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Human Papillomavirus DNA in Cervical
Intraepithelial Neoplasia Detected by in situ
Hybridisation

Maria Rosaria Cardillo, Raffaele Marino and Vincenzo Pozzi

Human papillomavirus (HPV) infection was investigated by in situ hybridisation in histological sections from 38
women with abnormal Papanicolaou smears. 13 patients had condylomatous lesions without atypia, 15 cervical
intraepithelial neoplasia (CIN) I, 4 CIN II, 3 CIN III and 2 carcinoma in situ (CIS). HPV DNA was detected in
29 cases (78%) (1 specimen was technically inadequate). HPV 16 and 18, and 31, 33 and 35 were both present
(67%) in CIN II1. HPV 6 and 11 were more frequent in CIN I (56%) and in condylomatous lesions (38%). 31% of
the condylomatous lesions without atypia contained HPV 31, 33, and 35 and 31% of those with CIN I were
infected with HPV 16 and 18. These data confirm the frequent association of HPV infection with cervical cancer
and CIN, and indicate that in situ hybridisation can identify patients with specific types of HPV infection at risk

for cervical cancer.
Eur ¥ Cancer, Vol. 27, No. 2, pp. 193-197, 1991.

INTRODUCTION

SINCE 1976, when Meisel [1] first described cytohistological
changes caused by human papillomavirus (HPV) in cervical
epithelium, this infection has been diagnosed in 1-2% of women
undergoing general screening [2] and in 5-10% of high-risk
women being screened for cancer of the cervix [3]. In younger
wormnen, condylomatous changes generally occur without atypia;
in women over 30, koilocytes are usually associated with various
degrees of cervical intraepithelial neoplasia (CIN) and carcinoma
in situ (CIS) [4].

Many low-grade lesions regress to normal or remain stable;
others progress to dysplasia or invasive carcinoma. Although
the mechanism underlying malignant conversion is unknown,
current evidence implicates the type of HPV. Whether inte-
gration of HPV DNA by DNA in the host cell, other infective or
viral agents, genetic predisposition, or the host’s immunological
defences influence the course of the infection is not known [5].
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Because CIN develops faster in women infected with HPV [6],
this high-risk group requires regular follow-up. With the use of
DNA hybridisation, more than 60 HPV DNA types so far
isolated have been detected in the uterine cervix. HPV 6 and 11
frequently coexist with cervical condylomata [7] and with low-
grade intraepithelial neoplasia (CIN I) [8], but rarely with
carcinoma. HPV 16, 18 and 31 have been found in all grades of
CIN and also in invasive carcinomas of the cervix [9]. In
worldwide reports, the virus most strongly associated with
cervical intraepithelial neoplasia is HPV 16 [10], which is also
associated with an increased risk of conversion from low-grade
to high-grade CIN [11]. HPV was detected in 20% of CIN cases
in the USA [12].

We have analysed HPV DNA in specimens from 38 intraepi-
thelial cervical lesions, by in situ DNA hybridisation. The study
was designed to detect HPV, identify the types present (HPV 6
and 11, 16 and 18, and 31, 33 and 35) and correlate the results
with the histological appearance of the lesions.

MATERIALS AND METHODS
Biopsy specimens were taken from 38 women aged 20-46
years, who were undergoing colposcopy because two consecutive
Papanicolaou tests had disclosed atypia (CIN I-III) or CIS. The
smears were taken by cervical scraping. Biopsy specimens taken
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from the colposcopically abnormal areas were fixed in 10%
formalin, embedded in paraffin wax and cut into 2 wm sections.
Two sections were stained with haematoxylin and eosin for
histological examination; five were left unstained for HPV DNA
assay. The Papanicolaou smears were evaluated for abnormal
cells according to the Bethesda system [13]: squamous intraepi-
thelial lesions were classed as low-grade (CIN I) (including
HPV-associated cell changes with mild dysplasia), high-grade
(including moderate dysplasia (CIN II) or severe dysplasia (CIN
IIT) or CIS. A histological diagnosis of condylomata was given
for specimens that contained basal cell hyperplasia, koilocytosis
of the superficial and intermediate layers, associated with crin-
kling nuclear degeneration and multinucleation, with dysker-
atosis, parakeratosis or keratosis [14-17]. Condylomatous lesions
with mitotic figures or atypical nuclei were classed as CIN and
graded according to WHO criteria [18]. A histological diagnosis
of CIN I, IT or IIl was given for sections that contained
anisocytosis, anaplasia and abnormal mitoses, respectively.

In situ hybridisation

Formalin-fixed paraffin-embedded sections for HPV-DNA
assays were heated in an oven at 58°C for 30 min to enhance
adherence of the cells to the slide. After being cooled to
room temperature, the sections were dewaxed by two 10 min
incubations in xylene, then immersed twice for 5 min in 100%
ethanol and air-dried for 10 min {19, 20]. An HPV tissue
hybridisation kit (ViraType in situ System, Life Technologies,
Gaithersburg, Maryland) with three groups of in situ HPV DNA
probes was used to detect the presence of HPV 6 and 11, 16 and
18, and 31, 33 and 35.

After incubation in digestion solution for 15 min at 35°C and
washing in “Tris”-buffered saline, the sections were dehydrated
through graded alcohols and air-dried. A biotinylated probe was
then applied to the section.

Five sections from each biopsy specimen were investigated
for the presence of HPV DNA: five test and two control probes
were used. One probe detected HPV DNA 6 and 11, a second
probe detected HPV 16 and 18 and a third detected HPV 31, 33
and 35. To ensure that tissue sections were properly fixed,
digested and stained, each HPV type was also investigated with
a positive (human genomic DNA) and a negative DNA control
probe (pBR322). One drop of probe reagent was placed onto
the appropriate tissue section and a coverslip applied. The slides
were then put into a heating block that had been prewarmed
to 100°C and were incubated for 5 min. Hybridisation was
continued in a humidified incubation chamber at 37°C for 2 h.
The slides were then rinsed in “Tris”-buffered saline to remove
the coverslips, and washed twice in the buffer for 3 min at 37°C.
Hybridisation was detected by incubating the sections at 37°C
for 20 min in an alkaline-phosphatase reagent conjugate that
binds specifically to the probe. Dephosphorylation was done by
incubating the slides at 37°C for 60 min in alkaline phosphatase
with 5 bromo-4-chloro-3-indolyphosphate (BCIP) as substrate.
In the presence of nitroblue tetrazolium (NBI) a purplish-blue
precipitate is deposited at the sites of probe hybridisation to
HPV DNA. Finally, the sections were counterstained with
nuclear fast red to allow for morphological examination and
visualisation of target DNA. HPV DNA cell staining is seen as
purplish-blue, mainly in the nuclei of infected cells containing
target. Lesions were graded according to intensity of the colour
and the number of positive cells per high-powered field. The
intensity of the reaction was scored as + + + for strongly positive
lesions (20-30 positive cells per field), ++ for moderately
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Table 1. Detection of HPV DNA in cervical intraepithelial neo-
plasia by in situ hybridisation

HPV DNA
Age
Case (yr) Histological diagnosis 6/11 16/18 31/33/35
1 27  CINII, condyloma lesion  ~ +(*) +++
2 23 Condyloma lesion + - -
3 34 CINI, condyloma lesion + - -
4 35 Condyloma lesion + - -
S 26  CINI, condyloma lesion - +++ -
6 38 CIS - - -
7 46 CIS - - -
8 26  CINI, condyloma lesion +/—-*) — +++
9 30  CINI, condyloma lesion + - -
10 33 CINII, condylomalesion +++ — -
11 26 Condyloma lesion +++ - —
12 26  Condyloma lesion +++ - -
13 20 CIN I, condyloma lesion + - -
14 32 Condyloma lesion + - -
15 26  CINI, condyloma lesion - - +++
16 46  CIN III, condyloma lesion — +4+4+(*) +
17 40  CINII, condylomalesion — - +++
18 22 Condyloma lesion - - -
19 20 Condyloma lesion - - + -
20 31  CINI, condyloma lesion - ++ —
21 34  CINI, condyloma lesion ++ - -
22 25 CINI, condyloma lesion ++ - -
23 23 CINI, condyloma lesion ++ +/-(*) -
24 21 Condyloma lesion +(*) - +
25 28  Condyloma lesion - - -
26 22 CINI, condyloma lesion - - -
27 28  CINIII, condyloma lesion - - +
28 21 Condyloma lesion - - -
29 25  CINI, condyloma lesion - - -
30 27  Condyloma lesion - +/=(*) +++
31 28  Condyloma lesion - - ++
32 30  Condyloma lesion - - -
33 31  CINI, condyloma lesion - +++ -
34 32  CINI, condyloma lesion +++ - —
35 34 CIN I, condyloma lesion +++  +(*) -
36 38  CINII, condylomalesion — ++ -
37 39  CINIII, condyloma lesion -~ +++ -

*Cross-reactivity.

positive (10-20 cells), + for weakly positive (5-15 cells), and
+/— borderline positivity (under 10 cells).

RESULTS

Table 1 shows HPV DNA detected in condylomas and CIN
in the 37 patients from whom biopsy specimens were taken. 1
sample that contained only stroma was eliminated. In 13 patients
the histological diagnosis was condyloma without atypia; 11
were flat condylomata, 1 was an acuminate wart (papillare) and
1 was an inverted condyloma. 15 condylomatous lesions were
associated with CIN I, 4 with CIN II, 3 with CIN III, and 2
with CIS. In 3 cases, severe dysplasia had adjacent areas of mild
or moderate dysplasia. In 2 other cases moderate dysplasia and
slight dysplasia merged (condylomata sometimes overlie or
merge with areas of CIN). The 5 patients who had condylomas
that had recurred after cryotherapy were infected by the identical
HPV type identified in the initial lesion. HPV genomes were
detected in 29 of our 37 cases (78%).

In the cervical tissue studied, all positive nuclei were localised
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Fig. 1. Upper: acuminate condyloma of uterine cervix (case 24).

Squamous epithelium shows koilocytosis, multinucleation, paraker-

atosis and dyskeratosis. Cellular architecture in the epithelial layers

below human papillomavirus changes is not disturbed. Spikes are

evident (haematoxylin/eosin, X 5). Lower: in situ hybridisation with
HPV 6 and 11 DNA probe (nuclear fast red, x 13)

in the parakeratocytes and koilocytes in the superficial and
squamous epithelium (Figs 1 and 2) and in cells that displayed
greater squamous differentiation. In cases 16, 18 and 38 (Table
1), in which CIN III adjoined areas of CIN I and II, positive
staining was seen in the superficial cells of foci of mild and
moderate dysplasia, but not in those of severe dysplasia (Fig. 3).
Areas of positive staining alternated with areas of negative
reaction.

DISCUSSION

Attempts to localise HPV DNA in intraepithelial lesions (CIN
and CIS) and in invasive carcinoma of the cervix have been
equivocal. Whereas HPV was reported in 95% of cases of CIN
and 89% of invasive carcinomas of the cervix [7, 9, 21], more
recent studies with the commonest HPV genotype probes have
detected HPV DNA in 73-74% of precursor lesions and in 80%
of invasive carcinomas [22]. In worldwide reports HPV 6 is
strongly associated with condylomas and low-grade intraepithel-
ial lesions [22, 23]. HPV 16, 18 and 31 are prevalent in high-
grade intraepithelial lesions and invasive carcinoma [22-27].

Nevertheless, some low-grade lesions contain HPV 16, 18 and
31 and some high-grade lesions contain HPV 6 and 11. Colgan
[27] demonstrated HPV 16 and 31 in normal epithelium adjacent
to areas of condylomata and dysplastic cervical intraepithelium.

In contrast to these studies, we found HPV 31, 33 and 35in 4
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Fig. 2. Upper: flat recurrent condyloma of uterine cervix (case 21).

Epithelium shows stromal papillae, koilocytotic changes in upper

strata of epithelium (haematoxylin/eosin, X 13). Lower: in situ

hybridisation with HPV 6 and 11 DNA probe. Distribution of viral

sequence can be seen in the superficial squamous epithelium and
koilocytic cells (nuclear fast red, x 13)

of the 13 condylomata, a finding that we are unable to explain.
Not all the lesions in our study population were positive for
HPYV infection. The 8 lesions that did not hybridise may have
contained other as yet untyped HPVs [12]. Under the highly
stringent conditions of hybridisation in the ViraType technique,
HPV DNA might also have escaped detection [25]. Areas of
positive staining alternated with areas of negative reaction. This
suggests that an overproduction of HPV nucleic acid is correlated
with production of viral capsid protein or concentration of the
mature virus. Alternatively if production levels of the virus are
correlated with the histological evolution of the condyloma, then
biopsy specimens would merely reflect one particular moment
in the course of the lesion [28]. In 4 cases (8, 16, 23 and 31),
although the sample reacted strongly for a specific HPV type,
for others it was borderline. The most likely explanation is cross-
hybridisation: in these sections, one virus happened to be more
strongly expressed than the others. The cases (1, 16, 24, 35) of
double hybridisation are presumably due to cross-reactivity or
dual infection.

Evidence of HPV infection in condylomatous lesions which
have recurred after cryotherapy implies that after local ablation
of the wart and the epithelial lesions, HPV genomes may persist
in the epithelium. These patients would therefore be likely to
develop a neoplasm within the squamous lesion or elsewhere in
the lower genital tract [29]. Similarly, the frequency of HPV



Fig. 3. Upper: CIN grade II (case 16), haematoxylin/eosin, x 13).
Lower: in situ hybridisation with HPV 16 and 18 DNA probe (nuclear
fast red, x 13)

31, 33 and 35 that we observed in condylomatous lesions without
atypia (31%), and that of HPV 16 and 18 in CIN I (31%), suggest
that condylomas and intraepithelial lesions only arise because
of immunosuppression or when a combination of cofactors
intervenes [30, 31]. A study of these patients before and after
immunomodulator therapy will be reported.

Patients with condylomas therefore need more frequent fol-
low-up. Even if the infective agents are HPV 6 and 11, the
likelihood of the infection persisting or evolving is considerable.
Despite the limits of in situ hybridisation in comparison with
Southern blotting [32, 33], we have shown that the in situ
technigue is useful in selecting women at high risk of developing
an invasive carcinoma.
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Diploid Predominance and Prognostic Significance
of S-phase Cells in Malignant Mesothelioma

S. Pyrhonen, A. Laasonen, L. Tammilehto, J. Rautonen, S. Anttila, K. Mattson
and L.R. Holsti

70 histologically verified, malignant mesotheliomas were analysed by flow cytometry for DNA content and S-
phase fraction (SPF) of tumour cells. 60% (42/70) were DNA diploid. 18 of the 28 aneuploid tumours were near-
diploid with DNA indices of 1.3 or less. SPF could be calculated in 51 cases. SPF was significantly higher in
aneuploid (median 16.0%) than in diploid tumours (median 5.6%). DNA ploidy was not a prognostic determinant;
survival was the same for both aneuploid and diploid tumours. SPF, however, was significantly correlated
(P = 0.039) with prognosis. Patients who had tumours with a low SPF survived almost twice as long as those
with a high SPF. Thus malignant mesothelioma has a peculiar DNA ploidy pattern compared with many other
solid tumours, with a predominance of diploid or near-diploid type cells. As in many other tumours, SPF may be

used as a clinically relevant prognostic indicator.
Eur ¥ Cancer, Vol. 27, No. 2, pp. 197-200, 1991.

INTRODUCTION

DNA FLow cYTOMETRY (FCM) analysis of malignant tumours
provides information on DNA ploidy and the proliferative
activity of tumour cells, which may be correlated with clinical
characteristics to identify prognostic factors and to increase
knowledge of tumour biology. Malignant mesothelioma is
increasing in frequency in most countries, with the use of
asbestos between 1940-1970 [1-5]. However, little is known of
the biology of mesothelioma, and only limited information is
available from DNA FCM [6, 7].

Our group has examined systematically various biological
characteristics of malignant mesotheliomas such as chromo-
somes [8], in vitro growth ability [9] and asbestos fibre content
[10], as well as clinical aspects of this disease [11]. We use
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thoracotomy for routine staging in the management of mesotheli-
oma. This provides samples for histological verification as well
as for other methods of tissue examination, such as FCM.

For this report we have analysed DNA ploidy profiles and
the proliferative activity of 70 histologically verified malignant
mesotheliomas by measuring the S-phase fraction (SPF) of
tumour cells. We have also correlated FCM parameters with
prognosis, with the specific aim of testing the clinical application
of FCM in the examination panel for malignant mesothelioma.

PATIENTS AND METHODS

Patients

Tumour samples were obtained from 70 patients with malig-
nant mesothelioma all diagnosed and treated at the Helsinki
University Central Hospital between 1978 and 1989. Histological
diagnosis and subtyping was done by the panel of the Lung
Cancer Cooperative Group of the European Organization for
Research and Treatment of Cancer. The patients participated
in clinical trials of multimodality therapy [11] consisting of
debulking surgery, chemotherapy and hemithorax irradiation
(Table 1).



