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The sensitivity of human papilloma virus type 16
(HPV-16) DNA detection byDNA in situ hybridization
using biotinylated probes (bio-DISH) was estimated by
performing this technique on snap-frozen tissue sec-
tions of 10 cervical squamous cell carcinomas contain-
ing increasing amounts of HPV-16 as determined by
Southern blot hybridization. A protocol using serial
sections for bio-DISH and DNA extraction was used.
The number of positively stained cells and the detec-
tion limit were strongly dependent on the treatment of

INFECTIONS with certain human papilloma virus
(HPV) types, ofwhich types 16 and 18 are considered
to be the most important ones, have been postulated
to be a high-risk factor for the development ofhuman
cervical cancer. 1-6 Besides several blotting tech-
niques,7 detection of HPV-DNA using DNA in situ
hybridization (DISH) with radioactive probes has also
been reported.8'2 The applicability of DISH tech-
niques for routine screening is, however, greatly en-
hanced by the possibility of using nonradioactive bio-
tin label as detection marker. 13-15 In order to evaluate
the possibility for the routine application of biotinyl-
ated probes for DISH (bio-DISH) for HPV detection,
more information is needed about its sensitivity.
Therefore, we determined the sensitivity of the bio-
DISH technique on snap-frozen sections of 10 cervi-
cal squamous carcinomas in which an increasing
number of HPV- 16 DNA copies per cellular genome
was found by Southern blot analysis. Our results show
that about 30-40 copies of the HPV genome per cell
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the sections with proteinase K prior to hybridization.
At low proteinase K concentration (0.1 Mg/ml), the de-
tection limit appeared to be 30-40 HPV-16 DNA cop-
ies per carcinoma cell, whereas morphology was pre-
served. A high proteinase K concentration (1-5 gg/ml)
often resulted in an increase in the number of posi-
tively stained cells but also in a poor morphology. The
detection limit was improved to at least 20 HPV-16
DNA copies per carcinoma cell. (Am J Pathol 1988,
131:587-594)

can be detected in sections with preserved morphol-
ogy. Still higher sensitivity can be obtained with a
more extensive protease treatment ofthe section prior
to hybridization. This treatment, however, generally
results in a poor morphology.

Materials and Methods

Material Collection and Tissue Processing

Tumor samples consisted of resection material or
biopsy specimens of patients who underwent a total
hysterectomy for invasive squamous cell carcinoma
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ofthe cervix uteri. Samples were snap-frozen in liquid
nitrogen (- 180 C) and stored at -80 C until used.
Neighboring parts ofthe tumours used for routine his-
tologic examination were formalin-fixed and paraffin-
embedded.

Snap-frozen tissue of 10 squamous cell carcinomas
was serially sectioned on a cryostate. The first section
(6 ,u) was used for hematoxylin eosin (HE) staining,
and bio-DISH was performed on the next four 6-,u sec-
tions. The first three sections were used for HPV- 16
bio-DISH at different proteinase K concentrations
and the fourth for (p)HPV-6 at 0.1 ,ug/ml proteinase
K as,a control. The following 20 sections of20 ,u were
collected (at 0 C) and used for DNA extraction. Fi-
nally, four sections of 6 ,t were cut for bio-DISH as
described above, but with the exception that (p)HPV-
18 or PBR322 was used instead of(p)HPV-6 as a con-
trol and then another one was cut for HE staining.
Sections used for bio-DISH were mounted on gelatin-
chrome alum precoated glass slides. The carcinoma
portion of the tissue was calculated using a planimet-
ric method'6 on the first and last HE-stained sections.
The human cervical cell line CaSKi was obtained

from the American Type Culture Collection and
grown in Dulbecco's modified Eagle (DME) medium
supplemented with 10% fetal calf serum (FCS). Cells
were grown near confluency on glass coverslips,
washed with ice-cold phophate buffered saline (PBS),
pH 7.4, and fixed in 4% paraformaldehyde in PBS for
20 minutes at room temperature. The coverslips were
washed with PBS and stored in 70% alcohol at 4 C
until needed. HeLa cell line 229 was obtained from
Dr. K. H. Thian, Department of Dermatology, Eras-
mus University (Rotterdam), and grown in DME with
10% FCS. Near confluency, cells were harvested by
trypsinization, spun down, and enclosed in agar. The
agar blocks were formalin-fixed, paraffin-embedded,
and 6 ,u sections were used for bio-DISH.

DNA Isolation

Tumor 20-,u sections were collected in ice-cold 50
mM Tris HCI with 50 mM EDTA, pH 8.5, and lysed
by addition of sodium dodecyl sulphate (SDS) to a fi-
nal concentration of 1%. The lysate was treated for 30
minutes at 37 C with proteinase K (100 ,ug/ml) and
extracted two to three times with phenol/chloroform.
Nucleic acids were ethanol precipitated and redis-
solved in 10 mM Tris HCI with 1 mM EDTA, pH
7.5 (TE), and treated with RNAse (20 ,g/ml) for 30
minutes at 37 C. The solution was extracted once with
phenol/chloroform, DNA was precipitated with etha-
nol and the pellet was dissolved in TE.

Southern Blot Analysis

Southern blot analysis'7 for HPV detection was car-
ried out with 5 jg DNA aliquots digested with the re-
striction endonuclease PstI according to recom-
mendations of the manufacturer (Boehringer,
Mannheim). DNA samples were subjected to electro-
phoresis in 0.8% agarose gels, denatured, and trans-
ferred to nitrocellulose membranes. The filters were
hybridized with nick-translated'8 32P-labeled (specific
activity 108 cpm/,ug) HPV-16 DNA. Hybridization
was carried out at 68 C in 10% dextran sulphate, 6x
SSC (SSC: 0.15 M NaCl, 0.015 M Na citrate, pH 6.8),
0.1% SDS, and 50 ,ug sheared salmon sperm DNA per
ml (Tm -30 C). Filters were washed at Tm -10 C.

Probes

HPV-6, -16, and -18 DNAs cloned in the BamHl
site of pBR322 (pHPV DNAs) were kindly provided
by Dr. H. zur Hausen (Heidelberg). HPV insert DNAs
were purified by BamHl cleavage and agarose electro-
phoresis.

In Situ Hybridization

In situ hybridization was carried out with insert
HPV-DNA or pHPV-DNA. Biotinylated probes were
made by incorporation of Bio- 1 -dUTP (Bethesda
Research Laboratories) by nick-translation'9 and pu-
rified by Sephadex G50 gelfiltration. Bio-l l-dUTP-
labeled probes with a mean size of 500 bp as deter-
mined by alkaline gel electrophoresis20 were used
throughout these experiments. One picogram of such
a probe could be visualized by direct spotting. Filter
hybridization with these probes could detect 3 pg of
spotted homologous HPV-DNA.2'

Frozen sections were air-dried during 30 minutes
for optimal attachment of the sections on the pre-
coated glass slides and fixed for 15 minutes with 4%
paraformaldehyde in PBS (pH 7.4). After washing in
PBS, sections were incubated with proteinase K
(Boehringer Mannheim, nuclease-free). A proteinase
K concentration range from 0.1 to 5 jig/ml in 20 mM
Tris-HCl buffer, pH 7.4, with 2 mM CaCl2 used for 30
minutes at 37 C, followed by washing with PBS with
0.2% glycine and subsequently PBS. After the sections
were dehydrated with graded alcohol and dried, they
were prehybridized at 37 C for 60 minutes in a hy-
bridization solution, containing 50% formamide,
lOX Denhardt's (0.2% ficoll, 0.2% BSA, 0.2% polyvi-
nylpyrrolidon), 2x SSC, 10% dextran sulfate and 250
jg/ml denatured salmon sperm DNA. After prehy-
bridization the sections were washed two times with
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Figure 1-Southern blot analysis of tu-
mors of the cervix uteri. Cellular DNA
was extracted from 20 M sections of
snap-frozen cervical tumors (lanes e-k)
digested with Pstl and subjected to
electrophoresis. A reconstruction con-
taining 1000, 100, and 10 pg, respec-
tively, of pHPV-16 DNA added to 5 gg
human placenta DNA corresponding to
about 100, 10, and 1 HPV-DNA equiva-
lents per cell (lane a, b, c) and 5 ug of
human placenta DNA only (lane d and
I) were digested with Pstl and included.
DNA was transferred to nitrocellulose
for hybridization with a 32P-labeled puri-
fied HPV-16 DNA fragment. Numbers at
the left refer to the molecular weights
of the Pstl fragments of pHPV-16 DNA.
*HPV and pBR322 containing frag-
ments. The extra viral band is marked
with 0. The weak bands are marked
with arrowheads. The number of HPV-
16 DNA copies per carcinoma cell was
estimated from the band signals on the
original autoradiograms (Table 1). The
1549 bp band present in most tumor
samples represents the internal HPV-1 6
Pstl fragment, which contains the
BamHl site that was used to clone the
HPV-16 insert in pBR322.

bp

4146-p

2817 -.-.p

1776/1766 -"
1549 --

1063 --

483 -*

2X SSC, dehydrated and dried again. Ten microliters
of hybridization solution containing 20 ng biotinyl-
ated probe was subsequently added to the sections,
and a glass coverslip was mounted. The DNA probe
and the target DNA in the tissue section were dena-
tured together by heating at 100 C for 5 minutes.
Thereafter hybridization was carried out for 18 hours
at 37 C in a sealed humidified glass container. The
sections were subsequently washed for 15 minutes at
37 C in 2X SSC, three times in 0. lX SSC with 50%
formamide at 37 C (Tm -10 C), and two times in PBS
at room temperature. Visualization of the biotiny-
lated DNA hybrids was performed using a streptavi-
din-biotinylated polyalkaline phosphatase staining kit
with BCIP and NBT as substrate22 as indicated by the
manufacturer (BRL). Finally, slides were washed with
10 mM Tris and 10 mM EDTA, pH 7.5, and then
PBS, and mounted in glycerol/gelatin.
An identical procedure was performed for CaSKi

cells except that after paraformaldehyde fixation cells
were treated with 0.2 M HCI (15 minutes, 22 C) prior
to proteinase K treatment. Paraffin sections of HeLa

cells were pretreated with 1 mg proteinase K per ml
prior to hybridization.

Results

Human Papilloma Virus Type 16 DNA in
Patient Material

To study the sensitivity of the bio-DISH, 10 of 27
cervical squamous cell carcinomas were selected for
increasing amounts of HPV- 16 DNA. For this pur-
pose we used a protocol for an accurate correlation
of Southern blot and bio-DISH regarding HPV copy
number. The protocol involves using sequential
neighboring sections for carcinoma:stroma ratio de-
termination, DISH, and DNA extraction.

Figure 1 shows the analysis of the HPV type and
virus genome copy number in seven of 10 selected tu-
mors using PstI digestion and 32P-labeled HPV- 16 in-
sert DNA as a probe. The PstI cleavage pattern ofthe
viral sequences in five of the seven tumor DNAs
shows a striking similarity to the PstI digestion pattern
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Table 1 -Detection of HPV-1 6 DNA in Cervical Tumors With Bio-DISH After Pretreatment With Several Proteinase K Concentrations

Bio-DISH-HPV-1 6 proteinase K
Estimated HPV-1 6 concentration (ug/ml)t

Tumor Differentiation % of carcinoma copy number per
no. grade cells per section* carcinoma cellt 0.1 1 5

1 WD § - (i) - -
2 WD 90 II (k) - - _
3 MD 80 3 (NS) - -
4 MD 70 4 (NS) - - -
5 MD 50 20 (j) -4+
6 MD 80 35 (f) 2+ 4+ 4+
7 MD 80 65 (e) 4+ 4+ CD
8 MD 50 150 (h) 2+ 4+ CD
9 MD 50 250 (9) 4+ CD CD
10 MD 40 375 (NS) 3+ 4+ 4+

WD: well-differentiated; MD: moderately differentiated; CD: completely detached; NS: not shown.
* The percentage carcinoma cells per section was calculated by a planimetric method.
t Estimated after carcinoma:stroma correction. Corresponding lanes from Figure 1 are given in parentheses.
t Results expressed as: -, no staining; +, less than 25% cells stained; 2+, 25-50% cells stained; 3+, 50-95%; and 4+, >95% carcinoma cells stained.

Approximately 1000 carcinoma cells per section were evaluated for HPV-16 positivity. Bio-DISH with (p)HPV-6, 18, and PBR322 were negative.
§ This tumor contained only stroma.
11 HPV-1 6-related DNA.
¶ In this case morphology after proteinase K treatment was very poor; although not all positive cells could be counted exactly, comparison with intact but

unstained parallel sections proved more than 95% of the cells to be positive.

of the HPV- 16 DNA prototype as described by Durst
et al.3 Five of the six HPV- 16 DNA bands generated
with PstI were detected. The smallest 216 bp fragment
ran offthe gel. Lanes e, f, g, and h contained additional
weak bands of low intensity, most probably junction
fragments between HPV 16 and cellular DNA be-
cause of integration of HPV 16 DNA in the cellular
genome. In lane g an extra DNA fragment of about
1600 bp was observed. Recent experiments show that
this fragment is of viral origin (unpublished results).
In lane i no signal was detected. By examining the HE-
stained section of this tumor it appeared that only the
fibroblastic stroma component was present. In lane k
no HPV- 16 specific digestion pattern was observed,
which means that an HPV- 16 related type was pres-

ent. Hybridization with the purified 32P-labeled HPV-
6 or -18 DNA fragments was negative for all tumors
excluding the presence of HPV-6 or -18 DNA in the
tumors. By comparing the hybridization signals ofthe
PstI fragments in the tumor DNA with reconstruc-
tions (a, b, c) and after correction for the carcinoma:
stroma ratio, the mean HPV copy number per carci-
noma cell (Table 1) was estimated. The first and the
last HE sections, which enclose the tumor part from
which DNA was isolated, hardly show any difference
in the proportion of malignant cells and stroma.

In Situ Hybridization for HPV-16 DNA

To standardize HPV-DNA detection by in situ hy-
bridization, experiments were set up with the CaSKi
cell line, which is known to contain approximately
500 copies ofintegrated HPV- 16 DNA per diploid cel-

lular genome.22 In these experiments it became clear
that proteinase K treatment of the cells prior to hy-
bridization strongly influenced the signal. Using the
procedure just outlined, 1 ug proteinase K/ml during
30 minutes gave optimal results. Under these condi-
tions several purple-blue granular spots localized in
each of the nuclei could be observed (Figure 2d). In
order to visualize HPV- 16 DNA in frozen tumor sec-
tions this protocol was also applied on the 10 selected
tumors but without HC1 pretreatment, which consid-
erably decreased the quality of cell morphology. A
proteinase K concentration range of0. 1-5 ,ug/ml dur-
ing pretreatment of the sections was used. Figure 2a
shows the HE staining ofthe first section oftumor no.
9. The ratio of carcinoma cells to stroma appeared to
be about equal. The tumor was found to contain at
least 125 HPV-16 DNA copies per cellular genome
(Figure 1, lane g) as demonstrated by Southern blot
analysis. Figure 2b shows a uniform staining ofall ma-
lignant cells after bio-DISH for HPV- 16 at low pro-
teinase K concentration (0.1 ,ug/ml). Several spots can
be seen in the nuclei ofthe epithelial cells (Figure 2c),
whereas bio-DISH with (p)HPV-6, (p)HPV- 18, or
pBR322 DNA probes gave negative results under
identical conditions (not shown). In a separate experi-
ment the specificity ofthe reaction was also confirmed
by DNAse I treatment (0.01 mg/ml, 30 minutes, 37
C) of a section before hybridization. This treatment
completely prevented the staining. In Table 1 the
amount of HPV- 16 DNA per carcinoma cell, esti-
mated after Southern blot analysis and stroma correc-
tion, and the results ofbio-DISH with increasing pro-
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Figure 2-In situ hybridization of
cervical squamous carcinoma no. 9
and the CaSKi cell line with a puri-
fled biotinylated HPV-16 DNA 1
probe. a-Low-power photo- -
micrograph of an HE-stained sec-
tion of the tumor. b-Serial
section showing granular staining of -,
the malignant infiltrative part of the * s, .
tumor after DISH with a biotinylated .
HPV-16 probe; stroma is - -
negative. c-High magnifica- -
tion detail of B illustrates granular
staining in the nuclei of the malig-
nant cells. d-Hybridization of
CaSKi cells with HPV-16. Note the
well-preserved morphology and the X
granular staining pattern. In the
case of CaSKi cells the protocol
was slightly different to obtain bet-
ter probe penetration into intact
cells. Briefly, after fixation cells
were sequentially incubated in 0.2
M HCI and proteinase K (1 Ag/ml) for
30 minutes before hybridization.

20 1Am

teinase K concentrations are compared for the ten tu-
mors.
At low proteinase K concentration (0.1 gg/ml) tu-

mor samples 1 through 5, which contained up to 20
HPV- 16 DNA copies per carcinoma cell, were all neg-
ative in bio-DISH. More than 95% of the malignant
epithelial cells in tumor nos. 7 and 9 which contained
about 60 and 250 copies of HPV-16 DNA per cell,
respectively, were positive. In tumor nos. 6, 8, and 10
positive and negative cells could be observed. How-
ever, when the proteinase K concentration was in-
creased to rtag/ml during pretreatment it could be
shown that almost all the malignant cells contained
HPV-16 DNA. Figure 3a shows a bio-DISH of tumor
no. 6 after pretreatment with 1 Dtg/mlproteinase K.
In contrast to low proteinase K treatment again more
than 95 percent ofthe carcinoma cells are positive and
yet morphology is reasonably preserved. Figures 3b

.c i,

ph

c

and 3c show the bio-DISH results oftumor 8, treated
with low (0.1 g/ml) and high (1 gg/ml) concentra-
tions, respectively, of proteinase K. In this case the
morphology is well conserved at 0.1 ,ug/ml, and up to
50% of the carcinoma cells are positive. At 1 Ag/ml
proteinase K practically all carcinoma cells are
stained, although morphology is poor. Tumor no. 5,
containing 20 HPV- 16 DNA copies per cell, only
stained positively after the very high proteinase K
concentration of 5 ,g/ml. Under these conditions
morphology was strongly deteriorated (not shown)
and in many cases sections were detached from the
slides. To verify the ability to detect less than 50 HPV-
DNA copies per cell, we applied bio-DISH with HPV-
18 on the HeLa cell line 229. At 1 mg ofproteinase K
per ml (5 minutes) we scored positive hybridization
(Figure 3d). HPV- 18 DNA copy number was approxi-
mately 20 as determined by dot blot hybridization.7
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Figure 3-Influence of proteinase
K treatment on bio-DISH. a-
Tumor no. 6 contains 35 HPV-16
DNA copies per carcinoma cell.
Treated with 1 sg/ml proteinase K,
morphology is reasonably well con-
served and almost all cells are
equally stained. b-Tumor no.
8. contains 150 HPV-16 DNA copies
per carcinoma cell. Treated with 0.1

b ig/ml proteinase K, positive and
negative stained carcinoma cells
are present with good
morphology. c-Frozen sec-
tion and higher magnification of sim-
ilar region of tumor no. 8 as in B.
Treated with 1 Ag/ml of proteinase
K, practically all carcinoma cells
show positive staining with poor
morphology. d-Bio-DISH of
HeLa cells 229 with HPV-18. Par-
affin sections were used. Bio-DISH
with (p)HPV-6 and PBR322 were
negative.

1.

20 1UT)
C

Discussion

The purpose of this study was to determine and im-
prove the sensitivity ofHPV detection with bio-DISH
on HPV- 16 DNA containing cervical carcinomas.
Our approach of using sequential cryostate sections
for the carcinoma:stroma ratio determination, DNA
isolation, and bio-DISH allows a reasonable approxi-
mation of the HPV- 16 copy number per malignant
cell. The tumors, the CaSKi, and HeLa cell lines
analyzed in this investigation contained different
amounts ofHPV DNA, which made them suitable to
study the sensitivity and specificity of the hybridiza-
tion method. Technically, the bio-DISH procedure
can be divided in several main steps: preparation of
the probe, tissue fixation and pretreatment to allow
penetration of the probe, hybridization, staining, and
microscopic evaluation. To study the influence of all

these steps on the ultimate results, we initiated our ex-
periments on the CaSKi cell line.23 Biotinylated HPV
DNA probes were standardized with regard to molec-
ular weight, incorporation of biotin, and hybridiza-
tion capacity. From most fixatives used in routine pa-
thology, paraformaldehyde appeared to be superior.
Pretreatment of cells with 0.2 M HCI and proteinase
K reduced background staining and increased the
number of positive cells. Denaturation temperature,
hybridization, and washing conditions were optima-
lized to reach a maximal specificity and sensitivity.
Specificity was further evaluated by Southern blot hy-
bridization, DNAse treatment, and the use of probes
for other HPV types and pBR322, which resulted in a
negative staining. The CaSKi cell line contains about
500 HPV-DNA copies per cellular genome.23 By using
the described method the cells showed an average of
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four heavy spots per nucleus. Applying this method
to the tumors, but with omitting HCI treatment and
adaptation of proteinase K concentration, about 30-
40 HPV-DNA copies per cell could be detected with
good preservation ofcell morphology. This sensitivity
appeared to be equal to the sensitivity of DISH using
radioactive RNA probes9 and is much higher than
that described by Crum et al24 using bio-DISH. How-
ever, in this latter study virus-producing cells and an
inadequate Carnoy fixation (own observation) was
used. Our results are more in agreement with data re-
cently obtained by Burns et a125 who reported a sensi-
tivity of in situ hybridization with biotinylated HPV
probes on paraffin-embedded tissue ofabout 10 HPV
copies per cell. However, this information was calcu-
lated by extrapolation ofthe signal obtained with a 2.1
Kb human DNA probe unrelated to HPV. In analogy
we could also detect 10 copies of a 7.0 Kb EcoRi-SalI
fragment (pES) of human cytomegalovirus with bio-
DISH. This fragment was intergrated tandem in a rat
cell line.26 In addition, we were also able to detect
HPV- 18 DNA in the HeLa cell line 229, which con-
tains about 20 DNA copies per cell, with bio-DISH
using paraffin-embedded cells and a high proteinase
K concentration during pretreatment. This indicates
that it is possible to detect less than 50 HPV DNA
copies per cell. In the present study, the results were
obtained by a direct analysis ofwell-defined tumors.

In studying the distribution ofHPV- 16 DNA in the
carcinoma cells, an important observation was made.
Some tumors with low but also with high copy num-
bers showed positive as well as negative cells (Figure
3b), which was also reported by others.8"0 A more ag-
gressive pretreatment of these tumors resulted in a
strong increase in the number of positively stained
cells, a higher detection limit, but also in poor mor-
phology (Figure 3c). This means that apart from the
HPV copy number and cutting artifacts, the accessi-
bility of the target DNA in the cell is an important
factor and reflects the heterogeneity of the tumor cell
population. This observation is consistent with a pos-
sible etiologic role of HPV-16 in cervical squamous
cell carcinomas.

Because our detection limit of HPV- 16 DNA ap-
peared to be about 20 copies per cell, the presence of
small amounts of HPV- 16 DNA in the stroma com-
ponent of the tumors could not be excluded. How-
ever, when using more sensitive radioactive-labeled
HPV probes, the presence of HPV-DNA and RNA
was exclusively found in the malignant epithelial
cells.27 This is also in agreement with our observation
that in one ofthe tumors analyzed (which accidentally
contained stroma only) no HPV-DNA could be de-
tected (no. 1, Table 1).

In conclusion, we could detect HPV-16 DNA by
bio-DISH on frozen sections of squamous cell carci-
nomas of the uterine cervix with a detection limit of
about 30-40 copies per cell, whereas morphologic as-
pects of the tissue remained unimpaired. This limit
could be lowered to 20 copies per cell by using rather
destructive proteinase K concentrations. Simulta-
neously, the number ofHPV positive carcinoma cells
was increased to about 100%. Positive staining could
only be seen in the malignant cells and showed a gen-
erally uniform, granular staining pattern. The optimal
proteinase K concentration appeared to vary from
sample to sample.
We are currently investigating alternative tissue sec-

tion pretreatments, other microscopic detection sys-
tems as reflection-contrast microscopy, and the use of
gold labeling,28 laser microscopy,29 and biotinylated
RNA probes.27 We expect that in the near future the
detection level of nonradioactive DISH for HPV type
detection in tissue sections and in cervical smears will
further improve.
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