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Comparison of image analysis and flow cytometric
determination of cellular DNA content

C Cope, D Rowe, L Delbridge, J Philips, M Friedlander

Abstract
A good correlation (r = 094) was
obtained between the DNA indices (DI)
using flow cytometry and image analysis
of nuclei cytospins extracted from para-
ffin wax embedded tumour sections.
Some of the limitations and problems
associated with image analysis which
came to light included an unacceptably
high coefficient of variation (CV) and a
"left-shift" in the DI in most DNA his-
tograms obtained when using image
analysis of 5 jm sections. In contrast, the
DNA histograms generated using image
analysis of cytospun nuclei from paraf-
fin wax blocks were of good quality and
similar to those obtained using flow
cytometry. Variability in Feulgen stain-
ing was common and an important
source of error despite rigorous control
of the staining technique. This could be
ovecome by using internal controls such
as fibroblasts rather than external con-
trols (rat hepatocytes) to determine the
diploid DI with image analysis.
A thorough understanding and ap-

preciation of the methodological
problems associated with image analysis
and flow cytometric determination of
DNA content is required before these
methods find widespread clinical appli-
cation.

Department of
Clinical Oncology,
Royal North Shore
Hospital, St Leonards
2065, Sydney, New
South Wales,
Australia
J Philips
M Friedlander
Department of
Surgery, Royal North
Shore Hospital
D Rowe
L Delbridge
C Cope
Correspondence to:
Dr M Friedlander
Accepted for publication
5 September 1990

Aneuploidy is recognised as a common feature
of malignancy and there is growing evidence
to indicate that ploidy is of prognostic impor-
tance in various tumour types. Flow cyto-
metry has emerged as a powerful tool well
suited for the rapid analysis of cellular DNA
content and proliferative activity. Improve-
ments in cell preparative and staining tech-
niques, as well as the development of a new

method to extract nuclei from paraffin wax

embedded tumour blocks, have enabled a

large number of retrospective studies to be
carried out into the prognostic importance of
tumour ploidy.1 The advantages and relative
merits of the technique have been reported as

have the practical problems and limitations
associated with flow cytometric analysis.
Many of these problems have been largely
overcome as a result of technical and metho-
dological improvements. A major problem of
flow cytometric analysis of DNA content,
however, is that it does not permit discrimina-
tion between "normal" host cells and tumour
cells that have a diploid DNA content. The

presence of a minority population of aneu-
ploid tumour cells may also be masked when
there is a preponderance of non-malignant
cells in the sample, leading to potential errors
in interpretation ofDNA histograms obtained
using flow cytometry.2 This has provoked
increased interest in assessing DNA content
using image analysis of Feulgen stained nuclei
as direct visualisation of the tumour sample is
possible and malignant cells may be preferen-
tially selected for analysis thus giving greater
specificity. The aim of this study was to
determine whether DNA content could be
determined accurately using image analysis
and to correlate the findings with those of
flow cytometric analysis.

Methods
Nuclear DNA content of 27 phaeo-
chromocytomas was measured using image
analysis of 5 jgm sections and cytospin
preparations of nuclei extracted from 30 gm
sections of paraffin wax embedded tissue
blocks. Cytospins were also prepared from
tissue blocks of 46 ovarian carcinomas that
had been analysed previously using flow
cytometry,3 and the DNA content was
measured by image analysis.

Slides stained with haematoxylin and eosin
from the phaeochromocytomas were reviewed
and representative sections with minimal
haemorrhage or necrosis were chosen. Three
5 gm and two 30 gm sections were then cut
contiguously from the blocks corresponding
to the best sections. One of the 5 ,um sections
was stained with haematoxylin and eosin to
review the histological analysis.
One 5 jgm and two 30 ,um sections were cut

from the same tissue blocks of the ovarian
carcinomas that had been used for flow
cytometry: the 5 gm section was used as a
record of the tissue analysed.
The cytospins were prepared from nuclear

suspensions obtained from the 30 ,um sections
using the method of Hedley et al.' Briefly,
30 ,um sections were placed in 10 ml glass
centrifuge tubes and dewaxed using two
changes of Histoclear (3 ml for 10 minutes at
room temperature, then centrifuged for 10
minutes at 2000 rpm). Rehydration was then
carried out by sequential immersion in 100%,
95%, 70%, and 50% ethanol. The sections
were then washed once in distilled water and
once in 0 9% sodium chloride, minced with
scissors while under water, and resuspended
in 1 ml 0 5% pepsin in 0 9% sodium chloride
adjusted to pH 1 5 with 2N hydrochloric acid.
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Figure 1 Scattergrams of
DIs comparing values
obtained using image
analysis (VIA) andflow
cytometry (FCM) of
ovarian tumours. Diploid
DIs were obtained using
rat hepatocytes as diploid
controls (left) and
fibroblasts as an internal
control (right). The two
outliers in the right hand
figure represent borderline
ovarian tumours. At
clinicalfollow up both
patients were alive with no
evidence of tumour
recurrence.
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The suspension was then incubated for 30
minutes at 37°C in a water bath, with the
suspensions vortexed every five minutes, after
which the reaction was stopped by washing
the nuclei in 3 ml HEPES buffered RPMI
(pH 7-1). The suspension was then filtered
using a 53 gm mesh and spun at 1000 rpm for
10 minutes. The resulting nuclei were resus-

pended in 0-5 ml RPMI medium, and a 20 ,l
aliquot was removed to determine the nuclear
yield (20 [ul of nuclear suspension mixed with
20 pl of trypan blue). The cells were then
centrifuged on to slides using the Shandon
Southern cytospin centrifuge (750 rpm for
five minutes). These were fixed in 10%
neutral formalin.
The cytospins and one 5 ,m section from

each phaeochromocytoma was then stained
with the Feulgen stain, together with cells
provided by Cell Analysis Systems, Inc, Elm-
hurst, Illinois, USA (CAS) (rat hepatocytes)
and 5 pm sections of tonsillar tissue for con-

trols. The Feulgen staining was carried out
for one hour, with an eight minute period of
hydrolysis at 60'C using 2 7 M hydrochloric
acid.
Both the cytospins and the 5 ,um sections

were examined blind using the CAS-100/
QDA system, and scanning at a wavelength of
560,m.4 The system was calibrated using rat
hepatocytes provided by CAS. Cells which
appeared complete and were not overlapped
by others were studied under x 40 power. At
least 200 cells from each tumour were exam-

ined in the 5 gm sections, and 100-200 in the
cytospin preparations, with cells taken from
multiple areas of the section or slide. The
DNA histogram was then generated by the
QDA program, and the DI of each histogram
was calculated by the computer.
The coefficients of variation of the DI

modal peaks of the 5 ,um sections and cyto-
spins of the phaeochromocytomas were com-

pared using the t-test, with percentage points
for a two-tailed distribution.

Figure 2 DNA
histograms of a multiploid
ovarian tumour showing
the close correlation
between flow cytometry
(above) and image
analysis (below).
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Results
Several methodological problems were

apparent early in the study. These included
the difficulty of obtaining good quality DNA
histograms on 5 jm sections and the recogni-
tion that calibration using rat hepatocytes
(provided by CAS on slides) was inaccurate in
terms of determining the DI in paraffin wax

embedded tissue. The diploid DI was
therefore determined by measuring the DNA
content of 20-50 fibroblasts in the tumour
specimen and then corrected using this value.
There was a good correlation between the

DIs of ovarian carcinomas obtained using
flow cytometry and image analysis of cytospin
nuclei extracted from paraffin blocks (figs 1

and 2). The problem with 5,m sections was

not confined to ovarian carcinoma but was
also seen in phaeochromocytomas where the
CV of the cytospin preparation (5-9%) was

significantly less than the corresponding 5 Mm
section (13 6%) (p = 0 001). This made it
very difficult to assess accurately DNA con-
tent in 5 ,um paraffin wax embedded tissue
sections (fig 3). Twelve tumours were classi-
fied the same using both methods (seven
diploid and five aneuploid). Fifteen tumours,
however, were classified differently by the two
methods, and these results are compared in
the table. In all but three of the tumours the

1-5 20 2-5 3-0
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Figure 3 The top
histogram shows the
problem of interpreting
some histograms obtained
using S pm sections
resultingfrom high CVs.
The cytospin preparation
resolves this problem,
showing an aneuploid
tumour with a DI of 1 17,
with a high proliferative
component in the G2+M
peak at a DI of 2.31, and
also some octaploid cells
with a DI of 4-8.
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DI was higher in the cytospin preparation
than in the 5 pm section, the mean difference
being 0-22 arbitrary units. This "left-shift" in
the 5 gm sections resulted in the classification
of eight tumours, which were tetraploid in the
cytospin preparation, as aneuploid in the 5 gum
section. An example of this "left-shift" is
shown in fig 4. The three tumours that were
classified as diploid on 5 pm sections but
aneuploid on cytospin all had DIs close to 1-2,
and these peaks were presumably masked in
the diploid peak due to the high CVs in the
5 gm sections.
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Differences in DNA pattern classification
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Aneuploid 1

Figure 4 DNA
histograms of a
phaeochomocytoma,
showing how the "left-
shift" resulted in the
classification of the tumour
as aneuploid using 5 pm
sections (above), but as
tetraploid using the
cytospin preparation
(below).
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Discussion
Cellular DNA content is of prognostic impor-
tance in a wide range of tumours including
breast, colorectal, non-small cell lung cancer,
ovarian and endometrial cancer, thyroid
carcinoma, melanoma, and phaeochromo-
cytoma.>'2 Although there have been some
conflicting results as to the prognostic import-
ance of tumour ploidy, it seems certain that it
will have clinical application in several tumour
types. A thorough understanding and appre-
ciation of the methodological and technical
constraints associated with the measurement of
cellular DNA content by flow cytometry or
image analysis is essential to interpret the
results of different studies. The aim of the
current study was to compare image analysis
and flow cytometric determination of DNA

Tetraploid content and to assess the potential advantages
3 and disadvantages of image analysis.
8 Most retrospective studies of the prognostic

importance of DNA content have used flow
cytometry, as it is regarded by many as the
"gold standard," because of the statistical
accuracy resulting from the large number of
cells analysed.'3 It also allows cell cycle analysis
to be performed, which is not possible with the
analysis of small number of cells, but it does not
permit visualisation of the cells analysed, thus
possibly introducing errors if the sample con-
tains relatively few tumour cells, with aneu-
ploidy being related to the percentage of
tumour cells in the sample.2

It is thus essential to assess accurately the
content of the sample used in the preparation of
the cells for flow cytometry. This can either be
done histologically (by assessing adjacent sec-
tions to those used in the preparation of the cell
suspension) or cytologically (assessing an
aliquot of the cell suspension used for flow
cytometry). This still does not permit the
distinction between diploid tumour cells and
other diploid cells in the sample, such as
stromal and inflammatory cells.
Image analysis of thin (4-5 pm) sections

permits direct visualisation of the cells
analysed, with simltaneous measurement of
other morphological information, which is not
possible using flow cytometry. It suffers,
however, from the problem that most of the
nuclei are not contained completely within the
section. The inaccuracy of the measurement of

4 5 DNA content increases with nuclear size, as the
larger the nucleus is, the smaller the proportion
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of the nucleus which is measured, and thus the
distribution ofDNA values around the modal
value becomes skewed to the left. This is
especially important in the study of tumours
such as phaeochromocytomas because of their
pleomorphic nature, with some cells being well
over 20 gm in diameter.14-6
The use of the cytospin preparation over-

comes this limitation ofimage analysis, and also
permits the measurement of the DNA content
of morphologically identified whole cells.'7 A
further advantage over flow cytometry is that
damaged nuclei and other debris can be
ignored, thus reducing "background noise"
and often making it easier to determine the DI
using image analysis rather than with flow
cytometry.'8
This study has shown that the cytospin

technique correlates well with flow cytometry,
with r = 0 94. This agrees with the findings of
previous studies, which show a very high
correlation, with r > 0;95.4 1819 In one study
using archival specimens of ovarian carcinoma
a combination of flow cytometry and image
analysis was shown to be the strongest prognos-
tic indicator, with these two methods being
complementary for the study of DNA ploidy
abnormalities.20 These methods could be used
to complement each other in future studies.

It has also clearly shown the superiority of
the cytospin technique when compared with
the use of 5 pm sections for image analysis. The
skewing of the DNA histogram referred to
above is clearly seen in the comparison of the
results from the cytospin and 5 pm sections of
the phaeochromocytomas. In all but- three of
the cases the DI ofthe cytospin was higher than
the DI of the 5 pm section, with this "left-
shift" resulting in eight tumours which had
tetraploid histograms in the cytospins being
classified as aneuploid in the 5 pm sections.
A comparison of image analysis and flow

cytometry using the cytospin preparation of
phaeochromocytomas was not performed
because the results from the ovarian tumours
had previously shown such a high degree of
correlation between these methods.
The superiority of the cytospin technique

was also shown by the difference in CVs
between the methods-the average CV
obtained in the cytospin preparations was
5 9%, compared with 13-6% in the 5 pm
sections (p < 0(001). The low CVs found in
this study agree with those previously reported
using this technique.'72' The greater accuracy
allowed the resolution of three aneuploid peaks
with DIs around 12 which were included in
the diploid peaks in the slide histograms.
The combination of the "left-shift" and the

difference in the CVs shows that the cytospin
technique is more accurate than 5 pm sections
in determining the DNA content of cells. In
some of the 5 pm sections the coefficient of
variation for the tumours was so high and the
shape of the histogram was such that the value
obtained as the DI is almost meaningless.
This study also highlights some of the

problems associated with the technique of
image analysis and emphasises the importance
of using internal controls to determine the

diploid DI in image analysis.
There are a large number of factors which

need to be rigorously controlled in the staining
technique to ensure reliable results in image
analysis. These have previously been reviewed,
and include the hydrolysis time, the pH, tem-
perature, age ofthe Schiffreagent, the purity of
the pararosaniline dye used, and the type of
fixative.22 If these are not standardised they can
also produce high CVs.
The 5 pm sections and the cytospin prepara-

tions in this study were stained in four groups,
and despite rigorous control of the staining
technique a variation in the staining was noted
between them. Although most of the diploid
peaks occurred in the same position, there was a
variation of almost fourfold between the lowest
and the highest values of the diploid peak in
absolute units.
This variability in staining has also been

reported in the staining of archival specimens
with fluorescent dyes for flow cytometry, and
thus is presumably due to either the method of
fixation or the age of the tissue block.'
The inaccuracy produced by this variability

was corrected by measuring the DNA content
of fibroblast nuclei in the same 5 pm section or
cytospin, and using this value as the diploid DI.
The DNA content of the tumour was then
compared with this value. The lymphocytes
that were measured were often pyknotic and
saturated the screen image of the cell, and this
may also result in inaccuracies in the diploid
DI. Thus fibroblasts, where the nuclear
material was more dispersed as in the tumours,
were preferred as the diploid control.

In conclusion, image analysis using the
cytospin preparation can be used to analyse
paraffin wax embedded tissue accurately, and
correlates well with values obtained by flow
cytometry. There are, however, several poten-
tial problems with image analysis of paraffin
wax embedded tumours which must be recog-
nised and avoided to permit accurate assess-
ment of tumour ploidy.
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of Sydney.
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