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Detection of chromosomal abnormalities using fluorescence
in situ hybridization (FISH)

V. JOBANPUTRA, A. KRIPLANI, V. P. CHOUDHRY, K. KUCHERIA

ABSTRACT
Background. A number of studies have demonstrated the

use of molecular cytOgenetic techniques for clinical diagnosis. We
compared the results of FISH analysis and conventional cytoge-
netics on different tissue samples for detection of chromosomal
aberrations and to assess the utility of FISH assay for clinical
diagnosis.

Methods. Karyotypic analysis was carried outon 50 samples-
20 peripheral blood samples, 20 bone marrow samples and 10
prenatal (chorionic villi/amniotic fluid) samples. The same chro-
mosome preparations were further subjected to FISH analysis
using probes specific for chromosome X, Y, 21 or bcr-abl gene.

Results. The results of FISH analysis were in conformity with
the cytOgenetic results in all the samples except one. FISH analysis
could reveal hybridization signals even on poorly spread metaphase
chromosomes and interphase nuclei. It was also possible to detect
subtle chromosomal aberrations which were not detected using
conventional chromosomal analysis.

Conclus/on. FISH is a powerful, sensitive molecular cytO-
genetic technique which can be used as an adjunct to conventional
chromosomal analysis for prenatal diagnosis and the diagnosis and
management of cancer patients. FISH analysis should be used as
a supplement to conventional cytOgenetics.
Natl Med J India 1998; 11:259-63

INTRODUCTION
Chromosomal imbalances have been implicated in a number of
genetic diseases and cancers. The incidence of karyotype abnor-
malities at birth is about 0.5%-1 %, most of which are aneup-
loidies.' The most frequent aneuploidies involve trisomy of
chromosomes 21, 18 and 13; monosomy of the X chromosome
and the 47, XXY chromosome complement. These aneuploidies
account for up to 95% of chromosomal abnormalities in new-
borns.? Grossly abnormal karyotypes have also been reported in
certain malignancies. The best known tumour-specific rearrange-
ment produces the Philadelphia (Ph) chromosome, a very small
acrocentric chromosome seen in 90% of patients with chronic
myeloid leukaemia. This chromosome is produced by a balanced
reciprocal 9;22 translocation. The breakpoint on chromosome 9 is
within an intron of the abl (Abelson) oncogene. The translocation
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joins most of the abl genomic sequence onto a gene called bcr
(breakpoint cluster region) on chromosome 22, creating a novel
fusion gene.'

Conventional chromosomal analysis from a variety of prenatal
and postnatal tissue specimens is done using various banding
techniques. Chromosome banding techniques have been the gold
standard for cytogenetic analysis. The precise identification of
individual chromosomes, and numerical and structural aberra-
tions largely depends on the correct interpretation of the classical
GTG-banding patterns. However, conventional methods of chro-
mosomal analysis are associated with several technical difficul-
ties and pitfalls in various tissues. The time required to carry out
a full karyotype analysis varies from 1-3 weeks depending upon
the diagnostic sample and the culture methods used, especially for
prenatal diagnosis and cancer cytogenetics. Therefore, techniques
which are more sensitive, less time-consuming, have a higher
resolution power, and provide rapid and accurate diagnosis would
be of greater benefit.

The molecular cytogenetic technique of fluorescence in situ
hybridization (FISH) has been used to elucidate genetic changes
in cancers, and in detection of prenatal and neonatal genetic
diseases.' FISH has the potential to be used in identifying the
desired DNA in the interphase nucleus and poorly spread
metaphase. Since each nucleus is independently analysed without
gene amplification, false-positive results are infrequent.'

We compared the results ofFISH on metaphase and interphase
nuclei with that of conventional cytogenetics to assess its utility
for clinical diagnosis. To assess its diagnostic value, we used
FISH on metaphase chromosome preparations and interphase
nuclei obtained from peripheral blood lymphocyte cultures, bone
marrow cells, chorionic villi samples and amniotic fluid cells.

METHODS
Cell samples, tissue culture
Fifty patients were investigated for chromosomal abnormalities.
These included 20 patients with primary amenorrhoea, gonadal
dysgenesis, hypogonadisim or mental retardation (peripheral
blood), 20 with chronic myeloid leukaemia (bone marrow) and 10
high-risk pregnancies (chorionic villi and/or amniotic fluid cells).

Chromosome preparations
Metaphase chromosome spreads were prepared from tissue samples
using the direct preparation method or after 72 hours to 2 weeks
culture. All the samples were analysed for chromosomal aberra-
tions using GTG-banding. A part of the same cell suspension was
used for FISH analysis of metaphase spreads and interphase
nuclei.

FISH analysis
FISH analysis was performed on interphase nuclei and poorly
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spread metaphases, using centromeric and locus-specific probes
for chromosomes X, Y, 21 and the bcr-abl gene (Philadelphia
chromosome).

Slide preparation
The fixed cell suspension was dropped onto clean, chilled slides
and air dried. The slides were observed under a phase contrast
microscope and the area with highest cell density was marked
using a diamond pencil.

Probes
Commercially available FISH probes were procured from Vysis,
USA for analysis. Probes for chromosomes X and Y were specific
for the alpha satellite DNA of the centromeric region. The X
chromosome probe specific for the region Xp 11-q 11(DXZl),
labelled with spectrum orange and the Y chromosome probe
specific for the region Yp11.1-q 11.1 (DYZ3) labelled with spec-
trum green fluorophor were used. The chromosome 21 probe was
specific for the region 21q22.13 (loci D21S259, D21S341 and
D21S342) labelled with spectrum orange fluorophor. The probe
for the bcr-abl gene was specific for the bcr locus (22q 11.2)
labelled with spectrum green and the abllocus (9q34) labelled
with spectrum orange fluorophor.

Denaturation and hybridization
Denaturation and hybridization of the specimen DNA and the
probe was performed on Hybrite, denaturationlhybridization sys-
tem for FISH (Vysis, USA) according to the manufacturer's
instructions. Briefly, 10 ul of the probe was applied on a hybrid-
ization area, a coverslip was placed and sealed using rubber
cement. Denaturation of the probe and the target DNA was carried
out for 2 minutes at 73±1 "C. Hybridization was carried out at 37
-42 °C overnight in.a humidified box. The next day, the slides
were washed in 0.3% NP-40 in O.4xSSC at 73°C for 2minutes and
in 0.1% NP-40 in O.4xSSC at room temperature for 1minute. The
slides were air dried, 10 ul of DAPI counterstain was applied,
covered with a coverslip and sealed.

Microscopy and image analysis
The slides were examined under a Zeiss Axiophot microscope
using a triple band pass filter set (DAPI, FITC and Texas red).
Images were captured using a CCD camera attached to the micro-
scope and image analysis was performed using Quips Smart
Capture FISH Imaging Software (Vysis, USA). A minimum of
100 nuclei were scored and the number of fluorescent signals in
each nuclei was recorded for each case. Nuclei free from any
attached cytoplasm or cellular membrane showing 0, 1,2,3 or 4
signals were selected for scoring. Only those signals which were
well embedded in the nucleus were scored. Clumped nuclei and
nuclei showing low fluorescence intensity or overlapping signals
were excluded from analysis.

RESULTS
The comparative results of cytogenetic and FISH analysis are
shown in Table I.

Of the 20 patients with primary amenorrhoea, suspected go-
nadal dysgenesis, hypogonadism and mental retardation analysed
for chromosomal abnormalities, 16 showed normal chromosome
complement whereas 4 showed numerical aberrations using GTG-
banding. The FISH results were in conformity with the cytoge-
netic results in all the four patients and showed aneuploidy of the
sex chromosome and chromosome 21. FISH probes for the X and

THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 11, No.6, 1998

TABLE 1. Comparison between the results of cytogenetic and FISH
analysis (with scoring results of 100 analysed nuclei)

Sample Cytogenetic Probes FISH analysis

analysis used No. of nuclei showing signals

0 1 2 3 4

Blood 47, XXX XY 2 4 94 I
Blood 47, XXY XY 3 6 90 2
Blood 45, X XY 4 86 5 4 1
Blood 47, XY+21 21 2 4 4 89 2
CVS 46,XX XY 3 5 87 3 2

21 2 4 92 4 2
CVS XY 2 4 89 6 1

21 3 5 90 1 2
AMN 46, XY XY 3 5 90 1 4

21 2 4 88 5 3
AMN XY 4 5 85 3 4

21 5 91 6
AMN 46, XX XY 2 4 90 1 5

21 3 2 86 8 2
CVS 46, XY XY 2 3 87 5 4

21 1 3 93 3 1
CVS 46, XX XY 4 2 90 5 2

21 3 1 91 2 4
AMN 46, XY XY 3 5 86 4 3

21 2 4 88 6 3
CVS 46, XY XY 2 4 93 3 2

21 5 91 5 3
CVS 46, XX XY 3 4 87 4 2

21 2 92 3 4
BM Ph +ve bcr-abl 1 2 6 91
BM Ph +ve ber--abl 4 3 2 4 87
BM Ph +ve bcr-abl 1 1 3 5 90
BM Ph +ve bcr-abl 3 1 2 6 92
BM Ph +ve bcr-abl 2 4 2 91
BM Ph -ve bcr-abl 3 2 5 7 88
BM Ph +ve bcr-obl 2 1 4 93
BM Ph -ve bcr-abl 3 3 3 6 85
BM Ph +ve bcr-abl 4 1 1 5 90
BM Ph -ve bcr-abl 4 1 2 88 9

CVS chorionic villus sample AMN amniotic fluid BM bone marrow aspirate

Y chromosomes on metaphase spreads and interphase nuclei
showed 3 orange (specific for chromosome 21) signals in the case
with 47, XY+21 (Fig. la). Using the same probes three orange
signals were seen in the case with 47, XXX and one orange signal
in the case with 45, X karyotype. In the case with 47, XXY two
orange (for X chromosome) signals and one green (for Y chromo-
some) signal were seen on the metaphase spreads as well as on the
interphase nuclei (Fig. 1b).

Of the 4 chorionic villi samples and 6 amniotic fluid samples,
metaphase chromosome preparations were obtained in 3 chori-
onic villi samples and 5 amniotic fluid cell cultures. Cytogenetic
analysis was further confirmed by FISH analysis (Table I). Karyo-
typic analysis was not possible in one chorionic villi sample and
one amniotic fluid sample because of a low mitotic index and
clumped metaphases, respectively. Preparations from these two
samples were subjected to FISH using probes specific for chromo-
some X, Y and 21. The chorionic villi sample showed two orange
signals (X chromosome) on metaphase spreads (Fig. lc) and
interphase nuclei. In the amniotic fluid sample, one green (Y
chromosome) and one orange (X chromosome) signal were ob-
served on metaphase spreads, clumped metaphases (Fig. Id) as
well as on interphase nuclei. Using a probe specific for chromo-
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FIG1. Identification of chromosomal abnormalities in interphase nuclei and metaphase chromosomes using fluorescence in situ hybrid-
ization (FISH). (a) Three signals for 21q22.13 (orange) in a 47, XY+21 male nucleus. (b) Two signals for the X centromere, Xpl1.1
(orange) and one signal for the Y centromere, Ypl1.1 (green) in a 47, XXY male nucleus. (c) A chorionic villus sample showing two
signals for the X centromere (orange), in a 46, XX foetus. (d) Amniotic fluid cell culture showing one signal for the X centromere, and
one signal for the Y centromere (green) in a 46, XY foetus. (e) Bone marrow cell nuclei of a chronic myeloid leukaemia patient
showing ber (green), abl (orange) and bcr-abl fusion (yellow).

some 21, 2 orange signals (chromosome 21) were observed in
these samples. The use of FISH analysis confirmed the absence of
aneuploidy of chromosome X, Y and 21 in these samples.

Of the 20 bone marrow samples from chronic myeloid leu-
kaemia (CML) patients, 17 patients were found to be Ph-positive
[showing t (9;22) (q34;qll)] while 3 were Ph-negative using
conventional cytogenetics. Seven samples, randomly selected
from the Ph-positive cases, were analysed by FISH for standard-
izing the technique (Table I). Ph-negative cases were further
analysed using the FISH technique. Two cases showed two green
(ber) and two orange (abl) signals, confirming two normal ber and
abl genes on chromosomes 9 and 22, respectively. One case
showed one orange (abl), one green (ber) and one yellow (hybrid
of orange and green) signal. The yellow signal represents the bcr-
abl hybrid on chromosome 22 in metaphase spreads. These
signals were also seen on interphase nuclei (Fig. le). The results
clearly indicate that though the patient was Ph-negative, the bcr-
abl hybrid oncogene was present.

DISCUSSION
Chromosomal analysis provides critical diagnostic and prognos-
tic information for a variety of disorders and cancers. The main-

stay of karyotype analysis are chromosome banding techniques.
These have the distinct advantage of allowing analysis of the
entire genome in a single experiment." Chromosome karyotyping
by conventional cytogenetics depends critically on the quality
and quantity of metaphase spreads.' Poorly spread or contracted
metaphase chromosomes are difficult to analyse using conven-
tional banding methods. In recent years, FISH has played an
increasingly important role in diagnostic cytogenetics." Impor-
tantly, FISH with chromosome-specific probes can be used to
detect the number of copies of a particular chromosome in
interphase nuclei. 9-16

We performed an independent evaluation of detection of
chromosomal aberrations by using FISH on metaphase spreads
and interphase nuclei in different types of samples. The assay
confirmed the cytogenetic findings on interphase nuclei and in
metaphase spreads in all the cases analysed. In specific cases with
poor quality of chromosome spreads, FISH analysis was useful in
excluding the aberrations of specific chromosomes for which the
probe was used.

The most stress-laden cytogenetic studies are those used for
prenatal diagnosis. It demands accuracy and speed because of
potential abnormal outcomes and the time constraints which may
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limit possible intervention.'? The rapid identification of aneup-
loidy with deleterious consequences, such as triploidy, can have
a major impact on patient care." Early availability of normal
results has a positive effect on maternal-foetal attachment and
decreases anxiety levels. 19 As FISH analysis can be performed on
interphase nuclei and poorly spread metaphase chromosome, it
has great value both for the patient and for health care providers. 20

FISH analysis demonstrated bcr-abl rearrangement in the
metaphase spreads and interphase nuclei of a CML patient who
was detected to be Ph-negative using the conventional GTG-
banding technique. This shows that cytogenetic analysis has
limitations of resolution which can be overcome by the FISH
technique.

We did not find any mosaic cases by cytogenetic analysis of
peripheral blood lymphocyte cultures from patients with repro-
ductive disorders or mental retardation, or in any of the prenatal
samples from high-risk pregnancies. In bone marrow samples
from CML patients, the percentage of Ph-positive metaphases
varied. No mosaicism was detected in Ph-negative cases either.
The Ph-negative but bcr-abl positive CML case did not show any
mosaicism. It has been proposed that there might be variations in
the range of nuclei exhibiting the signal. This can be attributed to
sample quality, slide preparations, and hybridization or detection
efficiency rather than to the low level of mosaicism; however this
probability can never be excluded."

Occasionally, it is not possible to obtain well spread metaphases
from cancer tissue and chorionic villus samples. The results of this
study on different samples show that application of FISH to
interphase nuclei and poorly spread metaphases is of value to
diagnostic cytogenetics. The major advantages are: (i) the results
are available within 2 days compared to 1-2 weeks by conven-
tional cytogenetic techniques, (ii) FISH analysis can be per-
formed on interphase nuclei, thus avoiding the need for dividing
cells that have to be arrested at metaphase for chromosomal
analysis, (iii) it is sensitive and specific, thereby allowing detec-
tion at a higher resolution than conventional cytogenetic tech-
niques, (iv) the interpretation of chromosome banding patterns
require skilled personnel," whereas FISH analysis can be auto-
mated.

The use of multicolour FISH for simultaneous detection of
chromosomes X, Y, 13, 18 and 21 in a single experiment for
prenatal diagnosis has been reported." Simultaneous visualization
of 723-25 and even 12 different probes" has also been reported.
FISH assay has been reported to be very useful for the diagnosis
of 22q 11.2 microdeletion syndromes, particularly DiGeorge syn-
drome.27•28 Larson et a(l9 demonstrated the ability of FISH to scan
and identify microdeletions in patients whose routine karyotype
appears normal, yet are mentally retarded and/or developmentally
delayed. They have combined probes for the commonly deleted
regions of Praeder-Willi, Angelman, Williams, Smith-Magenis
and DiGeorge/valocardiofacial syndromes in a single hybridiza-
tion. Newer methods of M-FISH (Multiplex FISH) and SKY
(Spectral karyotyping) are emerging. In future, with improved
probes these methods may be integrated and accepted into routine
clinical work.

However, FISH analysis has limitations. These are: (i) it is
mainly used to confirm the presence of previously characterized
or suspected aberrations." This is because selection of appropri-
ate probes for hybridization requires prior knowledge of the
suspected chromosomal abnormality. (ii) Targeted FISH with
specific DNA probes cannot be used for genome-widescreening
of chromosomal aberrations.
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FISH can be used independently to detect common aneup-
loidies in various prenatal and postnatal tissues and for specific
chromosomal aberrations in malignancies, for which a probe is
available. However, as specific probes are used in FISH it cannot
exclude other chromosomal aberrations which mayor may not be
associated with a particular disease or abnormality.

We conclude that interphase cytogenetics using FISH analysis
is a simple and rapid technique which can add to the diagnostic
utility of routine cytogenetic analysis. The use of FISH on inter-
phase nuclei and poorly spread metaphases overcomes the diffi-
culties of conventional chromosomal analysis of metaphase
spreads, and the time interval between sampling and diagnosis.
Therefore, FISH analysis is useful, especially for prenatal diagno-
sis and cancer cytogenetics, where rapid, sensitive and specific
methods are required for identifying chromosomal aberrations.
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Sudden Spark of Creativity
While a majority of middle-aged doctors enjoy hard-earned proficiency in their skills, the
practice of medicine becomes a trifle routine, irrespective of the discipline. In due course, the
more extrovert among them plainly run the risk of being identified as 'burnt-out cases' by their
friends, colleagues and students, while the introverts probably make subtle changes in their
routine after serious introspection. Just as I was looking for some alternative expression for my
untapped talents in the sphere of arts that I stumbled upon this article in Neurology by Miller
et al. (1998;51:978-82). The authors describe the emergence of new artistic talent in 5 cases of
frontotemporal dementia in previously untrained patients who went on to do some excellent
visual art for a few years before dementia finally caught up. They discussed the cause of such
paradoxical insights into the mechanisms of creative artistry. While the message may be a
welcome relief to some of our patients, the point is that the sudden artistic impulse that we so
much look forward to in ourselves could have a differential diagnosis, if it does come. I hate to
think of the collective loss to creativity across the nation that would ensue if more of my friends
suffer from self-doubts after reading the article seriously.

This was of course a preliminary study, and possibly has many lacunae. I would have been
happy to reject it vehemently as irrelevant to myse1fbut I remembered what Freud's teacher once
remarked, 'Remember Sigmund, your most adamant adversary is the one who is most convinced
that you are right.'
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