infection have had to be varied
from the usual serological detection methods
used in other viral infections, to nucleic acid
detection. Only lately the use of serological
diagnostic methods can be envisaged.
The definition of a papillomavirus type has

been based on the degree of DNA sequence
homology to other known papillomaviruses.22
These comparisons have in the past been
conducted through hybridisation in liquid
phase between the DNA genomes of two
papillomaviruses. If the homology was higher
than 50%, the newly isolated clone was regar-
ded as a subtype of the known papillomavirus.
If the homology was lower than 50%, it was
classified as a new type. The degree of DNA
homology between different HPVs varies con-
siderably. Some types are very closely related
such as HPV 6, HPV 11, HPV 13 and HPV
55, many of the viruses isolated from epider-
modysplasia verruciformis lesions, HPV 5,
HPV 8, HPV 12, HPV 19-23, HPV 25, HPV
47 and HPV 50. Others show almost no
degree of homology to any of the known
types, for example HPV 41. It has become
quite evident that the present form of clas-
sification is very unsatisfactory. With the
increasing number of complete DNA sequen-
ces of different HPV types becoming available
and more unknown HPV types being isolated
and characterised, the possibility of a reclas-
sification of the HPVs is in sight. The present
definition of a new type is based on less than
90% sequence homology in the ORFs E6, E7
and L1 to any other known HPV type.

Methods to detect an HPV infection
At present, each of the techniques generally
used to detect any papillomavirus infection has
its advantages, as well as disadvantages. They
vary greatly in sensitivity and in specificity.
None of the tests can be labelled as the ideal
method to be used as a diagnostic tool, but, as
long as the question to be answered is well
defined, and seen within the limitations of the
test used, any of the following methods can be
used. A crucial necessity in the interpretation
of results obtained with any test, is the
inclusion of adequate controls throughout.

Antigen detection
The papillomavirus group-specific antigen7 can
be detected using commercially available tests.
Only highly differentiated cells containing large
numbers of viral particles will stain positive,
indicating that only lesions in which viral
capsids are being produced, will be seen as
HPV positive. This is misleading in so far as the
majority of lesions induced by, for example,
HPV 1 will be seen as positive, whereas lesions
containing, for example, HPV 16, will hardly
be detected. The different types apparently
differ in the frequency with which mature virus
particles are being produced. By detecting the
group-specific antigen, no distinction can be
made as to which type is involved in the
infection.

Serology
The production of individual viral proteins has
to be executed with the help of bacterial and
other expression systems. This is a procedure
which has been delaying progress not only in
the development of serological tests, but in the
use ofantibodies directed against proteins from
individual HPV ORFs to detect infection on
histological sections. Problems still exist as to
whether the antibodies studied are really type-
specific. Only a limited number of HPV types
are at the moment being included. Although no
serological tests to be used routinely are at
present available, the situation is due to change
in the foreseeable future.

Methods of hybridisation
The methods most commonly used at present,
all involve the principle of nucleic acid
hybridisation. Hybridisation means, in very
simple terms, that two single stranded frag-
ments of nucleic acid (either DNA or RNA or
both) will, under the experimental conditions
provided, attach to each other like a perfect
zipper if they originate from a mutual parent
molecule (high stringency), or imperfect (that
is, with intermittant loops of discordance) if
homology exists only in certain segments of the
fragment in question. In the latter, hybridisa-
tion conditions can be varied according to the
purpose involved. The DNA sequences of
HPV 6 and HPV 11 share such a high degree of
homology that they will cross-hybridise even
under conditions of high stringency. In con-
trast, HPV 41 DNA will hybridise to any other
HPV DNA only if the conditions are such that
duplexes will form at all inspite of numerous
mismatches. Such a form of hybridisation is, in
contrast to high-stringency hybridisation, very
unstable and can easily be reversed. In order to
detect any of these hybridisation products, one
of the single strands involved ("probe") is
either radio-labelled or labelled with a product
which can be made visible by additional
enzymatic reactions. The non-labelled single-
stranded nucleic acid molecule to be tested, is
usually fixed to a solid phase.

Probes
To avoid false positive results, the HPV DNA
used as labelled probe, should always be
separated from the vector used in its produc-
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tion. The latter could hybridise to sequences
present in bacteria possibly contaminating the
lesion under investigation. The DNA or RNA
probe can be labelled using one ofthe following
methods:
(1) Nick-translation:23 with the help ofDNase,
"gaps" are introduced into the double-stran-
ded DNA into which new DNA strands are
synthesised with DNA polymerase I incor-
porating labelled nucleotides. The specific
activity of the resulting probe depends on the
number and activity of the labelled nucleotides
being incorporated.
(2) Random-primer synthesis:24 a random pool
ofhexanucleotides, being annealed to the DNA
molecule, act as primers for the enzymatic
synthesis of new DNA strands containing the
labelled nucleotides. As this can be repeated
several times, the resulting DNA probe not
only spans the length of the input DNA
molecule, but the specific activity of the probe
can be higher than obtained when using nick-
translation.

In both these methods the DNA molecules
are melted into single strands before being
added to the hybridisation solution.
(3) Synthesis of single-stranded RNA
probes:25 HPV DNA, cloned into a plasmid
vector carrying bacteriophage RNA
polymerase binding sites, is transcribed into
labelled virus-specific single-stranded RNA
molecules after addition of RNA polymerase
and the appropriate labelled nucleotides. Such
a probe is free of contaminating bacterial
sequences and the specific activity obtained is
very high.
(4) Polymerase chain reaction (PCR):2627 The
PCR can also be used to synthesise labelled
probes consisting of short nucleotide sequen-
ces. Although the resulting labelling can be
extremely high and very specific, oligonu-
cleotides are usually 17 to 20 nucleotides in
length requiring a modification of regularly
used hybridisation conditions to assure specific
annealing.'
New methods for labelling probes, using

non-radioactive substances, are constantly
being investigated and developed: kits forHPV
detection via chemiluminiscense will probably
be available in the near future.

In situ hydridisation
Tissue sections are treated to obtain single-
stranded DNA molecules. Although the mor-
phology of the tissue can be distinguished after
hybridisation and the signal can be located
within one cell, the sensitivity of this method is
rather low. Using a radio-labelled probe, one
cell has to contain at least 20 to 50 DNA
genome copies to induce a visible signal upon
hybridisation,29 whereas the sensitivity
decreases to 350 genome copies or more per cell
using non-radioactive probes.30'3
The question whether a distinction can be

made between two closely related HPV types
present in the same lesion if the probes are
identically labelled, remains controversial.32
Ways to detect double or multiple infections
will in future be possible with the use of
different labelling/detection systems. Although

this can at present be done with, for example,
digoxigenin- versus biotin-labelled probes,
large differences in sensitivity (the latter 10-fold
less sensitive), as well as undesired background
staining should be taken into account.33 Other
newly recognised advantages of this method is
the distinction between integrated molecules
(signal localised within the nucleus) versus
episomalDNAmolecules (diffuse hybridization
signal over the entire cell).3"36 Another advan-
tage is the detection of the RNA transcripts of
the individual ORFs of an HPV genome. The
exact localisation ofthese individual transcripts
can help in the diagnosis of the grade of a
lesion.8

Filter in situ hybridisation37
Cells obtained from a scraping or lavage, are
filtered onto a membrane, denatured in situ and
hybridised to a labelled probe. Although
thousands of samples can be tested with
relative ease, this advantage is overruled by the
many disadvantages of this method. These are:
-very low sensitivity (only 50 HPV genome
copies per cell or more can be detected),
-highbackground combined with non-specific
hybridisation, in many cases due to contamin-
ating bacteria or blood and mucous present in
the sample,
-the extremely strong dependence of HPV
detection on the manner in which the clinical
sample was taken (surface area, number and
nature of cells, blood and mucus present),
-the limitation ofnumber ofHPV types which
can be applied as probes,
-owing to resulting background, non-radioac-
tive probes cannot be used,
-adequate controls are neither available nor
can these be imitated in vitro, because the
constitution of smears differs between each
individual patient.

Southern blot hybridisation38
For routine diagnostic purposes this method is
too time consuming and labour intensive, al-
though it can be regarded as the test from which
the most information can be obtained. Cellular
DNA is cut with selected restriction enzyme(s)
and electrophoretically separated on an agarose
gel. After denaturation, theDNA is transferred
and fixed to a membrane. The latter is then
hybridised with a labelled HPV probe. The
sensitivity ranges between 0,1 and 0,01 HPV
genome copies per cell, depending on the
amount of cellularDNA and specific activity of
the probe. Questions such as episomall
integrated, deletions, HPV type involved in the
single or even double infections, relatedness of
one HPV type to another, detection of un-
known HPV types and presence of bacterial
infection can all be answered in the minimum
number of experiments through the critical
choice of hybridisation conditions and probes.

Reverse blot hybridisation39
Essentially this method is similar to the usual
Southern blot hybridisation, with the difference
that here the individual HPV types are digested
from the Vector sequences and these samples
then electrophoresed on an agarose gel. After
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denaturation and transfer to a membrane,
hybridisation follows using radio-labelled total
cellular DNA (1 gg). The number and range of
HPV types present on such a blot, that is, tested
for in one experiment, can be varied according
to the problem posed. If one of these HPV
types is present in the sample tested, a positive
signal will be seen in the ca. 8 kb fragment of
the specific type. If the HPV type is represen-
tative of a group of closely related HPVs, this
result could be confirmed with a subsequent
Southern blot using the HPV type in question
as probe. The advantage of this method is that,
with an input ofthe minimum amount ofDNA,
only one experiment is needed to test for as
large a number of HPV types as wished. The
sensitivity is 5 HPV genome copies per cell
using nylon membrane and a radio-labelled
probe. An additional advantage is the detection
of contaminating bacterial sequences in the
sample-the vector DNA present on the blot
will give a positive signal. Only stringent
hybridisation conditions can be used, owing to
the fact that the genomes of several of the HPV
types cross-hybridise to cellular DNA sequen-
ces under relaxed experimental conditions.
The specific genome sections/ORFs of the
HPVs which share these homologous sequen-
ces, vary from type to type, rendering a general
rule impossible [de Villiers, Kyono, Silver-
stein, Delius and zur Hausen, unpublished
results].

Dot/slot hybridisation
This method differs from the two preceeding in
that the DNA to be fixed onto the membrane, is
not electrophoretically separated, but fixed as a
"dot" (drop) or "slot" (manifold used). Many
of the commercial kits available make use of
this method. Upon evaluating the results, no
estimation can be made on the degree of non-
specific hybridisation, therefore adequate con-
trols should be run parallel together with
probes chosen which would not contain con-
taminating vector sequences.

Polymerase chain reaction6 27
The PCR is rapidly becoming the most
frequently used technique in demonstrating an
HPV infection. With the use of selected
primers, a certain genome segment is amplified
through ca. 30-40 cycles of denaturation/
annealing/amplification with a temperature
resistant DNA polymerase. Owing to the
extremely high sensitivity of this method (one
HPV genome copy in 100 000 cells),
experimental conditions have to be very tightly
controlled to rule out contamination and
therefore false positive results. This contamin-
ation could occur at any stage, even as early as
the moment the sample is being taken from the
patient. Several possibilities to avoid the pos-
sibility of contamination have been introduced,
such as the boiling of samples to exclude a step
ofDNA extraction.' The most generally used
primers are chosen in the Li ORF of the HPV
genome.41`4 These primers are seen as consen-
sus primers with which a large spectrum of
HPV types can be identified. After the
amplification has been done, the resulting sam-

ple is separated by gelectrophoresis. Important
in avoiding a false interpretation of the end-
product, is to separate the amplified DNA by
gelectrophoresis, with subsequent hybridisa-
tion to type specific HPV probes, or that the
amplification samples are digested with restric-
tion enzymes to result in type specific fragment
sizes. Problems can occur if the L1 ORF is
deleted in a tumour in which the HPV DNA
has been integrated. This is often the case in
carcinomas.`6 For this reason, the use of
primers in the E6 ORF4` or E7 ORF4' might be
advisable, even though the range ofHPV types
detectable might be restricted. Irrespective of
which primers are being used, a percentage of
the probes could still be uninterpretable45 or
designated as "new HPV types".4' ' The latter
could only be accepted if these "HPV types"
would be isolated and characterised as a full
lengthDNA genome. Regarding the short time
interval in which this method has been availa-
ble, as well as the many influencing factors,
even, for example type of fixative used or
fixation time,47 it is not surprising that the
present state of the HPV detection rate using
the PCR is fairly confusing. Time and
experience is needed to sort out the facts. The
use of the PCR will probably expand in future.
For example methods are being developed to
amplify the DNA in the intact cells of a
histological section (Nuovo, personal com-
munication). By doing this the localisation of
the amplifiedDNA could be determined within
the context of intact cellular morphology.

Comparisons
Many investigators have recently used two
or more of the above mentioned methods on
the same samples to compare sensitivity and
specificity. As mentioned previously, each test
can be used, provided the user is aware of its
limitations, positive or negative. A mistake
with confusing consequences is the division of
clinical samples before comparing different
methods. If, for example, a biopsy is divided
and the separate sections tested individually,
completely different results can be obtained.
One area ofthe lesion could containHPVDNA
and the other not. Similarly, if the same
instruments are applied to take more than one
biopsy, a carry-over of viral DNA/particles
could occur between biopsies.

The value ofHPV detection
Several studies have been conducted to deter-
mine the prevalence rate of genital HPV infec-
tion in healthy individuals. A negative result
obtained from one sample is not necessarily
indicative of the absence of an HPV infection.
Again, apart from the many varying handling
and experimental conditions, a physiological
variation can be detected. Multiple sampling of
one women within a time span, results in the
fluctuation between positivity and negativity
[de Villiers et al, in press]. Although the
ultimate proof has not yet been obtained,
indications are that the HPV infections persist
as latent infections, with intermittent cycles of
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replication or viral production. No drug is yet
available to succesfully treat or remove these
subclinical infections. Therefore, unless a clin-
ical lesion or abnormal cytology has in addition
been diagnosed, the detection of an HPV
infection should at the present time not be of
much consequence. Good evidence exists
especially at the molecular biological [zur
Hausen, in press] and epidemiological levels548
indicating that an HPV infection alone is not
sufficient for the development of a malignant
lesion, but that additional host cell modifica-
tions are needed for the cascade of events
required for malignant conversion. This may
be mediated by endogenous as well as by
exogenous additional factors.
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