Hiroshima J. Med. Sci.
Vol.43, No.3, 105~110, September, 1994
HIJM 43-12

105

Cytological Analysis for Human Papillomavirus DNAs
in Cervical Intraepithelial Neoplasia by In situ
Hybridization
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. ABSTRACT

Human papillomavirus (HPV) type 16 and 18 DNAs are reported to be associated with
uterine cervical cancer. In order to investigate the relationship between the presence of HPV
DNA and cervical intraepithelial neoplasia (CIN), we attempted the cytological detection of
HPV DNAs in uterine cervical smear samples. The samples included those of severe dysplasia
and carcinoma in situ (CIS). They were analysed by DNA-DNA in situ hybridization using
biotinylated HPV DNA probes.

The results of in situ hybridization analysis revealed that HPV sequences were present in
the nuclei of cells with koilocytotic atypia. When probed for HPV type 6, 11, 16 and 18, the
nuclei of dysplastic cells and cancer cells were positive for HPV type 16 and 18 DNA. Out of
26 CIN cases, 17 contained HPV type 16 DNA and 5 contained HPV type 18 DNA.

We suggest that cytological analysis for HPV sequences by the in situ hybridization tech-
nique might provide a molecular diagnosis for assessment in uterine cervical intraepithelial
neoplasia.
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Recent molecular biological studies have shown
that human papillomavirus (HPV) type 16 and 18
are closely associated with uterine cervical can-
cer. HPV type 31, 33 and 35 are also detected
frequently in squamous cell carcinoma of the
uterine cervix!¥, In addition, HPV DNA becomes
integrated into the cancer cells and expresses
several functions516), Since HPV type 16 and 18
DNAs appear to correlate with uterine cervical
cancer, women who are positive for HPV type 16
and/or 18 may be at increased risk of developing
cervical cancer. Accordingly, effective screening is
needed by which HPV type 16 and 18 DNAs can
be detected in the cytological diagnosis.

Cervical intraepithelial neoplasia (CIN) is a le-
sion which has the potential of becoming uterine
invasive carcinoma. It is diagnosed by the assess-
ment of individual cytological atypia, the disor-
derliness of maturation within the epithelium,
and contained cervical carcinoma in situ and dys-
plasia. The cytological features of CIN are koilo-
cytotic atypia, dyskeratocyte and dyskaryocyte.
Koilocytotic atypia, which was first characterized
by Koss and Durfee®), shows a mild atypical
nucleus with hyperchromatism and perinuclear
clearing. This is one of the cytological features
characteristic of HPV infection as revealed by im-
munocytochemistry and electron microscopic
studies®1?. However, koilocytotic atypia is not al-

ways detected in cervical smears and in the tis-
sue specimens of HPV infected cases. The rate of
koilocytotic atypia is reported to be about 80% in
condyloma accuminata and 20%-80% in cervical
intraepithelial neoplasia (CIN)13), Meiseles et al?
and Kurman et al” showed that the dyskerato-
cytes, condylomatous parabasal cells and bi-mul-
tinucleated cells are additional cytologic features
of HPV infection.

Application of the in situ hybridization tech-
nique with the biotinylated HPV DNA probe in
the cells obtained from the cervical smear is use-
ful not only for the analysis of the infected HPV
type and its localization but also as a diagnostic
criterion of CIN. The purpose of the present
study was to examine the distribution of HPV
type 16 and 18 DNAs as well as HPV type 6 and
11 DNAs in neoplastic cells and cells with koilo-
cytotic atypia in cervical smear specimens by the
in situ hybridization technique for clinical screen-
ing of HPV infection.

MATERIALS AND METHODS
Samples
Cervical smear samples were taken from 31 pa-
tients examined in the Department of Gynecology
and Obstetrics, School of Medicine, Hiroshima
University. Of the 26 CIN cases, 6 were of severe
dysplasia, 20 were of carcinoma in situ, and 5
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cases were of chronic cervicities by Papanicolaou
stain and puntch biopsy. Cervical biopsy samples
of 3 cases of severe dysplasia and 14 cases of car-
cinoma in situ from the same group of patients
were examined for cytological in situ hybridiza-
tion. We also examined CaSki cells which carry
about 500 copies of HPV type 16 sequence, and
the sensitivity of hybridization was investigated.

Preparation of samples

The cervical cells were placed on 50ug/ml poly
L-lysine (Sigma)-coated slides in order to facili-
tate adhesion of the cells. They were fixed in cold
Carnoy’s fixative (60% ethanol, 30% chloroform,
10% acetic acid) and washed briefly in 95% etha-
nol, air dried and stored at —70°C until use®10),
The smear samples were stained with Papanico-
laou stain.

We also examined the puntch biopsies obtained
from the same patients which were fixed in 10%
formalin fixative and embedded in paraffin.

In situ hybridization

The smear slides were rehydrated in graded
ethanol. They were then placed in 0.2N HCI for
15 minutes, washed in phosphate buffered saline
(PBS) and incubated with 1-ug/ml proteinase K in
2 x SSC for 15 minutes at room temperature.
After rinsing in PBS, the slides were fixed in 4%
paraformaldehyde for 30 minutes to crosslink nu-
cleic acid, and acetylated with 0.25% v/v acetic
anhydride to remove the background binding.
Cloned HPV type 6, 11, 16 and 18 DNAs which
were provided by Drs. Harold zur Hausen and
Lutz Gissmann were biotin-labeled by nick
translation. One pug of HPV DNA was incubated
with biotin-UTP, DNase and DNA polymerase ac-
cording to the protocol of the BluGENE™ DNA
detection kit (BRL). The reaction was terminated
by addition of 300mM NagEDTA, and the labeled
probe was separated by gel chromatography on a
5-ml Sephadex G-50 column. A cocktail consisting
of about 1-ug/ml HPV DNA probe, 50% deionized
formamide, 10mM EDTA, 2 X SSC, 200-ug/ml
yeast tRNA and 10% dextran sulfate (w/v) was
placed on the sections, and the specimens were
covered with a doubly siliconized coverslip and
sealed with rubber cement. The slides were
heated to 80°C for 10 minutes, cooled rapidly and
then incubated in a humidified chamber at 42°C
(Tm-24) for 15 hours.

The rubber cement and coverslips were re-
moved and the slides were washed twice at 50°C
in 2 X SSC and 0.2 x SSC for each 10 minutes.
The slides were then incubated according to the
protocol provided by BluGENE™ Kit (BPL) and
incubated sequentially in 1-ug/ml alkaliphospha-
tase conjugated streptavidin, nitroblue tetrazo-
lium (NBT) and 5-brom-4-chloro-3-indolyphos
phate (BCIP) in TrisHCl (pH 9.5). The slides

were incubated in 50mM EDTA, dehydrated
through graded ethanol, stained briefly with
Orange G and mounted in paramount. We ex-
amined only the intact cells with both a nucleus
and cytoplasm in this study.

The formalin-fixed sections obtained from
punch biopsy were processed as described above
after deparaphinization in xylene and rehydra-
tion in graded ethanol!?,

RESULTS

The cytological analysis for HPV type 6/11, 16
and 18 DNAs by in situ hybridization confirmed
that normal squamous cells were negative for all
types of HPV DNAs. HPV type 16 DNA was de-
tected in the nuclei of CaSki cells as several dark
spots or as a granular pattern (Fig.1la). The cells
were negative for HPV type 6/11 and 18 (Fig. 1b).

The cervical smear specimens revealed that
HPV type 16 was present in some of the nuclei
of cells with koilocytotic atypia obtained from se-
vere cases of dysplasia and carcinoma in situ.
These nuclei showed irregular hyperchromatism

Fig. 1a. HPV type 16 was detected in the nuclei of
CaSki cells as several dark spots or as a
granular pattern (arrow).

1b. HPV type 18 was negative. (In situ hybrid-
ization, X400).
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Fig. 2. The nuclei of dysplastic cells showing HPV
type 16 DNA sequences as a uniform pattern. (In
situ hybridization, x 400).

Fig.3. HPV type 16 DNA was detected in the nuclei
of koilocytes and dysplastic cells of severe dyspla-
sia. (In situ hybridization, x 200).

and were stained uniformly purple by NBT and
BCIP. The dysplastic cells obtained from severe
cases of dysplasia of the uterine cervix exhibited
enlargement and hyperchromatism when ex-
amined cytologically They also sometimes
showed pyknosis and elongation of the nucleus
and there was not so much of an increase in the

Fig. 4. Nuclei showing large irregular hyperchro-
matism, variation in size and narrow cytoplasm in
carcinoma in situ case. (Papanicolaou stain, x400).

Fig. 5. HPV type 16 DNA was positive in the nuclei
of cancer cells in carcinoma in situ case. (In situ
hybridization, X 400).

Fig. 6. HPV type 18 DNA was positive as a granu-
lar pattern in carcinoma in situ case. (In situ hy-
bridization, x 200).

nuclear-cytoplasmic ratio. HPV type 16 was de-
tected in some of the nuclei of dysplastic cells in
smear samples taken from severe dysplasia cases
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Table 1. Detection of HPV DNAs in uterine cervical smear by in situ hybridization
No. No. No. No.
Histology Cases
HPV 16 (%) HPV 18 (%) HPV 6/11 (%) negative
severe dysplasia 6 6 (100 ) 0 (0) 1% (16.9) 0
carcinoma in situ 20 11** ( 55.0) 5%% (25.0) 0 (0) , 6
Total 26 17 ( 65.4) 5 (19.2) 1 (3.8 6
*. One case of severe dysplasia was positive for HPV type 6/11 and 16 DNA under stringent conditions.
*#*: Two cases of carcinoma in situ contained HPV type 16 and 18 DNA under stringent conditions.
Table 2. Corelation of cytological and histologicai detection for HPV DNAs
HPV 16 HPV 18 HPV 6/11
Case Histology
smear tissue smear tissue smear tissue
1. severe dysplasia + + - - — -
2. severe dysplasia + + - - - _
3. severe dysplasia + + - - - -
4. severe dysplasia + + - - - -
5. carcinoma in situ - - + + _ —
6. carcinoma in situ + + - - - -
7. carcinoma in situ + + - - - -
8. carcinoma in situ + - - - -
9. carcinoma in situ - - + + — _
10. carcinoma in situ + + + — -
11. carcinoma in situ + - + + - _
12, carcinoma in situ - - - + — —
13. carcinoma in situ - - + + - _
14. carcinoma in situ - - - - — -
15. carcinoma in situ — + - — _ _
16. carcinoma in situ + + - - - -
17. carcinoma in situ - + - - - -
18. carcinoma in situ + + - - - -
Total 11/18 12/18 5/18 6/18 0/18 0/18
Detection rate (61.1) (66.7) (27.8) (33.3) (0 (0

(Fig. 2). The in situ hybridization of the histolog-
ical section sample taken from the same patient
showed that HPV type 16 DNA was also present
in the nuclei of the cells with koilocytotic atypia
and dysplastic cells (Fig. 3).

The cancer cells obtained from carcinoma in
situ cases showed a predominance of round cells
with a large nucleus and a narrow cytoplasm.
The nuclei revealed an abnormal distribution of
chromatin, irregular outlines, variation in size
and often hyperchromatism (Fig. 4). HPV type 16
DNA was detected in the nuclei of cancer cells as
a granular or uniform pattern by ir situ hybrid-

ization under the high-stringent condition (Fig.
5). HPV type 18 DNA, as well as type 16 DNA,
was detected in the nuclei of cancer cells obtained
from some carcinoma in situ cases (Fig. 6). HPV
type 6/11 DNA was detected in the nuclei of dys-
plastic cells of one severe dysplasia case (Table
1).

The rate of detection of HPV DNA by in situ
hybridization found in this study is shown in de-
tail in Table 1. HPV type 16 DNA was detected
in all 6 cases of severe dysplasia and 11 (55.0%)
of the 20 carcinoma in situ cases. HPV type 18
DNA was detected in 5 ( 25%) of the 20 carcino-
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ma in situ cases. However, none of the severe
dysplasia cases was positive for HPV type 18
DNA in this study. Two carcinoma in situ cases
contained both HPV type 16 and 18 DNA (Table
1). One severe dysplasia case was positive for
both HPV type 6/11 and 16 DNA by in situ hy-
bridization.

Table 2 shows the correlation between cytologi-
cal and histological detection of HPV sequences
by in situ hybridization. All 4 severe dysplasia
cases were positive for HPV type 16 DNA in both
cytological and histological specimens. Nine of
the 15 carcinoma in situ cases contained HPV
type 16 DNA in cytological and/or histological
specimens, and 6 of the 15 carcinoma in situ
cases were positive for HPV 18 DNA in cytologi-
cal and/or histological specimens. Correlation of
the total cytological and histological detection
rate of HPV DNAs showed that HPV type 16 was
present in 11 cases (61.1%) of the cytological
specimens and in 12 cases (66.7%) of the histolog-
ical specimens. The positive rate for HPV type 18
DNA was 27.8% in smear specimens and 33.3%
in tissue specimens. In this 18 case study, HPV
type 6/11 DNAs were negative for cytological and
histological in situ hybridization.

DISCUSSION

Koilocytotic atypia, dyskeratocyte, condyloma-
tous parabasal cells, bi-multinucleated cells, nu-
clear wrinkling and the presence of epithelial
spikes are well known features of HPV infection
in Papanicolaou staining®”?. In addition, HPV
capsid antigen and HPV-like particles are ob-
served in the nuclei of koilocytotic atypia by im-
munocytochemistry and electron microscopy®12).
On the other hand, the rate of koilocytotic atypia
decreased steadily from 50% to 20% in CIN as
the grade of CIN became higher. The positive
rate of immunocytochemistry for HPV capsid an-
tigen and HPV-like particles declined in the CIN
of higher grades and HPV antigen or HPV par-
ticles have not been found in invasive cervical
cancerl?),

Recently it became possible to detect HPV
DNAs in uterine cervical cancer by molecular hy-
bridization. Our DNA-DNA in situ hybridization
technique with biotinylated DNA probes is a use-
ful method for detection and determination of the
HPV type and the localization of HPV sequences
in the cervical smear and tissue specimens. The
technique is simple as compared with examina-
tion by immunocytochemistry and electron mi-
croscopy. Biotinylated probes have become a more
convenient method than radioactive labeling for
their safety, stability and accuracy of detection®.
Biotinylated probes bind streptavidin strongly
and can detect as low as 10 to 30 copies of HPV
sequences'®. Neumann et al'l concluded that
application of biotinylated DNA probes was pos-

sible without any loss of sensitivity as compared
to radioactive probes. With this probe, we are
able to detect HPV type 16 in the nuclei of koilo-
cytotic atypia in cervical smear specimens ob-
tained from severe dysplasia and carcinoma in
situ cases?10), In the present study, HPV type 16
DNA was also detected in the nuclei of dysplastic
cells obtained from severe dysplasia cases. HPV
type 18 DNA as well as type 16 DNA were de-
tected in the nuclei of cervical cancer cells with-
out koilocytotic atypia in the cervical smear
specimens obtained from carcinoma in situ cases.
The reason why HPV positive and negative cells
were present in the same samples is thought to
depend upon the copy number of HPV.

The staining pattern of CaSki cells is granular.
We suggest that HPV sequences are clustered in
the nuclei for cells carrying as many as 500 co-
pies of HPV type 16. The uniform pattern might
mean that the copy number of HPV is much
higher and that HPV exists as an episomal form.
To explain results in which granular or uniform
patterns of HPV were present in the same sam-
ples, we would suggest that the infected form of
HPV might be different in each cell.

The koilocytotic atypia cases which showed pos-
itive for HPV type 16 DNA in the present study
might be correlate with cervical cancer and
should be followed up as a high risk group for
developing malignant disease. More interestingly
the present results showed the presence of HPV
type 16 or 18 DNA in the nuclei of cervical dys-
plastic cells and cancer cells exhibiting no koilo-
cytotic change. Since the positive rate of HPV
particles or antigens decreased as the grade of
CIN became higher!®), the in situ hybridization of
HPV DNA in the cervical smear would facilitate
the detection of HPV type 16 and 18 not only in
cells of koilocytotic atypia but also in cervical
dysplastic cells and cancer cells. In the analysis
of histological grading, the detection rate of HPV
type 16 DNA was lower for carcinoma in situ
than for severe dysplasia. From this result, we
assumed that the copy number of HPV DNA ten-
ded to decrease as the grade of CIN became high-
er.

The application of in situ hybridization for de-
tecting HPV sequences in cytological diagnosis is
valuable for the screening and prospective follow-
up examination of women infected with HPV.
Wagner et all” showed that 68% of CIN grade III
cases were positive for type 16 and/or 18 DNA by
a filter in situ hybridization technique in which
cervical smear cells were placed onto a nitrocellu-
lose membrane, denatured, neutralized and hy-
bridized in situ with radiosensitive labeled HPV
DNA probes. Schneider et all¥ showed that 56
(68%) of 82 cytologically positive cases contained
HPV sequences, 48% HPV type 16/18 and 19%
HPV 16/18 type in combination with HPV type
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6/11 by filter in situ hybridization. Our results
showed 65.4% (17/26) of cervical intraepithelial
neoplasia cases contained HPV type 16 DNA and
19.2% (5/26) contained HPV type 18 DNA (Table
1). These results suggest that HPV type 16 and
18 in abnormal cervical smear specimens show a
higher risk of developing a malignant disease in
the patient than any other types of HPV. On the
other hand, a recent study showed approximately
10% of patients with normal smears were positive
for HPV DNA®), which were supposed to be latent
HPV infection cases.

We suggest that cytological detection of HPV
DNA by in situ hybridization is valuable for HPV
DNAs diagnosis and the prospective follow-up ex-
amination of early uterine cervical neoplasia.
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