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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 intrazellulärer HPV-DNA in Gewchssclinitten der Cervix uteri -
Vergleich von In-situ PCR und konventioneller PCR

0. Tiebel1, M. Steinke, S. Gehrisch, W. Jaross

Summary

Polynierase chain reaction allows the detectiori of
DNA of human papillomaviruses, a main risk factor
for cervical intraepitlielial neoplasia. The combina-
tion of PCR-niediated amplificatioii of viräl DNA
iiiside 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, l positive in the conventional
PCR but the sample detached by the in-situ PCR).
Our study allows the foDowing conclusions:

The conventional PCR is of advantage for detec-
tion and äs known from previous studies for typing
of HPV hifections. The in-situ PCR is the preferable
approach for ihe. localisation of viral DNA infected
cells in a tissue section. This technique can support a
histological Statement referring to the expänsion öf a
vira] infection too. The in-situ PCR permits a
distinction berween viral-DNA-infected and -nonin-
fected cells. So the method could be helpful for histo-
logical äs well äs cytological evaluation äs part of
cancei' pre\rention progmms.
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Zusammenfassung
Die Polymerase Chain Reaction ermöglicht den
Nachweis von DNA humaner Papillomviren. Diese
Gruppe von Viren wird als einer der Hauptrisikofak-
toren für die Entstehung der Ccrvikalen Intracpithc-
lialen Neoplasie betrachtet. Die Verknüpfung von
PCR-vermittelter Amplif'ikation viraler DNA-
Sequenzen innerhalb vxon Zellen mit nachfolgender
hi-situ-Detektion stellt eine attraktive Anwendung
zur Lokalisierung infizierter Zellen in Gewebs-
schnitteii dar. Diese Methode wird beschrieben und
mit der konventionellen PCRxverglichen.
Wir fanden übereinstimmende'-Ergebnisse in 16 von
17 Fällen (14 Fälle positiv mit beiden Methoden, 2
Fälle negativ mit beiden Methoden, in einein Fall
eine positive konventionelle PCR, aber die In-situ
PCR war nicht auswertbar). Unsere Untersuchungen
gestatten folgende Schlußfolgerungen: Die konven-
tionelle PCR ist für den Nachweis und für die Typi-
sierung von humanen Papillomviren von Vorteil. Die
In-situ PCR ist für die Lokalisation viraler DNA in
infizierten Zellen von Gewcbsschnitten geeignet.
Diese Methode kann die histologische Beurteilung
hinsichtlich der Ausdehnung der viralen Infektion
unterstützen. Die In-situ PCR ermöglicht eine Diffe-
renzierung zwischen infizierten und nicht infizierten
Zellen. Sie kann sowohl für histologische als auch
zytologische Untersuchungen im Rahmen von
Krebs Vorsorgeprogrammen Anwendung finden.

Schlüsselwörter
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Introduction

Sovornl farlors thni inr.rease llie ri«k of ccrviail eau-
rer ;uv rignrrlir smokin^, é wir of onil coritwceplives
and viirioiis jisperts of sexual bchaviour [ l ]. FurihcM*-
mon», scxually iransinillcd infoclious ugcnts sccm lo
be fnnn o.fiolngitttl imporianco.. So human papillo-
mavirustvs prove lo Im oiu» of llie rwiin ri.sk faotors in
the palhopMirsis of rrrvioal rancer [2, 3]. Conven-
lional PCH pmniis tho, dircrl dcfcction of viral DNA.
This moihod possesses a vrry high scnsitivity. ll
allows a high smirity in dingnosis. In-situ-hybridi-
siiiion has the ad van tage of dctee ng thc viral DNA
inirarellularly. However, il owns a Iower scnsitivity,
cspecially in cases with low abumlant target DNA.

ººéâ ronibinaiion of PCR-mcdialcd amplification
of viral DNA iusidc ccIJs \vilh subsequent In-situ-
deteclion conlcl combinc ihe benefit ofboth [4], This
so oallo.d in-situ PCR permits thc type specific locali-
sation of viral mfections. The dislribution of the
infoction in thc lissue scction is of interest in respect
wich further ihcrapy.

The objective of die study was to compare conven-
tional PCR and in-silu PCR on tissue sections l'rom
thc uteriue cervix.

Materials and Methods

Tissue sections

Seventeen tissue sections from llie uterine cervix
obiained by conization were investigated. Tlie crite-
rion for conization Avas a pathological result (two
tiines PAP III, one time PAP IV) in a prcvious cytolo-
gical iuvestigation. The tissue was fixed in phos-
phute-buffered fonnalin (10%) for 16 hours. Then it
was embedded in paraffiu aiid divided into 5 ìéç
sections. The sections were mounted on aminoalkyl-
silane-treated slides and baked for 12 hours at
65 °C. Tliey were stored at rooin teinperatiire for
about 4 weeks.

Pre-treatment

The sections were dewaxed with xylol for 10 rnin and
reliydrated by a graded ethanol series (99%, l min;
96%, 1 min:/80%, l min; 70%, l min; 60% l min;
H20, 2 min).

Abk rzungen:
GIN = cervical intraepitbelial neoplasia
HPV = human papillomavirus
PCR = polymerase chain reaction

One of thc immediate adjacent sections was
rnechunically detached from the slidc and placed in a
microtube for further handlirig using conventional
PCR. After additiori of 500 ìÀ of a non-ionic deter-
fvml buffer (Tris-HCl 10 mM, ph 8.3; KCI 50 éçëß;
MgC!2 2.5 mM; Gelatine 0.001%; NP 40 0.45%;
lWeen2() 0.45%) and 5 ìÀ Proteinosc K (10 mg/ml
in Trls-NGI 50 mM, ph 8.0; EDTA 10 rnM; NaCJ 10
mM) the niixlurc was incubated for 2 hours at. 56 °C.
Tlien llie enzyme was denaturcd at 95 °C for 10 min.
The section for the in-situ PCR was trcated with 100
ì^/éçÀ Proteinase K in Tris-HCl (50 mM, ph 8.0;
EDTA 10 mM; NaCL 10 mM) for 10 rnin at room
tempcrature with following degradation of the
cnzymc a t 95 °C for 5 min.

Oligomers

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

sense-primer : 5 ' - G C M C A G G G W C A T A A
Y A A T G G

antisense-primer: 55 - G G T G C M A R R G G A W
A C T G A T C
M ... A and C
R ... A and G
W... A and T
Y... CandT

Conventional PCR

The conventional PCR was assayed according to our
recently published niethod [6]. In brief, the PCR-
mix consisted of 7.5 ìÀ Ç,Ï, 2.5 ìÀ 10 X PCR-buffer
(Tris-HCl 10 mM, pH 8.3; KCI 50 mM; Gelatine
0.001 %; MgClo 1.5 mM), 2.5 ìÀ dNTP-mix (200 ìËÉ
each), 1.25 ìÀ of each primer (0.25 ìÌ), 10 ìÀ of the
prepai*ed DNA-solution and l uuil Taq-pohTnerase.
As negative control we used a tube with PCR-mtx
and 10 ìÀ Ç20 instead of the DNA-solution. The
Hot-Start-PCR was' performed s 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 l min at 72 °C on a Thermocycler 9600
from Perkin Eimer, Applied Biosystems GmbH. 7 ìÀ
of the ainplificated solution was mixed with 3 ìÀ loa-
ding buffer (Xylencyaiiol 5%; Glycerol 5% in H20)
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

Ainplification

The PCR-mix consisted of 11 ìÀ HO, .2.5 ì! 10 X
PCR-buffer (Tris-HCI 10 inM, pH 8.3; KC1 50 raM;
Gelatine 0.001 %), 4.5 ì] MgCl2 (4 mM), 4 ìÀ dNTP-
raix (200-pM each, dig-dUTP/dTTP = 1/20), l ìÀ
of eacli primer (2 ìÌ). 19 ìÀ of this mix were applied
to die slide and covered witli a coverslip. Tlie
remaining 5 ìÀ of the mix were kept 011 iee. While tlie
slide AVUS heated at the block of the thermocycler l
luiit of Taq-polymerase was added to the tube with
thc PCR-raix. Wben the temperature at the block
reached 62 °C the Taq-polymerase consisting mix
was pipetterl im der the coverslip. Then the slide \vas
overlaid with preheatcd mineral oil lo prevent evapo-
ration. The ainplification proceeded in 35 cycles of
l min al 94 °C and 2 min at 53 °C on a Thermocyc-
ler 9600 from Pcrkin Eimer, Applied Biosystems
GmbH. As negative control we used a PCR-mix
without Taq-Polymerase 011 an adjacent seclion.
After ainplification the coverslip was detached and
the mineral oil was removed by a l min-treatment
widi xylol. The following rehydratation occured with
a graded cthanol series s described above.

Deteciion

The detection procedure was perfonned according to
the original protocol for the Digoxigenin-System
from Boehriiiger Mannheim. It was Started with a
bovine serum albumin (2%, in H20) 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,
pH 7.5) twice and then once in Reagent-Buffer (Tris-
HCI 0.l M, NaCl 0.1 M; MgClo 0.05 M, pH 9.5). The
colour reaction was performed by distribution of 30
ìÀ Nitroblue:Tetrazolium-Solution (NBT) and 20 ìÀ
5-Bromo-4-ChJoro-3-Indolyl-Phosphate (X-Phos-
phate) in l ml Reagent-Buffer for 15 min at 37 °C in
the dark. Nuclear fast red was used s counterstai-
mng. Thc results were evalu-ated with a light micros-
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)

s well s In-situ PCR. Figure l sli ws an epithelial

part of a tissuc section with multiple posit ive sigmils.
The doep bluc or black colour of the nucleus indi-
catcs the presence of amplified base sequences inside
the cells. Diffusion of PCR pruducts and non-speci-
fic sticking onto the ccllrnembranc Icads to thc slain-
ing of the membrane of the infected cells. Arcas of
noninfcctcd cells can be clearly differentiated in this
tissue scction.

No sp'ecific Signals could be found in 2 cases, neilher
by the in-situ-procedurc nor by conventional PCR.
Figiire 2 displays a part of a HPV-DNA-negative tis-
sue sectton. The poor infrequent sigjials in the sub-
epithelial region have lo be discussed critically. The
Signals were found inostly attachcd at memhranes,
and in few cases at the nucleus. These Signals have to
be considered s unspccific amplified DNA also
because they were not found to be aceumulated in a
certain area of tlie tissue sectioji.

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

Discussion

The incideuce of cervical cancer varies in
population groups. They r nge from 10 to 33 per
100.000 wotnen in Europe [7].

Cer\dcal squamous intraepithelial lesions s preli-
minary stage of cen'ical cancer usually contain
human papillomavirus 1)NA [8], Normal cervical
epitheliiun transfected by human papillomavirus
DNA develops the histological changes characteristic
of,a 8öÀáÀçïð8 intraepithelial lesion [9]. So it appc-
ai*s to be proved that an infection by human |3apillo-
maviruses is an essential evcnt in the development of
squamous intraepithelial lesions. Nuovo et al. detec-
ted human papillomavirus DNA in ·ú2% of cases in
spite of a negative colposcopic examination for cervi-
cal squainous intraepithelial lesions [8]. The detec-
tion of human papillomavirus infections is of impor-
tance in the cancer prevention strategy. In that coti-
iext the PCR is very helpful.

Komrninoth and Long [11] have critical reviewed
the in-situ PCR and have showii the problems, the
pitfalls but also tlie importance of this niethod. In
this study we have perfonned the in-situ PCR in
parallel with the conventional PCR of the idcntical
tissue sections. The conventional PCR was used s
the control and Standard for the in-situ PCR. Fur-
thennore, the direct detection of in-situ PCK ampli-
fied DNA has soine disadvantages especially if archi-
val.. fonnaldeliydc-fixed, paj-affin-einbedded niatcri-
als were analyscd. We investigated only fresh prepa-
red tissue sections. ut also under these circiunstan-
ces un.spcoific signals could not be avoided complc-
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Fig. 1. Epithelial part of a tissue section wilh 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.

Fig. 2. Part of a HPV-DNA-negative tissue section, 200
times magnification, nuclear fast red counterstain.

tely. Hoxvever the investigator is able to diffcrentiate
between infected and noninfected cells.

The results of this study and Üie comparison of
effon and benefit of conventional PCR and in-situ
PCR allow ihe following conclusions. The conventio-
nal PCR is of ad van t (ige for detection and äs known
(Vom prcvious s tu dies Tor typiug of HP V infections.
The in-situ PCR is the preferable upproach for the
localisation of viral DNA infected cells in a tissue
section. The diagnostic application cari bc attractive
if the conventional PCR gives a positive result. They
can support a histological Statement referring to the
expansion of a viral infection too. Different inethods
for the visualisation of in-situ PCR products are
reported (suminarised ref. [11]) and cspecially die
indirect detection approaches using labellcd specific
probes are of potential interest to prevent unspecific
staining. In respect to this \ve liave sliown, that the
in-situ PCR pennits an cvalnation in respect with
viral-DNA-ini'ected and -noninfected cells. So the
method could be helpful for cytological diagnosis äs
part of the cancer prevention prograin.
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