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Detection of HPV-DNA within cells of tissue sections from
uterine cervix — a comparison of in-situ PCR and

conventional PCR

Nachweis von intrazellulirer HPV-DNA in Gewebsschnitten der Cervix uteri -
Vergleich von In-situ PCR und konventioneller PCR

0. Tiebel', M. Steinke, S. Gehrisch, W, Jaross

Summary

Polymerase chain reaction allows the detection of

DNA of human papillomaviruses, a main risk factor
for cervical intraepithelial neoplasia. The combina-

tion of PCR-mediated amplification of viral DNA.

inside cells with subsequent in-situ-detection seems
to be an attractive application for localisation of
infected cells in a tissue section. This method is des-
cribed and compared with conventional PCR.

We found corresponding results in 16 of 17 cases

(14 positive samples with both methods, 2 negative

with both methods, -1 positive in the conventional

PCR but the sample detached by the in-situ PCR).
Our study allows the following conclusions:

The conventional PCR is of advantaoe for detec-

tion and as known from previous studies for typing
of HPV infections. The in-situ PCR is the preferable

approach for the.localisation of viral DNA infected-

cells in a tissue section. This technique can support a
histological statement referring to the expansion of a
viral infection too. The in-situ PCR permits a
distinction between viral-DNA-infected and -nonin-
fected cells. So the method could be helpful for histo-
logical as well as cytological evaluation as part of
cancer prevention programs.
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Zusammenfassung

Die Polymerase Chain Reaction erméglicht den
Nachweis von DNA humaner Papillomviren. Diese
Gruppe von Viren wird als einer der Hauptrisikofak-
toren fiir die Entstehung der Cervikalen Intraepithe-
lialen Neoplasie betl.lchtet Die Verkniipfung von
PCR-vermittelter ~ Amplifikation viraler DNA-
Sequenzen innerhalb von Zellen mit nachfolgender
In-situ-Detektion stellt’ eine attraktive An\vendlmo
zur Lokalisierung mhﬂeru,r Zellen in Ge“cl)a-
schitten dar. Diese Methode wird beschrieben und
mit der konventionellen PCRwerglichen.

Wit fanden iibereinstimmende-Er: gebnisse in 16 \on
17 Fallen (14 Fille positiv mit ‘beiden Methoden, 2
Fille negativ mit beiden Methoden, in cinem Fall
eine positive konventionelle PCR, aber dic In-situ
PCR war nicht auswertbar). Unsere Untersuchungen
gestatten folgende Schlufdfolgerungen: Die konven-
tionelle PCR ist fiir den Nachweis und fiir die Typi-
sierung von humanen Papillomviren von Vorteil. Die
In-situ PCR ist lir die Lokalisation viraler DNA in
infizierten Zecllen von Gewebsschnitten gecignet.
Dicsc Methode kann die histologische Beurtcilung
hinsichtlich der Ausdehnung der viralen Infektion
unterstiitzen. Die In-situ PCR ermdiglicht eine Diffe-
renzierung zwischen infizierten und nichtinfizierten
Zellen. Sie kann sowol fiir histologische als auch
zytologische Untersuchungen im “Rahmen von
Krebsvorsorgeprogrammen Am\'vndunu finden.

Schliisselwérter
HPV-DNA — Cervix uteri — In-situ PCR
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Introduction

Several factors that inerease the risk of cervical can-
cer ave cigarette smoking, use of oral contraceptives
and various aspects of sexual behaviour [1]. Further-
more, sexually transmitted infectious agents seem to
be from etiological importance. So human papillo-
maviruses prove to be one of the main risk factors in
the pathogenesis of cervieal cancer [2, 3]. Conven-
tional PGR permits the direet detection of viral DNA.
This method possesses a very high sensitivity. It
allows a high security in diagnosis. In-situ-hybridi-
sation has the advantage of detecting the viral DNA
intracellularly. However, it owns a lower sensitivity,
espeeially in cases with low abundant target DNA.

The combination of PCR-mediated amplification
of viral DNA inside cells with subsequent In-situ-
detection could combine the benefit of both [4]. This
so called in-situ PCR permits the type specific locali-
sation of viral infections. The distribution of the
infection in the tissue section is of interest in respect
with further therapy.

The objective of the study was to compare conven-
tional PCR and in-situ PCR on tissue sections [rom
the uterine cervix.

Materials and Methods
Tissue sections

Seventeen tissue sections from the uterine cervix
obtained by conization were investigated. The crite-
rion for conization was a pathological result (two
times PAP III, one time PAP IV) in a previous cytolo-
gical investigation. The tissue was fixed in phos-
phate-buffered formalin (10 %) for 16 hours. Then it
was embedded in paraffin and divided into 5 wm
sections. The sections were mounted on aminoalkyl-
silane-treated slides and baked for 12 hours at
65 °C. They were stored at room temperature for
about 4 weeks.

Pre-treatment

The sections were dewaxed with xylol for 10 min and

rehydrated by a graded ethanol series (99 %, 1 min;.

96 %, 1 min; 80%, 1 min; 70 %, 1 inin; 60 % 1 min;
H,0, 2 min). )

Abkiirzungen:
CIN cervical intraepithelial neoplasia

HPV
PCR

human papillomavirus
polymerase chain reaction

o
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One of the iminediate adjacent sections was
mechanically detached from the slide and placed in a
microtube for further handling using conventional
PCR. After addition of 500 pl of a non-ionic deter-
gent buffer (Tris-11C1 10 mM, ph 8.3; KC] 50 mM;
MgCl, 2.5 mM; Celatine 0.001%; NP 40 0.45%;
Tween20 0.45%) and 5 pl Proteinase K (10 mg/ml
in Tris-11C1 50 mM, ph 8.0; EDTA 10 mM; NaCl 10
mM) the mixwure was incubated for 2 hours at 56 °C.
Then the enzyme was denatured at 95 °C for 10 min.
The section for the in-situ PCR was treated with 100
pg/ml Proteinase K in Tris-HCI (50 mM, ph 8.0,
EDTA 10 mM; NaCL 10 mM) for 10 min at room
temperature  with following degradation of the
enzyme at 95 °C for 5 min.

Oligomers

Oligonucleotides were synthesised on a Cene Assem-
bler from Pharmacia LKB. The consensus primers
from the L1-region of the virus genome contained
wobble-bases [5]. They were complementary to
HPYV 6-, 11-, 16-, 18- and 33-sequences.

sense-primer : ’—~GCMCAGGGWCATAA
YAATGG

antisense-primer: 5’ —~CGTCCMARRGGAW
ACTGATC

M..AandC
R..Aand G
W..Aand T
Y.CandT

Conventional PCR

The conventional PCR was assayed according to our
recently published method [6]. In brief, the PCR-
mix consisted of 7.5 pl H,0, 2.5 pl 10 X PCR-buffer
(Tris-HC1 10 M, pH 8.3; KCI 50 mM; Gelatine
0.001 %; MgCls 1.5 1nM), 2.5 pl dNTP-mix (200 pM
each), 1.25 pl of each primer (0.25 uM), 10 pl of the
prepared DNA-solution and 1 unit Taq-polymerase.
As negative control we used a tube with PCR-mix
and 10 pl HyO instead of the DNA-solution. The
Hot-Start-PCR was' performed as described by Bas-
sam and Caetano-Anolles [7]. The amplification
proceeded in 35 cycles of 30 sec at 94 °C, 45 sec at
53 °C and 1 min at 72 °C on a Thermoceycler 9600
from Perkin Ehner, Applied Biosysterns GmbH. 7 ul
of the amplificated solution was mixed with 3 pl loa-
ding buffer (Xylencyanol 5 %; Glycerol 5% in H-O)
and run on an agarose-gel (2%). The fragments
were differentiated in comparison to a molecular size
marker.
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In-situ PCR
Amplification

The PCR-mix consisted of 11 wl H,0, 2.5 ul 10 X
PCR-buffer (Tris-HCI 10 mM, pH 8.3; KCI 50 mM;
Gelatine 0.001 %), 4.5 pl MgCl, (4 mM), 4 pl ANTP-
mix (200'pM each, dig-dUTP/dTTP = 1/20), 1 il
of each primer (2 uM). 19 pl of this mix were applied
to the slide and covered with a coverslip. The
remaining 5 pl of the mix were kept on ice. While the
slide was heated at the block of the thermocycler 1
unit of Tag-polymerase was added to the tube with
the PCR-mix. When the temperature at the block
reached 62 °C the Taq-polymerase consisting mix
was pipetted under the coverslip. Then the slide was
overlaid with preheated mincral oil 1o prevent evapo-
ration. The amplification proceeded in 35 cycles of
1 min at 94 °C and 2 min at 53 °C on a Thermocye-
ler 9600 from Perkin Elmer, Applied Biosystems
GmbH. As negative control we used a PCR-mix
without Taq-Polymerase on an adjacent section.
After amplification the coverslip was detached and
the mineral oil was removed by a 1 min-treatment
with xylol. The following rehydratation occured with
a graded cthanol series as described above.

Detection

The detection procedure was performed according to
the original protocol for the Digoxigenin-system
from Boehringer Mannheim. It was started with a
bovine serum albumin (2%, in Hy0) treatment at
45 °C for 15 min. Then the slide was covered with
blocking-Reagent (1%, in maleic acid 0.1 M, NaCl
0.15 M, pH 7.5). After 30 min the solution was
removed and the anti-DIG-Alkaline Phosphatase
(AP)-Conjugate (1:500, in Blocking-Reagent 1%,
maleic acid 0.1 M, NaCl 0.15 M, pH 7.5) was pipet-
ted on the slide. After 30 min the slide was washed in
Maleic-Acid-Buffer (maleic acid 0.1 M, NaCl 0.15 M,

H 7.5) twice and then once in Reagent-Buffer {Tris-
HC1 0.1 M, NaCl 0.1 M; MeCl, 0.05 M, pH 9.5). The
colour reaction was performed by distribution of 30
ul Nitroblue-Tetrazolium-Solution (NBT) and 20 ul
5-Bromo-4-Chloro-3-Indolyl-Phosphate  (X-Phos-

phate) in 1 ml Reagent-Buffer for 15 min at 37 °C in.

the durk. Nuclear fast red was used as counterstai-
ning. The results were evaluated with a light icros-
cope using 200 to 400 times magnification.

Results
In 14 cases we detected human papillomavirus DNA

with conventional PCR (results not shown, see ref. 6)
as well as In-situ PCR. Figure 1 shows an epithelial

part of a tissue section with multiple positive signals.
The deep blue or black colour of the nucleus indi-
cates the presence of amplified base sequences inside
the cells. Diffusion of PCR products and non-speci-
fic sticking onto the cellmembrane leads to the stain-
ing of the membrane of the infected cells. Arcas of
noninfeeted cells can be clearly differentiated in this
tissue section.

No specific signals could be found in 2 cases, neither
by the in-situ-procedurc nor by conventional PCR.
Figure 2 displays a part of a HPV-DNA-negative tis-
sue section. The poor infrequent signals in the sub-
epithelial region have 1o be discussed critically. The
signals were found nostly attached at membranes,
and in few cases at the nucleus. These signals have to
be considered as unspecific amplified DNA also
because they were not found to be accumulated in a
certain area of the tissue section.

We found corresponding results in 16 of 17 cases.
In the remaining one case a main part of the tissue
section was detached from the slide. So we can not
judge the result without doubt.

Discussion

The incidence of cervical cancer varies in different
population groups. They range from 10 to 33 per
100.000 women in Europe [7].

Cervical squamous intraepithelial lesions as preli-
minary stage of cervical cancer usually contain
human papillomavirus DNA [8]. Normal cervical
epithelium transfected by human papillomavirus
DNA develops the histological changes characteristic
of,a squamous intraepithelial lesion [9]. So it appe-
ars to be proved that an infection by human papillo-
maviruses is an essential event in the development of
squamnous intraepithelial lesions. Nuovo et al. detec-
ted human papillomavirus DNA in 42 % of cases in
spite of a negative colposcopic examination for cervi-
cal squamous intraepithelial lesions [8]. The detec-
tion of human papillomavirus infections is of impor-
tance in the cancer prevention strategy. In that con-
text the PCR is very helpful.

Komminoth and Long [11] bave critical reviewed
the in-situ PCR and have shown the problems, the
pitfalls but also the importance of this method. In
this study we have performed the in-situ PCR in
parallel with the conventional PCR of the identical
tissue sections. The conventional PCR was used as
the control and standard for the in-situ PCR. TFur-
thermore, the direct detection of in-situ PCR ampli-
fied DNA has soinc disadvantages especially il archi-
val. formaldehyde-fixed, paraffin-embedded materi-
als were analysed. We investigated only fresh prepa-
red tissue sections. But also under these circumstan-
ces unspecific signals could not be avoided comple-
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Fig. 1. Epithelial part of a tissue section with multiple
positive signals, 400 times magnification, nuclear fast
red counterstain. The deep blue or black colour of the
nucleus indicates the presence of amplified base
sequences inside the cells.

tely. However the investigator is able to differentiate
hetween infected and noninlected cells.

The results of this study and the comparison of’

effort and benefit of conventional PCR and in-situ
PCR allow the following conclusions. The conventio-
nal PCR is of advantage for detection and as known
from previous studies for typing of HPV infections.

The in-situ PCR is the preferable approach for the
localisation of viral DNA infected cells in a tissue
section. The diagnostic application can be attractive
if the conventional PCR gives a positive result. They
can support a histological staterent referring to the
expansion of a viral infection too. Different methods

for the visualisation of in-situ PCR products are -

reported (summarised ref. [11]) and especially the
indirect detection approaches using labelled specilic
probes are of potential interest to prevent unspecific
staining. In respect to this we have shown, that the
in-situ PCR permits an cvaluation in respect with
viral-DNA-infected and -noninfected cells. So the
method could be helpful for cytological diagnosis as
part of the cancer prevention program.
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