
AD 

GRANT NUMBER:  DAMD17-94-J-4477 

TITLE:  Molecular Genetics of Breast Cancer Neoplasia 

PRINCIPAL INVESTIGATOR:  Dr. David C. Ward 

CONTRACTING ORGANIZATION:  Yale University School of Medicine 
New Haven, Connecticut  06520-8047 

REPORT DATE:  October 1995 

TYPE OF REPORT:  Annual 

PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

DISTRIBUTION STATEMENT:  Approved for public release; 
distribution unlimited 

The views, opinions and/or findings contained in this report are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy or decision unless so 
designated by other documentation. 

19960304 045 



DISCLAIMER NOTICE 

THIS DOCUMENT IS BEST 

QUALITY AVAILABLE. THE COPY 

FURNISHED TO DTIC CONTAINED 

A SIGNIFICANT NUMBER OF 

COLOR PAGES WHICH DO NOT 

REPRODUCE LEGIBLY ON BLACK 

AND WHITE MICROFICHE. 



frinr- r>^:rfLT[T/"j A^fÄ 
Form 
0<1<A' 

A'jnrovsc! 

No. 070S-Q1CC 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing d; 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other as 
coüeetion of information,Including sucigestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 121 
Davis Highway, Suite 1204, Arlinoton, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0ICC;, Washington, DC 20503. 

its sources, 
pact of this 
5 Jefferson 

1.  A< avoV Of (Leave blank)    I! 

October 1995 
P. Till.n AfS SHETiTü' 

Molecular Genetics of Breast Cancer Neoplasia 

3. REPORi I •'["" fr"     b   ~L     d " i" A 

Annual 29 Sep 94 - 28 Sep 95 
■j s. Fur-.T'i'^: F"sp"r;!:L" 

DAMD17-94-J-4477 

Dr. David C. Ward 

PGrAOA[Aä:<C= 0r:G/,.r..r[7/l"n«-: f^AMEfS) WS* AD'CESSf 

Yale University School of Medicine 
New Haven,  Connecticut    06520-8047 

r"i'"       /[ "  '   if"   rn", r   i" '   /   r r ff f' 
U.S.  Army Medical Research and Materiel Command 
Fort Detrick,  Maryland    21702-5012 

il   r, [""    " '    < i    rr' 
J     REPCAT wjLTnr. 

"ATAEAf U 

12c. DiSTPJT'YiOM MVA!|.Ar;sUTY STATEEAEfA!' 

Approved for public release; distribution unlimited 

ib. DsSTi nor: cor? 

InTIi :T (Maximum 200 vsords) 

The overall objective of this grant is to develop new multiparametric fluorescence in situ 
hybridization (M-FISH) techniques for the analyses of chromosomal abnormalities and specific 
genes implicated in the initiation and progression of breast carcinomas. During year 01, we 
identified seven distinct fluorophores and developed optical filter sets to discriminate each of 
these fluorophores. By using different combinations of fluorophores for probe labeling, we have 
been able to hybridize up to'%] probes similtaneously, each being identified by its unique spectral 
signature. We have developed a novel method of chromosome karyotyping using M-FISH such 
that each chromosome is "painted" a different color. This technique is being used to karyotype 
chromosome preparations from short-term cultures of breast tumor tissue obtained by needle 
aspiration. Comparative genome hybridization (CGH) is also being used to define genetic 
changes that occur in breast tumor cells at various stages of malignancy.  Extension of M-FISH to 
fresh, frozen and paraffin-embedded tissues is in progress. Data from these studies will be 
assessed with other histological, molecular, and immunological information and correlated with 
tumor site, size, lymph node status, metatasis, therapy and survival, once a statistically 
significant number of samples have been analyzed. 

u. 

Cancer cell karyotyping, fluorescence in situ hybridization, 
chromosomal abnormalities in breast cancer 

EA A 

-25, 
IG. PfAAE CÖAE 

17.   SEQirjYY Ci.ASSfR 
OF RETORT 

Unclassified 

0,   SECURITY CLASS! 
Or TK!S PAGE 

Unclassified 

I 1S.   SECURiTY CLASS 
OE AESTuACT 

Unclassified 

:AT!' llkTt EUAA O" 

Unlimited 
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 

Prescribed  by ANSI Std.  Z39-18 
298-102 



r   ! r<. r 
in du "'.- -' e n 
JcHf". f'r' ■* oJ 

fr--l-;. IV" C;  C 
C-..„J.„ ,r,I,,...;. , 

■ ■"   fi:", 

....,_..   ...-,i   r, 

rr,e"::".;n: 
ro;:e;t if 
re ;:,G at t 

Ci' 

innerer; 

EdreiA ',    R';\ 

end or ant ['I'' 

Cstc.li...' "IL Hf'äV 

ntsriii" d ;. r 

c   - CO Tit 

<2    - Gran 
Pri - Prco 

,-f,-,.,.../,.. 

„..„/.A 

r -f r / .;:,  ' 

the rcsaes'ci'i. or er 
rennet. IT eocter o 

Work Ur.il: 
Accession We,. 

■i.- :-   ■[-!' n '■'■•." "!■'■! f'-.'l 

EA:b A  PeocrrAny Or 
f/""..' T A " *. l! i' "  ' 

r" -t- r   A - -- rL''r 

inrorm; 

ivAAA 

~°      ,-    f   -   -    .   .   ,?.■: 

Is. It is important 
/cr and title page. 

■ <A::fA—to most " 

.   I       ''   • !   V" • :'-': I it,'Statement. 
1      -i    ' '  '11       h itJ   i ci -   Cue any 

A to thep:A'ic. Enter additions! 
■>: or specie! markings in a!! capitals (e.g. 
FA A ITAR}. 

-   Sec DoDD 5230.24, "Distribution 
Statements on Technical 

i I... ,„.,_V,V „ „ I,  fijl.ir> [-i;noooo;; PAA 220Ö.2. 
leave blank. 

,-.,.•.-, (' '■:■!-'■ 

eition categories 
d Distribution for 
"itific end Technical 

ract. Include a brief (Maximum 
ue! summary of the most 

fie-nt infermatinn contained in the report. 

LJJll'IiiS- Keywords or phrases 
•subjects in the report. 

v -mbcr of Panes. Enter the total 

■c rr -' -   r 11'' " appropriate price 

:." "7. -1A  Security'Classifications. Self- 
net«: ry. Enter U.S. Security Classification in 
dance with U.S. Security Regulations (i.e., 
ASSfFAD}. if form contains classified 
:r,-:tion, stamp classification on the top and 
ec.oethcnaoe. 

I imitation of Abstract. This block must 
Aee' tc assion a limitation to the 
F;; Ae either UL (unlimited) or SAR (same 

;. /'.;. entry in this block is necessary if 
artiste be limited. If blank, the abstract 

Standard Form 298 Back (Rev. 2-89) 
•U.S.GPO:19S3-0-35S-779 



f 

FOREWORD 

Opinions, interpretations, «f-^-^-'SS^S^'S those of the author and are not necessarily endorsed oy «i 

Army. 

Where copyrighted material is quoted, permission has been 
obtained to use such material. 

Where material from documents designated te"^ ^ 
distribution is quoted, permissxon has been obtaxned to use 

material. 

Citations of commercial organizations and trade ^<gj* 
this" report do not constitute an officxal Department of Army 
endorsement or approval of the products or servxces of these 
organizations. 

!» conducting research using aniaals. ^eT^'«*^
t0r(S) 

SEirS to the -Guide for tte Careand ^^fSS S^aboratory 

Sesearch council (NIH Publication Ho. 86-23, Hevxsea 19«^I 

(g£ For the protection of human **^^£™*^iU} 

Idnered to policies of applicable Federal Law 45 OfR 4ö. 

(MW   in conducting research utilizing recombinant ^technology, 
^investigator <i) adhered to current guxdelxnes promulgated ay 
the National Institutes of Health. 

fidfm the conduct of research utilizing^^^SSk *"* 
Investigator(s) adhered to the NIH Guxdelxnes for Besearcü 
Involving Hecombinant DNA Molecules. 

Microbiological and Biomedical Laboratorxes. 

/*) 

- Signature  7oati e 



Table of Contents 

Page No. 
Report Documentation (SF298) 1 
Forewa rd 2 
Table of Contents 3 
Introduction 4 
Progress Report 4- 8 
Appendix-Tables and Figures 9-24 



Introduction 

Breast cancer is a heterogeneous disease with complex genetic changes. Knowledge of the 
genetic changes occurring during the initiation and progression of breast neoplasia is necessary 
for the development of new diagnostic markers, the identification of potential new therapeutic 
modalities, the rational analyses of treatment protocols, improving the prognosis of remission 
or metastatic potential and assessing genetic risk status. 

The overall objective of this project is to develop new fluorescence in situ hybridization 
(FISH) techniques that would permit the analysis of multiple genetic loci simultaneously in 
breast tumor tissues or on chromosomes prepared from short term cultures of breast tumor 
cells.  A large number of genes (or specific chromosomal regions) have already been implicated 
in the etiology of breast carcinoma. Many of these genetic loci have been shown to be deleted or 
amplified in tumor cells using molecular techniques, such as loss of heterozygosity (LOH) or 
comparative genome hybridization (CGH).  Generally, these methods provide information on the 
tumor as a whole since they utilize DNA extracted from large numbers of tumor cells.  The 
ability to assess the status of multiple genetic loci simultaneously in situ in fresh, frozen or 
paraffin-embedded tissues could not only provide a rapid means for detecting the loss or 
amplication of these loci, but it would do so on a cell by cell basis that can be related directly to 
tissue histology. The detection of chromosomal abnormalities at the metaphase chromosome 
level has also proven problematic because of the difficulty in preparing high quality metaphase 
spreads from cultured breast tissue epithelial cells and the complexity of the chromosomal 
rearrangements that are generally found.  However, recent advances in tissue culture 
technology has made it possible to obtain chromosome preparations with high efficiency from 
short term culture of breast tumor cells obtained by needle aspiration.   This provides an 
opportunity to obtain karyotype data on breast tumors which can be incorporated into the total 
data set (histological, pathologic, molecular and genetic) used in the diagnosis and treatment of 
patients. 

To simplify and automate cancer karyotyping and the multiplex analysis of the numerous 
genes implicated in the etiology of breast neoplasias, we have set out to extend the analytic 
capabilities of fluorescence in situ hybridization (FISH) techniques.   This report presents the 
progress we have made during the first year of grant support toward developing an automated 
color karyotyping microscope system and a multiplex FISH method for monitoring gene 
amplication and loss of heterozygosity directly in tissue sections. 

Progress Report 

All of our effort during year 01 were focused on the identification of appropriate sets of 
spectrally resolvable fluorophores and optical filter sets that would permit the analysis of 6 to 
7 fluors simultaneously and to utilize chromosomal DNA "painting" libraries, combinatorially 
labeled with these fluors, to carry out 24 color FISH karyotyping.  The results obtained to date 
are outlined below. 

Results 

Selection of resolvable fluors and high contrast filters. 
The limited spectral bandwidth available for fluorescence imaging (-350-800 

nm), and the extensive overlap between the spectra of organic fluors, makes 
separating multiple fluors spectroscopically a significant technical challenge.   Choice 
of the fluors and filters in Table 1 (See Appendix with Figures and Tables) was based 
on computer modeling of their contrast parameters using digitized excitation and 
emission spectra of a number of common fluors, the transmittance spectra of 
interference filters and dichroic beamsplitters from several optical supply houses 
(Omega, Ealing, Oriel, Zeiss), and the power spectra of the high pressure mercury 



arc, high pressure xenon arc, the Hg-Xe arc, the quartz tungsten-halogen lamp and 
various laser excitation sources.   Excitation and emission contrast ratios were 
computed for every fluor relative to its two nearest spectral neighbors.   Filters were 
then selected to achieve >90% discrimination.  This level of contrast is not generally 
achievable using either excitation selection or emission selection alone, no matter how 
narrow the filter bandwidths.  Thus excitation selection and emission selection were 
applied simultaneously.   Excitation contrast was favored whenever possible, to avoid 
unnecessary wasting of fluorescence photons (and hence unproductive photobleaching 
of the fluor). 

The chosen fluor set consisted of 4'-6-diamidino-2-phenylindole (DAPI, a 
general DNA counterstain), fluorescein (FITC), and the cyanine dyes Cy3, Cy3.5, Cy5, 
Cy5.5 and Cy7. The absorption and emission maxima, respectively, for these fluors 
are: DAPI (350nm; 456nm), FITC (490nm; 520nm), Cy3 (554nm; 568nm), Cy3.5 
(581 nm; 588nm), Cy5 (652nm; 672nm), Cy5.5 (682nm; 703nm) and Cy7 
(755nm; 778nm).   The excitation and emission spectra, extinction coefficients and 
quantum yield of these fluors are described in detail elsewhere.   All fluors were 
excited with a 75W Xenon arc . 

To attain the required selectivity, filters with bandwidths in the range of 5-15 
nm (cf. approximately 50 nm or more for "standard" filter sets) were required. 
Further, it was necessary to both excite and detect the fluors at wavelengths far from 
their spectral maxima.  Emission bandwidths were made as wide as possible.  For low- 
noise detectors such as the cooled CCD camera used here, restricting the excitation 
bandwidth has little effect on attainable signal to noise ratios; the only drawback is 
increased exposure time. 

Epifluorescence filter cubes constructed using the bandpass and dichroic filters 
listed in Table 1 were tested experimentally for spectral contrast between adjacent 
fluors.   Good contrast (>92%) was attained in practice for all fluors except the 
Cy5/Cy 5.5 pair, which was marginal (80-90%).   For this reason, Cy 5.5 was 
omitted from the combinatorial labeling experiments described below.   It is vital to 
prevent infra-red light emitted by the arc lamp from reaching the detector; CCD chips 
are extremely sensitive in this region.   Thus, appropriate IR blocking filters (Table 
1) were inserted in the image path immediately in front of the CCD window, to 
minimize loss of image quality. 

Software for analysis of combinatorially labeled probes. 
Multi-fluor combinatorial labeling depends on acquiring and analyzing the 

spectral signature of each probe, i.e. the intensity values of each of the component 
fluors in the six imager channels.  Critical features are accurate alignment of source 
images, correction of chromatic crosstalk, and quantitation of the intensity of each 
fluor.  To circumvent manual image manipulation we developed the necessary software 
to achieve these functions.  This software carries out the following steps in sequential 
order: 
1) correction of geometric image displacements caused by wedging in the emission 
interference filters, and by mechanical noise, 2) calculation of a DAPI segmentation 
mask to delineate all chromosomes in a metaphase spread, 3) calculation and 
subtraction of background intensity values for each fluor, calculation of a threshold 
value, and creation of a segmentation mask for each fluor. 4) use of the segmentation 
mask of each fluor to establish a "boolean" spectral signature of each probe, 5) 
display the material hybridizing to each chromosome probe next to the DAPI image to 
facilitate chromosome identification 6) create a composite gray value image, where 
the material from each chromosome is encoded with a gray value and 7) final 
presentation of the hybridization results using a look-up table (LUT) that assigns a 
pseudocolor to each such gray value. 



Color karyotyping of normal human chromosomes. 
To test the feasibility of karyotyping chromosomes by M-FISH, chromosome 

painting probes representing the 22 autosomes and two sex chromosomes were 
combinatorially labeled, mixed, and cohybridized to normal metaphase spreads 
prepared from peripheral blood lymphocytes.  In the case of chromosomes 3, 5 and 11 
separate p and q arm probes were used; thus a total of 27 different fluor combinations 
were tested in this experiment.  The DNA probes were generated by microdissection 
and subsequent PCR amplification and labeled by nick translation. As expected, probes 
labeled with equal amounts of different fluors did not give equal signal intensities for 
each fluor, reflecting the fact that the filter sets were selected to maximize spectral 
resolution rather than throughput.   To diminish signal intensity differentials, probe 
concentrations for the hybridization mix had to be established carefully in a large 
number of control experiments. 

Figure 1 shows a metaphase spread after hybridization with the 27 probe 
cocktail. The fluorescence source images for DAPI, FITC, Cy3, Cy3.5, Cy5 and Cy7 are 
shown in the left column of the figure while the segmentation masks computed for each 
fluor are shown in the right column.   After subtracting the interchromosomal 
fluorescence background from the chromosomal fluorescence, the mean of the 
intrachromosomal fluorescence intensities was used to calculate the threshold for 
creating the individual segmentation mask of each fluor.   Discrimination of 
hybridization positive and hybridization negative chromosomes was not problematic 
and was accomplished within a second or two.   Figure 2 shows a typical distribution of 
the relative fluorescence intensity values for a single fluor, Cy3.5, that documents the 
signal differential between hybridization positive and hybridization negative pairs of 
homologous chromosomes; all chromosomes showing fluorescence intensities above the 
threshold are represented in the Cy3.5 mask. 

Table II lists the fluors used to generate the spectral signatures for each 
chromosome. Each of the fluor segmentation masks is interrogated by the computer 
program in order to establish the fluor composition of all chromosomes. For example, 
chromosome 7 material should be labeled with FITC, Cy3 and Cy3.5 while chromosome 
9 material is labeled with FITC, Cy3 and Cy5. Each of the individual chromosomes (or 
chromosomal segments) identified in the fluor masks on the basis of their fluor 
composition (i.e. its boolean spectral signature) can be displayed on the computer 
monitor next to the DAPI image of the metaphase spread. This provides a simple means 
for the operator to confirm chromosome identity and to assess any chromosomal 
abnormalities seen in the final gray value or pseudocolored composite images.   Figure 
3 documents the identity of two of the chromosome pairs, chromosome 7 and 
chromosome 9, present in the metaphase spread shown in Figure 1. 

Figure 4a shows the metaphase spread in Figure 1 as a pseudocolored image 
while Figure 4b illustrates the karyotype generated on the basis of the spectral 
signature of each chromosome. Note that the p and q of chromosome 3, 5 and 11 are 
labeled differentially, reflecting the use of the arm specific probes.   The karyotype is 
that expected for a normal male cell.  Multiple chromosome spreads were analyzed in a 
similar fashion and all indicated a normal karyotype as expected.  The high efficiency 
of the chromosome painting achieved and the reproducibility of these results through 
many additional experiments using either 24 or 27 color labeling protocols indicated 
that karyotype analysis by M-FISH was indeed feasible. 

Analysis of chromosomal abnormalities by M-FISH. 
To further test the utility of M-FISH for karyotype analysis, we examined a set 

of five patient samples in which various chromosomal alterations had been detected by 
conventional cytogenetic banding techniques. These samples were provided by the Yale 
University Clinical Cytogenetics Laboratory and were analyzed in a blind fashion using 
a pool of 24 whole chromosome painting probes.  Figure 5 shows the karyotypes 



determined by M-FISH for each of the five patient specimens. The chromosomal 
abnormalities observed were as follows: BM2486, a 5;8 translocation (Fig. 5a); 
10608, a 2;14 translocation (Fig. 5b); BM2645, a 2;3 translocation plus a deletion 
in 6q (Fig. 5c); BM2527, a 15;17 translocation (Fig. 5d), and BM3149, a 3;5 and a 
6; 12 translocation, loss of one copy of chromosomes 5 and 12 and trisomy of 
chromosome 8 (Fig. 5e).  In each case, the chromosomal alterations seen by M-FISH 
were identical to those identified by cytogenetic banding.   Furthermore, using the G- 
banding pattern generated by the DAPI fluorescence and measuring the fractional 
chromosome length of the translocation chromosomes, it was possible to infer the 
cytogenetic band implicated in the translocation breakpoints using fractional 
chromosome length/cytogenetic band conversion charts which again agreed with the 
cytogenetic data. In some instances, e.g. BM2486, BM2645 and BM2527, where the 
chromosomes are highly condensed there is an additional color generated at the site of 
the translocation breakpoints.  This is due the blending of colors by fluorescence 
flaring at the junctions of the individual chromosome painting probe domains.  This 
color blending is not observed when more extended, e.g. prometaphase chromosomes, 
are examined (e.g. sample 10608), or when the fluor composition of both 
translocation chromosomes have only a single fluor difference.   For example in 
BM2527 (Fig. 5 d) chromosome 15 was labeled with FITC, Cy3.5 and Cy7, while 
chromosome 17 was labeled with FITC and Cy7 only; in this translocation no color 
blending is observed.   Color blending also occurs at sites where two different 
chromosomes overlap in the spread.   However, by examining several spreads potential 
problems in chromosome characterization can be avoided. 

Previous studies have shown that G or R banding profiles can be generated by 
hybridization with oligonucledtides complementary to LINE or SINE (Alu) sequences. 
Although such banding probes were not used in these experiments,  it is clearly 
feasible to do so.  However, since it is preferable to use a fluor that does not contribute 
to the spectral signature of the chromosomal DNAs to label the banding probe, we chose 
not to include hybridization banding in our protocol until we could refine the spectral 
resolution between Cy5 and Cy5.5.   This would provide the additional fluor, Cy5.5, 
needed for such experiments. 

We next studied a pair of cell lines HTB43 and SCC15, derived from patients 
with squamous cell carcinoma of the head and neck. These cell lines possessed 
sufficiently extensive chromosomal rearrangements that much of their chromosome 
complement were designated as "marker" chromosomes when analyzed by a board 
certified cytotechnologist using conventional cytogenetic banding procedures.  The G- 
banded karyotype of one HTB43 cell is shown in Figure 6a.   Information gleaned by 
inspection of the M-FISH images was used to assemble the DAPI banded karyotype of 
SCC15 (Figure 7a) since chromosome identification based on either DAPI or G- 
banding patterns alone also left a large number of chromosomes unidentified. The 
karyotypes of these cell lines as revealed by M-FISH are illustrated in Figures 6b and 
7b; in these experiments we again used arm specific probes for chromosomes 3, 5 and 
11.   The chromosomal partners in numerous chromosomal translocations are readily 
identifiable and some of the chromosomal rearrangements are extremely complex. 
Many but not all metaphase spreads for SCC15 demonstrated some double minute 
chromosomes (DMs). In the metaphase spreads shown in Figs. 7a and b one single DM 
was observed and identified as chromosome 1 material. This demonstrates the 
usefulness of M-FISH to identify DMs. A schematic representation of all the 
chromosomal rearrangements observed in HTB43 and SCC15 are shown in Fig. 6c and 
Fig. 7c, respectively. 

Comparative genome hybridization (CGH) was also done on cell lines HTB43 
and SCC15 to determine those chromosomal regions that were over- or 
underrepresented in the tumor lines (data not shown). Both cell lines have a large 
number of different clones. Since CGH provides a summary of data for all clones one 



would not necessarily expect that the M-FISH data from a small number of metaphase 
spreads would correlate exactly with these relative copy number karyotypes. 
However, even with this caveat, there was a very close similarity between the M-FISH 
and CGH 'data concerning the relative abundance of whole chromosomes or chromosome 
segments. Since the CGH data indicated that chromosome 3p was underrepresented in 
these cell lines while 3q, 5p, and 11q arms were overrepresented, the use of the arm 
specific probes for these chromosomes in M-FISH facilitated the comparative 
evaluation. 

M-FISH with band-specific probes and YAC clones 
A set of three band specific probes from chromosome 6 were used with 19 non 

chimeric YAC clones and two whole chromosome painting probes (for chromosomes X 
and 8) in order to determine if M-FISH could be done efficiently using regionally 
localized and genetically less complex probe mixtures.  The result of this experiment, 
shown in Fig. 8, demonstrates that both band specific clone pools and individual YAC 
clones with inserts as small as 0.5 kb can be imaged and their spectral signatures 
correctly identified by our computer algorithms.   While the ultimate sensitivity of M- 
FISH has yet to be established, it should be possible to assemble probe panels to 
address a broad spectrum of specific biological and clinical questions. 
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Table 1: Epicube Filter Configuration for 75 W Xe Arc Source 

DAPI FITC Cv3 Cv3.5 Cv5 Cv7 

Excitation 

Filter 

Zeiss 

365 nm 

Omega 

455DF70 

Omega 

546DF10 

Ealing 

35-3763 

Omega 

640DF20 

Omega 

740DF25 

Dichroic 

Beamsplitter 

Zeiss 

395 nm 

Omega 

505DRLP02 

Omega 

560DRLP02 

Omega 

590DRLP02 

Omega 

645DRLP02 

Omega 

777DRLP02 

Emission 

Filter 

Zeiss 

> 397 nm 

Omega 

530DF30 

Ealing 

35-3722 

Zeiss 

630/30 

Omega 

670DF32 

Omega 

780EFLP 

IR 

Blocking 

Schott 

BG38 

Schott 

BG38 

Schott 

BG38 

Schott 

BG38 

Oriel 

58893 

Oriel 

58895 

10 
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Figure Legends 

Fig. 1 

Normal male metaphase spread after hybridization with a 27 DNA-probe cocktail. The 

left column of the figure shows the unprocessed fluorescence source images and the right 

column the segmentation masks computed for each fluor. 

a) DAPI: The DAPI source image was inverted in order to produce a G-band like pattern; 

b) FITC; c) Cy3; d) Cy3.5; e) Cy5; f) Cy7 

Fig. 2 

Plot of the relative fluorescence intensity values for the fluor Cy3.5. Each pair of dots 

represents the mean fluorescence intensity values of the respective chromosome 

homologues. Note that chromosomes that were labeled with fluors very close to Cy3.5 

in the spectrum, i.e. Cy3 or Cy5 but not with Cy3.5 do not have significantly increased 

intensity values. For example, chromosome 16 was labeled with Cy3 and Cy5 only. The 

intensity values over these chromosomes were no higher than any other chromosome not 

labeled with Cy3.5. This demonstrates the specificity of the filter used, thus allowing the 

unequivocal discrimination of hybridization positive and negative chromosomes. 

Fig. 3 

Display of individual chromosome pairs identified on the basis of their fluor composition 

next to the DAPI image of the metaphase spread. This part of the computer program 

facilitates the identification of chromosome material in the metaphase spread. 

Identification of a) chromosome 7 and b) chromosome 9. 

Fig. 4 

a) Metaphase spread of Fig. 1 as a pseudocolored image. For chromosomes 3, 5 and 11 

the p and q arms were labeled differently. 

12 



b) Final karyotype generated on the basis of the boolean spectral signature. 

Fig. 5 

Examples of chromosomal abnormalities detected by 24 color M-FISH. 

a) BM2486: 46, XX, t(5;8)    : 

b)10608:46,XY,t(2;14) 

c) BM2645:46, XX, t(2;3), del 6(q) (arrow) 

d)BM2527:46,XY,t(15;17) 

e) BM3149: 45, XY, -3, +der[t(3;5)], -5, -6, +der[t(6;12)], +8, -12 

Samples a and b were from individuals with constitutional translocations. 

Samples c, d, e were from patients with acute myeloid leukemia. 

Fig. 6 

a) G-banded karyotype of the cell line HTB43. The cell shown here has 57 

chromosomes. Many of the chromosomal rearrangements could not be deciphered with 

conventional cytogenetic banding procedures. 

b) M-FISH analyses of the cell line HTB43. This cell has 49 chromosomes and some 

identical marker chromosomes as the cell shown in a). Two marker chromosomes 

contain chromosome material in a band like fashion. One has a p-arm consisting of 5p, 

while the q-arm has one band consisting of chromosome 14 material and then two 

alternating bands with chromosome 9 and 1 lq material. The second marker chromosome 

is a 15p+ with alternating bands of 3q and chromosome 8 material. 

c) A schematic representation of the chromosomal rearrangements observed in the 

metaphase shown in b). 

Fig. 7 

a) DAPI banded karyotype of a metaphase spread from cell line SCC15.   The 

chromosomes were arranged based on the M-FISH results shown in b). 

13 



b) M-FISH analyses of the same metaphase spread as shown in a). 

c) A schematic representation of the chromosomal rearrangements observed in the 

metaphase shown in b). 

Fig. 8 

a) DAPI banded normal male metaphase spread. 

b) Same metaphase as in a) after hybridization with a probe cocktail containing 19 YAC- 

clones, 3 microdissected chromosome band specific probes, and 2 painting probes. For 

details see text. 
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Figure 3 

Chromosome 7 

Chromosome 9 
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