
Abstract. In the present study, we investigated the
influence of cytological stains in analyzing DNA extracted
from cytological slides by comparative genomic hybridization
(CGH). Multiple imprint cytological slides were prepared
for fresh-frozen breast cancer tissue samples and the slides
were stained by three staining methods for each sample.
Under microscopic observation, cancer cells were selectively
microdissected from the slides and forwarded to DNA
extraction, whole genome amplification, and CGH analysis.
CGH was successfully performed for all methylgreen-
stained and May-Grunwald-Giemsa (MGG)-stained cyto-
logical smear slides, but for two Papanicolaou (PAP)-
stained slides. The number of chromosomal imbalances
detected were 5-10 in methylgreen-stained slides and 5-9 in
MGG-stained slides. The chromosomal imbalances resemble
each other between methylgreen-stained and MGG-stained
slides. The present study indicates that the MGG stain is
preferred to the PAP stain for the purpose of cytogenetical
analysis by CGH for DNA extracted from cytological smear
slides.

Introduction

Cytological examination, as shown by its popular use in the
screening programs for uterine-cervical or lung cancer,
developed as a method to detect malignant cells based on
morphological observation. Over the years, however, cyto-
pathology laboratories have experienced dramatic changes
in the types and numbers of specimens submitted for
cytological evaluation (1). In clinical medical practice, the
cytological examination is expected to have ever higher

quality and accuracy. When histopathological diagnosis is
not available for some reasons, cytological diagnosis may be
regarded as the final diagnosis and treatment decisions may
be made based on it. Thus, it is reasonable that techniques
improving the diagnostic accuracy and quality should be
applied to diagnostic cytology.

Cancer arises as a result of accumulation of various
genetic and epigenetic abnormalities (2). Cytogenetical
analysis of individual malignancy is thus thought to be
essentially important for recently advocated evidence-based
or personalized medicine. For this purpose, molecular-
cytogenetical techniques such as comparative genomic
hybridization (CGH) (3), have been developed. CGH
measures the ratio between fluorescence-labeled sample
DNA and differently fluorescence-labeled normal reference
DNA, which are simultaneously co-hybridized on normal
metaphase chromosome spreads (4) or array of chromosome
DNA segments (5). A computer-based analysis of fluorescence
pattern of hybridized chromosomes reveals loss, gain, or
amplification of chromosome DNA segments. Thus, in a
single hybridization, CGH enables to detect chromosome
imbalances across the whole genome and to screen onco-
genes and tumor suppressor genes associated with tumori-
genesis and tumor progression.

Differing from classical karyotypic analysis, CGH can be
applied to various specimens, such as cell lines, short-term
cultured cells, blood specimens, fresh-frozen tissues, and even
archival formalin-fixed paraffin-embedded tissues (3). This
broad applicability is one of the reasons why CGH has been
widely used in the field of cancer cytogenetical research.
Nonetheless, it is sometimes difficult to obtain a sufficient
amount of sample DNA, for example, unexpected degradation
of sample DNA and unavailability of surgical procedure for
tumor sampling. In such situations, cytological smears could
be used as an alternative source of sample DNA (6-10).

We have developed CGH techniques to analyze sample
DNA extracted from cytological slides (9,10). However,
several problematic factors exist that adversely influence the
CGH results, such as cytological stains and mounting media.
In the present study, we describe our CGH techniques to
analyze DNA extracted from cytological slides and further
examined the influence of cytological stains on CGH.
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Materials and methods

Materials and DNA extraction. Seven surgically-resected
fresh-frozen breast carcinoma tissues were selected from the
department of pathology files of the Yamaguchi University
School of Medicine and affiliated hospitals. Cytological
imprint slides were prepared by touching breast carcinoma
tissue specimens to silane-coated glass slides and air-dried or
fixed in 95% ethanol at room temperature. More than three
slides were prepared for each carcinoma tissue specimen.
The cytological imprint slides were stained by the standard
Papanicolaou (PAP), May-Grunwald-Giemsa (MGG), and
the methylgreen methods (1). The slides were then observed
light-microscopically without mounting. Approximate 100-300
carcinoma cells were microdissected from each slide using a
28-gauge needle and collected into a plastic tube. The micro-
dissected carcinoma cell aggregates were incubated with 40 μl
of 1X Ex Tag PCR buffer (Takara, Tokyo, Japan) containing
0.5% Tween-20 and 0.5 mg/ml proteinase K at 55˚C for 3
days. After incubation, proteinase K was inactivated by heating
at 95˚C for 10 min.

Whole genome DNA amplification. Extracted DNA was
amplified by two-step degenerate oligonucleotide-primed
polymerase chain reaction (DOP PCR) (11). Sample DNA
lysate (1.0 μl) was mixed with 0.4 μl of 200 μM dNTP
mixture, 0.5 μl of 10 μM DOP PCR primer, 0.7 μl of thermo-
sequenase (Amersham, Tokyo, Japan), 0.5 μl of 5 x thermo-
sequenase reaction buffer (Amersham), and 2.6 μl of distilled
water. The mixture was then forwarded to the first DOP
PCR. The reaction condition of the first DOP PCR was
initial denaturation at 94˚C for 10 min and 5 cycles of
denaturation at 94˚C for 1 min, annealing at 25˚C for 1 min,
and extension at 74˚C for 2 min. In the second DOP PCR, a
total volume of the first DOP PCR product was mixed with a
44 μl of reaction solution containing 4.5 μl of 10X Ex Taq
PCR buffer (Takara, Tokyo, Japan), 3.6 μl of dNTP mixture
(Takara), 1.0 μl of 100 μM DOP PCR primer, 0.5 μl of Ex Taq
polymerase (Takara), and 34.4 μl of distilled water. Reaction
condition of the second PCR was initial denaturation at 94˚C
for 10 min, and 32 cycles of denaturation at 94˚C for 1 min,
annealing at 56˚C for 1 min, and extension at 72˚C for 3 min,
followed by the final extension at 72˚C for 10 min. DNA
extracted from normal female lymphocytes was also
amplified by DOP PCR and served as reference DNA.

Amplified sample and reference DNAs were electro-
phoresed on a 1.5% agarose gel and stained with ethidium
bromide to estimate satisfactory amplification and availability
to the following fluorescence labeling reaction.

Fluorescence labeling. DOP PCR-amplified sample DNA
product (1.0 μl) was mixed with 1.0 μl of 10X Ex Tag PCR
buffer, 1.0 μl of 10X PCR-labeling dNTP mixture (11), 0.4 μl
of 100 μM DOP primer, 0.5 mg of spectrum-green-11-dUTP
(Vysis, Downers Grove, IL, USA), and 1.0 U of Ex Tag poly-
merase. PCR condition was initial denaturation at 95˚C for 5
min, 25 cycles of denaturation at 95˚C for 1 min, annealing at
56˚C for 1 min, and extension at 72˚C for 2 min, followed by
final extension at 72˚C for 10 min. DOP PCR-amplified
reference DNA product was also labeled with spectrum-
orange-11-dUTP (Vysis) as described above.

CGH. Spectrum-green-labeled sample DNA (10 μl), 10 μl of
spectrum-orange-labeled reference DNA, and 30 μg of
human Cot-1 DNA (Vysis) were precipitated with ethanol
and dissolved in hybridization buffer composed of 50%
formamide and 10% dextran sulfate. The probe mixture was
heat-denatured and hybridized onto denatured normal lympho-
cyte metaphase chromosomes on a CGH target slide (Vysis).
After hybridization, the target slide was washed and counter-
stained with 4,6-diamino-2-phenylinodole in antifade solution
(Vysis).

Color images of the hybridized metaphase chromosomes
were captured and the ratios of fluorescence intensity along
chromosomes were analyzed using a Quips XL software
program (Vysis). Chromosome DNA copy number aberration
(CNA) was defined as a sample-to-reference DNA fluore-
scence ratio. Loss, gain, and amplification of sample DNA
copy number were considered when CNAs were <0.8, >1.2,
and >1.4, respectively (9). CNA was not scored at or near
centromeres.

Results

Electrophoresis. DNA samples that were extracted from the
imprint cytological slides and amplified by DOP PCR were
electrophoresed on a 2.0% agarose gel. DNA samples that
were extracted and amplified from methylgreen-stained and
MGG-stained slides were observed as smears ranging from
100 bp to 1.5 kbp in size (Fig. 1). DNA samples from PAP-
stained slides tended to distribute in a full range of the gel.

CGH. CGH analysis was possible in 7 of 7 MGG-stained
imprint cytological slides (100%), 7 of 7 methylgreen-stained
slides (100%), and 2 of 7 PAP-stained slides (29%). In CGH
for DNA extracted from PAP-stained slides, the intensity of
spectrum-green fluorescence conjugated with sample DNA
was too low to analyze satisfactorily in 5 of 7 CGH target
slides. The intensity of spectrum-orange fluorescence con-
jugated with reference DNA was sufficiently high for analysis
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Figure 1. Electrophoresis of amplified DNA by degenerate oligonucleotide-
primed polymerase chain reaction (DOP PCR). (6-9) Amplified DNA from
methylgreen-stained and MGG-stained cytological slides were observed as
smears ranging from 100 bp to 1.5 kbp in size. (5) Amplified DNA from
Papanicolaou-stained cytological slide tends to distribute in a full range of
the electrophoresis gel. M, size marker; (1-4) Amplified reference DNA
(normal female lymphocyte); (5) Amplified DNA from Papanicolaou-
stained cytological slide; (6,7) Amplified DNA from May-Grunwald-
Giemsa-stained cytological slides; (8,9) Amplified DNA from methylgreen-
stained cytological slides.
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in all the CGH target slides. In CGH for DNA extracted from
MGG-stained and methylgreen-stained slides, the intensity of
spectrum-green and spectrum-orange fluorescence was
sufficiently high for analysis (Fig. 2).

The numbers of CNA detected were 4-9 (mean 6.1) in
MGG-stained cytological samples, and 5-10 (mean 6.9) in
methylgreen-stained samples (Table I). The numerical
differences in CANs detected between MGG-stained and
methylgreen-stained cytological samples were 0-2 (mean
0.9). The CNAs detected were the same between MGG-
stained and methylgreen-stained cytological samples in one
of 7 breast cancer specimens (Table I, no. 4). Furthermore, in
the remaining 6 specimens, the CANs resembled with each
other between MGG-stained and methylgreen-stained
cytological slides. The sensitivity of the CNAs detected from
MGG-stained cytological slides for those from methylgreen-
stained slides was 75-100% (mean 83.4%).

Discussion

To the best of our knowledge, Aubele et al first analyzed
sample DNA extracted from uterine-cervical smear slides by
CGH (6). Taking their result and others (7,8) into consider-
ation, we have developed CGH techniques combined with
microdissection and whole genome amplification for sample
DNA extracted from cytological smears (9,10). However,
several problematic factors exist, such as cytological stains
and mounting media, influencing the CGH results. The
present study was designed to investigate the influence of
cytological stains on CGH for DNA extracted from
cytological slides.

It is known that the availability and reliability of DOP
PCR CGH depends on the quality of sample DNA for whole
genome amplification and fluorescence labeling. Methyl-
green stain is widely used as counterstain in the DNA
extraction from sample tissue sections because DNA
extracted from a methylgreen-stained tissue section is better
in quality than that extracted from tissue sections stained by
other methods (11). In the present study, DNA extracted
from methylgreen-stained cytological slides showed the best
quality in whole genome DNA amplification and following
CGH among the cytological stains examined. However,
methylgreen stain is usually poor in the observed cellular
structure, thus, considered to be inappropriate for use in
diagnostic cytology.

The PAP stain is most widely used for the purpose of
diagnostic cytology. In the present study, 5 of 7 DNA samples
extracted from PAP-stained cytological slides failed to show
sufficient fluorescence signals on the hybridized metaphase
chromosomes. Failed CGH might be due to hematoxylin and
heavy metal ions such as phosphotungstic acid in the staining
solution, which were reported to disturb DOP PCR
amplification (11).

Although the MGG stain is poor in cytoplasmic trans-
parency comparing to the PAP stain, the MGG stain has been
used in the stain of air-dried cytological preparations including
aspiration biopsy, blood, and bone marrow samples. In the
present study, DNA samples extracted from the MGG-stained
cytological slides were better in the DNA amplification and
fluorescence labeling than those from the PAP-stained slides.
The CGH results of the MGG-stained cytological slides were
almost comparable to those of the methylgreen-stained
slides, and the CNAs detected from the MGG-stained and
methylgreen-stained cytological slides resemble each other.
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Figure 2. Case no. 2. (A) Imprint cytological slide of invasive ductal
carcinoma of the breast stained by the May-Grunwald-Giemsa technique.
(B) Fluorescence image of metaphase chromosomes in comparative genomic
hybridization for DNA extracted from May-Grunwald-Giemsa-stained
imprint cytological slide. Green, red, and blue fluorescence is observed
equivalently with regional differences. (C) Result of comparative genomic
hybridization for DNA extracted from imprint cytological slide. The right-
sided green lines represent DNA copy number gains and amplifications, and
the left-sided red lines losses.
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Taking these results into consideration, the MGG stain is
preferred to the PAP stain as a cytological staining technique
for the purpose of CGH analysis of sample DNA extracted
from cytological slides.

Furthermore, in our preliminary study, it was shown that
a kind of cytological mounting media severely disturbed the
whole genome DNA amplification and fluorescence labeling
by DOP PCR (data not shown). Although this is thought to
be another important problem in analyzing DNA extracted
from cytological slides, the influence of cytological mounting
media on CGH performance has rarely been studied (12).
Thus, in the present study, the stained cytological slides were
forwarded to DNA extraction without mounting to avoid
the influence of mounting media. Further studies will be
necessary to clarify the influence of cytological compound
medium on CGH.

In summary, we described our CGH technique to analyze
DNA extracted from cytological slides and examined the
influence of cytological stains on the CGH results. The MGG
stain is preferred to the PAP stain for the purpose of CGH
analysis of DNA extracted from cytological smears.
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Table I. Chromosomal imbalances detected by DOP PCR CGH for DNA extracted from imprint cytological smears of breast
cancer specimen.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Methylgreen stain
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Specimens (no.) Gain and amplification Loss
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 1q, 3q22-q23, 8q23-qter, 16p 9p, 9q21-q33, 11q23-qter, 14q

2 10p14-pter, 16p, 16q12-qter, 17q21-qter, Xq13-q21 3p12-p21, 6q13-q25, 9p13-pter, 9q22-q32, 18q12-pter

3 1q32-qter, 4p 10p12-p14, 10q22-qter, 11q14-q24, 18q22-qter

4 13q21-qter 3p14-24, 10q25-q26, 11p14-p15, 11q23-qter

5 2p22-p24, 2q36-qter, 5q14-q22 7p13-p21, 8q24, 16q23-qter
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6 1q41-qter, 16p 3p14-p24, 9p13-p21, 9q21-qter, 11q23-qter

7 2q36-qter 3p12-p21, 6q13-q25, 9p12

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Papanicolaou stain

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Specimens (no.) Gain and amplification Loss
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 1q, 16p 9p, 11q23, 14q

2 na na
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–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
DOP PCR CGH, degenerate ologonucleotide-primed polymerase chain reaction comparative genomic hybridization. na, not analyzable.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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