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Detection of human papillomavirus infection by
non-isotopic in situ hybridisation in
condylomatous and CIN lesions

R P6llanen, S Vuopala, V-P Lehto

Abstract
Aims-To study the value of non-isotopic
in situ hybridisation (NISH) in detecting
human papillomavirus (HPV) infection
in female genitgl lesions positive for the
virus by conventional histology but nega-
tive by filter DNA hybridisation.
Methods-Forty three cases, which
showed the histological hallmarks of the
HPV infection but produced negative
results in filter dot blot hybridisation
tests (Vira Pap and Vira Type kits), were
identified in the course of an investiga-
tion of 304 vaginal, vulvar, and cervical
samples from 267 patients. These cases
were studied by NISH for the presence of
HPV infection.
Results-In 28 (65%) of the cases NISH
gave a positive hybridisation signal. In 26
cases (96%) the signal was diffuse, and in
two (4%/6) punctate or diffuse, represent-
ing episomal and episomal or integrated
HPV DNA, respectively. In most cases
only a few HPV positive ceils were dis-
cernible.
Conclusion-NISH is a more sensitive
technique than dot blot hybridisation,
detecting HPV infection in most cases
which show histological HPV atypia but
which remain negative in filter DNA
hybridisation. Thus NISH is useful as an
additional technique to verify the pres-
ence of HPV in lesions which remain
negative in filter hybridisation tests.
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Human papillomavirus (HPV) infection of
the squamous epithelia is associated with
typical cytopathic features which serve as
classic hallmarks for the histopathological
diagnosis. These include nuclear atypia and
perinuclear halos (koilocytic cells). The histo-
logical diagnosis of HPV infection is fairly
straightforward in the case of condylomata-
highly differentiated epithelial lesions which
usually present with distinct koilocytic atypia.
In less well differentiated cervical and vulvar
intraepithelial lesions (CIN II-III and VIN II-
III), the detection of lesions caused by HPV
is much more problematic. This is due to the
presence of increased mitotic activity and
poor differentiation not only in the basal but
also in the upper epithelial cell layers.

Evidence is accumulating for a close asso-
ciation between specific HPV types and
female genital tract lesions. HPV 6 and HPV

11 are found mostly in condyloma acuminata
while HPV 16, 18, 31, 33, and 35 are com-
monly seen in CIN lesions and in cervical
carcinomas."' Moreover, the presence of
HPV 16 in the cervix is of prognostic value
because it seems to presage a progression
from a mild to severe dysplasia and to carci-
noma in SitU.45 Therefore, not only the recog-
nition of the HPV infection, but also the
specific identification of the HPV type is
important, because it may affect the assess-
ment of the prognosis and the choice of the
treatment and follow up modalities.

During the course of an investigation of
304 specimens from 267 patients for HPV
infection we identified 43 cases which showed
histological signs of HPV infection but which
were negative for HPV DNA in dot blot
hybridisation, using radioactively labelled
probes (Virapap and Vira Type kits Digene
Inc, Maryland, USA). These 43 samples were
examined more closely for the presence of
HPV DNA by non-isotopic in situ nucleic
acid hybridisation (NISH) with HPV type
specific probes. A recently described NISH
signal categorisation system was also applied
to assess whether HPV DNA is present in an
episomal or integrated state.6

Methods
Biopsy specimens for routine histological
examination were taken at colposcopy
because of an abnormal finding from a
Papanicolau stained smear (cases 2 to 4).
They were fixed in 10% formalin and
processed and embedded in paraffin wax
using standard techniques. The sections were
stained with haematoxylin and eosin and
examined by a pathologist who waPs unaware
of the DNA hybridisation results. The histo-
logical diagnoses of condylomata and CIN
were made using generally accepted criteria.7
NISH was carried out using a Biohit HPV

In Situ Screening and Typing Kit (Biohit Oy,
Helsinki, Finland) for the paraffin wax
embedded tissue blocks. The kit contains
biotin labelled, type specific DNA probes for
HPV types 6, 11, 16, 18, 31, and 33. The test
was performed according to the manufac-
turer's instructions. Briefly, tissue sections
were first dewaxed and hydrated and then
digested with proteinase at 37°C for 15 min-
utes. After dehydration, the hybridisation
probes were pipetted on the sections
(20-40 ,ul/section) which were then cover-
slipped and denatured at + 130°C for 10-12
minutes. Hybridisation was carried out in a
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Clinical data, histological diagnosis, and NISH results of
cases scoring positive for HPV in histology but negative in
dot blot hybridisation

Case No Age Histology NISH Signal type'

1 28
2 19 18 1
3 28 1
4 18 6 1
5 64 11
6 34 16/18 1
7 28 Condyloma
8 43 6/16 1
9 38
10 23 6/11 1
11 20 31 1
12 27
13 30 31 1
14 66
15 22
16 30
17 39 11 1
18 28
19 33 CIN I 33 1
20 28
21 23 11 1
22 32 31 1
23 27
24 20 6/11/16/18 3
25 36 11/18 1
26 64 18 1
27 33 16 1
28 25 6/11 1
29 21 CN II 6/18 1
30 26 31 1
31 53 33 1
32 29 11/16/33 1
33 42 11/16 1
34 21
35 37
36 57 16/18/31 1
37 30 6 1
38 32 6 1
39 29 CINHI 6/11 1
40 23
41 26
42 79 6/11 1
43 67 6/18 1

'Signal typing according to Cooper et al, Clin Pathol
1991;44:990-6.
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In situ hybridisation (A) HPV 16 in CIN II (case 27); (B) haematoxylin and eosin
staining of the same case as in (A); (C) HPV 6111 in CIN II (case 28). Positive signal is
only seen in the uppermost cell layers of the epithelium.

humidified box at 50°C overnight, after
which the sections were washed with sodium
citrate and sodium chloride twice for 5 min-
utes each at 60°C and once for 5 minutes at
room temperature Thereafter, 20-40 ,ul of the
detection reagent, included in the test kit, was

applied on the sections, followed by washing
and incubation with the substrate solution
(nitroblue tetrazolium in dimethylformamide
and 5-bromo-4-chloro-3-indolylphosphate in
dimethylformamide). After washing and
dehydration the sections were counterstained
with Carbol-Fuchsin and embedded in
Permount. As positive controls, cervical sam-

ples known to be positive for each of the HPV
subtypes tested were used.
The morphologically different NISH sig-

nals were categorised as follows7: type 1, a

diffuse intranuclear signal, representing epi-
somal replication; type 2, a dot-like nuclear
signal, representing integrated DNA; type 3,
a combination of types 1 and 2, representing
a combination of episomal and integrated
DNA.

Results
Originally 304 cervical, vaginal, and vulvar
samples from 267 women were studied for
lower genital tract HPV infection by using
colposcopy, cytology, histology, and filter
DNA hybridisation. Forty three cases were

selected for this study, which showed the his-
tological hallmarks of HPV infection but
which yielded negative results in the dot blot
hybridisation.
The histological diagnosis and the perti-

nent clinical data of the 43 cases are pre-
sented in the table.
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NISH confirned the presence of HPV
DNA in 28 (65%) of the samples in the vari-
ous diagnostic groups as follows: eight of 13
(61-5%) in condyloma, four of 10 (40%) in
CIN I, 10 of 12 (83 3%) in CIN II, and six
of eight (75%) in CIN III. Twenty six of the
HPV positive cases by NISH (96%) pre-
sented with type 1 signal. Type 3 signal was
found in one case representing a CIN II
lesion with HPV types 6/11/16/18. Type 2
signal was not found in any of the cases.

Fig 1A shows typical NISH results with
HPV 16 probe. Fig 1C shows a result with
type 6/11 probe. Usually, only a few cells
showed a positive hybridisation signal, indi-
cating the presence of only a small amount of
HPV DNA in the lesions. Fig lB shows the
haematoxylin and eosin staining of the same
lesion as in fig IA.

Discussion
During the past few years several recombi-
nant DNA-based techniques have been devel-
oped which facilitate the detection of specific
HPV DNA in tissue samples and which can
be used as an additional means to the classic
histopathological analysis to detect HPV
infection. Southern hybridisation has proved
a sensitive technique for detecting HPV DNA
in 95% of patients with condylomata or
CIN.8 9 It has, however, a severe limitation in
that it does not allow for a simultaneous
assessment of the morphological alterations
associated with the lesion. This problem is
overcome with an ISH technique which com-
bines a high sensitivity and genotyping of the
HPV DNA with a histological evaluation of
the lesion. In various studies ISH has proved
highly sensitive and specific, but yielding
widely differing detecting rates, depending on
the types ofspecimens and the methods used."1-3
We used ISH to detect HPV DNA in

lesions in which histological analysis showed
signs of HPV infection but which failed to
score positive in the dot blot hybridisation
tests. NISH detected HPV DNA in 65% of
these cases. It was present in 75% of the high
grade, in 83-3% of the moderate grade, in
40% of the low grade dysplasias, and in
61-5% of condylomata. There seems to be a
clear correlation between a diminishing
detection rate ofHPV infection by filter DNA
hybridisation and the grade of dysplasia, as
has been found in other studies, and which
has been assigned to a lack of viral replication
in less differentiated epithelial cells.'4
One obvious explanation for the discor-

dance between the results of the histological
and filter DNA hybridisation techniques is
the highly subjective nature of the histological
assessment of the lesions suspicious of HPV.
The histological signs of HPV may be diffi-
cult to interpret. Perinuclear halos and
nuclear atypia have been found to be only
suggestive of HPV'5. In fact, more subtle
changes, such as nuclear engorgement and
irregularity in superficial epithelium seem to
be better markers for HPV than the "clas-
sical" perinuclear clearing.'6

In most of the studies in which ISH has
been applied to detect HPV DNA, double-
stranded DNA probes and radioactive detec-
tion have been used. In this study we used a
non-radioactive HPV detection kit (Biohit)
which is based on biotin-labelled DNA
probes. The major advantage of the biotiny-
lated probe is that the morphology is easy to
assess and the background staining is negligi-
ble.'7 Generally, the sensitivity of ISH is vari-
able and depends on whether DNA-DNA or
DNA-RNA hybrids or radioactive or non-
radioactive detection system are used, and on
the detection system applied.'-21

Application of the ISH signal categorising
system by Cooper et a16 indicated episomal
replication in most of the cases. There was
only one CIN II case with a signal morphol-
ogy suggestive of HPV integration. Usually,
integration of the HPV DNA is considered to
be associated only with the high grade CIN
and carcinomas. It has also been observed,
however, in milder dysplasias.22

It is considered that a positive signal in
ISH requires a higher copy number of viral
particles than in Southern hybridisation.2324
More quantitatively, the sensitivity of ISH
has been estimated to be 20 to 40 DNA
copies a cell when frozen sections and
biotinylated probes are used.25 In cervical
lesions with a noticeable degree of dysplasia,
however, filter hybridisation seems to be less
sensitive than ISH with biotinylated probes.23
In the present study NISH also yielded posi-
tive results in cases which remained negative
in filter hybridisation. This can be explained
on two counts. First, in ISH a signal can be
detected from only a few cells which have a
sufficiently high copy number. The same
samples may remain negative in filter hybridi-
sation because the detection limit of the dot
blot hybridisation refers to an average copy
number among all the cells in the sample.
NISH with biotinylated probes offers an

excellent adjunct to the conventional light
microscopy that helps to distinguish HPV
related lesions from non-viral lesions. It can
be used to reveal HPV infection even in cases
in which widely used dot blot hybridisation
techniques yield negative results. Due to a
well preserved morphology, this technique
can also be used for quality control26 and to
sharpen diagnostic skills.
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