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Human papilloma virus detection by in situ
hybridisation signal amplification based on

biotinylated tyramine deposition

P J Poddighe, J Bulten, H M J Kerstens, J C M Robben,W J G Melchers,
A G JM Hanselaar

Abstract
Aim-To describe a method for amplify-
ing human papilloma virus (HPV) in situ
hybridisation (ISH) signals.
Methods-Three human cervical cell
lines, namely CaSKi, HeLa and SiHa,
containing different copy numbers of
integrated HPV DNA were studied. Fol-
lowing ISH, catalysed reporter deposition
(CARD), based on the deposition of bioti-
nylated tyramine at the location of the
DNA probe, was used to amplify the ISH
signal.
Results-Using CARD-ISH, one to three
HPV type 16 copies were detected in situ
both in cell suspensions and paraffin wax
sections ofSiHa cells. CARD-ISH can also
be used to detect oncogenic HPV DNA
sequences, such as HPV types 16 and 18, in
routinely processed formalin fixed, paraf-
fin wax embedded cervical specimens.
Conclusions-CARD-ISH is a fast and
highly sensitive ISH method for the rou-
tine detection of low copy number HPV
DNA sequences in cervical cell lines and
routinely processed tissue sections. Appli-
cation of this technology also enables the
routine detection and cellular localisation
of other viral DNA sequences present at
copy numbers below the detection limit of
conventional ISH methods.
(7 Clin Pathol: Mol Pathol 1 996;49:M340-M344)
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Recently, we described a novel ISH signal ampli-
fication method, using catalysed reporter deposi-
tion (CARD-ISH).' This amplification method is
based on the deposition of biotinylated tyramine
by the activity of horseradish peroxidase (HRP)
at the location ofthe DNA probe. The procedure
was introduced initially for immunoassays and
immunohistochemistry.2A In our method, the
biotinylated tyramine precipitate can be visual-
ised within cells using fluorochrome or enzyme
labelled avidin. The detection limit is increased
substantially for both brightfield and fluores-
cence ISH. The CARD-ISH signal amplification
technique is particularly suitable for the visualisa-
tion of low copy number DNA sequences, but
may also be valuable for the detection of
(oncogenic) viruses. The CARD-ISH procedure
is rapid, flexible, and easy to implement in stand-
ard ISH protocols.' 5

Infection with certain human papilloma
virus (HPV) types, especially types 16 and 18,
has been postulated to be a high risk factor for
the development of human squamous cell car-
cinoma of the uterine cervix.6-9 Using PCR,
viral infection can be detected rapidly even if
only a few cells in a given tissue or cytological
sample contain the DNA sequence of
interest. " However, one of the major disadvan-
tages of PCR analysis is that there is no direct
correlation with morphology." The application
of ISH techniques for the detection of HPV
sequences is preferred in order to correlate the
presence of HPV DNA with morphological
aspects of the cells or tissue. However, the value
of conventional ISH techniques is limited by its
detection sensitivity of about 20 copies per
cell.'0 Nuovo et al'2 13 have developed a
PCR-ISH technique that combines the ex-
treme sensitivity of PCR amplification and
morphological preservation of ISH, and have
applied this technique to cell lines'2 and forma-
lin fixed, paraffin wax embedded sections'3 for
the detection of HPV DNA. Disadvantages of
this procedure are that it can lead to false posi-
tive results because of non-specific PCR
reactions and that it is laborious and therefore
is not always available routinely. In an attempt
to overcome these disadvantages, we adapted
the CARD-ISH method for use on formalin
fixed, paraffin wax embedded cervical sections.

Methods
CELL AND TISSUE SAMPLES
The human cervical carcinoma cell lines CaSki
(ATCC; CRL1550), containing about 500
integrated copies of HPV 16 DNA, HeLa
(ATCC; CCL2), containing about 20-50 inte-
grated copies of HPV 18 DNA, and SiHa
(ATCC; HTB35), containing one to three
integrated copies of HPV 16 DNA, were used
to determine the sensitivity and specificity of
the CARD-ISH method. After being cultured,
the cells are mixed with human lymphocytes,
fixed in 70% ethanol (-20°C) and stored at
-30°C pending analysis.
For analysis, 5 gl of each cell suspension was

spotted onto Superfrost Plus glass slides
(Merck, Darmstadt, Germany) and dried in
air. An appropriate part of each cell suspen-
sion, depending on cell density, was, after cen-
trifugation, mixed with agar (volume 1:1), fixed
in 4% buffered formalin and embedded in par-
affin wax.
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Figure 1 Results ofCARD-ISH signal amplification on cervical cancer cell lines.
and (B) CaSki cells hybridised with a biotinylated DNA probe specific for HPV tj
(C) and (D) HeLa cells hybridised with a biotinylated DNA probe specific for HI:
18. (E) and (F) SiHa cells hybridised with a biotinylated DNA probe specific for
type 16. Visualisation was achieved using the standardABC technique (A, C, E),
the CARD method (B, D, F). Human lymphocytes served as an internal negative
Original magnification x400.

Twenty formalin fixed, paraffin wax
ded cervical biopsy specimens (four
one cervical intraepithelial neoplasia (4
five CIN II, five CIN III, and five invas
cinomas) were selected after hist(
examination of haematoxylin and eosin
4 gm tissue sections.

Sections, 4 ,um thick, of the paraf]
embedded cell suspensions and samples
vical tissue were mounted on Superfrc
glass slides and heated overnight at 60°(
dewaxing in xylene and rinsing in me
endogenous peroxidase activity was blo(
incubating the slides with 1% H202/m
for 20 minutes at room temperature. Th
were then rinsed in methanol and driec

IN SITU HYBRIDISATION
Ethanol fixed cell samples and parafl
sections were pretreated as de
previously.' 14 Preteatment included th(
nation ofbasic proteins and digestion by
(Sigma, St Louis, Missouri, USA).

Table 1 Comparison of the sensitivity and specificity of
the standard ISH and CARD-ISH methods in the
detection ofHPVDNA in human cervical cancer cell lines

Cell line HPV type ISH CARD-ISH

In suspension
CaSki 16 ++ ++++++

18 -
HeLa 16 - -

18 + +++
SiHa 16 - ++

18 - -
Human 16 - -
lymphocytes 18 - -

In paraffin wax
CaSki 16 ++ +++++

18 - -
HeLa 16

18 + +++
SiHa 16 - ++

18 - -
Human 16 -

lymphocytes 18 -

Score: -, no signal; + to ++++++, weak to very strong signal.

probes specific for HPV types 16 and 18 were
labelled by nick translation with biotin-14-
dATP, as described by the manufacturer (BRL,
Gaithersburg, Maryland, USA). The hybridi-
sation mixture (15 il) contained 60% deion-
ised formamide (Merck), 10% dextran sulphate

b,,. (Sigma), 2x SSC (pH 7.0; lx SSC = 0.15 M
sodium chloride, 0.015 M sodium citrate), 50
ng/,ul herring sperm DNA (Boehringer, Man-
nheim, Germany) and 2 ng/4l probe. The slides
were heated for three minutes at 95°C
(cytospin preparations) or for 10 minutes at
80°C (paraffin wax sections) to denature the
probe and target DNA. After hybridisation
overnight at 37°C in a moist chamber,
coverslips were removed by immersing the
slides in 2x SSC (pH 7.0) at 42°C. Post-
hybridisation washes at 42'C were carried out

(A) twice for five minutes in 60% formamide/2x
yp type SSC, pH 7.0, and twice for five minutes in 2x
HPV SSC, pH 7.0. The slides were then rinsed in
and by phosphate buffered saline (PBS)/0.05%
control Tween-20.

Hybridised DNA probes were detected
embed- immunohistochemically using the HRP la-
niormal, belled avidin-biotin-complex (ABC) method'5
CIN) I, as described previously.' HRP was visualised
ive car- via the diaminobenzidine (DAB; Sigma)/H202
ological (Merck) reaction.
stained

En wax CARD-ISH SIGNAL AMPLIFICATION

sof cer- Briefly, the slides were pretreated using the
)st Plus ABC method, incorporating mouse anti-biotin
C After (McaB), biotinylated horse anti-mouse (HsaM-
~thanol, bio), and ABC. After rinsing the slides in PBS/
cked by Tween and PBS, biotinylated tyramine was
ethanol covalently bound to electron rich moieties on
ie slides the surface through the enzymatic reaction of
d in air. HRP with 0.01% H202 in PBS for two minutes

at room temperature.2 A biotinylated tyramine
concentration of 0.7 ,uM was used for the cell
suspensions and of 0.07 jM for the paraffin

fin wax wax samples. After rinsing in PBS/Tween,
scribed samples were incubated in ABComplex for 20
e elimi- minutes at 37°C to detect the new biotin
pepsin source. Finally, the hybrid was visualised using
DNA DAB/H202 as described earlier.
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Figure 2 Results ofCARD-ISH signal amplification on paraffin wax sections of ce
suspensions (see Methods). (A) and (B) CaSki cells hybridised with a DNA probe !
for HPV type 16. (C) and (D) HeLa cells hybridised with a DNA probe specific for
type 18. (E) and (F) SiHa cells hybridised with a DNA probe specific for HPV typ
Visualisation was achieved using the standard ABC technique (A, C, E), and by the
CARD method (B, D, F). Human lymphocytes served as an internal negative contr
Original magnification x400 (A-D); xl 000 (E and F).

Table 2 Detection ofHPVDNA in cervical lesions of20 women by ISH and PC1

HPV typing

ISH

Case Histology ABC CARD PCR

1 Normal 0 0 0
2 Normal 0 0 0
3 Normal 0 0 0
4 Normal 0 0 0
5 CIN I 16 16* X
6 CIN II 16 16* 16
7 CIN II 0 0 0
8 CIN II 0 16 0
9 CIN II 16 16* 16
10 CIN II 0 0 X
11 CINIII 0 16 16
12 CIN III 16 16* 16
13 CIN III 16 16* 16
14 CIN III 16 16* 16
15 CIN III 0 0 0
16 Invasive cancer 0 16 16
17 Invasive cancer 16 16* 16
18 Invasive cancer 0 0 0
19 Invasive cancer 16 16* 16
20 Invasive cancer 0 16 16

0 = No HPV DNA detected; X = unidentified HPV type; *signal amplification.

CONTROLS
The specificity of the ISH reactions was
defined by performing CARD-ISH with an
HPV type 18 DNA probe on cells containing
HPV type 16 (CaSki and SiHa cells) and ISH
with the HPV type 16 probe on HeLa cells,
which contain copies of HPV type 18. None of
the controls gave specific ISH signals. The
addition of human lymphocytes to the cell sus-
pensions served as an internal negative control

* for all HPV DNA probes.

EVALUATION OF ISH SIGNALS
ISH signals were evaluated using a Leitz
DMRB/E microscope and Wild 48/52 photo-
graphic equipment (Leica, Wetzlar, Germany).

Results
DETECTION OF HPV DNA IN CELL SUSPENSIONS
Table 1 summarises the results ofstandard ISH
and CARD-ISH on CaSki, HeLa and SiHa
cells. Figure 1 shows the results of routinely
applied ISH compared with the CARD-ISH
signal amplification method for the detection
of HPV DNA in suspensions of-HPV contain-
ing cell lines mixed with human lymphocytes.
Figure 1A shows HPV type 16 in CaSki cells,
detected using the conventional ABC method.
Figure 1B shows the results of the CARD-ISH
signal amplification method. Weak hybridisa-
tion signals were observed using the conven-
tional ABC method for the detection of HPV
type 18 DNA in HeLa cells (fig 1 C). In
comparison, application of the CARD-ISH

X~ signal amplification method gives very strong
hybridisation signals (fig 1D). In fig 1F one to
three copies ofHPV type 16 DNA in SiHa cells
were visualised using the CARD-ISH method,
which is not possible using the conventional
ABC procedure (fig I E).

specific
r HPV DETECTION OF HPV DNA IN PARAFFIN WAX
e 16.
e SECTIONS
ol. Cell suspensions fixed in formalin and embedded

in paraffin wax
HPV DNA was detected in CaSki cells (figs 2A
and 2B), HeLa cells (figs 2C and 2D) and SiHa
cells (figs 2E and 2F) using the conventional
ISH and CARD-ISH signal amplification
methods, respectively. As can be seen in figs
2B, 2D, and 2F, the hybridisation signals gen-
erated after CARD-ISH are more intense
compared with those generated using the con-
ventional ISH method. Moreover, in fig 2E no
hybridisation signals are visible in SiHa cells,
whereas in fig 2F one to three signals can be
seen.

Paraffin wax sections of cervical biopsy specimens
Table 2 summarises the results of CARD-ISH.
The results were compared with the standard
ISH ABC method and HPV PCR analysis of
the same samples. Figures 3A and 3B show
ISH results of case 11 hybridised with the HPV
type 16 DNA probe. The sample was HPV
negative on conventional ISH (fig 3A) but after
CARD-ISH the sample is clearly HPV positive
(fig 3B). A representative case (case 14) is
shown in figs 3C and 3D. HPV DNA was not
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Figure 3 Results ofCARD-ISH signal amplification on tissue sectionsj
and B) and 14 (C and D), both classified histologically as CIN III. ISH
biotinylated DNA probe specific for HPV type 16 sequences. Visualisatioi
using the standard ABC technique (A and C) and the CARD-ISH signi
method (B and D). Original magnification x250 (A and B); x400 (C a

detected on conventional ISH
CARD-ISH, however, HPV D
visible in the nuclei (fig 3D). b

were detected on hybridisatic
tissue sections with the HPV
probe and the unlabelled HPV
probe (results not shown).

Discussion
Recently, we described a fast an
tive ISH method (CARD-ISH)
detection of low copy numbe
quences in morphologically in
the present study we have comp
tivity of this CARD-ISH metho(
ard ISH method for the in sit
integrated HPV DNA sequenc
was carried out using the r

conventional immunochemic
method-that is, the ABC m

HeLa, and SiHa cell lines were

systems because the relative amo

(CaSki: >500 copies/cell; SiHa: one to three
copies/cell) and HPV 18 (HeLa: 20-50 copies/
cell) per cell is known.'6 We found that the
CARD-ISH method is more sensitive than
conventional ISH and is capable of detecting
HPV 16 in SiHa cells (figs IF and 2F) using
full length DNA probes, which is in sharp con-
trast to ISH alone.'7 By using CARD-ISH sig-

r|*, nal amplification, minor binding sites may
become apparent in some control cells. This

' non-specific binding can be avoided by adjust-
*^ ^ ing the recommended dilution of the mouse

anti-biotin antibody (1 in 10' instead of 1 in
102). Conditions for the CARD-ISH signal

-S.;+- ^- amplification protocol can also be optimised by
adjusting the biotinylated tyramine concentra-
tion or the incubation time, or both, in combi-

t*.+: *e nation with an appropriate MaB dilution.' To
detect HPV DNA using CARD-ISH, the high-
est degree of signal amplification with the
highest signal to noise ratio can be obtained for
tissue sections by incubating them with a 1 in
10' dilution ofMaB and 0.07 ,uM biotinylated
tyramine for five minutes (fig 3).

Cervical carcinoma is one of the most com-
mon cancer types in the developed world. As

,. the prognosis of cervical cancer is good if
caught and treated early, and given the causal
association between infection with high risk

d HPV types and cervical carcinoma,6-9 it is vital
that women infected with these high risk HPV
types are identified. Recently, it has been

v shown that worldwide at least 93% of cervical
carcinomas are HPV DNA positive." In

* addition to HPV types 16 and 18, 13 other
oncogenic HPV types have been identified.'" In
the present study we used probes for HPV

. types 16 and 18 for ISH and a general HPV
* j t probe (primer X) for PCR. This may explain

the discrepancies between our ISH and PCR
Pwt f results for cases 5 and 10, but not for case 8

(table 2). At present, the most sensitive method
available for the detection of HPV in clinical

from cases 11 (A samples is general primer mediated PCR'9 or
I was done with a PCR-ISH. '° With our fast and highly sensitive
n was achieved CARD-ISH method it is possible to detect
zidamplfication HPV DNA types 16/18 sequences in morpho-mnd D).

logically preserved samples without the need
(fig 3C); on for PCR amplification (table 2, fig 3). Work to

)NA is clearly develop a procedure that combines the CARD-
4o ISH signals ISH method with a general oncogenic HPV
on of parallel DNA probe that specifically recognises all 15
type 18 DNA oncogenic HPV types is underway.
type 16 DNA The distribution pattern of HPV DNA is

related to the degree of cellular differentiation
and viral DNA is most abundant in the more
superficial cells.20 Whether the virus is also

Id highly sensi- present in the less differentiated basal cells is
for the routine unknown, as routine ISH is limited by its in situ
r genome se- detection threshold of about 20 copies per
tact cells.' In cell.'8 Therefore, we have investigated the
eared the sensi- cellular localisation of HPV DNA in paraffin
d with a stand- wax sections of a large series of cervical lesions
u detection of using the CARD-ISH method (manuscript in
.es. The latter preparation).
most sensitive In conclusion, CARD-ISH is a fast and
al detection highly sensitive ISH method for the routine
ethod. CaSki, detection of low copy number HPV DNA
used as model sequences in cervical cell lines and routinely
)unt ofHPV 16 processed tissue sections. Application of this

A
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technology also enables the routine detection
and cellular localisation of other viral DNA
sequences present at copy numbers below the
detection limit of conventional ISH methods.
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