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Detection of Chromosome Aberrations in Interphase
Nuclei using Fluorescene In Situ Hybridization Technique

Hyung Geun Song, M.D., Seon Ok Choi, In Beom Kang, M.D.

Department of Pathology, Chungbuk National University College of Medicine

We report here several experiences of interphase cytogenetics, using fluores-
cence in situ hybridization (FISH) technique, for the detection of chromosome
aberrations. FISH, using alpha satellite specific probes of 18, X, Y chromosomes,
was done in interphase nuclei from peripheral blood of patients with Edwards’
syndrome, Kilinefelter’s syndrome and Turner’s syndrome with healthy male
and female controls, respectively. The distributions of fluorescent signals in 100
interphase nuclei were well correlated with metaphase findings. Nowadays FISH
plays an increasingly important role in a variety of research areas, including
cytogenetics, prenatal diagnosis, tumor biology, gene amplification and gene
mapping.

Key Words: Fluorescence in situ hybridization, Interphase cytogenetics, Chromosome aberration.

INTRODUCTION

Since the introduction of in situ hybridization, the tech-
nique has been used for the localization of DNA se-
quences in interphase and metaphase nuclei from
many different cell types. In the seventies, the first
methods were developed to overcome the disadvan-
tages of the original autoradiographic method, nota-
bly, the lower resolution and the long exposure times
needed. This resulted in the use of biotinylated DNA
probes and fluorescence visualization of the DNA-DNA
hybrids. Advantages of the latter method are the use
of nonisotopically labeled probes and a signal that can
be generated in a few hours. Thereafter, an important
technological improvement of the biotin-avidin detec-
tion system was the introduction of signal amplifica-
tion by successive treatments with fluorescently labeled
avidin and bictinylated antiavidin antibody (Pinkel et
al., 1986), achieving virtually the same sensitivity as
radioactive in situ hybridization.

The recent availability of satellite DNA probes specif-
ic for individual chromosomes has provided a new
class of molecular markers for the cytogenetic and
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genetic analysis of the human genome (Moyzis et al.,
1987; Willard, 1989). Chromosome specificity is a
general, although not the sole, mode of satellite DNA
evolution and has been described for a number of
classical satellites (Cooks and Hindley, 1979), « satel-
lite (Mitchell et al., 1985) and  satellite (Waye and
Williard, 1989) DNA probes. Such DNA probes are
increasingly used in for molecular cytogenetic analy-
sis of both metaphase chromosomes and interphase
nuclei (Cremer et al., 1986). Several studies have
shown that the results of in situ hybridization to inter-
phase nuclei (‘interphase cytogenetics”) correlate well
with metaphase findings (Cremer et al., 1988).

In this paper, we would like to introduce several ex-
periences, showing the clinical usefulness of inter-
phase cytogenetics using the FISH technique.

MATERIALS AND METHODS

Patients

Suitble materials were available from two adult pa-
tients with sex-linked disease and one autopsy case
with multiple congenital anomalies (Table 1).

As a control for ISH, a suspension of cultured lym-
phocytes obtained from two healthy individuals (a
women and a man; Table 1) was used.

Karyotype Analysis .

Metaphase cells of healthy individuals, and patients
1,2 and 3 were obtained following culturing in vitro:
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Table 1. Clinical and cytogenetic data
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Patient Age (years)/ Diagnosis Karyotype
No. Sex
1. Newborn/F Edwards’ syndrome 47, XX, +18=102
2 32/M Klinefelter's syndrome 47, XXY=8
3. 13/F Turner's syndrome 45, XO0=9:46, XX=10
4. 9/F Normal female 46, XX=11
5. Newborn/M Normal male 46, XY=10

* Number of counted metaphase

for 72 hours with phytohemagglutinin (PHA), in RPM|
1640 containing 10% BCS.
Metaphase cells were harvested and Giemsa try-

psin G-banding (GTG-banding) was performed accord-

ing to standard protocol (Seabright, 1971).

In Situ Hybridization (ISH)

For ISH studies, the following probes were used:
alphoid repetitive DNA probes specific for centromeric
regions of chromosomes X, Y, 18 further designated
as apX, apY, and apl8 respectively.

Preparations for ISH were made by centrifuging cells
onto slides. Standard noncompetitive ISH protocols
were used for ISH with the repetitive probes (Raap
etal., 1989; Kibbelaar et al., 1991), and CISS hybridi-
zation was performed for ISH with chromosome-
specific libraries (Cremer et al., 1990).

Slides were treated with RNase A for 60min at 37°C
(10ug in 1004 of 2 X SSC under a 24x50mm?
coverslip), followed by a pepsin digestion (50ug/ml)
in 0.01 M HCI for 10min at 37°C and a postfixation
step in 1% acid-free formaldehyde in phosphate-
buffered saline (PBS) for 10 min at room temperature.

After dehydration, the metaphase preparations were
denatured in 70% formamide at 70°C for 2min, and
the slides were transfered immediately to 70% ethanol
at —20°C. After further dehydration in 90% and 100%
ethanol at room temperature, the slides were kept at
42°C.

Repetitive probes were dissolved in a 50%
deionized formamide. Probe DNA was denatured for
10min at 75°C, quenched on ice, allowed to prean-
neal at 37°C, and mixed with a hybridization mixture
containing 20% dextran sulphate, 2 X SSC, and 0.1%
BSA. For single target repetitive DNA probes, 5ul of
hybridization mixture was applied with a probe con-
centration of 2ng/ul. Hybridization took place at 37°C
for 15 to 18 hours.

Immunological Detection
Slides were washed three times in 50% formamide,

2 X SSC at 45°C, followed by three washes in 01 X
SSC at 60°C. Slides were preincubated for 30min at
37°C in 4 X SSC, 3% BSA, followed by three layers
of immunological detection at 37°C for 30min each.
The excess of antibodies was removed by three wash-
ing steps (37°C, 5min each) in the buffer used for the
immunological detection, adding 1% Tween 20, but
without blocking reagent. Three subsequent steps
were performed: the first layer contained avidine-FITC
(VECTOR Laboratories); the second layer; goat antiavi-
dine biotinylated (VECTORY); the third layer, avidine-FITC
(VECTOR). The buffer used for the three steps con-
tained 4 X SSC, 0.1% Tween 20, and 1% BSA. Final-
ly, the slides were embedded in a dextran sulphate
mixture with Pl (for FITC), for counterstaining and the
antifade reagent DABCO and PPD (Sigma).

RESULTS

Banding analysis

Cytogenetical and clinical data are summarized in
Table 1. An autopsy case having multiple congenital
anomalies revealed typical trisomy 18 on karyotypic
analysis. All karyotypes of Klinefelter’s syndrome were
47, XXY. Karyotype of Turner's syndrome was 50% 45,
XO and 50% 46, XX (mosaicism). Karyotypes of a nor-
mal female and normal were 46, XX and 46, XY,
respectively. All results of banding analysis are shown
in table 1.

In situ hybridization

Results of FISH are shown in Fig. 1, 2 and 3 (Fig.
1 for Edwards’ syndrome, Fig. 2 for Klinefelter's syn-
drome, Fig. 3 for normal female).

For Edward's syndrome, most of the metaphase cells
revealed three clear intense signals at the centromer-
ic lesions of chromosome 18 and interphase cells also
revealed three signals in the nuclei (Fig. 1). In the case
of Klinefelter's syndrome, two clear strong signals and
one weak small signal were noted at the centromeres
of two X chromosomes and one Y chromosome,
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Table 2. Distribution of spots per celi

Spots Per Nucleus (% positive nuclei) by FISH

Patient No. Probe Interphase cells

& Diagnosis 0 1 o 3

1. Edwards’ syndrome apl8 0 20 10 70
(47, XY, +18)

2. Klinefelter’s apX & apY 0 9 17 74
syndrome (47, XXY)

3. Turner’s syndrome apX 0 80 20 0
(45, X/46, XX) apY 97 3 0 0

4. Normal female apX 0 16.7 833 0
(46, XX) apY 0 0 0 0

5. Normal male apX 2 80 18 0
(46, XY) apY 0 9 9 0

Fig. 1. a. FISH with ap18 showing three spots in one
metaphase of Edwards’ syndrome (patient 1).

b. FISH with ap18 showing three sports in one interphase
of a Edwards syndrome (patient 1). Pl counterstaining.

respectively, and interphase cells revealed three sig-
nals (two intense signals and one weak signal) (Fig.
2). In Turner’s syndrome, there were variable signals
from zero to two. In the normal female and male,

Fig. 2. Double-target FISH with the apX and apY probes.
Colocalization of one of the weak spots on Y chromosome
and the two spots on two X chromosomes of Klinefelter's
syndrome (patient 2); in a metaphase cell (a), in an inter-
phase cell (b). Pl counterstaining.

metaphase and interphase nuclei revealed two X in
the female (Fig. 3) and one X and one Y in the male

(data not shown).
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Fig. 3. a. FISH with apX showing two spots in one
metaphase of-a normal female (patient 4).

b. FISH with apX showing two spots in one interphase of
a normal female (patient 4). Pl counterstaining.

DISCUSSION

We present here several experiences of interphase
cytogenetics, using fluorescence in situ hybridization
(FISH) technique and discuss its clinical usefulness.

Routine karyotyping using G-banding procedure is
well suited to detection of numerical aberrations and
structural aberrations involving approximately 5 or
more megabases (Mb) of DNA. In addition, it provides
information about population heterogeneity and about
the occurrence of multiple aberrations per cell.
However, karyotyping can be applied only to cells that
can be stimulated into mitosis and reliably banded.
This is a significant limitation, especially in prenatal di-
agnosis and solid tumors. In breast cancer, for exam-
ple, many of the cells that proliferate in culture are near
diploid, even when the tumor appears highly
aneuploid by DNA content analysis. Karyotypic infor-
mation is also difficult to correlate with phenotype since
many phenotypic markers are lost during mitosis. Due
to such problems many cytogeneticists have been
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looking for better methods of analysing in situ state
and have shown much interest in interphase nuclei.

Along with the development of molecular genetic
technique many centromere specific and whole chro-
mosome specific probes have been produced and
their applications to cytogenetic analysis have been
increasing. In situ hybridization with chromosome
specific probes can be applied to interphase nuclei,
thereby increasing the number of cells that may be
studied without culturing. It is of particular importance
in cases when analyzable metaphase cells cannot be
obtained, especially in prenatal diagnosis and solid
tumors. At first centromere specific, highly repetitive
satellite DNA sequences were used as probes, main-
ly because of their high signal to noise ratios. But now
chromosome specific probes are also used. In inter-
phase nuclei, hybridization with the chromosome
specific libraries resulted in a large, rather fuzzy sig-
nals that could not be interpreted very well. In con-
trast hybridization with centromere specific probes
yielded small, but distinct signals in interphase nuclei.

Fluorescence in situ hybridization (FISH) has now
been developed to the point where it can be consi-
dered as a significant adjunct to the more established
methods for detection and characterization of numer-
ical and structural aberrations in human cancer (Trask
et al.,, 1990; Rodriguez et al., 1992). Some of the ad-
vantages of FISH for single cell genetic analysis in-
clude (1) it is a relatively easy and fast technique (2)
it gives a more reliable quantitative analysis of in vivo
occurrance of chromosomal aberration (3) many cells
particularly interphase cells, can be analyzed (4)
changes in gene copy number and gene structure
can be detected (Bar-Am et al., 1992; Bajalica et al.,
1992) (5) multiple target sequences simultaneously
with different fluorescent colors can be detected
(Nederlof et al., 1989a).

Also there are some limitations of FISH including
(1) only one or, at best, four chromosome segments
can be studied in one experiment to establish numer-
ical abnormalities (2) the signals are easily quenched
out, so it is difficult to handle.

In our studies, all five cases revealed expected sig-
nals in interphase nuclei, which were well correlated
with metaphase findings. But in small percentages low-
er signal numbers than expected were observed, es-
pecially in case 1 and 2. In the case of Turner's
syndrome (case 3), showing mosaicism (45X/46XX),
one signal with X specific probe was predominently
noted, even though routine karyotyping revealed
roughly a ratio of 1:1 (one X:two X). So in the cas of
mosaicism, there are many problems in reaching an
appropriate diagnosis using only interphase
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cytogenetics.

The correspondence between the number of
hybridization signals and the number of target chro-
mosomes is not perfect. Uncoupling between signal
number and chromosome number ‘can occur for
several reasons. One is that the hybridization signals
extend over a significant fraction of the nucleus and,
at best, are more or less randomly distributed. Thus,
there is a significant probability of this occurring in-
creasingly as the number f target chromosomes in-
creases (a common occurrence for highly aneuploid
solid tumors). Hybridization signal coalescence limits
detection of cell populations carrying monosomies to
those in which the monosomic population is present
at frequencies greater than 10%. In some tissues (eg.,
in the brain), the situation is even worse. There, the
nonrandom organization of the nucleus reproducibly
juxtaposes the repeated sequences from two homolo-
gous chromosomes so a single hybridization signal
is generated.

Another important reason for uncoupling between
hybridization signal number and chromosome copy
number is unsuspected variation in nuclear organiza-
tion so that one hybridization signal splits into two parts.
Determination of chromosome copy number using
repeat sequence probes also is complicated by het-
eromorphic variability between individuals in the size
of the tandem repeat targeted by the repeat sequence
probes. In some cases, the size of the repeat on one
chromosome may be almost undetectably small. In
these cases, a normal cell population may appear as
monosomic for the heteromorphic chromosome. In
other situations, karyotypic instability may lead to dupli-
cation of the tandem vice versa. Chromosome num-
ber determination based on hybridization signal
number in these cases will be incorrect (Gray et al.,
1992).

Now a multicolor in situ hybridization provides a ver-
satile tool for the detection of specific chromosome
aberrations; not only in metaphases but also in inter-
phases nuclei. This method will be a useful supple-
ment to modern cytogenetic approaches.

REFERENCES

Bar-Am |, Mor O, Yeger H, Shiloh Y & Avivi L: Detection of
amplified DNA sequences in human tumor cell lines by
fluorescence in situ hybridization. Genes chrom Cancer
4:314-320, 1992.

Bajalica S, Brondum-Nielsen K, Sorensen AG, Pederson NT
& Heim S: Identification of a whole-arm translocation by
in situ hybridization with directly fluorochrome-labeled
probes in a myelodysplastic syndrome, Genes chrom

Cancer 5:128-131, 1992.

Cooks HJ & Hindley J: Cloning of human satellite [l DNA:
different components are different chromosomes. Nucl
Acids Res 10:3177-3179, 1979

Cremer T, Landegent J, Bruckner A, Scholl HP, Schardni
H, Hager HD, Devillee P & Van Der Ploeg M: Detection
of chromosome aberrations in the human interphase
nucleus by visualization of specific target DNAs with radi-
oactive and nonradioactive in situ hybridization tech-
niques: diagnosis of trisomy 18 with probe L1.84. Human
Genet 74:346-352, 1986.

Gray JW & Pinkel D: Molecular cytogenetics in human
cancer diagnosis. Cancer 69:1536-1542, 1992.

Kibbelaar RE, Kamp H van, Dreef EJ, Wessels JW, Bever-
stock GC, Raap AK, Fibbe WE, Ottolander GJ den, Kluin
PhM (1991): Detection of trisomy 8 in hematological dis-
orders by in situ hybridization. Cytogenet Cell Genet
56:132-136.

Mitchell AR, Gosden JR & Miller DA: A cloned sequence
p82H of alphoid DNA found at the centromeres of all
human chromsome. Chromosoma 92:369-377, 1985.

Moyzis RK, Albright KL, Bartholdi MF, Cram LS, Deaven
LL, Hildebrand CE, Joste NE, Longmier JL & Swar-
zacher Robinson T. Human chromosome specific repeta-
tive sequences. Chromosoma 95:375-386, 1987.

Nederlof PM, Robinson D, Abuknesha R, Wiegant J, Hop-
man AHN, Tanke HJ & Raap AK: Three-color fluores-
cence in situ hybridization for the simultaneous detection
of multiple nucleic acid sequences. Cytometry 10:20-27,
1989a.

Pinkel D, Stranme T & Gray JW: Cytogenetic analysis us-
ing quantitative, high-sensitive, fluorescence hybridiza-
tion. Proc Natl Acad Sci USA 83:2934-2938, 1986.

Raap AK, Hopman AHN, Plog M ven der (1989): Hapten
labeling of nucleic acid probes for DNA in situ hybridi-
zation. In Bullock GR, Petrusz P (eds): Techniques in Im-
munocytochemisty 4:167-197.

Rodriquez E, Mathew S, Mukherjee AB, Reuter VE, Bosl
GJ & Chaganti RSK: Analysis of chromosome 12
aneuploidy in interphase cells from human male germ
cell tumors by fluorescence in situ hybridization. Genes
Chrom Cancer 5:21-29, 1992.

Seabright MA (1971): A rapid banding technique for human
chromosomes. Lancet ii:971-972.

Teyssier JR: The chromosomal analysis of human solid
tumors: a triple challenge. Cancer genet Cytogenet
37:103-125, 1989.

Trask B & Pinkel D: Fluorescence in situ hybridization with
DNA probes. Meth Cancer Biol 33:383-400, 1990.
Waye JS & Willard HF: Human beta satellite DNA: genom-
ic organization and sequence definition of a highly repeti-
tive tandem DNA. Proc Natl Acad Sci USA

86:6250-6254, 1989.

Willard HF: The genomics of long tandem arrays of satel-
lite DNA in the human genome, Genome 31:737-744,
1989.

Willard HF: Centromeres of mammalian chromosomes.
Trends Genet 6:410-416, 1990



