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A. Elzagheid and Y. Collan∗

Department of Pathology, University of Turku, Kiinamyllynkatu 10, FIN-20520, Turku, Finland

Received June 2001

Accepted 30 August 2002

Abstract. 48 fine needle aspiration biopsy (FNAB) samples from 25 breast cancer cases, originally used for cytodiagno-
sis were subjected to DNA cytometry. There were air dried smears stained with the MGG method, and samples stained
with HE or PAP stain after 50% ethanol fixation and cytocentrifugation. Different sampling strategies were applied. Four
methods were tested: method 1: cell groups measured, method 2: all cells measured, method 3: free cells measured,
and method 4: atypical free cells measured. Method 4 showed most often DNA aneuploid histogram patterns, sampling
method 1 had the highest number of DNA diploid histogram patterns. Diagnostic approaches may benefit from a sam-
pling method detecting the hiding aneuploid cell population. Grading of neoplasm could potentially benefit from other ap-
proaches.
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1. Introduction

Quantitation of nuclear DNA content by cytome-
try has come into practice as an adjunct to diagno-
sis and grading of malignant tumors [2,8,9,11,12,15],
also in association of fine needle aspiration biopsy
(FNAB). DNA cytometry could be helpful in confirm-
ing the impression of the cytologist and in giving fur-
ther value to FNAB diagnosis. To be most beneficial,
the methods should be applied on the same samples
from which the cytological evaluation has been done.
We have used this type of diagnostic system and report
here our experience on how different sampling prac-
tices will affect DNA cytometry histograms in this set-
ting.
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2. Material and methods

2.1. Samples

There were samples from 25 patients. The number of
samples per patient varied between 1 and 5 (Table 1).
All samples were originally diagnosed to present can-
cer. The biopsies were fixed in 50% ethanol and cy-
tocentrifuged on glass slides to be stained with HE or
Papanicolaou stain. In addition, smears were prepared
immediately after FNAB, air dried and stained with
May–Grünwald–Giemsa stain.

In association with this study different sampling
practices of DNA cytometry were compared.

It was also possible to compare the findings after
different ways of preparation of the original FNAB.

2.2. Feulgen staining

The samples were stained with Feulgen stain ac-
cording to the Gaub’s et al. method [7,13,20]. Be-
fore staining the samples were washed in xylene for
3–7 days to remove the cover glass and embedding
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Table 1

No. of cancer cases 25

No. of slides 48

No. of histograms 192

No. of air dried Giemsa stained smears 22

No. of ethanol fixed, cytocentrifuged samples 26

medium. The xylene was removed with ethanol fol-
lowed by descending (99–50%) ethanol series. The
samples were washed in distilled water, followed by
acid hydrolysis in 5 M hydrochloric acid at room tem-
perature (20◦C) for one hour. After washing in distilled
water, samples were treated in darkness with Schiff’s
reagent (stain: pararosaniline) for 2 hours 45 minutes
at room temperature (20◦C), rinsed in distilled water,
treated for 3× 10 minutes in fresh aqueous sodium
tiosulphate (180 ml distilled water, 10 ml 1 M HCl,
10 ml 10% Na2S2O5), and rinsed for 5 minutes. After
dehydration the smears were treated with xylene and
mounted, then stored in shade.

2.3. Equipment for image analysis cytometry

The intensity of Feulgen staining was measured us-
ing a computer-assisted image analysis cytometry sys-
tem with an Olympus BH-2 microscope (Olympus
Optical Co., Ltd., Tokyo Japan) utilizing ACAS soft-
ware (Ahrens Cytometry Analysis System for flow
and static cytometry, version 5.02, Olaf Ahrens, Labor
für Meßtechnische Beratung und Entwicklung, Bargte-
heide/Hamburg, Germany), and equipped with electri-
cal current stabilizer. The histograms produced by this
software have a resolution of 256 channels. The video
camera (Panasonic WV-CD20) had a pickup device of
the CCD type with 500× 582 (291,000) pixels. At
the objective magnification of 40× pixel width was
0.261µm, and corresponding pixel area 0.068µm2.
The computer had a video card with 512× 1024 pix-
els. The measurements were made with a plan ob-
jective (S-Plan 40×, numerical aperture 0.30). A sta-
bilized power supply (Laboratory DC power supply
model GPS 185, Goodwill Instrument Co., Taiwan)
was used for the current supply to the microscope to
keep the illumination stable. A 550-nm interference fil-
ter (IF 550, Olympus) was used to increase the con-
trast of the stained nuclei against the background (half
value width 550 nm+15/−45). Prior to each measure-
ment session the illumination of the microscope was
adjusted according to the method of Köhler. The sys-
tem was calibrated prior to each session.

2.4. Sampling alternatives

In our study, we have 48 samples originally stained
by different methods. Some of them were air-dried
smears and were stained with the MGG method while
the rest was stained with HE stain or PAP stain af-
ter 50% ethanol fixation and cytocentrifugation. We
started by testing several types of sampling strategies,
and these included the following. 100 nuclei consid-
ered to represent cancer were chosen for measurement
in addition to 30 small lymphocytes, which acted as
internal controls, were set at 2c and showed a thin
peak (CV � 4.2%). A glare correction [10,14] was
made with software of the Ahrens ACAS-programme
(Bargteheide/Hamburg, Germany). 4 different sam-
pling methods were applied:

2.4.1. Sampling method 1
We selected cells from the cell groups in the sample

and produced the DNA histograms from these cells.
This method was a selected procedure: all free cells
were left outside analysis. In this sampling method
there was a risk of nuclear overlaps within cell groups.
If there were overlaps the nuclei could not be measured
by DNA cytometry.

2.4.2. Sampling method 2
Cells in cell groups and free cells between cell

groups were measured with equal emphasis. When
measuring cell groups nuclear overlaps were avoided.
Free cells could usually be measured because overlaps
were few. Basically we are here dealing with a random
sampling method because all cells were taken for mea-
surement with equal emphasis.

2.4.3. Sampling method 3
Only free cells were measured, irrespective of atypia.

This is a selected sampling procedure.

2.4.4. Sampling method 4
The selection concentrated on finding themost atyp-

ical free cells. This method is a highly selective sam-
pling procedure.

2.5. Interpretation of the histogram

The diploid region was viewed to be situated within
the gate of 1.7–2.3c. A small number (<10%) of cells
in the tetraploid region (3.4–4.6c) was not consid-
ered to represent aneuploidy. When the mode of the
peak was completely within the gate of 1.7–2.3c, the
peak was defined as diploid. When parts of the cells
represented by the peak were outside the gate they
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Fig. 1. The use of different sampling methods in a case of diploid breast carcinoma (true smears). 4 sampling methods have been tried.
A: Method 1 (cell groups measured). B: Method 2 (all cells measured). C: Method 3 (free cells measured). D: Method 4 (atypical free cells
measured). In this case we are dealing with a diploid neoplasm which however contains a few DNA values outside the diploid region (peridiploid
cells). Note, however, the few individual potentially aneuploid cells in A, B, C and D. The control lymphocytes showed narrow peaks at 2c (CV
� 4.2%). In this sample the four sampling methods seem to give practically the same information.

were called peridiploid. When the mode of the peak
was outside the defined gate (1.7–2.3c), the peak was
called aneuploid. Aneuploid peaks were those with
modes outside the above gate and included peaks in the
tetraploid region (3.4–4.6c). Individual cells between
2.3–3.4c (without peak) were classified as proliferative
cells and individual cells>5c were classified as aneu-
ploid cells.

We consider the histograms as identical when the
mode of the peaks was located within the gate (A and B
in Fig. 2). In non-identical histograms the mode of the
peaks was located within different gates (D in Fig. 1
and D in Fig. 2). In this comparison the gates were 1.7–
2.3c, 2.3–3.4c, 3.4–4.6c, and above 4.6c.

3. Results

3.1. Comparison of sampling methods

The appearance of the histograms in FNAB’s of the
breast cancer was affected by different sampling meth-
ods. The histograms were also influenced by the meth-
ods of preparation of the samples (Fig. 4), but not to
the degree that conclusions between sampling meth-

ods were different in ethanol fixed cytospins or MGG-
stained smears.

3.1.1. Comparison of the sampling methods 1 (cell
groups) and 2 (all cells)

Identical histograms were found in 45/48 compar-
isons in respect to the location of peaks. In addition to
differences in the location of peaks there was the gen-
eral tendency of sampling method 2 to show more ane-
uploid cells (>5c) than sampling method 1. The lat-
ter difference was seen in 11/48 samples. Among air
dried smear (air dried when freshly prepared from the
biopsy material were stained with the MGG stain), the
peaks of the histograms were identical in 22/22 sam-
ples (Fig. 1). The result suggest that methods 1 and 2
give basically similar histograms irrespective of the
original way of preparation of the FNAB (cytospins,
MGG smears).

3.1.2. Comparison of the sampling methods 1 (cell
groups) and 3 (free cells)

These showed identical histogram peaks in 44/48
comparisons. In addition to the differences in the his-
togram peaks, there was the tendency of sampling
method 3 to show more aneuploid cells (>5c) than the
sampling method 1 (16/48 samples) (Fig. 3). Among
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Fig. 2. The use of different sampling methods in a sample originally fixed in 50% ethanol which appears diploid when cells of cell groups, or
all cells of the sample are analysed. A: Method 1 (cell groups measured). B: Method 2 (all cells measured). C: Method 3 (free cells measured).
D: Method 4 (atypical free cells measured). In this case method 1 and 2 showed diploid histogram patterns, method 3 included a number of cells at
4c, method 4 showed tetraploid histogram pattern. In all presented histograms control cells were at 2c and showed a thin peak. In characterization
of this neoplasm distinction should be made from the neoplasm presented in Fig. 1 in which all sampling methods showed the diploid pattern.
The hiding aneuploid pattern (tetraploidy) could be detected with the sampling method 4 only.

air dried smear, the histogram peaks were identical in
22/22 samples.

3.1.3. Comparison of the sampling methods 1 (cell
groups) and 4 (atypical free cells)

These showed identical histograms in 11/48 compar-
isons in respect to the location of the peaks. In addi-
tion to the differences in the location of the peaks, there
was the tendency of sampling method 4 to show more
aneuploid cells (>5c) than sampling method 1 (45/48
samples). Among air dried smear, the histograms were
identical in 5/22 samples. 17 samples were different in
respect to the histogram peaks. In these 17 the sam-
pling method 4 generally showed higher ploidies than
the cells selected by sampling method 1 (Fig. 2).

3.1.4. Comparison of the sampling methods 2 (all
cells) and 3 (free cells)

These showed identical histograms in 47/48 com-
parisons. But there was the tendency of sampling
method 3 to show more aneuploid cells (>5c) than
sampling method 2 (10/48 samples). Among air dried
smear, the histogram peaks were identical in 22/22
samples.

3.1.5. Comparison of the sampling methods 2 (all
cells) and 4 (atypical free cells)

There were identical histogram peaks in 12/48 com-
parisons. In addition to differences in the histogram
peaks, there was the tendency of sampling method 4 to
show more DNA aneuploid histogram patterns (42/48
samples). Among air dried smear, the histograms were
identical in 5/22 samples. 17 samples were different in
respect to the histogram peaks and in these 17 the sam-
pling method 4 (atypical free cells) generally showed
higher DNA aneuploid histogram patterns than the
sampling method 2.

3.1.6. Comparison of the sampling methods 3 (free
cells) and 4 (atypical free cells)

These showed identical histogram peaks in 12/48
comparisons. In addition to the differences in the
histogram peaks, there was tendency of sampling
method 4 to show more aneuploid cells (>5c) than
sampling method 3 (42/48 samples). Among air dried
smear, the histograms were identical in 5/22 samples.
17 samples were different in respect to the histogram
peaks. In these 17, the sampling method 4 showed
more aneuploid cells than the sampling method 3.
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Fig. 3. The use of different sampling methods in an aneuploid sample originally fixed in 50% ethanol. A: Method 1 (cell groups measured). B:
Method 2 (all cells measured). C: Method 3 (free cells measured). D: Method 4 (atypical free cells measured). There are basically two main
clones of aneuploid cells: cells having DNA content roughly between 2.2–3.1, and cells with DNA content dominantly between 5.0–6.6. The
latter group of cells corresponds to a cell population produced by cell cycle activation from the former. There are also DNA values outside the
above limits demonstrating the instability of the mitotic genome. The highest abnormal DNA values are to be found with the sampling method 4.
In this case all sampling methods revealed aneuploidy. The histogram patterns still appeared different, however.

The sampling method 4 (atypical free cells) showed
the most aneuploid histogram patterns followed by
sampling method 3 (free cells). Sampling method 2
(all cells) tended to produce histograms which looked
more euploid than sampling methods 3 and 4. Sam-
pling method 1 (cell groups) showed the least abnor-
mal pattern.

3.2. Comparison of DNA cytometry after different
sample preparation methods

The histograms of samples originally fixed in 50%
ethanol were not necessarily perfectly similar with his-
tograms from samples originally stained as air dried
smears. However, no consistent pattern could be de-
tected (Fig. 4). Comparison suggested that the differ-
ences were biggest when the sampling method 4 was
used, possibly suggesting the presence of difficulties in
characterization and selection of “atypical free cells”.

4. Discussion

Our study shows that the DNA analysis is possible
from FNAB samples which have been already stud-

ied for cytodiagnosis. Only occasionally there might
be difficulties in the destaining of May–Grünwald–
Giemsa stained smears taking place during the hydrol-
ysis. Samples stained with the PAP stain or H&E al-
ways seem to give consistent results. The findings of
the DNA analysis presented in the DNA histogram can
support histological diagnosis and also include an as-
pect of prognostication as shown by Auer et al. [1] and
Böcking et al. [6].

Our results on the various ways of sampling, how-
ever, show that different ways of sampling should be
considered when DNA histograms from FNABs are
produced. This is in line with the finding of Buhmeida
et al. [7] on prostate cancer. As in Buhmeida’s study,
also in our study the most atypical DNA histogram pat-
terns are to be found among free cancer cells, and not
among the cells of cell groups. Because this type of in-
formation has not been available earlier, the study sug-
gests further prognostic studies in which the applica-
tion of the available prognostic methods [1,6,11,16–
19] could be tested on the histograms produced by dif-
ferent sampling methods in breast cancer.

The use of several sampling methods may sound too
laborious. However, it seems to us at the moment that
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Fig. 4. The use of different preparation methods do not necessarily give perfectly similar histograms. A, Sample originally fixed in 50% ethanol.
B, The sample originally stained as a smear. In A and B sampling method 4 is used. Both preparation methods have detected aneuploidy. In C
and D sampling method 1 from same patient. C, Sample originally fixed in 50% ethanol. D, Sample originally stained as true smear. In this
comparison cytocentrifuged cells are more in favor of aneuploidy.

the use of methods 2 (all cancer cells) and 4 (atypical
free cells) will give more thorough general impression
about the DNA distribution in breast cancer samples
than method 2 (all cancer cells) alone. However, addi-
tional studies will be necessary in this evaluation.

A selective sampling for rare atypical nuclei no
doubt will be able to increase the diagnostic sensitivity
for cancer [15], as confirmed by this study.

Simple and complex algorithms or classification
strategies for histogram interpretation [1,3,4,6] may be
used for three purposes, depending on the material un-
der investigation and the diagnostic or clinical ques-
tions: for diagnosis of neoplasia, prognostication of
neoplasia, and therapy planning of neoplasia (ESACP
consensus) [5]. Testing the value of these different in-
terpretation options of the histogram, in association
with different types of sampling is urgent and may give
further support to differential diagnosis and prognosti-
cation after FNAB.

Our finding no doubt may have therapeutic conse-
quences. However, combining the DNA histogram fea-
tures and sampling methods with the follow-up of the
patients will be necessary before the clinical relevance
of findings can be proven. It is clear, however, that if
non-diploidy is considered as a reliable sign of malig-
nant or suspect cases, sampling based on atypical free

cells will find a higher number of patients for therapy
than cell group based analysis.

We are progressing toward studies on benign breast
disease including fibroadenoma to prove that selection
of free cells in benign lesions will result in consistently
diploid DNA histograms. From the biological point of
view, it may be that cells which are in DNA synthesis
heading towards mitosis are often presented as the free
cells. How often this may happen is unknown. From
the diagnostic angle it will be important to make a dis-
tinction between cells which are heading towards mi-
tosis, and between cells which have passed mitosis, or
have failed to produce a traditional mitosis and so have
been able to multiply their DNA without proper nu-
clear or cell division. Anyhow, it seems that more at-
tention should be paid to atypical free cells in FNAB
samples during the measurement by DNA cytometry to
detect abnormality at highest efficiency.
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