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Introduction

Molecular pathology has revolutionised our understanding
of DNA and the role it plays in the disease process.
Molecular techniques remain a main focus of research, with
in situ hybridisation (ISH) being a popular technique. This is
currently evolving from an impermanent fluorescent-
labelled method (FISH), which has become established for
example in breast cancer, to a more permanent and
accessible preparation using a chromogenic stain (CISH),
particularly useful in gene amplification in breast cancer.1

However, this transition from fluorescence to chromogenic
methodology requires further research to confirm its
reproducibility and specificity.2–6

A new area of investigation is the application of CISH to
the determination of abnormal chromosome number in
prostate carcinoma, which is the most common cause of
cancer death in men in the Western world.7 Chromosomes 7
and 8 have been shown to be particularly important in
prostate cancer, with several studies showing significant
aneusomy for both chromosomes and a relationship to
Gleason scores T3 and T4.8–10

The other advantage of CISH is that it is more amenable to
the application of virtual microscopy (VM), where the entire
tissue sample can be scanned at high resolution for digital
archiving, viewing across the internet, online scoring and
computerised image analysis.11–15 While virtual fluorescence
microscopy is available, most commercial systems only
permit scanning based on brightfield microscopy. By
combining CISH and VM, new opportunities allow
sequence-based biomarkers to be evaluated on whole-slide
images through online sharing of slides, web-based scoring
systems and by quantitative image analysis. However, this is
a relatively new concept in histopathology and specifically
in CISH evaluation, and therefore requires further research.

The aim of the present study is to determine the
chromosomal status of chromosomes 7 and 8 in prostate
cancer cell lines using FISH and CISH on paraffin-wax

embedded material and to assess chromosomal copy
number assessment by manual and virtual microscopy. 

Materials and methods

Prostate cell lines PNT1A, LNCAP (European Cell Collection,
UK) and DU145 (ATCC-LGC, UK) were purchased, grown to
confluence, passaged and harvested from appropriate
growth media. Cell pellets were fixed in 10% formalin for 
24 h, mixed with 1% agarose and the resulting pellet
processed to paraffin wax. Sections (3 µm) from each cell line
were used for each experiment. 

For the FISH technique, slides were deparaffinised in
xylene for a minimum of 10 min, passed through 100% and
95% alcohol to water, and then washed in buffer (Dako, UK)
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attractive alternative to fluorescence in situ hybridisation
(FISH) due to its permanent stain which is more familiar to
pathologists and because it can be viewed using light
microscopy. The aim of the present study is to examine
reproducibility in the assessment of abnormal
chromosome number by CISH in comparison to FISH.
Using three prostate cell lines – PNT1A (derived from
normal epithelium), LNCAP and DU145 (derived from
prostatic carcinoma), chromosomes 7 and 8 were counted
in 40 nuclei in FISH preparations (x100 oil immersion) and
100 nuclei in CISH preparations (x40) by two independent
observers. The CISH slides were examined using standard
light microscopy and virtual microscopy. Reproducibility
was examined using paired Student’s t-test (P<0.05).
Reproducibility between observers was good for both FISH
and CISH. No significant differences in chromosome count
were seen between the techniques. Chromosomes 7 and 8
showed disomic status for each cell line except LNCAP,
which proved to be heterogeneous (disomic/aneusomic),
particularly for chromosome 8. Virtual microscopy proved
to be easy to use and gave no significant differences from
standard light microscopy. These results support the
hypothesis that there is no significant difference between
FISH and CISH techniques.

KEY WORDS: Chromosomes, human, pair 7.
Chromosomes, human, pair 8. 
In situ hybridization, chromogenic. 
In situ hybridization, fluorescence. 
Prostatic neoplasms.

Correspondence to Dr. Perry Maxwell

CCRCB, 97 Lisburn Road, Belfast BT9 7BL

Email: p.maxwell@qub.ac.uk

ORIGINAL ARTICLE 167

BRITISH JOURNAL OF BIOMEDICAL SCIENCE 2008  65 (4)

Fluorescence (FISH) and chromogenic (CISH) in situ
hybridisation in prostate carcinoma cell lines:
comparison and use of virtual microscopy

 



for 2 min. Pretreatment solution (sodium thiocyanate, Dako)
was sealed onto the slide using Dako sealant and a coverslip
(22 x 22 mm), incubated for 10 min at 98˚C and then placed
on a hybridising unit (Dako) at 37˚C for 15 min. The slides
were then washed in buffer (Dako) for 2 min (x3), digested
with pepsin (Dako) for 15 min at room temperature then
washed (x3) for 2 min in buffer prior to dehydration in 100%
alcohol for 5 min (x2). Slides were then air-dried and 10 µL
of the probe (chromosome 7: PlatinumBright 495-labelled;
chromosome 8: PlatinumBright 550-labelled, Kreatech, The
Netherlands) was applied to the slide and sealed. The probe
and cells were denatured at 75˚C for 10 min and then
hybridised at 37˚C for 20 h. Unbound probe was removed in
0.05 SSC at 63˚C for 5 min in a water bath. Nuclei were
stained with 4’,6-diamino-2-phenylindole dihydrochloride
(DAPI)-containing mounting medium (Vector, Peterborough,
UK) and coverslipped.

Fluorescence signals were counted in 40 nuclei (non-
overlapping cells) by two independent observers (KE, PM)

using a Leica CTR6000 fluorescence microscope under
green, red and blue filters.

For the CISH technique, sections were deparaffinised and
passed through 100% and 95% alcohol to distilled water.
Pretreatment solution (sodium thiocyanate, Zymed, UK)
was sealed onto the slide using Dako sealant and a coverslip
(22 x 22 mm), incubated for 10 min at 98˚C then placed on
the hybridiser at 37˚C for 15 min. Further washing (x3) of the
slides in wash buffer (Dako) for 2 min each was followed by
enzyme digestion (Zymed) for 15 min at room temperature.
Washing (x3) for 2 min in distilled water was followed by
dehydration in 100% alcohol (x2) for 5 min and air-drying.
Then, 10 µL of biotin-labelled probe (chromosome 7, 
Zymed) was sealed on the slide. Both probe and cells were
denatured at 95˚C for 5 min and hybridised at 37˚C for 20 h.
Slides were then placed in Zymed stringency wash at 75˚C
for 5 min in a water bath, and then washed (x3) in Tris-
buffered saline for 2 min. The chromosome 7 probe was
detected using mouse anti-biotin (1 in 80 dilution, Dako) for
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PNT1A DU145 LNCAP

Ch7 Ch8 Ch7 Ch8 Ch7 Ch8

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd

Observer 1 75 76 78 79 86 96 89 93 98 79 9 84
Observer 2 73 75 76 76 86 84 87 88 91 91 79 98

Table 1. Intra-observer and inter-observer reproducibility of assessing chromosomes 7 and 8 in each of the cell lines by the FISH technique.
Values are derived from two observations of 100 nuclei per sample. No significant difference between observers was seen (P<0.05).

Fig. 1. Staining of PNT1A cell line: a) FISH (chromosome 7 [green],
chromosome 8 [red], original magnification x1000) and b) CISH
(original magnification x400). 
See these images in colour at www.bjbs-online.org

Fig. 2. Staining of DU145 cell line: a) FISH (chromosome 7 [green],
chromosome 8 [red], original magnification x1000) and b) CISH
(original magnification x400).
See these images in colour at www.bjbs-online.org
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30 min. Application of polymer EnVision (Dako) peroxidise
anti-mouse for 25 min was followed by DAB for
approximately 1 min and then a washed in distilled water.
Cell lines were lightly counterstained in Harris’ haematoxylin.

Two independent observers (KE, PM) counted 100 nuclei
(non-overlapping cells). This was repeated for
reproducibility statistics. All fields were observed under a
light microscope using a x40 objective.

In order to assess the performance of virtual microscopy,
CISH cell lines were scanned using an Aperio T3 scanner
(Aperio, CA) using a x40 objective and then uploaded to the
internet server. The images were viewed on a computer with
access to the internet and viewed at the equivalent of x400
magnification. Two independent observers (KE, PM)
counted 100 nuclei (non-overlapping cells) in each section.
This was repeated for reproducibility statistics. 

Training sets using one section from each cell line were
prepared and all staining protocols and assessment criteria
were established.

For each set of results, statistical analysis included sum,

mean, standard deviation and mode of observed counts. To
test intra-observer and inter-observer reproducibility, a paired
Student’s t-test (two-tailed) was calculated. Intra-observer and
inter-observer reproducibility was calculated for all results. 

Results

Figures 1, 2 and 3 show the outcomes of both FISH and CISH
staining for all cell lines. 

Reproducibility in assessing chromosome status by each of
the observers was good. There was no significant difference
between the scores for each observer (intra-observer
reproducibility, paired Student’s t-test P<0.05) except with the
LNCAP cell line when using the FISH technique. This may
indicate chromosome number heterogeneity and was
confirmed in the frequency distribution shown in Table 1.
Inter-observer reproducibility for the CISH method (assessed
using either standard light or virtual microscopy) was good
and no significant difference was noted between the
observers (Table 2, P<0.05). There was no significant
difference between CISH and FISH counts for chromosome 7. 

There was good agreement in the trends in frequency
distribution between FISH and CISH for chromosome
number, from the ‘normal’ PNT1A cell line through the
malignant DU145 and LNCAP cell lines (Figs. 4 and 5). 

Figure 4 illustrates the frequency distribution of
chromosomes 7 and 8 using FISH. The PNT1A cell line
showed that most of the nuclei were disomic for
chromosomes 7 and 8, although there were some aneusomic
cells present. The LNCAP and DU145 cell lines showed
disomy for chromosome 7, with an increase in aneusomic
cells compared to PNT1A. However, the LNCAP cell line
showed a greater increase in aneusomy for chromosome 8. 

Figure 5 illustrates the frequency distribution of
chromosome 7 using CISH, comparing light microscopy and
virtual microscopy. The PNT1A cell line showed mostly
disomic cells and a few aneusomic cells, and the LNCAP and
DU145 cell lines showed chromosome 7 disomy and
increased aneusomy compared with the PNT1A cell line.

The virtual microscopy images stored on the server
proved easy to access. It was possible to view the section in
its entirety then move to the magnification at which it was
scanned. Also, it was possible to incorporate a small screen
for navigation around the slide, which aided unbiased,
random sampling. Furthermore, both observers could access
the images on demand. 

Discussion

Currently, FISH is the gold standard technique for 
HER-2:chromosome 17 ratio assessment.16 However, CISH 

In situ hybridisation and use of virtual microscopy 169

BRITISH JOURNAL OF BIOMEDICAL SCIENCE 2008  65 (4)

PNT1A DU145 LNCAP

OB1 OB2 OB1 OB2 OB1 OB2

Standard light microscopy 194 193 231 222 239 227

Virtual microscopy 173 192 215 222 211 241

Table 2. Inter-observer reproducibility of assessing chromosome 7 by CISH in each of the cell lines by standard light and virtual microscopy.
Values are derived from two observations of 100 nuclei per sample (P<0.05).

Fig. 3. Staining of LNCAP cell line: a) FISH (chromosome 7 [green],
chromosome 8 [red], original magnification x1000) and b) CISH
(original magnification x400).
See these images in colour at www.bjbs-online.org
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is a similar technique that may prove to be equally suitable. 
The present study found no significant difference in

results between FISH and CISH techniques. A training set
for each method was used initially to ensure both observers
were familiar with visualisation of the staining patterns and
agreed scoring criteria. Although there was an indication of
some differences within the counts, these were not
significant, which indicated good inter-observer
reproducibility for FISH and CISH.

Using paired Student’s t-test (P<0.05), no significant
difference between FISH and CISH was seen in any of the
cell lines investigated. Previous reports have shown
concordance between FISH and CISH, where results ranged
from 91% to 100%, but these looked at gene amplification
rather than chromosome copy number.2–6

Optimisation of pretreatment is needed, especially when
using fixed and processed material due to the different
procedures used. This is particularly important for pepsin
digestion time and stringency temperature. In the CISH
technique, localisation procedures using the secondary anti-
biotin dilution needed optimisation in order to ensure
minimal background staining. The training sets used for the

observers helped to avoid differences in scoring criteria.
Another source of possible error may be the use of tissue

sections where nuclear truncation can complicate evaluation
and interpretation.1,17 However, this can be overcome by the
use of nuclear suspensions, which involves isolating whole
cell nuclei.17,18 Stock et al. found this to be superior when
compared to conventional FISH.19 In the present study, tissue
section reproducibility was maintained by calculating the
wandering mean for the determination of the optimum
number of nuclei to be assessed as part of the training set.20

This step seems to be a crucial part in determining
chromosome count. 

The main drawback to the use of CISH is the lack of dual
probing. This may prove to be a problem when two targets
need to be examined.3 Recent commercial developments of
dual-labelled probes for CISH may prove useful, but they
require further investigation.

Virtual microscopy and the counting of CISH-labelled
chromosomes from a computer screen proved to be as
reproducible as the standard light microscopy method.
Virtual microscopy is an emerging tool in pathology that
produces an entire high-resolution digital record of the
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Fig. 5. Frequency distribution of chromosome 7 counts by CISH 
for standard light microscopy and virtual microscopy in 
a) PNT1A, b) DU145 and c) LNCAP cell lines.

Fig. 4. Frequency distribution of chromosome counts by FISH in 
a) PNT1A, b) DU145 and c) LNCAP cell lines.
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microscopic slide and facilitates interactive and automated
measurement of tissue and cellular markers both locally and
remotely across the internet.12,13,15 This makes quantitative
evaluation of a microscopic image more acceptable. It does
not rely on taking numerous digital photographs of varying
quality from a single sample, but all measurements can be
derived from one virtual slide image. Several commercial
companies now market virtual slide scanners, making this
approach amenable to most laboratories for archiving and
analysis of tissue-based research samples. In the present
study, counting CISH-labelled chromosomes using virtual
microscopy proved to be easy and straightforward, and the
image quality was excellent.

Virtual microscopy is no longer restricted to light
microscopy. Several companies now produce systems
capable of generating virtual slides under fluorescent
conditions, which provides the opportunity to undertake
virtual slide-based measurement using FISH.

During assessment of FISH-stained nuclei in the PNT1A
cell line, it was apparent that most nuclei were diploid for
chromosomes 7 and 8; however, some nuclei were
aneusomic. This finding agrees with the results of the study
by Beheshti et al.21 A possible reason for this aneusomic
population is genetic drift through instability brought about
via immortalisation of the cell line. The prostate carcinoma-
derived cell line LNCAP showed heterogeneity for
chromosome 8. The other cell lines examined by FISH and
CISH appeared to be disomic. These results indicate that the
use of the PNT1A, DU145 and LNCAP cell lines may be a
useful model for investigating prostatic carcinoma, in which
the aneusomic status of chromosomes 7 and 8 has been
described.8–10

In conclusion, the results show that CISH is as
reproducible as FISH and can be used as an alternative,
unless dual probes are required. Virtual microscopy proved
to be as sensitive as light microscopy and may be used as an
alternative. It is useful when two observers are counting the
slides. Therefore, use of virtual microscopy and CISH in the
assessment of chromosomal number in experimental studies
on cell lines and tissue sections is recommended. 5
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