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Summary. - Different hybridization methods were used for detec-
tion of human papillomavirus (HPV) DNA in cervical smears. The
results obtained by filter in situ hybridization (FISH) are consistent
with most of the reports recently published. To overcome the unsa-
tisfactory limitations of this method, especially the difficulties to
distinguish clearly between positive and negative signals, we deve-
loped an in situ hybridization protocol using a cytospin and **S-
labelled as well as biotinylated DNA-probes. For direct comparison
of different methods, the samples were obtained from two groups of
patients. One group were women with reiterated Papanicolaou
smears I, IV; the other were women with reiterated Pap 111, IV and
additional histological scoring. In all cases but one, the different
methods used have shown the same results. In one case the hybridi-
zation on slides using **S-labelled as well as biotinylated probes
gave a negative result, whereas the FISH method using a *2P-la-
belled probe allowed to detect of HPV 16 and 18 DNA only when
more than 1 x 10° cells were present per filter. Our data demonstrate
" that in situ hybridization on slides is a specific and sensitive tech-
nique, which enables a clear distinction between positive and nega-
tive results using a small number of cells and which, especially with
biotinylated probes, is suitable for application in routine work.
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Introduction

Genital human papillomaviruses (HPV) have been implicated in the deve-
lopment of premalignant and malignant cervical lesions (Gissmann and
Schneider, 1986; McCance, 1986, Gupta et al., 1987; Zur Hausen, 1987). HPV
types 6 and 11 are closely associated with benign epithelial proliferations
(Condyloma accuminatum) and low grade intraepithelial neoplasia (CIN 1)
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Filter in situ hybridization. Using a filter holder 10° - 2 x 10° cells were filtered onto a nitrocellu-
lose membrane (diameter 25 mm, pore size 0.45 um Schleicher and Schiill, Dassel), lysed with 0.5
mol/I NaOH, 1.5 mol J NaCl and neutralized with 1.5 mol/l NaCl, 1 mol/l Tris-HCI pH 7.0. The
filter was baken at 80 °C for two hr. Prehybridization was performed in 6 x SSC (1 x SSC : 0.15
mol/l NaCl, 0.015 mol/] NaCitrate pH 7.0), 50 % formamide, 5 x Denhardt’s solution (Denhardt,
1966). 0.1 % sodium dodecyl sulphate (SDS), and 100 ug Salmon sperm DNA per mi for 5 hr at
42 9C. Hybridization was perforngcd in the same sgluuon with 10 ng/mi of *2P-labelled HPV 16 +
18 DNA (specific activity 4 x 10° cpm/ug) at 42 °C for 48 hr. After hybridization the filter was
washed three times for 30 min in 2XSSC, 0.1 % SDS at 65 °C and two times in O 1xS8SC,0.1%SDS
at 65°C. The dry filters were exposed to X-ray film for 4-10 days at-70 °C with mtensnfymg
screens.

In situ hybridization on slides. About 10* - 5 x 10* cells were centrifuged onto slides coated with
the Photo-Flo 200, diluted in PBS 1:100 (Kodak Inc.,U.S.A.) using a centrifuge T52 with cytorotor
(MLW, Engelsdorf Germany). After air drying the cells were fixed for 10 min in 4 % paraformal-
dehyde in PBS, 10 mmol/1 MgCl,;, washed three times m PBS, 10 mmol/l MgCl,, dehydrated
through graded ethanol and stored in 70 % ethanol at 4 °C until use.

For pretreatment prior to hybridization, the cells were rehydrated in PBS, 10 mmol/I MgCl; for
10 min and incubated with proteinase K (0.1 mg enzyme/m{ in PBS, 10 mmol/I MgCl,) for 10 min
at room temperature. Immediately following the proteolytic treatment the reaction was stopped
by washing the slides twice for 5 min in PBS containing 2 mg/ml glycine. Slides were given to
a postfixation for S min in 4 % paraformaldehyde washed twice in PBS containing 2 mg/mi glycine,
dehydrated through graded ethanol and air dried. The hybridization mixture for biotinylated
probes contained 50 % formamide, 10 % w/v dextran sulphate, 2 x SSC, 2 x Denhardt’s solution,
400 ug/m| sonicated salmon sperm DNA. The HPV 16 and 18 DNA was added at a concentration
of 1 ug/ml to the hybridization mixture. For **S-labelled probes the same hybridization mixture
supplemented with 1 mmol/I DTT and a probe concentration of 100 ng/m! was used. The hybridi-
zation mixture (25 ul) was pipetted onto the cells and the samples were covered with asiliconized
coverslip. The target DNA as well as the probe DNA were denatured simultaneously in an oven at
120 °C for 6-10 min using a plastic tray for the slides. The denaturating temperature of 82 °C was
controlled by a visual temperature indicator (Levermore, London) on the slides. After denatura-
tion the plastic tray with the slides was transferred into an ice bath, the coverslips were sealed with
rubber cement and the hybridization was carried out at 38 °C using biotinylated probes or 42 °C
using IS labelled probes for 48 hr. After hybridization the covershps were removed and the cells
were washed three times for 10 min in 2 x SSC, two times for 30 mm in2xSSCat60 0C3 once for 10
min in 0.2 x SSC and, finally, twice for 20 min in 0.2 x SSC at 42 °C. In case of using ’S-labelled
probes after the post-hybridization washes the slides were dehydrated through graded ethanol,
allowed to dry and dipped in photographic emulsion (K 6, ORWO). The slides were exposed for 4 -
7 days, developed in MH-28 developer (ORWO), fixed in A 300 fixer (ORWO), counterstained
with hematoxylin, coverslipped and mounted with Permount. For the detection of the biotiny-
lated probes the slides were equilibrated in buffer A (0.1 mol/] Tris-HCI, pH 7.4, 0.1 mol/I NaCl, 2
mmol/l MgCls, 0.05 % Triton X-100) for 10 min and then immersed in 5 % BSA in buffer A for 15
min to block non-specific binding sites. The slides were incubated with streptavidin-alkaline
phosphatase (Blue Gene, BRL, Bethesda, MD) (1 ug/m! buffer A) for 15 min at room tempera-
ture, washed three times for 10 min with buffer A and twice for 5§ min with buffer B (0.1 mol/l
Tris-Hcl pH 9.5, 0.1 mol/1 NaCl, 50 mmol/l MgCl,). Following washing, the slides were incubated
with the developing reagent containing 4 ul nitroblue tetrazolium (75 mg/ml in 70 % dimethyl-
formamide) and 3 ul S-bromo-4-chloro-3-indoly1 phosphate (50 mg/ml in dimethylformamide) in
1 ml buffer B for 1-3 hr. The reaction was stopped with water and coverslips were mounted on the
slides with 1 mol/l Tris-HCI, pH 7.4/glycerol/1:9 (v/v).

Results

Detection of HPV DNA in cervical cell lines
Sensitivity of FISH depends on the number of cells filtered onto the nitro-
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probes is more rapid, devoid of any health hazards and is especially suitable for
an application in routine screening programmes.
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