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Utility of multicolor fluorescent in situ hybridization 
in clinical cytogenetics 
Syed M. Ialal, PllD and Mark E. Law, BS 

Purpose: Multicolor FlSH (M-FISH) was introduced in 1996 to scan all 24 chromosomes in different fluorescent 

colors by use of a specific filter set and computer software. However, the clinical utility of M-FISH has been lim- 

ited because of the lack of commercial availability of reagents and hardware. We have evaluated M-FISH for 

identification of markers, derivative chromosomes, and complex karyotypes. Methods: We present our findings 

based on a representative sample of one normal and six abnormal cases from a variety of tissue types. The 

results of M-FISH were confirmed by other well-established FlSH probes. Results: M-FISH analyses were suc- 

cessful in all six cases. The derivative chromosomes, ring, and a complex karyotype were resolved. Conclu- 

sions: We find M-FISH to be an invaluable tool for a high degree of accuracy and efficiency for chromosome 

identification. The limitations similar to spectral karyotyping system (SKY) include the inability to detect intra- 

chromosomal anomalies, abnormalities involving the parms of acrocentrics and areas rich in highly repetitive 

DNA. In addition, there are some concerns of misinterpretation due to overlap of fluorophore combinations of 

different chromosomes, especially for subtle insertional translocations. Genetics in Medicine, 1999; 

1(5):181-186. 
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Chromosome "painting" probes for visualization of entire 
specific chromosomes have been available since the late 1980s. 
It is now possible to scan all of the chromosomes in defined col- 
ors simultaneously. By use of combinatorial labeling (Speicher 
et al.') of five fluors (2"- I ) ,  it has become possible to assign spe- 
cific fluor combinations to each human chromosome for its 
own spectral signature. Speicher et al.' used five fluorophores, 
a series of high contrast fluorochrome specific filters, and com- 
puter software for simultaneous detection of all 24 human chro- 
mosomes in unique colors. Eils et al.? have proposed strategies 
to optimize labeling of the probes, filters, and image analysis. 
This technique has been variously called multicolor FISH, multi- 
fluor FISH, or multiplex FISH (M-FISH). We have opted to use 
the term multicolor FISH. Schrock et aL3 introduced the scan- 
ning of entire human genome at defined spectral emission for 
each chromosome, to which they referred as multicolor spec- 
tral karyotyping or SKY. SKY also uses combinatorial labeling, 
but instead of filters it uses Fourier spectroscopy and charged- 
coupled-device (CCD) imaging to measure emission spectra. 
The spectral signature of each chromosome is translated to vivid 
colors by the help of computer software. 

M-FISH software has become commercially available for 
incorporation in the existing image capture systems for FISH. 
We present our experience with M-FISH for its utility in rou- 
tine clinical cytogenetics. We believe that such a system (SKY 
or M-FISH) is invaluable for analysis of derivative chromo- 
somes, markers, and complex karyotypes. 

MnHODS 
A variety of tissue sources were used for M-FISH analysis 

including fibroblasts from products of conception, amniocytes 
(AF), peripheral blood, and bone marrow. The samples were 
cultured and harvested using standard cytogenetic procedures. 
Slides were prepared by dropping a single drop of cell suspen- 
sion on a dry microscope slide in a Thermatron (Holland, MI) 
drying chamberbith defined temperature and relative humid- 
ity for each tissue type. The slides were placed in 0.005% 
pepsinl0.01 NHCL at 37°C for 0-2 minutes, jet air dried, arti- 
ficially aged in a 90°C drying oven for 5-10 minutes, placed in 
2 XSSC at 37°C for 15-60 minutes, and dehydrated through 
ethanol series (70%, 85%, 100%) at room temperature for 1 
minute in each solution and then jet air dried. The M-FISH 
reagent was placed on the slide, coverslipped, sealed with rub- 
ber cement, and placed in a humidified HYBrite (Vysis, Down- 
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there will be too much background, especially from the CY5 
tluor filter. 

If the slides were G-banded, immersion oil (we do not use 
a coverslip) was removed with xylene, and the slides were 
destained using 3: 1 methanol to acetic acid fixative for 10-15 
seconds and jet air dried. The slide was placed in 2 X SSC for 
5-15 minutes at 37"C, 1% forn~aldehyde (1% formaldehyde1 
phosphate bal'lnced saline, pH 7.4) for 5 minutes at room 
temperature, balanced phosphate buffer (PBS) for 5 min- 
utes at room temperature, and treated in room temperature 
ethanol dehydration series (70%, 85%, 100%) for 1 minute 
in each solution. M-FISH probe (10 FL) was placed on the 
hybridization site, coverslipped, sealed with rubber cement, 
and placed in an HYBrite with the same settings used for 
fresh slides (see above). With both methods, the hybridiza- 
tion was allowed to proceed overnight in a HYBrite or humid- 
ified chamber at 37°C. The G-banding method includes 
artificially aging the slides for 1 hour at 90°C, trypsinizing, 
and staining with Leishman's stain. 

After hybridization, the slides were washed in 0.4 XSSC at 
73°C for 2 minutes, rinsed in 2 X SSCIO. 1% NP40 at room tem- 
perature for 5-30 seconds, jet air dried, and counterstained 
with DAPI (100 ng DAPIImL of antifade). The slides were 
viewed with a Zeiss microscope powered by a 100-W mercury 
bulb. Vysis (Downers Grove, IL) M-FISH filter sets and soft- 
ware were used for capturing, viewing, and evaluation. 

Slides were scanned with a 40X objective lens using the 
spectrum gold filter. When a suitable metaphase was identi- 
fied, the image was captured by lOOx objective. When the 
capture software is initiated, the user is asked to move the fil- 
ter to the correct setting for the first fluorophore. After the 
first exposure is taken, the filter is moved again for the next 
fluorophore and so on until all five fluorophores and the DAPI 
counterstain have been individually exposed. The software 
then merges these images into one image. The chromosomes 

are classified according to the fluorescence pattern detected 
by each filter. The manufacturer provides the information on 
the fluorophore signature for M-FISH classification based on 
fluorophore combination(s) of each chromosome. At least five 
metaphases were analyzed by M-FISH and the results were 
identical in all five for each of the six reported cases. 

RESULTS 
Standard cytogenetic analysis, M-FISH results, and further 

confirmation of the anomalies by whole chromosome paint- 
ing probes and locus specific probes are presented in a repre- 
sentative series of cases from a variety of tissue types. 

Case 1 

Based on the banded chromosome analysis from PHA-stim- 
ulated blood, Case 1 was a normal male. M-FISH analysis depicts 
a normal karyotype, and every chromosome is displayed in its 
unique color. The chromosome edges, overlaps, and occasional 
background noise causes some blotching in the display colors 
(Figure la) .  

Case 2 

A 27-year-old male was referred to rule out Khnefelter syn- 
drome. The mother, who had a history of four multiple mis- 
carriages, was chromosomally normal. Thirty GTG-banded 
metaphases were analyzed and two karyotyped as 46, X, add 
(X)(p22.3). By M-FISH it was demonstrated that the abnormal 
segment in the der(X) was translocated from Y (Fig. lb). The 
translocation was confirmed by use of SRY probe. 

Case 3 

An amniotic fluid specimen was received due to intrauter- 
ine growth retardation for direct aneusomy FISH and stan- 
dard chromosome analysis. The FISH analysis for numeric 
anomalies for chromosomes 13, 18,21, X and Y from an 

Fig. 1 M-FISH analysis from PHA-st~mulated whole blood cultures a.  Normal male, b. 46. XX male Translocation of a segment ofY chromosome to Xp22 3 was detected (arrow). 
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uncultured AF sample had a normal autosomal pattern for 
a female. The chromosome analysis from 20 GTG-banded 
metaphases from five colonies (a slow grower) and four pri- 
mary cultures was 46, XX, add (15) (q26.1). M-FISH indi- 
cated the translocated segment of der (15) to be from 
chromosome 9. This was confirmed on the same metaphase 
by use of wcp9 and wcp15 (Figure 2, a and b).  Use of the p16 
( 9 ~ 2 1 )  probe further indicated the translocated segment of 
der (15) to be from the p-arm of chromosome 9. Both par- 
ents were karyotypically normal. 

Case 4 

An amniotic fluid specimen was received for chromosome 
analysis due to maternal age. Twenty GTG-banded metaphases 
from 15 colonies and three primary cultures were analyzed. The 
karyotype was 47,XX,+r. The ring was identified to be from 

chromosome 19 by M-FISH and confirmed by use of wcp19 
(Figure 2, c and d).  Both parents were chromosomally normal. 

Case 5 

A 25-year-old miscarried at 7.5 weeks gestation (estimated 
by LMP). The fibroblast culture from the POC was analyzed. 
Twenty GTG-banded chromosomes revealed a karyotype of 
46,XY, add (4) (p12). Analysis of sequential GTG followed by 
M-FISH indicated the abnormal segment of chromosome 4 to 
be from chromosome 2 (Figure 3, a and b). This was confirmed 
by use of wcp2. The mother was karyotypically normal and 
the father was unavailable for chromosome analysis. 

Case 6 

A bone marrow specimen from an 85-year-old female was 
received for chromosome analysis due to pancytopenia. Ten 
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Fig. 3 Sequentldl hl-FISH of prcvlously GTG handed metapha\e apredd from tihrohld\t culture of a product of conception. d. GTG banded metaphase of 46. XY, add(4)(p12) (arrow). 
h. Thc same met~phabe bpread wd, dnalv-/ed by AILFISH and the translocated Tegnient of der(4I was ~dentlfied to he from chromosome 2 (arrowl. 

GTG- and 10 QFQ-banded metaphases were analyzed. 
The karyotype was 44-46,XX, add (2) (q37),-4,-5, add (9 )  
( p l l ) ,  add (17)  (p11.2), add( l9 )  (p13.1),-20,-22,+2- 
4mar[cp19]/46,XX ( 1 ) consistent with the diagnosis of a neo- 
plastic hematologic disorder. M-FISH analysis resolved all of 
the markers and derivative chromosomes (Figure 4): the add 
(2)  was a complex translocation product of t(2;4,9) two mark- 
ers were identified as der (4 )  t(4;22), add (9 )  was t(5;9), add 
(17) was t(5;17), add(l9) was t(19;20), and another marker 
was t( 19;20), which was not identified by QFQ or GTG banded 
analysis. Thus, the M-FISH based karyotype was 45,XX, der 
(2)t(2;4;9), der(4)t(4;22) X2, der(9)t(5;9), der(17)t(5;17), 
der( l9)t(  19;20), der(20)( 19;20), -22. 

DISCUSSION 
One of the more labor and time intensive efforts in clinical 

cytogenetics is to identify markers, derivative chromosomes, 
and analysis of complex karyotypes, both for congenital and 
hematologic disorders. It has been estimated that de novo struc- 
tural rearrangements occur with a frequency of 0.70/1000 ris- 
ing to 2.411000 among mentally retarded individuals.' The 
prenatal frequency of de novo supernumerary markers (that 
includes bisatellited marker 15) is placed at 1/2500."n order 
to assess their clinical significance, it is important to determine 
the origin of markers or derivative chromosomes. Recent efforts 
for such an identification has succeeded for a series of mark- 
ers identified prenatally or postnatally when analysis of banded 
chromosome was combined with FISH probes specific for cen- 
tromeres or specific chromosomes.7-" 

With the advent of SKY, markers, derivative chromosomes, 
and complex karyotypes have been analyzed with relative ease. 
Reid et al.,I3 in an excellent review article on SKY, cite six papers 
on clinical cytogenetics and three on cancer cytogenetics among 

others. It is indeed exciting to be able to scan the entire genome 
(with the exception of acrocentric short arms and segments of 
highly repetitive DNA) by this technique. The limitation is, of 
course, the inability to detect intrachromosomal inversion, 
insertion, or subtle deletions. Use of conventional banding 
techniques, therefore, remain invaluable as FISH and other 
related technologies are used to complement them. The ques- 
tion of resolution of subtle translocation by SKY or M-FISH 
is an important issue. In one of our cases with a complex kary- 
otype, rearrangements involving chromosomes 2,8, and 9 were 
identified, but insertional translocation of c-myc from 8q24.1 
to 3p21 could not be identified by SKY.'"t was concluded that 
insertions of this type can best be detected by locus specific 
probes in conjunction with high resolution G banding. The 
resolution of SKY (and M-FISH) for insertional translocation 
appears similar to whole chromosome painting probes, approx- 
imately 1 megabase. 

M-FISH was int.roduced by Speicher et al.' based on the 
analysis of normals and a series of abnormal cases. M-FISH 
has not been used for routine clinical practice since the soft- 
ware and reagents have become available just recently. We have 
set up M-FISH by using the same method of processing that 
we have used for whole chromosome painting probes for a 
number of years. M-FISH software is now available from sev- 
eral commercial companies. The karyotype capture and analy- 
sis time ranged from 10 to 20 minutes (which is at least double 
of painting probes) and we had no problem in processing spec- 
imens just as we do for whole chromosome painting probes 
from any tissue type. At the present time the cost of a com- 
mercially available M-FISH probe set is significantly higher 
than chromosome paint probes. 

In Cases 2,3,4, and 5, the most rewarding experience of M- 
FISH analysis (as it is with SKY) was the ability to rapidly 
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identify the markers or the unidentified segments of the deriv- 
ative chromosomes. In each of these cases, the abnormalities 
were confirmed by whole chro~nosome painting probes or locus 
specific probes. M-FISH was used to analyze a complex kary- 
otype from the bone marrow of a hematologic disorder patient. 
In this case, multiple markers and derivative chromosomes, 
including one that originated from three chromosomes, were 
identified. Sequential GTG and individual paint probes, used 
one or two at a time, instead of M-FISH or SKY would be cum- 
bersome and very time consunling to resolve such markers or 
derivative chromosomes and conlplex karyotypes. 

The M-FISH has similar limitations as SKY. The insertional 
translocation of  c-nlyc from 8q24.1 to  3pZ1 could not  be 
detected as indicated earlier by SKY. We could not detect it by 
M-FISH either (unpublished information). Both in SKY and 
M-FISH, the acrocentric short arms and highly repetitive DNA 
sequences of constitutive heterochromatins remain unlabeled. 
However, the acrocentric fluorophores often cross hybridize 
to  the acrocentric short arms in M-FISH (Figures 1-4). Addi- 
tional technical problems are the "graying out" at break or 
fusion points due to overlapping of tluorophore combinations 

of different chromosomes. Some rare chro~nosomal  combi- 
nations can also generate interpretation problems. For instance, 
at breakpoint junctions of  chromosomes 3 (aqua)  and S (gold 
and far red) the combined fluorophores are identical to chro- 
mosome 10 (aqua, gold, and far red). This can cause an inter- 
pretive challenge. These problems can be resolved, however, 
by use of individual chromoson~e  paint probes. The future 
improvements of the reagents and software can address some 
of these problems more effectively. 

We routinely process G-banded spreads sequentially for 
painting probes.",'" However, we have experienced difficulty 
in M-FISH analysis of previously G-banded cells (Figure 3 )  
in an earlier version ofbl-FISH reagents. Other technical prob- 
lems were encountered: The hybridization for M-FISH needs 
to be optimal, because distinction of specific fluorophore sig- 
nature is difficult when it is suboptimal. Some classification 
colors are difficult to discriminate, especially when subtle 
detection is desired. For instance, the classification color of 
chromosome 5 (involved in 3-way translocation) was changed 
to white (Figure 4) for a more distinct detection involving the 
translocation to chromosome 17. 

fig. 4 A complex karyotype from the bone marrow analys~s of an 85-ycar-old was: 44-4h. SS. . ~ d d ( ? ! ( ~  

4,mar[cplY]i46. XX (1 1. M-FISH ~dentltied add121 to he tl?;4;9! two marker, to bc t!4;2?! S? .  add(Y] ,,,. 
was I( 19:201 that was undetectable hy bdnded chromosome analys15. 
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