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)
)
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) oy
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COMPLAINT

This is an action for patent infringement brought by Ventana Medical Systems, Inc.
(“Ventana™) against Vysis, Inc. (“Vysis”) and its parent company, Abbott Laboratories (“Abbott™).
ARCH Development Corporation (“ARCH”) is joined as a necessary party pursuant to Rule 19(a) of
the Federal Rules of Civil Procedure.

Parties

1. Plaintiff Ventana is a corporation organized under the laws of Delaware, with a
principal place of business at 1910 Innovation Park Drive, Tucson, Arizona. Ventana is the
exclusive licensee, with rights to enforce, United States. Patent No. 6,025,126 (“ “126 patent™),
entitled “Methods and Compositions for the Detection of Chromosomal Aberrations,” issued

February 15, 2000. Ventana is the assignee of title to United States Patent No. 6,414,133 (* ‘133

|-
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patent™), entitled “Multiple Fusion Probes,” issued July 2, 2002. True copies of the ‘126 and
‘133 patents are attached as Exhibits 1 and 2.

2. Defendant Vysis is a Delaware corporation with a principal place of business in
Downers Grove, Illinois. Among other things, Vysis manufactures, offers to sell, and sells
cellular genomic products for hematopoietic disorders. Vysis is a wholly-owned subsidiary of
Abbott:

3. Defendant Abbott is a corporation organized under the laws of the state of Illinois,
with a principal place of business in Abbott Park, Illinois. Abbott is a health care company in the
business of manufacturing, offering to sell and selling, among other things, diagnostic tests,
pharmaceuticals and medical prodpcts.

4, ARCH is an 1llinois not-for-profit corporation with a principal place of business in
Chicago, Illinois. ARCH is the assignec of title to the ‘126 patent. ARCH is subject to service
of process, and is joined as a necessary party pursuant to Rule 19(a) of the Federal Rules of Civil

Procedure as a prudent measure to ensure complete adjudication of rights relating to the patent.

Jurisdiction and Venue |
| 5. This is a Complaint for patent infringement arising under 35 U.S.C. § 271. This
Court has subject matter jurisdiction over this matter under 28 U.S.C. § 1331 and 28 U.S.C.
§ 1338(a).
6. Venue is proper in this judicial district under 28 U.S.C. §1391 (b) and (c) because
both Vysis and Abbott reside in this judicial district and are subject to personal jurisdiction in

this judicial district.
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7. Venue is also proper in this judicial district under 28 U.S.C. § 1400(b) because
both Vysis and Abbott reside in this judicial district and because Vysis and Abbott have
committed acts of infringement and maintain established places of business in this judicial
district.

8. Joinder of ARCH as a necessary party neither: (a) destroys jurisdiction of the

subject matter of the action, nor (b) renders venue improper.

COUNT 1
Infringement of the ‘126 Patent

0. Defendants have infringed and continue to infringe the ‘126 patent by making,
using, selling and offering to sell certain products including, but not limited to, the “LSI
BCR/ABL Dual Color, Dual Fusion Translocation Probe” (Vysis Catalog number 32-191032),
“LSI BCR/ABL ES Dual Color Translocation Probe” (Vysis Catalog number 32-191022), and
the “LSI BCR/ABL Dual Color, Single Fusion Translocation Probe” (Vysis Catalog number 32-
190022).

10. Ventana makes, offers to sell, and sells a product called “BCR/ABL1 D-FISH
probe” that competes with the Defendants’ products listed in paragraph 9 such that each sale
made by Defendants is a sale that rightfully should have been made by Ventana.

11. Defendants have continued their infringement despite having notice of the ‘126
patent. Defendants have committed, and are committing, willful patent infringement.

12.  Defendants’ infringement has caused monetary damage and irreparable injury to
Plaintiff. Unless, and until, Defendants’ infringement is enjoined by this Court, it will continue

to cause monetary damage and frreparable injury to Plaintiff.
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COUNT I1
Infringement of the ‘133 Patent

13.  Defendants have infringed and continue to infringe the °133 patent by making,
using, selling and offering to sell certain diagnostic tests including, but not limited to, the “LSI
AMLI1/ETO Dual Color, Dual Fusion Translocation Probe” (Vysis Catalog number 32-191006),
“LSI BCR/ABL Dual Color, Dual Fusion Translocation Probe” (Vysis Catalog number 32-
191032), “LSI IGH/MYC, CEP 8 Tri-Color, Dual Fusion Translocation Probe” (Vysis Catalog
number 32-191020), “LSI IGH/BCL2 Dual Color, Dual Fusion Translocation Probe” (Vysis
Catalog number 32-191018), “LSI IGH/CCND1 Dual Color, Dual Fusion Translocation Probe”
{Vysis Catalog number 32-191017), and, “LSI PML/RARA Dual Color, Dual Fusion
Translocation Probe” (Vysis Catalog number 32-191013).

14. Ventana makes, offers to sell, and sells a product called “BCR/ABL1 D-FISH
probe” that competes with the Defendants’ “LSI BCR/ABL Dual Color, Dual Fusion
Translocation Probe™ (Vysis Catalog number 32-191032) product listed in paragraph 13 such that
each sale made by Defendants is a sale that rightfully should have been made by Ventana.

15.  Defendants have continued their infringement despite having notice of the <133
patent. Defendants have committed, and are committing, willful patent infringement.

16.  Defendants’ infringement has caused monetary damage and irreparable injury to
Plaintiff Ventana. Unless, and until, Defendants’ infringement is enjoined by this Court, it will

continue to cause monetary damage and irreparable injury to Plaintiff.
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Prayer For Relief
WHEREFORE, Plaintiff Ventana requests the following:
Al Award all damages adequate to fully compensate Ventana for the infringement
that has occurred, including, but not limited to:
L lost profits;
it. reasonable royalty;
ii. prejudgment and post-judgment interest; and,
1v, any further damages permitted by 35 U.S.C. § 284.
B. Award enhanced damages, including treble damages, for willful infringement
pursuant to 35 U.S.C. § 284.
C. Award attorneys’ fees and other costs based on this being an exceptional case
pursuant to 35 U.S.C. § 285.
D. Grant preliminary and permanent injunctive relief against Defendants’, their
customers, and ail those acting in concert or participating with them from further acts of
infringement of the 126 and *133 patents pursuant to 35 U.S.C. § 283.

E. Award such other and further relief as is just.
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Jury Demand

Plaintiffs demand a jury trial on all issues so triable.

Dated: July 15, 2003 Respecifully submitted,

D—;{Eg:‘
Jeffrey A. Hall
Sean Gallagher
BARTLIT BECK HERMAN
PALENCHAR & SCOTT
54 West Hubbard Street #300
Chicago, Illinois 60610

(312) 494-4400

David Berten

Greg Smith

Rhett Dennerline

Kelly J. Eberspecher
COMPETITION LAW GROUP LLC
120 South State Street, Suite 300
Chicago, 1llinois 60603

Tel. (312) 629-1900

Fax. (312) 629-1988

Counsel for Ventana Medical Systems, Inc.
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[57] ABSTRACT

This invention relates generally to methods and composi-
tions for direct detection of specific nucleic acid flanking
sequences associated with structural chromosomal aberra-
tion breakpoints, by forming hybrids between the sequences
and genetic probes, and detecting the probes. In particular
aspects, the invention concerns detection of mucleic acid
sequences in situ in chromosomes, and more specificzlly in
cells, in¢luding interphase cells. Compositions of probes
usefu] for detecting chromoscmal trapslocations, in parlicu-
lar those associated with buman leukemias, are also dis-
closed. An aspect of the invention is labelled probes that,
when juxtaposed by formation of an aberration, are distin-
cuishable and provide a pattern different from that of normal
cells.

25 Claims, 5 Drawing Sheets
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METHODS AND COMPOSITIONS FOR THE
DETECTION OF CHROMOSOMAL
ABERRATTONS

The government may have certain rights in this invention
persuant fo rescarch funding provided by the National
Institutes of Health, NTH R29-CA44700.

BACKGROUND QOF THE INVENTION

1. Field of the Invention

This invention relates generzlly to methods and compo-
sitions for direct detection of specific nucleic acid sequences
associated with anking regions of chromosomal aberration
breakpoints, by forming hybrids between the sequences and
genetic probes, and detecting the probes. In particular
aspects, the invention concerns detection of mucleic acid
sequences in situ in chromosomes, and more specifically in
cells, including interphase cells. Compositions of probes
useful for deiecting chromosomal translocations, in particu-
lar those associated with human leukemias, are also dis-
closed.

2. Description of the Related Art

Substantial proportions of buman diseases and malforma-
tions trace their etiology, at least in part, to genetic factors.
Some of these factors are present in the zygote, others nocur
later as somatic cells form. Detecion of genctic factors
associated with particular diseases or malformations pro-
vides a means for diagnosis and treatment. For some
conditions, early detection may allow prevention or amelio-
ration of the devastaling courses of diseases.

One class of genetic factors are chromosomal aberrations,
that is, deviations in the expected numbers and structure of
chromosomes for a particular species, and for particular cell
types within a species. These may be constitutive i.¢. present
in the zygote, or induced post-zygotically in somatic (non-
germinal cells) leading to mosaicism, that is a condition
where both normal and abnormal cells are present. Chro-
mosomes are the microscopically visible entities that are
composed of the genetic material and, in higher organisms
such as man, proteins and RNA. The study of chromosomes
is called “cytogenetics™.

There are several classes of structural aberrations that
may involve antosomes o sex chromosomes or both. These
aberraiions are detected by noting changes in chromosome
morphology (band patterns). The band patterns may be only
changed in one chromosome (intrachromosomal) or in more
than one chromosome (interchromosomal). Normal phena-
types may be associated with these rearrangements if the
amount of genetic material has not been altered, but physical
or mental anomalies are expected if there is gain or loss of
genetic material. Simple deletions (deficiencies) refer to loss
of part of a chromosome. Duplication refers to addition of
material to chromosomes. Duplication and deficiency of
genetic material can be produced by simple breakage of
chromosomes, by errors during DNA synthesis, or as a
consequence of segregation of other rearrangements into
gametes.

Translocations are interchromosomal rearrangements
effected by breakage and transfer of part of chromosomes to
different locations. In reciprocal translocations, pieces of
chromosomes are exchanged between two or more chromo-
somes. Generally, the exchanges of interest are between
nonkhomologues. If all the original genetic material appears
to be preserved, this condition is referred to as balanced.
Unbalanced forms have duplications or deficiencies of
genetic material associated with the exchange; that is, some-
thing has been gained or lost “in the shuffle.”
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One of the most exciting associations between chromo-
somal aberrations and human disease, is that between chro-
mosomal aberrations and cancer. These aberrations are gen-
erally not constitutive, i.e., present in the zygote, therefore
are not present in ail cells—only the abnormal ones. A
mosaic condition is said to exist. For example, the Phila-
delphia (Ph') chromosome is an important cytogenetic find-
ing in chromic myelogenous leukemia (CML) and acute
lymphoblastic leukemia (ALL). This chromosome was
criginally identified as a chromosome sized slightly smaller
than a “G-group” chromosome. It was believed to be a
deleted chromosome until detection of a reciprocal translo-
cation between chromosomes No. 9 and 22 was reported by
Rowley. A reciprocal translocation is one caused by break-
age of at least Iwo chromosomes and reunion of the broken
piece in new locations.FIG.1) This aberration was first
found to be associated with CML, but is now known to have
prognostic and diagnostic value for many hematopoictic
malignancies, e.g, ALL.

It is not only the translocation per se that is of clinical
interest, but rather the resulting fusion of the proto-oncogene
abl from the long arm of chromosome 9 with the ber gene
of chromosome 22, a consistent finding in CMI.. This
genetic change leads to formation of a ber-abl transeript that
is translated to form a 210 kD protein present in virtually all
cases of CML. This fusion can be detected by Southern
analysis for ber rearrangements or by in vitro amplification
(PCR) of a complementary DNA (CDNA) transcript copied
from CML MRNA. In approximately 95% of cases, the
fusion gene results from a reciprocal translocation involving
chromosomes 9 and 22, producing a cytogenetically distinet
small acrocentric chromosome called Ph'. In the remaining
cases the genetic rearrangement is more complex, and the
involvement of the ber and abl regions of chromosomes 9
and 22 may not be apparent during analysis of banded
metaphase chromosomes. Southern blots, PCR, and
metaphase chromosome banding analysis provide
complementary, but incomplete, information on CML. They
do not permil a genetic analysis on a cell by cell basis in a
format in which the results can be related to cell phenotype
as judged by morphology or other markers. Thus, assess-
ment of the distribution of the CML genotype among cells
of different lineage and maturity has not been possible.

As an example of the prognostic value of chromosomal
aberrations, in adult ALL, the Ph* chromosome is present in
up to one-third of cases, and is associated with a high relapse
rate and short survival. In pediatric ALL it is much less
comumen, but it remains one of the few chromosomal abnor-
malities that continues to carry a poor prognosis in spite of
newer, more intensive approaches 1o treatment. The accurate
detection of the Ph* is thus an important part of the diag-
nostic evaluation of patients with ALL.

Unfortunately, the cytogenetic diagnosis of the Ph? chro-
mosome in ALL has been limited. Cytogenetic analysis has

5 a high failure rate in this disease, compared to other acute

leukemias or to CML. Fewer than 70% of cases have
adequately banded chromosomes at metaphases in most
reports. “Banding” is a morphological pattern revealed by
treating chromosomes to reveal horizontal stripes which
vary in width and staining intensity and are characteristic of
specific chromosomal regions. As an alternative to cytoge-
netic analysis, recently, newer methods of chromaosomal in
siw hybridization with non-isotopically labelled genetic
probes have improved and extended the capabilities of
cytogenetics. One of these methods is fluorescence in situ
hybridization (FISH). In this method, probes are labelled
with fluorescent signals that are detectable, generaily by
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microscopic viewing of colors. Probes are nucleic acid
sequences which bind to matching (homelogous) sequences,
e.g. on chromosomes. Although based on cylogenetic
diagnosis, FISH may be performed on interphase cells as
well as on metaphases, and may be applied directly to cells
from either the peripheral blood or bone marrow without the
need for banded karyotypes. The diagnostic utility of FISH
with repetitive, centromeric probes in cases of leukemia has
been demonstrated in previous studies.

FISH on interphase cells has proven to be a useful method
for diagnosis and clinical management in hematologic dis-
cases. However, much of this experience has concentrated
on detecting numerical chromosomal abnormalities (single
chromosome loss or gain), making use of chromosome-
specific alpha satellite probes, which are highly-repetitive,
umique sequences that oceur within or near the centromere of
chromosomes. The centromere is a constriction most readily
visible at metaphase of cell division, which oceurs at a
characteristic location on each chromosome. The develop-
ment of competitive hybridization methods io eliminate the
signal from Ah-type repeats, and improvements in optics
and reagents, have also made it possible to visualize single-
copy genomic clones by FISH. However, the use of genomic
clones is more difficult than the use of alpha satellite probes,
because of lower signal intensity and high background.
These difficeities would be offset if use of genomic clones
produced improvements in discase assay specificity and
were more flexible. Genomic clones are those that contain
repeated sequences and non-coding sequences, that is DNA
as it exists in the chromosome.

Some of the background for the present invention is as
follows: single stranded synthetic DINA was developed with
multiple sites are incorporated where fragments may be used
as probes. (Stephensen, U.S. Pat. No. 4,681,840). Onco-
genes are genes whose products have the ability to transform
eukaryotic cells so that they grow in a manner analogous to
tumor cells. Probes and methods for detecting chromosomal
translocations are disclosed in EPO 181 635 (Groffen et al.)

Pinkel et al. (1986, 1988) and Gray et al. (1990) relate
fluorescent-labeled probes for the cytogenetic analysis of
chromosomes, and in situ hybridization of chromosomes at
metaphase and interphase with whole chromosome-specific
DNA.

In situ hybridization using a mixture of radioactive
labelled probes c-abl and ber sequences were employed on
a CML patient sample. Although a translocation was said to
be detected, Poisson analysis, a statistical procedure, was
required to differentiate random from nom-random silver
grain distribution after autoradiography. (Bartram et al.,
1987).

Benn et al. (1987) relates the molecular genetic analysis
of the ber rearrangement in the diagnosis of CML. Analysis
involved Southern blots and radioactively labelled probes.

A single ber-derived probe from which highly repetitive
scquences were removed, was employed to dotect the Ph?
trapslocation in CML. Restriction fragment length polymor-
phisms (RFLP} were used to identified patients affected with
CML. Prebes were used to map the chromosome 22 break-
points within the ber region by Grossman et al. (1989). Two
separate ber-specific probes were used to detect rearrange-
ments within the ber region. Sonthemn blats and RFLP were
employed. (Hutchins et al,, 1989).

Flow cytometry has been applied to detection and char-
acterization of disease—linked chromosome aberrations
(Gray et al., 1990). There is a great need to improve methods
of detecting specific chromosome aberrations. Flow cyto-
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metric requires in vitro cell culture, expensive equipment,
and expertise in interpretation of statistical analyses of
results. Therefore, it is not generally clinically useful.

Detection of aberrations by use of repeat sequence probes
found near centromeres, generally alpha satellite probes, or
whole chromosome probes not probes specific for geactic
regions associated with discases. Greater sensitivity and
increased resolution is needed. Use of whole chromosome
probes is generaily limited to detection of aberrations that
occur homogeneously in a cell population (Gray et al., 1990)
and does not have the resolution to distinguish similar, but
distinct breakpoints. The present invention relates methods
and compositions for deteclion of chromosomal aberrations
that need not be present in all cells of a sample. Composi-
tions include novel probes that were specifically designed to
detect the BCR-ABL fusion gene in acute and chrooic
leukemias e.g. CML and AL, and to determine molecular
subtypes.

Methods using a plurality of probes to provide increased
sensitivity and specificity in detecting chromosomal
aberrations, are alsc aspects of the present invention. These
methods are particularly valuable in being applicable to
interphase cells, thus avoiding the costly, laborious, time-
consuming and often inconclusive cytogenctic analysis of
metaphase chromosomes, and the expertise nseded for flow
cytometry. Not only are the methods of the present invention
easier fo use, but these methods do not require invasive or
risky techniques inflicted on patients, such as bone marrow
sampling. However, the methods and compositions of the
present invention may also be used on metaphase chromo-
somes or Souther blots.

SUMMARY

Substantial proportions of human diseases and malforma-
tions trace their etiology, at least in part, to genetic factors.
Some are inherited, some oceur during the development and
life of the organism. Cancers, for example, are associated
with somatic mutations and/or chromosomal aberrations that
may be specific for cancerous cells. Detection of genetic
factors associated with particular diseases or malformations
provides a means for diagnosis and treatment. For some
conditions, early detection may allow prevention or amelio-
ration of the devastating courses of diseases. For others,
monitoring the course of the disease is useful to determine
treatment strategies. The methods and compositions of the
present invention provide multipronged reconnaissance into
the genetic malerial to determine if it harbors abnormal
factars.

This invention concerns gemetic factors in the form of
chromosomal aberrations, ihat is, deviations from the onm-
ber and structure of chromosomes characterizing a species,
and cell tvpes within the species. In humans, for example,
there are generally 46 chromosomes in somatic, i.e. non-
germinal cells. These exist in 23 pairs, 22 of which are each
matched by size and structeral morphology. Structural mor-
phology is revealed by a variety of methods, for example,
treatment of chromosomes to form distinguishable horizon-
tal bands. Analysis of such patterns, and comparison of the
relative size of the cliromosomes and positions of the
ceniromere, a comstriction visible at metaphase of the
mitotic cell cycle on each chromosome, allow identification
and classification of each pair. Analysis of banding patterns
also permits detection of siructural aberrations both between
and within chromosormes.

For purposes of the present invention, structural chromo-
somal aberrations which comprise a breakpoint fusion
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region with oucleic acid sequences flanking the breakpoint
fusion, are of particular interest. Flanking regions should be
within 800 kb or less so that there are include a particular
breakpoint, yet are far enough on either side of the fusion so
that they are not included in it. An aspect of the present
invention is to detection aberrations which are not detectable
by conventional metaphase cytogenetics using light micros-
copy.

Chromosomes contain linear sequences of DNA, a
nucleic acid that is the genetic determinative for most
species (RNA is the genetic material in some Iower
organisms). cloning technolagy has been developed which is
capable of isolating specific genes directly from the genome.

To identify specific genes, that is, specific nucleic acid
sequences, specific probes may be used that react only with
the particular sequence of interest to seek it out from the vast
excess of other sequences. The reaction of probes and their
matching (homologous) sequences, is termed
hybridization—the joining of the probe and its match by
hydrogen bonds. Laboratory methods related to cloning
technology and other techniques well known to those of skill
in the art, may be found in Maniatis (1982) and in Lewin
(1987). Conditions of varying stringency are used depending
on the degree of homology required for a2 match. In
examples disclosed herein, stringency conditions are set
forth that are specific for hybridization to unique breakpoint
provided in preferred embodiments.

The power of this approach in cytogenetic analysis comes
from the increasing availability of chromosome- or locus-
specific-nucleic acid probes. These fall into ihree general
classes: 1) probes for sequences that are present in many
copies on one chromosome, 2) composite probes composed
of many individual elements that are homologous to tarpet
sequences distributed more-or-less continuously along an
entire chromosome, and 3) probes homologous to a specific
chromosome subregion or locus; for example, associated
with a genetic disease. To use probes to deiect chromosomal
aberrations formed by breakage and reunion of, e.g., two
chromosomes from different pairs (non-hemologous), by
probing the sequence at the fusion of the breakpoints
themselves, may provide a weak signal by which the hybrid-
ization is detected. This is because when a short sequence
hybridizes, the signal may be foo weak to be detected. If a
probe is lengthened to provide greater signal intensity, it
may become too large. This will be seen as a diffuse signal.
Those of skill in the art will readily determine optimum
probe size for a particular application using the guidelines
disclosed herein.

Alaboratory procedure that produces increased specificity
and low background, and one in which individual probes can
be distinguished as separate entities, is preferred. Thus, the
labelling of probes is not amenable to current radicactive
isolopic labels, but is more suitably performed with fluo-
rescent and other non-isotopie, ie. enzymatic or chemical
labeling methods. For diagnosis using interphase cells, that
stage of cell division thet most somatic cells sampled
clinically are in, these labelling methods provide good
enongh intensity to be detectable.

An upper limjt on probe size for purposes of the present
invention is believed to be about 200 kb of nicleic acids, that
is, about 3 times the size used in the examples disclosed
herein. A goal in determining suitable sizes for probes is to
detect doublets. Doublets are pairs of distinct probes in
closer proximity than expected bassd on there nermal chro-
mosome locations in the absence of aberrations. To over-
come limitations inherent in some other techniques, this
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invention provides a strategy of multiple sorties into the
genetic material using at least two probes for separate, but
related sequences; for ¢xample, one for each of the flanking
regions of a breakpoint at which fusion of two chromosomal
segments has occurred. Moreover, this invention takes
advantage of probes large enough to give an intense signal
yet specifically targeted to a genomic sequence. To be
distinguishable yet juxtaposed at interphase, labelled flank-
ing regions have to be approximately within 800 kb.

The probes are preferably labelled so that their location in
the genetic material may be determined. The location is
generally determined by use of a microscope. To avoid
mcreased time and the usual problems and risks associated
with radioactive labels, fluorescent labels are preferred. A
separale color for each independent probe provides the most
information. e.g. red on one probe, green on the other.

The probes may be detected in situ, that is, withoui
extraction of the genetic material. In general, it will be the
cell, or, more specifically, the cell nucleus that will be
viewed.

Although the cells may be analyzed in metaphase, a stage
in cell division wherein the chromosomes are individually
distinguishable due 1o contraction, the methods and compo-
sitions of the present invention are particularly useful for
interphase, a stage in cell division wherein chromosomes are
s0 elongated that they are entwined as is a bowl of spaghett,
and cannot be individually distinguished. At this stage the
chromosomes may be referred to as chromatin.

An additicnal aspect of the invention is the use of
genomic DNA fragments as probes, rather than fragments
which correspond simply to transcribed/translated regions.
By employing genomic fragments of up to 100 kb, e.g.,
through the use of cosmid clones, it is possible to obtain
much greater relative degree of hybridization with the
chromosomal DNA, a particular advantage where a light-
microscopic detection is envisioned such as in the preferred
method in the present invention.

Using multiple probes, each with a distingnishable label,
the overall pattern of the probes is used to assay for a
breakpoint. Because allelic genes exist on chromosome
pairs, each labelled probe capable of hybridizing to a
sequence mormally present on a specific chromosome,
appear twice. If one member of each of two chromosemes
is involved in a translocation which moves the sequences
hybridizing to the probes together on one fusion
chromasome, two of the different colored probes will be in
closez proximity to each other than expected if they maintain
their original chromosome location, the other twa will be
more distant.

In particular aspects of this invention, specific disease
entities are analyzed. The hematological malignancies pro-
vide illustrative embodiments as disclosed in the following
sections. One of the most clinically useful assays for chro-
moscmal aberrations is cytogenelic analysis directed ai
detection of the Philadelphia chromosome (Ph') which is
associated with chronic myelogenous leukemia (CML), and
other hematological malignancies. The presence or absence
of the Ph* chromosome is a major diagnostic and prognostic
aid. However, detection by cytogenetic analysis and other
available techniques is time consuming, laborious, and not
completely accurate.

An aspect of the present invention concerns the use of
DNA probes for the direct detection of Philadelphia chro-
mosomes in metaphase and interphase cells using non-
radioactive methods, The so-called Philadelphia chromo-
some is a chromosomal aberration which results from a
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translocation between chromosome 9 and 22 which pro-
duces a longer chromosome 9 and shorter chromosome 22.
The shortened chromosome 22, termed Ph?, is genmerally
diagnostic of certain types of levkemia, including in par-
ticular chronic myelogenous leukemia (CML), as well as
various other leukemias. On a molecular level, it has been
shown that the development of the Ph' chromosome
includes a iranslocation of a portion of the c-abl oncogene
into a breakpoint cluster region (ber) of chromosome 22,
which cap activate the ABL gene.

Avariety of molecular methods are known for diagnosing
this abnormality in DNA or RNA extracted from cancer
cells. The method of the present invention involves the use
of a specific set of DNA probes, some corresponding to the
abl gene, and some corresponding to the ber gene. This
specific set of probes is hybridized in situ to fixed cells of a
sample from an individual suspected of being affected. The
ABL and BCR specific probes are preferably labeled with
separate fluorescein tags (e.g., biotin plus fluorescein-
labeled avidin, or digoxigemin-labeled probes). Therefore,
upon hybridization, bath sets of labeled probes will hybrid-
iZe to an a franslocated chromosome 9 producing a two color
doublet, whereas only the ABL specific prabe will hybridize
o chromosome 9 in non-affected individuals. The use of a
visually detectable label allows a means of assessing the
presence of the Ph! chromosome through the application of
light microscopy, providing a significant advantage in terms
of expertise required to carry out the assay. The methods are
simpler and more rapid than previously available.

Probes developed as an aspect of the present Imvention
inciude three probes that are particularly useful for detection
of hematopoietic malignancies, notably chronic myelog-
enous levkemia (CML) and acute lymphaoblastic Ieukemia
(ALL). The novel probes are designated: PEM12, ¢c-H-abl
and MSB-1. These probes are specific for regions of the
BCR gene (MSB-1 and PEMI12) and a region at the ABL
gene (c-H-abl). The BCR and ABL regions are those which
fank the breakpoint fusion region in the Ph® chromesome
associated with lenkemias.

FISH was used to detect the Ph' chromosome or its
genetic equivalent as the fusion of BCR and ABL probes
labeled with two colors. The method was successfully used
in interphase cells of ALL patients. This method, using only
two probes, only detects the p210 subtype of BCR-ABL
gene fusions, whereas the majority of Ph'-chromosome-
positive ALL cases contain the p190 fusion. For this reason,
a combinaticn of three probes used in pairs was developed
that could detect both the p190 and p210 molecular sub-
types. Methods using these combined probes are useful for
Ph' chromosome detection by FISH in ALL. Capabilities
and limitations of probes and combinations of probes in the
clinical setiing were assessed and shown to provide
improvements over previous assays for leukemias, in par-
ticular cytogenetic analysis of metaphase chromosomes.
Although the embodiments hercin relate to detection of
chromosomal aberrations in leukemias, the probes may be
specifically tailored to meet clinical needs for the diagnosis
of any chromosomal aberration, as they have for transloca-
tions in leukemias. It is omly necessary to be able to
determine breakpoint regions and to develop probes to those
regions.

The Philadelphia (Ph*) chromosome is also an fmportant
prognostic indicator in acute Iymphocytic leukemia (ALL).
Present in 30% of adult and 5% of pediatric cases, its
presence poriends a short remission duration and poor
survival, despite improvements in therapy as in CML. It is
a derivative of a Iranslocation between chromosomes 9 and
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22, and results in the fusion of a part of the ABL proto-
oncogene on 9q with part of the BCR gene on chromosome
22 Molecular analysis shows il is much more helerogeneous
because the BCR breakpoints are variable. Cytogenetic
dizgnosis of the Ph' chromosome in ALL is possible in only
70% of cases because of the failure to obtain adequate
metaphases. The new technique of fluorescence in sifu
hybridization (FISH) offers the advantage of allowing the
diagnoses of chromosomal abnormalities in interphase cells,
thus overcoming the problem of metaphase preparations.

Using dual-color FISH with probe combinations specifi-
cally tailored to flank the breakpoints in the two types of the
BCR-ABL fusion genes p210 and p190, the presence or
absence of the Ph' chromosome in interphase cells was
determined from 3 ALL patients, two ALL-derived cell
lines, and normal lymphocytes and specified its molecular
subtypse when present. The method proved accurate for
detection in all cases and for subtyping in 7 of 8 of the cases
examined. The sensitivity and specificity for assessing the
Ph? status of individual cells were low, but results were
unequivocal when several cells were examined in a sample.

As can be seen from the following descriptions and
cxamples, the methods disclosed may be performed by a
pathologist on routine examination of blood and tissue
samples.

FIGURES

FiG. 1 is a schematic representation of a reciprocal
tanslocation between chromosomes No. 9 and 22.

FIG. 2A, FIG. 2B and FIG. 2C is a schemafic represen-
tation of the location of probes used for dual-color FISH on
the normal BCR gene (FIG. 2A) and on BCR-ABL fusion
gene subtypes (FIG. 2B—The p210 fusion gene; FIG.
2C—-The p190 fusion gene).

FIG. 3A, FIG. 3B and FIG. 3C illustrates expected signal
(labelling) patterns associated with different molecular sub-
types of the Ph* in interphase cells using two-color FISH
with two different probe combinations used (FIG. 3A—p190
p fusion gene; FIG. 3B—p210 type fusion gene; FIG.
3C—normal or negative).

FIG. 4 is a restriction enzyme map of part of the human
BCR gene from chrormosomal 22.

FIG. 5 is a restriction enzyme map of the human c-abl
region from chromosome 9.

DETAILED DESCRIPTION OF THE
INVENTION

The following examples, materials and methods provide
embodiments of the invention.

EXAMPLE 1

Detection of Ph? in CML

Two-color FISH with the abl (red) or ber (green) probe to
normal G, interphase nuclei in most cases resulted in two
red and two green hybridization sigpals that were weil
separated and randomly distributed around the nucleus. In a
few cells,, two doublet hybridization sipnals were detected,
probably as a resnlt of hybridization to both sister chroma-
1ids of both homologs in cells that had replicated this region
of DNA (those in the S or G, phase of ihe cell cycle).

Depending on the exact positioning of the breakpoints in
the levkemic clone, the genetic rearrangement of CML
brings the binding sites of the ber and abl probes to within
25 to 225 kb of each other on an abmormal chromosome.
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Dual-color hybridization with abl and ber probes to inter-
phase CML cells resulted in one red and one green bybrid-
Ization signal located randomly in the mucleus, and one
red-green doublet signal in which the separation between the
two colors was <1 gm. In some cases, the red-green doublet
appeared yellow. The randomly located red and green sig-
nais are likely due to hybridization to the abl and ber genes
on the normal chromosomes, and the red-green doublet
signal to hybridization to the ber-abl fusion gene. The
distance between the red and green components of the fusion
signal is consistent with interphase mapping studies. Those
studies have shown that DNA sequences separated by less
than 250 kb should be within 1 gm of each other in
two-dimensional interphase muclel. Since the positions of
the ber and abl hybridization sites are distributed apparently
randomly over the two-dimensional nucleus images in nor-
mal cells, it is nof surprising that some normal cells will have
red and green signals separated by <l sm. Such false
positive cells were found at a frequency of about 1% (9 of
750 cells pooled from four normal individuals). The highest
frequency of false positive fusion signals for an individual
case was 3 of 150 cells analyzed. Thus, with the use of this
prebe placement strategy, these results set a practical limit of
about 1% for the detectable frequency of CML cells in a
population.

Hybridization results for seven samples from six CMI,
cases and data from PCR, Southern, and chromosome band-
ing amalysis are presented fn Table 1. In all six cases
red-green hybridization signals separated by <1 gm in more
than 50% of nuclei were present. This was the case in three
cases found 1o be Ph'-negative by banding analysis (CML-4,
CML-5, and CML-6). In most cases, the fusion event was
visible in virtnally every cell. One case (CML-6) showed
fusion signals in almost every cell despite the fact that PCR
analysis failed to detect the presence of a fusion mRNA and
banding analysis did not reveal a Ph'. Hybridization to
metaphase cells was performed in three cases (CML-1,
CML-4, and CMI.-5). Red and green hybridization signals
in close proximity on a single small acrocentric chromosome
were present in all three. In two cases (CML-1 and CML-4)
scored as 1(9:22) (g34:q11) by banding analysis, the red-
green pair was in close proximity to the felomere of the long
arm of a small acrocentric chromosome is expected for the
Ph’.

From the results of banding analysis one case (CML-5)
was suspected to have an insertion of chromosomal material
at 22q11. Two-color hybridization to metaphase cells from
this case showed the red-green pair to be centrally located in
asmall chromosome. This result is consistent with formation
of the ber-abl fusion gene by an interstitial insertion. Fusion
genes are not always detectable by cyiogenetic banding
analysis of metaphase chromosames.

In one case (CML-1), two pairs of red-green doublet
signals were seen in 3 of 150 (29%) interphase nuclei, This
may indicate a double Ph? (or double fusion gene) in those
cells that was nol detected by banding analysis, which was
limited to 25 metaphase cells. The acquisition of an addi-
tional Ph' is the most frequent cytogenetic event accompa-
nying blast transformation, and its cytogenetic detection
may herald disease acceleration.

Samples CML-3a and CML-3b represent an analysis of
peripheral blood and bone marrow, respectively, from the
same patient. The percentzge of ber-abl fusion-positive cells
was higher in the bone marrow than peripheral blood.
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TABLE 1

A summary of cytogenetic, FISH, and other analyses
of ber-abl rearrangements in six CML cases. CML-1
and CMI-5 were bone marrew samples from patients
wilh chronic phase CML who were receiving no
treatment. CML-3a and CML-3b were from peripheral
blocd and bone marrow, respectively, of a CML
patient in blast crisis, who was receiving
hydroxyurea, CML-2 was from bone marrow in a blast
crisis CML patient. CML-4 was bone marrow from a
CML patient in blast crisis and receiving no
treatment, CML-6 was from bone marrow in a chronic
phase CML patient receiving hydmoxyurea.
Hybrdization to metaphase cells was done on cases
CML-1, CM1-4, and CMI-5. CML-1 and CML-4 both
showed firsion gene signals localized near the end of
2 small acrocentric chromosome consistent With a
classic Ph' resulting from a reciprocal
translocation. CML-5 showed an interstitizl fosion
signal on 22q consistent with the ber-abl fusion
gens tesulting fom an insertional event. F,
Fasion; N, normal; D, double fusion; NI, not
interpretable; and ND. not dene.

Interphase
Other Analy-
Patient Cytogenetics FISH sis

46.30,1(9;27)(q34;911)

80% F
2% D
18% NI
50% F
40% NI
5% F
25% N
100% F
100% F
100% F
100% F

CML-1 ND

CML-2  46,XY49;22)(q34;q11) PCR®

CML-3a  46XYH(9;22)(q3%q11) PCR®
CML-3b
CML-4
CML-5
CML-§

PCR?
PCR®
PCR®
PCR®
Southern®

46,XY0(9;22)(q34:q11)
47X, + 8,del(22){ql1)
46,X Y ins(22,9)(q11;q34934)
46, XY 1(5:9)(q13;,934)

“Bee Materizls and Methods, PCR, Kohler,
"Sec Malerials and Methods, PCR, Hogewisch
“Sec Malerials and Methods, Southem Blot

EXAMPLE 2

Detection of Ph' in ALL

Location of probes used for dual-color FISH on the
normal BCR gene and on BCR-ABL fusion gene subtypes
is shown in FIG. 2A, FIG. 2B and FIG. 2C. The normal BCR
gene, and the two subtypes of BCR-ABL fusion gene are
schematically represented. Black verticel bars represent
BCR exons, with the first exon indicated by Rorman nrmeral
I, and the breakpoint cluster region indicated by “ber.” Open
vertical bars represent ABL exons, and the second exon is
indicated by Roman oumeral II. The diagrams are mot to
scale; the approximate total distance of the BCR gene is 130
kb; the total extent of the ABL regions depicted here is 40
kb.

FIG.2A. The normal BCR gene showing the approximate
location of the MSB-1 probe, and the PEM12 probes
(not fo scale).

FIG. 2B. The p210 subtype of the BCR-ABL. fusion gene
as found on the Ph? chromosome, showing the approxi-
mate location of the MSB-1 probe and the PEM12
probe, relative to the c-H-ABL probe. The jagged line
indicates a possible translocation breakpainl.

FIG. 2C. The pl190 subtype of BCR-ABL fusicn gene,
with a representative breakpoint indicated by the
jagged line and the approximate localions of the
MSB-1 and c-H-abl probes in this gene. The breakpoint
is located proximal to the PEM12 probe, and it there-
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fore translocates to the 9g+ chromosome and is sepa-
rated from the ABL sequences.

Detection of the Ph' in interphase cells using two-color
FISH with probe combinalions used and expected signal
patterns given by different molecular subtypes is shown in
FIG. 3A, FIG. 3A, FIG. 3B and FIG. 3C. Open circles
represcnt the green signal of flvorescein-conjugated anti-
digoxigenin antibodies to detect the MSB-1 or FEMI12
probes and hatched circles represent the red signal of
avidin—Texas red used to detect the biotinylated probe
c-H-abl.

FIG. 3A The pl90 fusion gene will show a pattern of
doublets with the MSB-1+c-H-abl combination but
result in separated doublets with PEMiZ2+c-H-abl.

FIG. 3B. The p210 fusion gene show doublets with both
probe combinations.

FIG. 3C. Normal or Ph'-negative ALL cells show sepa-
rated signals with both probe combinations.

FIG. 4: illustrates a restriction enzyme map of part of the
buman BCR gene from chromosomal 22. B=BAM HI;
Bg=Bglll; E=EcoR 1; H=Hin dl111. The dark area in
brackets below the map indicates the PEMI2 region, an
approximately 18 kb insert in lambda phage. Arrows indi-
cate breakpoints in ALL and CML.

FIG. 5: illustrates a restriction enzyme map of the human
c-abl region from chromosome¢ 9. The arrow below the map
indicates the c-hu-abl cosmid region, approximately a 30 kb
insert,

Detection of Fusion Gene Subtypes

The detection of the two BCR-ABL fusion gene subtypes
is outlined in FIG. 34, FIG. 3B and FIG. 3C. The molecular
basis of the Ph" chromosome is a translocation between the
long arms of chromosomes 9 and 22, (9;22)ql1;q34)
(Rowley, 1973) (FIG. 1 where the haiched chromosome
material was originally on chromosome 9, the clear on
chromosome 22; after breakage and reunion, two derivalive
chromosomes are formed, the small being the Ph* chromo-
some which juxtaposes part of the ABL protooncogene on
chromosome 9934 (Kurzrock et al., 1988) next to part of the
BCR gene on chromosome 22q11.) The resulting fusion
gene Is transcribed and translated to produce a chimeric
protein. Two types of BCR-ABL fusion genes exist in ALL.
Ome type has a BCR breakpoint in the limited region of the
M-ber (Groffen et al., 1984) and produces a 210 kd protein,
designated p210. This is the type of fusion gene found in
virtually all cases of CML. The other type of fusion gene has
a BCR breakpoint in the large region of the BCR first intron
(Rubin et al., 1988; Heisterkamp ot al., 1988) and it produces
a 190 kd protein, p199. This type of fusion sene accounts for
75% of the Ph’ positive cases of ALL, the remainder having
the p210 rearrangement.

Amap of the normal BCR gene (Hooberman el al., 1989)
and the two types of fusion genes, with probe localizations,
is shown in FIG. 2A, FIG. 2B and FIG. 2C. The c-H-abl
probe contains the last exon of the ABL 2ene, which is a
necessary part of the BCR-ABL fusion gene. The MSB-1
probe contains the first exon of the BCR gene, while PEM12
lies immediately 5' of the M-ber. Both the PEM12+c-H-abl
and MSE-1+c-H-2bl probe combinations produce doublets
when a p210 type of fusion gene is present,, because both of
these regions of the BCR gene afe retained on the Ph'
chromosome. When a p190 fusion gene is present, however,
the brealkpoint exists between these two probes, so that only
MSB-1 is retained on the Ph' chromosome to fuse with
c-H-abl, while PEM12 remains on the 9q+chromosome.
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Consequently, doublets are seen with MSB-1+¢-H-abl but
pot: with PEM12+c-H-abl.

In FIG. 2A, the regions of the BCR gene to which the two
probes, MSB-1 and PEM12 hybridize, are shown. A labelled
MSB-1 probe contacted to chromosomes which hybridized
to a normal human chromosome No. 9, would be detected in
association with that chromosome. Similarly, a labelled
P:E:M12 probe would hybridize with a chromosocme No. 9
and show association with it by detection of the Iabel.

The pucleic acid sequence of the ABL gene is normally on
chromosome No. 22, The probe c-H-abl will hybridize to 2
region of the ABL gene as shown in FIG. 2B. Also shown
in FIG. 2B are the locations of the p210 subtype of the fusion
gene formed after breakage and reunion of chromosomes
No. 9 and 22 to form a fusion pene. This fusion gene is
designated p210 because it is capable of being expressed as
a fusion protein with a molecular weight of approximately
210 kd as determined by SDS gel electrophoresis.

Application of both probe combinations thus permits the
both the detection of the BCR-ABL fusion gene, and speci-
fication of the subtype. A schematic diagram of expected
resulis in interphase is shown in FIG. 3A, FIG, 3B and FIG.
3C. Because the ABL breakpoint is variable, the probe
separations may be from 25 to over 200 kb. In metaphase in
situ hybridization, this range of distances will cause the
probe signal (o fuse, but in interphase in situ hybridization
the two colors can be resolved.

If combinations of two dual labelled probes are added to
a preparation containing the p210 subtype of fusion gene, a
pattern in interphase cell nuclei will appear as showing a
dual labelled doublet where the fusion gene is located, and
two single labels where the normal (untranslocated) chro-
mosome Nos. 9 and 22 are located (FIG. 3B). In FIG. 3B,
the appearance of doublets of MSB-1+c-H-abl, and
PEM12+c-H-abl, are shown schematically.

The presence of the p190 subtype of fusion gene can be
distinguished from the presence of the p210 fusion gene, or
the absence of fusion genes of this type in normal cells (FIG.
3), because the p190 fusion gene does nol have a PEM12 site
(FIG. 2C). Therefore, as shown in FIG. 34, labelled dou-
blets reflecting probe associations are only expected wilh the
combination of probes MSB-1+c-H-abl. Contacting cells
with the probe combination PEM12+c-H-abl will not yield
doublets, and should produce an appearance at interphase of
a cell pattern undistinguishable from normal cells. (Compare
FIGS. 2A and 20C).

Five cases of newly-diagnosed adult ALL, were analyzed
using the methods of the present invention. Resulis are
shown in Table 2. Cases 1 to 3 were peripheral blood
samples, but all had greater than 50% blasts in the sample;
cases 4 and 5 were bone marrow sampies. Determination of
the presence or absence of a fusion gene agreed with the
molecular results in each case. The two negalive cascs were
casily scored. Among the BCR-ABL positive cases, the
subtype was obvious in patients 3 and 5, but indeterminate
in patient 2. For patient 2, the MSB-1+c-H-abl determina-
tion was unequivocal, and many cells even coniained two
doublets; however, the resuli for the PEM12+c-H-abl com-
bination was indeterminate, and po cells were observed
which contained multiple doublets. Several subsequent
attempts to repeat the assay with the PEM12+c-H-abl com-
bination failed to resalve the issue.
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Variability between runs was apparent. The best hybrid-
1zation resulis allowed the interpretation of one eell in three.
Any hybridization in which no more than one cell in 8-10
showed results was discarded. Factors which affected the
quality of hybridization results included quality of the
sample, with best results from freshly fixed (<1 day in
fixative) samples showing cven, rather than clumped, chro-
matin condensation, and minimal residual cyioplasm. Other
factors included the hybridization efficiency of the probes,
and the ability o visnalize the doublets, which were some-
times difficult to resolve into two different colors. The final
problem was greatly improved by a change from
fluorescein-tagged anti-digoxegenin Fab fragments to new,
polyclonal, whole-antibody anti-digoxigenin antibodies
(both by Bochringer Mannheim). Of the three probes, the
c-H-abl cosmid produced the most evaluable cells, followed
by PEM12, with MSB-1 as the least efficient of the probes.
Of hybridizations which were discarded for failure of one
probe to hybridize, the most often to fail was MSB-1.

The presence or absence of the BCR-ABL fusion gene
were correctly assigned in 2 cell lines and 5 clinical speci-
mens of ALL. The molecular subtype was easily specified
for most of these cases except for case 2, in which the
relatively high false positive rate (17%) made interpretation
difficult.

The analysis was performed directly on interphase is
specimens of peripheral blood or bone marrow, obviating the
need for cell culture and metaphase preparation. The ability
to detect chromosomal abnormalities in interphase cells has
an important impact on ALL, because failure to obtain
adequate metaphases is one of the most common reasans for
cytogenetic failure in this disease. Another imporiant feature
of FISH compared to conventional eytogenetics is that it
directly detected the important molecular events—the BCR-
ABL gene fusion subtype—rather than merely the presence
of chromosomal aberration. In this regard, it compares
favorably to molecular methods of diagnosis. The BCR-
ABL fusion geke is an important clinical finding in ALL, and
FISH is a viable option for its detection. The limitations and
capabilities of the disclosed methods were evaluated in a
clinical setting.

Although the ability to diagnose a case where more than
one cell was available for analysis, which will generally be
the situation presented, was excellent, the ability to detect
the Ph’ ir an individual cell was rather more limited. The
rate of detection of a positive signal was lower than might
be predicted. In the cell lines, which are believed to contain
100% Ph! positive cells, the range of detection was 46-83%
positive cells, with an overall average of 68%. In the patient
samples, the average number of cells scored as positive was
lower; however, these are helerogenmeous populations of
cells, and lower FISH results for patients relates o the lower
percentage of malignant cells in the samples. There will
generally be both normal and malignant cells in a sample,
and the percentages will vary from patient to patient, and
even within samples from the same patient.

Similarly, the rate of detection of a false positive doublet
signal is 3 to 10% of cells of normal donors.

In summary, interphase detection of FISH with these
probe combinations are an accurate method of detecting the
presence of the Ph' chromosome in ALL, and may be a
technique which will afford this diagnosis in nearly 100% of
ALL patients.
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EXAMPLE 3

Detection of Ph* in a Cell Line

Cell Lines and Nommal Lymphocytes

The two probe combinations were tested on preparations
of normal lymphacytes, a cell line with a known p210 gene
fusion (BV173), and a cell line with 2 known p190 pene
fusion (SUPB13). The results of these determinations, per-
formed blindly, are shown in Table 3. It was found that the
presence or absence of either subtype of the BCR-ABL
fusion gene could accurately be assessed. However, none of
the cell lines gave 100% fusion gene-positive cells, as would
be expected from a homogeneous population of cells. The
percent of cells scored as positive ranged from 46 1o 83% of
cells with recognizable signals, indicating a false negative
rate of 17to 56%. The false negatives were highly dependent
on degree of background staining, sample quality, hybrid-
ization efficiency of the probes, and experience. The rate
lowered as the observer became more experienced.

The false positive rate, the number of cells with doublets
in normmai lymphocytes, or of SUPB13 cells containing
PEM12+c-H-abl doublets, ranged from 3 to 10%. Based on
this expericnce, it was found useful to define the positive and
negative patient cases relative to normal controls run at the
same time. A case was defined as positive when the doublets
were present at two-and-a-half times the rate found with
negative controls, and as negative if the rate of doublets was
similar (within 5%) to the normal lymphocyte results. Any
findings in between were scored as indeterminate.

Multiple red-green hybridization sites along bath arms of
a single acrocentric chromosome were detected in simulta-
neous hybridization ions with abl and ber probes to
metaphase cells of the CML-derived cell line K-362.
Hybridization fo interphase nuclei demonstrated that the red
and green signals were localized to the same region of the
nucleus. This is consistent with their being present on a
single chromosome. Eight to 16 hybridization pairs were
seen in each of 250 nuclei enumerated, indicating corre-
sponding amplification of the ber-abl fusion gene. Fusion
gene amplification was not seen in amy of the normal
controls or CML patients analyzed. These findings are
consistent with previous Southern blot data showing ampli-
fication of the fusion gene in this cell line.

In summary, dual-color FISH analysis of interphase cells
from seven CML and four normal cell samples with abl and
bar probes suggests the ufility of this approach for routine
diagnosis and clinical monitoring of CML. A significant
advantage of this technique is the ability to obtain genetic
information from individual interphase or metaphase cells in
less than 24 hours. Hs application is not limited to cells that,
fortuitously or through culture, happer to be in metaphase;
it can be applied to all cells of a population. The genotypic
analysis can be associated with cell phenotype, as judged by
morphology or other markers, and this makes possible the
study of lineage specificity of cells carrying the CML
genotype, as well as assessment of the frequency of celis
carrying the abnormality. Moreover, counting of hybridiza-
tion spots allows the determination of the degree of ber-abl
gene amplification in the K-362 cell line. It is possible that
this analysis may be further developed using quantitative
measurement of fluorescence intensity.
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TABLE 2

16

EVALUATION OF THE Ph' CHROMOSOME IN LEUKEMIA SPECIMENS

USING DUAL-COLOR FISTL.

FISH Delerminations™
Probe (combinations) ~ Combined
Pafient  MSBE1 + PEMI1Z + FISH Molecular
Case Data c-H-abl c-H-abl Results Findings
1. 16F 92/100 (8%) 141107 (13%) Ph! negative ~ BCR-ABL negative
2. 63F 36/114 (31%)**  19/110 (17%) Ph! positive BCR-ABL positive
indeterminate  pl150 subtype
3. 6IM 5449 (35%) 83/140 (59%)** Ph* positive ~ BCR-ABL positive
p210 subtype  p210 sublype
4. 39M  2/59 (3%) 11/118 {9%) Ph! negative  BCR-ABL pegalive
5. 38M 46104 (44%) 9108 (8%) Ph' positive  BCR-ABL positive
pl190 subtype  pI90 subiype

*Resulis are presented as number of cells with doublets/total number of evaluable cells (% cells

with doublets)
*sMultiple doublets were observed in some cells in these cases,

TABLE 3

EVALUATION OF PROBE COMBINATIONS ON Ph* CHROMO-
SOME-POSITIVE CELL LINES AND NORMAL LYMPHOCYTES.

SAMPLE MSBE-1 + c-H-abl (%)* PEMI12 + c-H-abl (%)*
SUPBI3 1. 56/104 (46%) 1. 7/119 (6%)

2. 48162 (T7%) 2. 7101 (7%)

3, 7122 (58%)
BV173 1. 80/96 (83%) 1. 43/73 (59%)

2. 76/97 (78%) 2. 80/102 (78%)
Normal 1. 37120 (3%) 1. 8/106 (3%)
Iymphocytes 2. 12/121 (10%) 2. 8108 {7%)

“Results expressed as number of cells with a donblet/ftotal number of
evaluable cells (percent positive cells). Each line represents a separate run.

Materials and Methods

Patient Samples

Cases were selected from newly diagnosed ALL samples
referred to the inventor’s laboratory for pulsed field gel
electrophoresis (PFGE) and Southern molecular apalysis for
the BCR-ABL fusion gene. Peripheral blood was anti-
coagulated with EDTA (lavender-top tubes) and bone mar-
row with heparin (green-top tubes). Buffy coats were
removed from the samples and incubated with NH,CI
(0.135M in 0.005M Tris HCI ph 7.6) to lyse red cells. After
several washes in Hank’s balanced salt solution (HBSS,
Gibeo), the cells were counted and viability assessed. Cells
for FISH were allowed to “rest” in the final wash solution of
HBSS for a few hours at 4° C. Cells for molecular analysis
were embedded in agarose plugs according lo previcusly
described procedures. (Hooberman et al., 1989). In two
cases (Patients 2 and 5), cells for FISH were thawed from
liquid nitrogen storage, and incubated without stimulation or
colcemid arrest for 324 hours pror to harvest.

Two lympheblastoid cell lines, SUPB13 (Rubin et al.,
1988), positive for the p190 type of fusion gene, and BV173
(Westbrook et al., 1988), positive for p210, were used. They
were grown in REMI 1640 (Gibco) with 10% fetal bovine
serum and penicillin-streptomycin (Sigma, St. Louis, Mo).
Peripheral blood lymphocyies, obtained from normal
healthy donors were stimmlated with phytohemagglutinin
(PHA, 1 mg/ml, Burroughs-Welcome) and cultured for 72
hrs. Cell lines and stimulated lymphocytes were incubated at
37° C. in 5% Co,. Twenfy-five and 5 minutes prior to
harvest, Colcernid (Gibeo) was added to the culture flasks to
a final concentration of 0.1 ug/ml to produce metaphass
arrest,
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Probes

1. Description

PEM12 is a phage clone containing an 18 kb human
genomic insert in EMBL3. Tt contains part of a sequence of
the major breakpoint cluster region (M-ber) of chromosome
22 and extends 5' of it. M-bcr is an area wherein breakpoints
cluster within the BCR gene.

The ¢-H-abl probe is 2 cosmid approximately 40 kb in size
with a 35 kb human insert in pCV105, and 5 kb of vector,
specific for the 3' end of the ABL pene. The cosmid was
isolated from a cosmid library 105SL/108K provided by Dr.
Chris Y-F Lau. This library is generally available for
rescarch use and has been described in Proc. Natl. Acad. Sci.
USA 80:5225 (1983). Cosmids were hybridized with probes
containing contignous fragments of the gencs of interest,
here the ABL gene sequences. The procedure was to use
probes of increasing size.

MSB-1 is a phage clone with an 18 kb fragment of human
DNA from the first exon of the BCR gene cloned into
EMBILS3.

The PEM12 and MSB-1 probes were labeled with
digoxigenin-11-dUTP (Boehringer Manaheim) and the c-H-
abl cosmid was labeled with bioiin-11-dUTP (ENZO) by
nick translation, using reagents supplied by ENZO Diag-
nostics. The probes were combined with each other in two
combinations: MSB-1+c-H-abl and PEM12+c-H-abl. Fifty
ng of ¢-H-abl was combined with 150170 ng of PEM12 or
MSB-1 and 1 ¢g of human placental DNA. The mixture was
brought to a total of 10 ug of DNA/per slide with salmon
speim DNA. The probe combinations were then ethanol
precipitated and redissolved in a hybridization solution of
50% formamide/10% dextran sulfaie in 2x SSC, heated io
70° C. for 5 min., then incubated at 37° C. for 15-30 min.
prior to application to slides.

2. Preparation

The Sequence of the BCR and ABL genes are available in
the GeneBank™. The sequences selectad for use as probes
may be amplified, e.g., by PCR which is well known to those
of skill in the art, and used to screen libraries. (Maniatis,
1982).

Ranges of preferred probe sizes and distances from the
breakpoint-fusion area, are disclosed in previous sections.

Slide Preparation and Hybridization

Cell lines, normal lymphocytes, or patient cells were
pelleted by centrifugation (1000 rpm for 10 min.), and
treated with hypotonic KCl (0.075M), for 12 min. at 37° C.
They were resuspended in 3:1 methapol:acetic acid for
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fization, and stored at 4° C. until slides were prepared,
usually one to ten days. The samples were pelleted again and
washed three times in fresh 3:1 methanol:acetic acid fixative
immediately prior to dropping onto slides pre-cleaned with
95% alcohol. Slides of the samples were stored desiceated at
4% C. until use.

The slides were baked on a slide warmmer for 4 hrs. at 65°
C. They were incubated in an RNase solution, 100 gg/ml in
2x 8S8C for 1 hr. at 37° C., then washed 4 times in 2x SSC,
2 min. each. Next, they were passed through a graded
alcohol series (70%, 80%, 95%), 2 min. cach and allowed to
air dry.

Denatoration of cellular DNA was performed in 70%
formamide in 4x SSC for 2 min. at 70° C., and the graded
alcohol series and air drying were repeated. A gentle pro-
teinase K digestion, 60 ng/ml in 20 mM Trs/2 mM CaCl, at
37° C. for 8 min. (Pinkel et al., 1986) was followed by a third
graded alcohol series and air drying. The slides were
warmed to 37° C. and held there until the probe hybridiza-
tion mixture was applied. Ten g of the probe mixture was
applied to each slide, the area of hybridization was covered
with 22x22 mm coverslip, sealed with rubber cement and
placed on a hotplate at 90° C. for 2 min. Two slides from
cach case were hybridized, one for the MSB-1/c-H-abl, and
ons for the PEM12/c-H-abl combination.

Detection of Hybridization

Detection steps are essentially those described by Trask et
al. (Trask et al., 1591) with minor modifications. Following
overnight incubation at 37° C. in a maist chamber, the
coverslips were removed and the slides washed 3 times in
50% formamide/4x SSC, 3 min. each at 40° C. To block
nonspecific binding, the slides were incubated for 5 min. at
room temperatire with 160 gl of 3% bovine serum albumin
(BSA) (Sigma, St. Louis, Mo.) in 4x SSC under a coverslip.

The first detection reagent, avidin-Texas red (Vector)
diluted in 3% BSA/4x SSC (2.5 ug of fluocrochrome per ml
of diluent) was applied, the coverslip was replaced, and the
slides were incubated at 37° C. for 1 hr. The slides were
washed 3 times, in 4x SSC, 4x SSC/0.1% Tnton X, and PN
(0.IM NalL,PO,/NaH,PO, buffer pH 8/0.1% NP-40),
sequentially, for 5 min. each.

A second blocking step was performed with PMN (PN+
5% non-fat dry milk+0.05% sodium azide, centrifuged to
remove milk solids), 100 4l was placed under a coverslip for
5 min. at room temperature. The second detection apd
amplification reagent, anti-digoxigenin polyclonal antibody
(Bochringer Mannheim) and biotinylated anti-avidin
(Vector), was applied in a 1:25 dilution in PMN (100
ul/slide) and the slides were incubated again at 37° C. for 1
hr. Three washes, 5 min. each, in PN followed. The PMN
block step was repeated, and the third fluorescent reagent,
avidin-Texas red aod fluorescein-conjugated rabbit anti-
sheep antibody (Vector) a 1:50 dilution, in PMN, was
incubated at 37° C. for 1 hr. The final washes were PN X2,
then 4x SSC/0.1% Triton X once for 5 min. A brief (1-2
min.) bath in DAPI (diamidino-2-phenylindole, dihydio-
chloride; (Sigma, St. Louis, Mo.)) 200 ng/ml in 4x SSC/
0.1% TritonX, was followed by a rinse in 4x SSC. The slides
were then coverslipped with 2 DABCO antifade solution
(diazabicyclooctane, Sigma) (90% glycerol/2.3% DABCO
in 20 mM Tris pH 8.0), and stored desiccated in light-tight
boxes at —20° C, until reviewed (usvally less than three days
later).

Molecular Analysis

Molecular analysis for the presence or absence of the
BCR-ABL fusion gene and its subtype was performed by a
combination of pulsed field gel and Southern blot, as
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deseribed previously (Hooberman et al., 1989). All cases
were reviewed by one observer without knowledge of the
FISH results,

Interpretation of Slides for Probe Hybridization

The slides were viewed with a Zsiss standard 16 miero-
scope equipped for epifluorescent iltumination and a set of
dual band-pass filters (Omega Optical). All samples were
coded so that the observer did not know the results of the
molecular studies at the time of review, At least 100 inter-
phase cells were scored for the presence or absencs of a
red-green doublet. A doublet was defined as red and green
signals lying with a distance of 1 diamster of a sigpal,
approximately 1 micron. Bright yellow signals which could
pot be resolved into red and green were not counted as
doublets. A slide was discarded if failure of hybridizalion of
one or both probes was apparent. When both probe combi-
nations for a case had been scored, an assignment of the
presence and subtype of fusion gene was made.

Hybridization of Nucleic Acid Sequences

CML-3b and CML-6: Five to ten drops of marrow diluted
with phosphate buffered saline (PBS) to prevent clotting
were fixed In methanol/acetic acid and dropped on slides.

CML-1, CML-2, CMI-4, and CML-5: Peripheral blood
of bone marrow, or both, was cultured in RMPI 1540
supplemented with 10% feral bovine serum, an antibiotic
mixture (gentamicin 500 pg/ml), and 1% L-glutamine for 24
hours. Cultures were synchronized according to J. J. Yunio
and M. E. Chandler, Prog. Clin. Path. 7, 267 (1977), and
chromosome preparations followed 1. M. Gibas and
Jackson, Karyogrom 9 (1986).

CML-3a: Peripheral blood was centrifuged for 5 min. at
1100 rpm, the buffy coat was pipetted off and diluted with
the same volume of FBS, spun down, fixed in methanol/
acetic acid, and dropped on slides. Hybridization followed
procedures described by Pinkel et al., Proe. Natl. Acad. Sci.
U.S.A. 459138 (1983), Trask et al., Genomics 6:710 (1989)
and Lawtence, Villaive, and Singer, Cell 42, 51 (1988), with
modifications.

The ber probe was rick-ranslated (Bethesda Research
Laboratories Nick-Translation System) with digoxigenin
11-dUTP (deoxyuridine 5'-triphosphate) (Boehringer Man-
nheim Biochemicals) with an average incorporation of 26%.
The abl probe was similarly nick-translated with biotin-11-
dUTP (Enzo Diagnostics). Cells were thermally denatured at
72° C. for 5 min., dehydrated in an ethanol series, air-dried,
and placed at 37° C. A hybridization mixture (10 #l) con-
faining each probe (2 ng/ul), 50% formamide/2x standard
saline citrate (SSC) 10% dextran sulfate, and human
genomic DNA (1 mg/ml, sonicated to 200 to 600 bp) was
heated to 70° C. for 5 min. incubated for 30 min. at 37° C,,
placed on the warmed slides, covered with a 20 mm by 20
mm cover slip, sealed with rubber cement, and incubated
overnight at 37° C. Slides werc washed three times in 50%
formamide 2x SSC for 20 min each a1 42° C., twice in 2x
SSC at 42° C. for 30 min. each, and rinsed at room
temperature in 4x SSC. All subsequent steps were performed
at room temperature.

Slides were blocked n 100 gl of 4x SSC/1% bovine
serum albumin (BSA) for 5 min. under a coverslip. The
biotinylated abl probe was detected by applying 100 gl of
Texas red-avidin (Vector Laboratories, Inc.), 2 pg/ml in 4x
SSC/1% BSA) for 45 min. The slides were washed twice for
5 min. in 4x $SC/1% Triton X-100 (Sigma). The signal was
amplificd by applying biotinylated goat anlibody so avidin
(Vector Laboratories, Inc., 5 ug/ml in PNM 0.1M M
NaH,P0,/0.1 M Na,HPOQ,,, pH 8 (PN) contzining 5% nonfat
dry milk and 0.02% sodium amide and centrifuged to
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remove solids), washed twice in PN for 5 min., followed by
another layer of Texas red-avidin in PNM. The digoxdigenin-
labeled ber probe was detected by incubation with sheep
antibody to digexigenin (obtained from D. Pepper, Boe-
hringer Mannheim Biochemicals, Indianapolis, Ind.; 18.4
pg/ml in PNM) for 30 min, washed twice in PN for 5 min.,
followed by a rabbil-antibody to sheep conjugated with
FITC (Organon Teknika-Cappel, 1:50 in PNM). After wash-
ing twice for 5 min. in PN, the signal was amplified by
applying a sheep antibody to rabbit immunoglobulin G(IgG)y
conjugated to FITC (organon Tekniks-Cappel, 1:50 in
PNM). The slides were then rinsed in PN. Slides were
mounted in 10 d of fluorescence body soluttor Johnson and
Nogueria, J. Immunol. Methods 43, 349 (1981) containing:
4 ,6-amidino-2-phenylindols (DAPI) at 1 ug/m! as a coun-
terstain.

The slides were cxamined with an FITC/Texas red
double-band pass filter set (Omega Optical on a Zeiss
Axioskap.

PCR Method of Kohler et al.

The method of Kohler et al. [Leukemia 4, 8 (1990)] for
ber-abl PCR on CML-2, CML-4, and CML-5. The oligo-
nucleotide primers used were as follows: ablX3 antisense
downstream 5-TTT CTC CAG ACT GTT GAC TGG-3;
ablX2 sense upstream 5'-CCT TCA GCG GCC AGT AGC
AT-3" CML ber upstream 5-ACA GCA TTC CGC TGA
CCA TC-3"; CML abl antisense detection 5'-TAT GCT TAG
AT GTT ATC TCC ACT-3".

PCR Method of Hogewisch

Method used for ber-abl PCR by Hogewisch-Becker et al.
[1. Biol. Chem. Suppl. 188, 289 (1989)] on cases CML-3a,
CML-3b, and CML-6. The oligonucleotide primers used
were as follows: sense primer (upstream of ber) 5-AGG
GTG CAC AGC CGC AAC GGC-3% antisense primer
(abl)5'-CGC TTC ACT CAG ACC CTG AGG-5"; probe for
the identification of ber3/abl2 junction sequence 5'-GAA
GGG CTT TTG AAC TCT G-3'; probe for the identification
of ber2abl2 junction sequence 5'-GAA GCG CIT CTT CCT
TAT-3'. Exon 3 of ber is joined to abl exon 2 if a 314-bp
fragmenl is amplified. Exon 2 of ber is joined to abl exon 2
if a 239-bp fragment is amplified.

Southern Blot

Southern blot analysis on case CMIL~4 showed a rear-
ranged Bgl II band using an OSI Transprobe-1 Kit
(Oncogene Science catalog no. TPSE).

Counstruction of a PEM Library {Maniatis, 1982)

The PEM library was made from human placental DNA.
This is considered to be “normal” DNA. The DNA was
prepared by partial Mbal digestion, size selection, and
ligation to the vector EMBL3 at the BAMHI site.

The vector inserts in the 15-20 kb size range. The insert
can be excised with Sall. The Bam site is usually lost due to
ligation to Mbal.

The insert-containing phage has no EcoRI sifes, whereas
the wild-type phage has EcoRI sites.

Phage may be grown on NM539 media. 10-12 plates of
50,000 clones each are generally screened.

The library has been amplified. This generally leads to a
titer drop of about 10-fold.

Protoco] for Construction of a Cosmid Library (Maniatis,
1982)

A cosmid Hbrary was plated on amphicillin plates and
amplified on chloromphenical.

Phage were grown on filters in 20 plates. The titre was
about 8x10 screened colonies per plate. Normally 2—4 of a
few genome equivalents were obtained.

Replica plating was performed, 2 sets of each plates were
screened with a probe.
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To prepare a probe, generally an insert was cut out of 2
plasmid so that the plasmid sequences did not cross hybrid-
ize.

An ECQ fragment 228-1-2 (a 3' probe) was made by this
method. It was then nick translated. An oligonucleotide may
also be prepared synthetically. The duplicate filters were
treated to fix and denature them by techniques known to
those of skill in the art.

Each filter was treated on a column with

05M NaOH

1.5M NaCl
and moved to

1M TRIS ph 7.5
then into

0.5 TRIS 7.5

1.5M NaCl
Filters were blotled with 13M filter paper and dried at 68° C.

Nitrocellulase paper not nylon was preferred
A pre-hvbridization mix was used to screen the library at 68°

C.

The label was 7x10° CPM p** for the probe.
Hybridization was performed at 42° C.

Washed in 2x S8C

3% SDS

(68%) far 2-3 hours

The filters were exposed until colonies were visible (~3
days)

Positive colonies were scored.

Colony re-purification was performed by rescreening in &
similar procedure to the above.

Phage

2 clones were isolated from a phage library (human
genome library of anonymous human placenta).

EMBO 1 partial digestion of DNA was performed.

DNA size was selected on a sucrose gradient to be in the
15-20 kb average size.

The fragments were ligated into the BAM HI site of the
EMBO 3 vector (Siratogene or Promega).

The PEM12 clone was plated and the library screened
50,000 clones with 2 probes. The result was 2 clones.

These were screened with a BCR exon probe.

The insert was ~16° kb.

Colony Biotechnology Systems, NEM Research Products

Plaque Screen Cat NEF 978/978A 978X / 978Y

U.S. Pat. No. 4,455,370 du Pont de Nemaurs.
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SEQUENCE LISTING

{l) GENERAL INFORMATION:

(iii) NUMBER OF SEQUENCES: 4

(2) INFORMATION FOR SEQ ID NO:l:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 21 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYFE: DNA
(xi) SEQUENCE DESCRIPTION: SEQ TD WD:l:

AGGGTGCACA GOCGCAACGG C

(2) INFCRMATION FOR SEQ ID KO:2:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 21 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPQLOGY: linear

(ii) MOLECULE TYPE: DNA
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

CGCTITCACTC AGACCCTGAG G

(2) INFORMATION FOR SEQ ID NO:z3:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTE: 19 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear

21

21
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—-continued

{ii) MOLECULE TYPE: DNA
(xi} SEQUENCE DESCRIPTION: SER ID NO:3:

GAAGGGCTTT TGAACTCTG

(2) INFORMATION FOR SEQ ID NO:4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
{B) TYPE: nucleic acid
{C) STRAMDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA

(zi) SEQUENCE DESCRIPTION: SEQ ID RO:d:

GAAGCGCTTC TTCCTTAT

19
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What is claimed is:

1. A composition comprising at least two probes, ¢ach
labeled with a distinguishable label, for detecting a chro-
mosomal aberration involving the BCR and ABL genes, said
chromosomal aberration having an ABL gene side and a
BCR gene side, wherein one of said probes hybridizes to the
ABI gene side of said chromosomal aberration and ihe other
of said prabes hybridizes to the BCR gene side of said
chromosomal aberration, wherein s2id probes hybridize to
an aberrant chromosome wherein said probes are of suffi-
cient length to be specifically detected in cytogenetic analy-
sis.

2. A composition comprising at least two probes for
detecting a chromosomal aberration, each probe labeled
with a distinguishable label, wherein one of said probes
hybridizes to a part of the ABIL gene on one side of said
chromosomal aberration and the other of said probes hybrid-
izes to a part of the BCR gene on the other side of said
chromosomal aberration, wherein said probes hybridize to
an aberrant chromosome wherein said probes are of suffi-
cient length 1o be specifically detected in cytogenetic apaly-
sis.

3. The composition of claim 2 wherein said probes
hybridize within approximately 800 kb of each other in said
aberrani chromosome.

4. The composition of claim 1. wherein the labels com-
prise fluorescent labels.

5. The composition of claim 4 wherein the fluorescent
labels are distinguishable under a microscope as different
colors.

6. The composition of claim 1 wherein the probes hybrid-
ize with chromosomal DNA in situ in cells.

7. The composition of claim 6 wherein the cells comprise
those in interphase of mitotic division.

8. The composition of claim 7 wherein the probes after
hybridization are juxtaposed as doublets if a chromosomal
aberration is presemt.

9. The composition of claim 1 wherein one of said prabes
is capable of hybridizing to at least a portion of the last exon
of the ABL gene and the other of said probes is capable of
hybridizing to at least a portion of exon [ of the BCR gene.

10. The composition of claim 8 wherein the chromosomal
aberration is further defined as comprising a translocation,
said translocation formed by breakpoints which eccur on the
long arms of human chromosomes 9 and 22.

11. The composition of claim 10 wherein the translocation
breakpoints are further defined as occurring at the locations
designated t(9;22) (gi1;934).
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12. The composition of claim 11 wherein the translocation
breakpoints are firther defined to occur in the BCR and ABL
genes respechively, and 2 fusion gene is formed by the
translocation, and said fusion gene comprises portions of the
BCR and ABL genes.

13. The commposition of claim 12 wherein the fusion gene
encodes a protein p190.

14. The composition of claim é wherein the cells com-
prise a sample of human tissue.

15. The composition of claim 14 wherein the human
tissus sample comprises peripheral blood.

16. The composition of claim 15 wherein the human
tissue sample comprises bone marrow.

17. The composition of claim 6 wherein the cells com-
prise a sample of cultured cells.

18. The composition of claim 1 wherein one of said
probes is capable of hybridizing to the major breakpoint
cluster region (M-ber) of chromosome 22.

19. The composition of claim 1 wherein one of said
probes is capable of hybridizing to the first exon of the BCR
gene.

20. The composition of claim 1 wherein one of said
probes is capable of hybridizing at least a part of the last
exon of the ABL gene.

21. The composition of claim 12 wherein the fusion gene
epcodes either of two proteins p190 and p210.

22. The composition of claim 21 wherein the presence of
said fusion gene is diagnostic or prognostic for acute lym-
phocytic lenkemia (ALL).

23. The composition of claim 21 wherein the presence of
said fusion gepe is diagnostic or prognostic for chronic
myelogenous leukemia (CML).

24. A kit for the detection of ¢hromosomal aberrations,
comprising a first and second pucleic acid probe, each
labeled with a distinguishable label, said first probe capable
of specifically hybridizing to a part of the ABL gene on one
side of said chromosomal aberration and said second probe
capable of specifically hybridizing to a part of the BCR gene
on the other side of satd chromosomal aberration, wherein
said probes hybridize to an aberrant chromosome whersin
said probes are of sufficient length to be specifically detected
in cytogenetic analysis.

25, The composition of claim 1 wherein the aberrant
chromosome is the Philadelphia chromosome.

* % ¥ *
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G7 ABSTRACT

The invention is directed to a DNA probe set, the probe set
comprising a firsi probe set and a second probe set, the first
probe set being sufficient in length and substantially comple-
mentary to an entire breakpoint region of a first DNA and
mucleotides breakpoint region but less than an eatire chro-
mosome such that the first probe set will hybridize to both
sides of the breakpoint region regardiess of whether the first
DNA has been broken in the breakpoint region and either
end fused to another DNA, and the second probe sel being
sufficient in length and substantially complementary to an
entire breakpoint region of a second DNA and nucleotides
on both sides of the breakpoint region but less than zn entire
chromosome such that the second probe set will hybridize to
both sides of the breakpoint region regardless of whether the
second DNA has been broken in the breakpoint region and
either end fused to another DNA. Diagnostic kils utilizing
the probe sets of the invention are also claimed.
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1
MULTIPLE FUSION PROBES

FIELD OF THE INVENTION

The invention relates to improved polynuclectide probe
configurafions for detecting siructural abnormalities that
result from chromosorne breakage and rearranpement, par-
ticularly as used in the deiection of several types of genetic
disorders related to cancer and other diseases. The invention
further relates to an improved method of detecting translo-
cations using probe sets which span each breakpoint region
associated with a translocation and the regions on both sides
beyond the 3' and 5' ends of each breakpoint region.

BACKGROUND OF THE INVENTION

A mumber of inherited genctic discases and types of
cancer have been linked to chromosomal translocation
evenis which result in the fusion of two genes which do pot
oceur together in the normal genome. Ceriain conditicus
involve translocations which frequently occur ai the same or
very near location. The chromosome regions where frequent
breaks occur are called breakpoint regions.

One of the best known examples of a clinically important
translocation is the Philadelphia Chromosome which results
from a break in the ABL1 gene on distal chromosome 9q and
the BCR gene on proximal chromosome 22q {1(9;22)} (FIG.
1). The breakpoints within the ABL1 gene may occur
thronghout a region spanning more than 175 kb upstream
from exon II while the breaks in chromosome 22 are
clustered into two areas of the BCR gene, termed the major
brealgpoint cluster region (m-ber) and the minor breakpoint
cluster region (M-ber) (Kurzrock et al, New England Jour-
nal of Medicine, 319:990 (1988)). The Philadelphia Chro-
mosome occurs in most cases of Chronic Myelogenous
Leukemia (CML) and some cases of Acufe Lymphocylic
Leukemia (ALL). Other important translocations include,
but are net limited lo, €(8;21) in Acute Myelogenous
Leukemia, t(8:14) in Burkett’s Lymphoma and pre-B-cell
Acute Lymphoblastic Leukemia, 1(1:14), %(7:9), (7:19),
t(11:14), {10:14) and ¥7:9) in T-acute PLymphoblastic
Leukemia, t(15;17) in Acute Myelogenous Leukemia
(AML) and t{15:17) Acute Promyelocytic Leukemia (FML).
Solid ttmors inchide, (9;22) in Ewing’s Sarcoma, 1(15:16),
and hereditary diseases associated with tramslocations
include a number of mental retardation associated syn-
dromes. It is likely that other conditions are caused by
suberiptic translocations or other structural aberrations
which are yet to be determined 2nd are too small to be
noticed by standard cyiogensiics.

Multiple genctic testing methods have been developed for
use in diagnosis, monitoring of minimal residual disease
and/or response ito therapy during clinical practice.
However, no single technique has been developed that can
accurately detect and quantify disease at diagnosis and
throughout iteatment. Conventional quantitative cyiogenet-
ics and G-banding analysis is cumbersome and can only be
applied to cycling cells (Lion, Leukemia 10: 896 (1998)). In
practice, the sensitivity of conventional cytogenetics is
dependent upon the number of good metaphase cells which
can be evaluated. In the example of cancers caused by
neoplastic cells in the bone marrow, obtaining large numbers
of good metaphase cells from bone marrows of patients is
difficult.

More recently, the assay technique in situ hybridization
(ISH), particularly fluorescent in situ hybridization (FISH)
(Pinkel et al, Proc. Nail. Acad. Sci., U.S.A. 83:2934-2938
(1986)) has been of assistance in defecting translocations.
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FISH allows the analysis of individual metaphase or inter-
phase cells, thereby eliminating the need to obtain and assay
cycling cells. It is therefore possible to use nondividing
tissue, including bone marrow and peripheral blood cells in
a diagnosiic or prognostic analysis.

In the field of detecting the Philadelphia Chromosome, a
commonly used method for detection of ABL1/BCR fusion
ulilizes differently labeled probes for BCR and ABL1, and
detects a single ABL1/BCR fusion (or closely linked) signal
in cells with a Ph chromosome. (This method is referred to
for convenience as S-FISH.) An example of this technique
is Tkachuk et al, Science 250: p. 559562 (19%0) where one
fluorescently labeled probe hybridized to part of the ABL1
gene and a second fluorescently labeled probe hybridized to
part of the BCR gene.

The probes in commercial single FISH test kits do not
span the entire length of each translocation breakpoint but
rather are designed to bind to one portion of each gene, ic.
sometimes overlapping or adjacent to a breakpoint region,
sometimes many kilobases away and sometimes both (See
FIG. 1 of Tkachuk et al for example). Normal chromosomes
9 and 22 each bind one probe, which is specific to that
chromosome. The Philadelphia Chromosome, both probes
hybridize at ihe fusion site bringing both labels in close
proximity so as to usually form a color shift or fusion near
proximity/signal. Because the exact breakpoint may vary,
the two probe labels may not corne sufiiciently close to form
a fusion label. Likewise for probes useable to detect the
t(8;21) translocation iz Acute Myelogenous Leukemia
(AML), |

Using the probe configuration above, the following detec-
tion method for the Philadelphia Chromosome nsing FISH
has been used: the ABL1 gene probe is labeled nsing a probe
containing one hapten or fluorophore (for example, FITC)
and the BCR gene probe is labeled using a probe containing
another hapten or fluorophore (for example Rhodamine).
Alfier hybridization and detection, a normal chromosome 9
shows the green signal and a normal chromosome 22 shows
a ted signal. A normal cell would therefore exhibit two red
signals and two green signals. A cell containing a Philadel-
phia chromosome has one red and one green signal for the
unaffected homologues of chromosomes 9 and 22 and one
whiie, vellow or closely linked pair of signals that results
from the close proximiiy of the labeled probes hybridized to
the (ranslocated BCR and ABL1 genes, the so-called fusion
signal.

However, the probes used hereiofore in this method have
not been constructed so as to specifically bind and detect the
second fusion site for the reciprocal translocation event.
Thus, the S-FISH method detects only one of the abnormal
chromosomes resulting from the translocation event, the
Philadelphia chromosome.

In another method using labelled probes to detect ALL
gene rearrangements in solid tumeors, a probe set was
designed so that the two probes lie adjacent to each other on
the mormal chromosoms, but split apart and move to the two
different abmormal chromosomes if the translocation has
acecurred (Croce, U.S. Pat. No. 5,567,586, hereby incorpo-
rated by reference). In this method the probes are designed
to be complementary to sequences in the translocation
region on one chromasome. In this method, the fluorescent
probes produce a single spol on the normal chromosome, but
appear as two distinct spols when translocation has
oceurred.

The same format has been used for other assays for
detecting other translocatioms such as t(8:21) in Acute
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Myeloid Leukemia (AML). For example, Le Bean, Blood
81: 1979-1983 (1993), and Sacchi et al, Cancer Genetics
and Cytogenstics 79: 97-103 (1995) and Fischer ¢t al, Blood
88: 3962-3971 (1996).

SUMMARY OF THE INVENTION

It is an object of the invention to provide methods with
increased semsitivity and accouracy for detecting chromo-
some iranslocations and other structural rearrangements
which result in more than one abnormal fusion site in the
genome.

Ii is a further object of the invention to provide probes and
probe sets which are useful in detecting reciprocal genetic
transiocations according to the methods of the invention.

It is another object of the present invention lo detect
cancer, inherited disease, susceplibility to inheriied disease
or a carrier of a fused gene for an inherited disease wherein
the condition results from a chromosomal Iranslocation in
one or more cells. This is particularly beneficial when the
diagnosis, prognosis, monitoring for residual disease and
response lo therapy in cancer or other disease is dependant
upon the quantity of abnormal cells as an indicia of the
disease state and/or response o treatment.

It is also an abjeci of Lhe invention to provide a means of
consiructing such prabes and probe sets, which will detect
reciprocal fusions resvlting from chromosomal transloca-
tions and will accordingly be useful in diagnosis, prognesis,
moniforing of residual disease and response to therapy when
reciprocal chromosome translocations are present.

It is still anather object of the present invention to provide
diagnostic test kits which can be used by any eytogenetist or
other frained individual to detect multiple fusion events
which result from simetural rearrangement of the genome.

Probes and probe sets of the present invention have the
characteristic of encompassing the entire breakpoint region
and a region on ¢ach side of the breakpoint region cn each
chromosome for the reciprocal translocation event of inter-
est and are capable of detecting such translocations with
much greater sensitivity than the probes and probe sets
which were previously known.

A particularly preferred probe set and methed is used for
deiecting the Philadelphia chromosome and its correspond-
ing derivative chromosome as companion indicators of
CML and some other cancers such as ALL. Ope functional
probe is designated P5161-DC, described hereinbelow.
Another example is for detecting the AMLI/ETO gene
fusion in AML.

The use of specifically designed probe sets by the method
of the present invention has allowed the clinjcian to assess
physical information regarding all fusion events associated
with a defined structural rearrangement in a cell. For
example, using the standard detection method of fluores-
cence in situ hybridization (FISH) it has been demonstrated
that these probe sets provide ihe following advantages over
traditional testing methodologies for deiecting the same
translocation.

1. Unlike traditional single fusion probe sets, probe sets
which detect multiple, derivatives of a structural rear-
rangement have the ability to detect much lower copy
mumbers of abnormal cells thereby providing greater
improved diagnostics using FISH assays

2. The ability of the probe scts to derive necessary infor-
mation from cells in interphase, Thereby rivaling the
sensitivity of metaphase cells in conventional cytogenet-
ics.

3. Specifically, increased sensitivity has been demonstrated
with multiple fusion probes used in interphase FISH
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analysis which is at leasi as sensitive as Q-cyiogenetics
(the previous gold standard) for monitoring bone marrow
or peripherz] blood cell populations for minimal residual
disease and response to therapy.

4_ Greater sensitivity allows the use of peripheral blood
instead of invasive and painful bone marrow samples
from patients for routine testing, to monitor for minimal
residual disease and response lo therapy.

5. By detecting bigh and low copy numbers of gene fusions,
the present invention can be used for diagnosis and
monitoring Lhroughout the course of the disease thereby
avoiding traditional multiple assay-type lesting method-
olegies.

6. Simplified sample requirements and testing provides
further benefits in cost and patient well being.

BRIEF DESCRIPTION OF THE DRAWINGS

The file of this patent conlains at least one drawing
executed in color. Copies of this patent with color drawing
will be provided by the Patent and Trademark Office upon
request and payment of the necessary fee.

FIG. 1 shows a schematic drawing of a BCR/ABL1
translocation and probes construcied according to the inven-
fon,

FIG. 2A shows the appearance of a normal cell after
festing with probe P5161-DC using the methods of the
invention. The two red signals designaie the BCR genes on
chromosome 22 and the two groen signals designate the
ABE] genes on chromosome 9.

FIG. 2B shows the appearance of a cell containing a
BCR/ABLLI translocation after testing with probe P5161-DC
using the methods of the invention. One red, one green and
two fused signals denoting both of the reciprocal transloca-
tion events are present.

FIG. 2C also shows the appearance of a cell containing a
BCR/ABLL translocation after testing with probe P5161-DC
using the methods of the invention. Two red, two green and
ope fused signals are present in this example. While two
fusion signals are usually detected, because of the physical
configuration of the gene and the relaxation of the hetero-
chromatin in interphase, a red and a green signal may appear
to be closely linked but not quite overlapping. Note the two
signals at the lower end of the field which are not quite
fused. This coufiguration is believed to represent the fused
portion of a translocation event.

FIG. 2D shows Lhe appearance of a cell containing a
BCR/ABL1 translocation after testing with probe P5161-DC
using the methods of the invention. One red, one green and
three fused signals are preseni. This cell contains an addi-
ttonal Philadelphia chromosome.

FIG. 3. Percentage of Ph positive cells (Y-axis) prior lo
therapy and during treatment at approximately 4 month
sampling intervals (X-axis in days} in bone mamow by
Q-cytogenetics and D-FISH, and blood by D-FISH.

FIG. 4. Relationship between the percentage of Ph posi-
tive cells for paired-sets of bone marrow (Y-axis) and
peripheral blood (X-axis).

FIG. 5. Linear regression analysis of the (iransformed)
proportion of abnormal cells from bone mamow on the
(transformed) proportion from peripheral blood from FIG. 4.
Dashed lines are the 95% prediction interval.

FIG. 6. Results of linear regression analysis but trans-
formed to original scale of proportions of abnormal cells for
bone narrow (Y-axis) versus peripheral blood (X-axis).
Dashed Lines represent the 95 prediction internal for a bone
parrow prediction given a specific peripheral blood score.
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FIG. 7. BCR map and summary of probe listed as Table
1.

FIG. 8. ABL1 map and summary of probe listed as Table
2.

FIG. 9. Data and comparison of differcat techniques for
assaying for the Philadelphia chromosome, listed as Table 3.

FIG. 10. Data comparing bone marrow and blood samples
for monitoring the disease state and response to therapy,
listed as Table 4.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention is an assay and reagents therefore
which may be packaged into a simple test kit. The reagent
comprises two probes, the firsi complementary to and
encompassing the entire breakpoint region on a first chro-
mosome as well as both upstream and dowustream regions
from the breakpoint region. As such, the first probe will
bybridize to a pormal first chromosome as well as both
fragments of the first chromosome which have undergone a
franslocation or break and may be rearranged elsewhere. The
second probe is the same as the first except for spanming the
entire breakpoint region, as well as both upstream and
downstream regions on the second chromosome. Kits may
also be constructed for multiple translocation evenks or
having more than two chromosomes involved according to
the methods of the present invention.

Each probe is detectable when hybridized to the target
DNA, preferably by being labeled with a unique detectable
label that can be cither directly or indirectly deiected. The
labeling may be by covalent bonding or other affinity
attachment. Hach polynucleotide comprising a probe is
labeled with the same label and each probe has a detectably
different label from other probes in the mixture. As such, one
cap easily detect each normal chromosome potentially
involved in the translocation as well as fusions between the
two or more breakpoint regions which are detected as a
fusion signal.

The different construction of multiple fusion probes pro-
vides numerous advantages over two similarly labeled single
fusion probes hybridizing io different locations. Some of
these advantages were not apparent untl after (esting the
probes on biclogical samples. Thus, by constructing probes
complementary o the entire breakpoint regions, as in
D-FISH, one achieves certain advantages over conventional
S-FISH.

In the present invention’s improved method, designated
D-FISH, fuston signals can be detected in each cell as an
indicator of the presence of a reciprocal translocation. The
sensitivity of the method using the available S-FISH probes
has not been sufficient in the past to detect very low levels
of iranslocations which are found in the peripheral blood
cells or bone marrows of many patients. Specificatly, com-
mercially available S-FISH detects about 70-75% of
patients actually positive for the Philadelphia chromosome.
Aciual positive results were necessarily determined by
sequencing, PCR amplification or Southern blotting. By
contrast, using D-FISH with the probes of the present
invention defects greater than 99% of patients actually
positive. This data dvals or exceeds standard Q-cytogenetics
(Sec Dewald ot al data). The improved deteciion indicates
that the present invention should be accepted as the “gold
standard” by which all other assays are compared.

This improved sensitivity is accomplished by using
probes which are specifically developed to cover the entire
breakpoint region of each chromosome involved in the
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translocation. In such a translocation, the labeled probe for
a first chromosome is immediately adjacent io the labeled
probe for a second chromosome thereby producing multiple
fusion signals. By contrast, $-FISH employs probes which
are designed to be complemenlary to one side of each of two
breakpoint regions and therefore relies upon the detection of
a single fusipn event.

The new method presented here involves novel DNA
probe consiructs which are designed to target the length of
each breakpoint region jn a translocation event and addi-
tional DNA sequence beyond both the 3' and the 5' ends of
each breakpoint region. When the breakpoint region occurs
in a gene, it is preferable for the probes to encompass the
entire gene and additional DNA sequence beyond both ends
also. When esed together, all reciprocal translocation events
involving the targel gene regions can be detected simulta-
neously in an interphase or metaphase ceil. The probes are
further designed to give easily visualized balanced signals in
interphase cells.

The cffectiveness of dual or multi-fusicn probes is per-
haps best demonstrated when the DNA probes are fluores-
cently labeled in different colors and hybridized to cellular
DNA using the standard assay technique of fluorescence in
situ hybridization (FISH) (Pinkel et al, Proc. Nml Acad,
Sci., U.SA. 83:2934-2938 (1986)). Various types of DNA
probe configurations have been used with FISH technology
in ao attempt to find a reliable and seositive assay for
interphase cell amalysis. However all of these techniques
provide either too many false positives, false negatives or
simply lack the sepsilivity to determire the presence of the
translocation m ipferphase detection of minimal residual
disease and/or response to therapy. Additionally, other tech-
niques are cumbersome or expensive to test or require large
quantities of hard-to-obtain biological material. By
comparison, the Examples below show obtaining a result
from a simple blood sample using conventional cytogenetic
equipment with a high sensitivity and low error rafte.

Balanced and non-reciprocal translocations may also be
detected using the probe strategy and method of the present
invention. Even inversions within the same chromosome
may be deiected as double fusions with Lhe probe sets
developed for the two breakpoint regions on the same
chromosome. In such situations, one still has two breakpoini
regions forming at least one fusion site for detection of a
fusion signal. The same general principles apply either way.
In accordance with the present invention, probes constructed
in accordance with the general instrucdons provided herein
are used to produce reagents and a method for detecting
multiple breaks as well as any resviting fusions thereby
determining the presence of such muliiple breakage events
simultaneously. The present invention may also be used for
screening for chromosome breakage at multiple genome
sites due to environmental factors, chemicals, radiation
(diagnostic X-rays or radiation therapy or radiation
exposure), biological agenis eic.

The source of cells may be highly variable. If a cancer Is
being diagnosed or monitored, cells from the tumor site or
removed from the tumor site may be used. For inherited
diseases, readily available cells from tissues, blood, urine,
feces, buccal scrapings, cervical and vaginal scrapings (PAP
smear), body fluids, etc. may be used. For prenatal testing,
fetal, amniotic, placental, cord, chorionic villus, and “cells”™
including sperm or egg for the situations of gamete “dona-
tion” or in vitro fertilization may be used.

The cells being tested may be in any phase, but metaphase
and interphase are preferred.
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While this application generally refers to humans and
human diseases, persons of skill will appreciate the inven-
tion is useful in other settings. The present invention is
equally applicable fo other animals for agriculiural or vet-
erinary purposes as useful in the diagnosis, prognosis and
monitoring of disease. If so desired, the present invention is
applicable to determmming translocations in plants as well.
The present invention is also applicable io nop-disease
conditions where determining the presence of a translocation
is important for plant and anirmal breeding such as io follow
the presence of a traif throughout generations.

One standard method for plant breeding involves infect-
ing the plant with Agrobacterinm tumefaciens carrying a Ti
plasmid which will integrate T-DINA into the plant chromo-
some. Transfection of the plasmid per se may also be used.
A desired gene is typically incorporated into the T-DNA
region, especially in a hormone gene if not alveady deleted.
In such a situation, the plant chromesome has a breakpoinl
region for inserted T-DNA. Probes encompassing the plant
chromosome brealkpoint region and the two ends of the
T-DNA. or the desired gene may be used io determine
whether plant cells contain the desired gepe. The present
invention results in considerable lime savings compared to
tissue culture and cultivation of the plant to maturity and
testing for a trait caused by the desired gene.

Along the same procedural lines, the present invention
may be used to assay for insertion of any other DNA into a
specific chromosome site such as is desirable in gene
therapy. During cerfain forms of gene therapy, added DNA
is incorporated into the host chromosomes at specific foca-
tions. The present mvention permils monitoring and pro-
vides proof of integration.

Viruses which iategrate are biclogically significantly dif-
ferent when their DNA is integrated into a host chromosome.
Such an integration involves a breakage of the chromosome
and a fusion of the viral DNA ipto the chromosome. Mopi-
toring the intsgration is an important step in assaying for
antiviral therapeutics, determining prognosis, cte. If the
integration site or region is known, probes to that site and to
the virus (or viruses if two are coinfecting) may be prepared
and used according to the present invention.

Fals¢ positives can occur in normal cells, for example
when the BCR locus of chromosome 22 coincidently occurs
very close to, behind or in front of the ABL1 locus of
chromosome 9. Since the cell being viewed is three dimen-
sional and usually in interphase, the chromosomes are freely
moving within the cell nuclews permitting a random juxta-
position of signal. About 4% of normal slides have the two
loci sufficiently superimposed on cach other to cause the
signals to appear fused using S-FISH.

However, when using D-FISH, two fusion signals typi-
cally oceur as well as two pormai signals. The percentage of
normal cells with both ABL1 and both BCR loci coinei-
dently superimposed is very small. Thus, the false positive
rate in D-FISH is [ower. Still further, normal cells displaying
two fusion signals by chance would not display two normal
signals as-well, providing a further check against false
positives.

As for reducing the false negative rate and increasing
semsitivity, one potentially has twice as many fusion signals
per cell which makes it easier to detect an abnormal cell.

The advantages of the present invention depends upon a
number of factors, including the ynique probe configuration,
the mumber or percentage of affected cells, which may vary
with individuals and discase states. For example, the meth-
ods deseribed above typically require that about 1% of the
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cells be affected for accurate signal detection. This compares
t0 a S-FISH assay requiring about 30% of the cells positive.
If fewer cells are affected, an abnormal condition may not be
detected.

While the Examples use microscopic identification of
normal and abnormal chromosomes, other techniques may
be used. For example, cells may be observed and determined
to contain or not contain a translocation during fow cytom-
etry of extracis may be taken and conventional DNA hybrid-
ization assays performed.

Several factors determine how large a probe comstruct
should be. In the example of the BCR gene, for example, the
probe would be snfficiently Iong to include both the major
breakpoint cluster region and the minor breakpoint cluster
region, as well as sequences beyond the gene. For other
genes exemplified below, the breakpoint region is widely
variable in size and requires probes of sufficient size unique
to each application and may be determined by routine
optimization. Generally, the probes will have a considerable
length complementary to the adjacent non-breakpoint region
for 2 normal or translocated fusion configuration. The length
will depend on the particular translocation being detected.
The length of each probe will further be manipulated to
make visually balanced signals and/or enough to rouiinely

5 cause a color shift when the signal is fused to a different

Tabel’s signal. The length must accommodale all breaks,
regardless of where in the breakpoint region the actual
breakage and fusion oceurs. Preferably, the lengih is also be
sufficient to provide fusion signals of similar size throughout
the target chinical population of cells, thereby increasing
reliability and ease of interpretation.

Generally, the length of the probe sets will correlate to the
length of the largest breakpoint region involved in a trans-
location event. Thereby, the balance of fusion signals in
interphase cells is assured. The length may also be affected
by the amount of label which can be incorporated on the
probe. Considerable variance is acceptable, if there is opti-
mization of labeling conditions for each probe being devel-
oped.

In one preferred embodiment of the invention, one probe
of a probe pair is designed to be complemeniary to the ABL1
sequence (600 Kb) and the other probe is designed (o be
complementary to the BCR sequence (500 Kb). Individual
cloned human DNA probes of varying lengths complemen-
tary to the ABL.] and BCR breakpoint regions were used
collectively to make probes of appropriate length. A single
clone may be used; however, if the insert is of safficient size.
In practice, probes are developed from overlapping “probe
sels”, consisting of several cloned DNA sequences which
hybridize to and span the breakpoints on the relevant chro-
MOSOIES.

Alernative techniques may be used other than FISH for
probes of the present invention. For example, during the use
of conventional blot assays, Southern and Northern, probes
of the present invention may be optimized to be used in lieu
of other labeling techniques. The probes of the present
invention may also be used in developing assays in aqueons
solution.

The probes of the invention may be detected afier it is
hybridized to the target DNA or RNA_ This may be done by
any techniqne which detects a probe containing double
stranded DNA within the biological sample. If the remainder
of the sample lacks significant double stranded regions, one
may use chemicals which specifically bind to double
stranded bul nat single stranded DNA or DNA/RNA.
Examples include a labeled antibody to double stranded
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DNA or RNA/DNA followed by detecting the label,
ethidum bromide, SYBR green, an aciidine dye (e.g. acri-
dine orange), a protein or enzyme, etc.

The more preferred option is to have the probes labeled in
order to provide a means of detection. Suitable labels
include, but are not limited to, haptens and fluorophores,
such as, FITC, Rhodamine and Texas Red as well as
radioactive, chemiluminescent, bioluminescent, a2 metal
chelator, quencher, enzyme, chemical modificaiions render-
ing the DNA detectable immunochemically or by affinity
reaciions, and other known labels. Many such suitable
detection labels are known to persons of skilt in ihe art of
binding assays such as nucleic acid hybridization assays and
immunoassays. When the label is a hapien, a receptor
labeled directly or indirectly with an easily detectable
substance, is employed before, with or after hybridization of
the hapten labeled probe. When the label is a quencher, the
absence of or reduced signal indicates the presence of the
quencher.

Common ways to incorporate the Iabel into the probe
include mick translation, random priming or PCR amplifi-
cation using a deriviiized dNTP or NIP. Also post probe
synthesis labeling and end labeling may be performed. The
amount of label varies from one probe to another and the
various uses for the probes. Too much labeling may actually
cause a quenching effect. Typically about 1-25% of a
nucleotide (A, G, C, or T) will be modified to incorporate a
label into a DNA probe.

One of ordinary skill can choose appropriate labeling
techniques, other colors or detection strategies which may
vary depending on the particular translocation or other
fusions being detected.

DEFINITIONS

As used herein, the term “probe” is intended to mean one
or more polynucleic acids which hybridize specifically to a
particular region of chromosome which is of interest.
Depending on the size of (he region, multiple polynucleotide
molecules may be combined to comprise the probe. The
mmber of polynucleotides will also be determined by
whether (he polynucleotides are synthesized chemically, by
PCR, by plasmid, by cosmid, by yeast artificial chromosome
(YAC) ete. Individual molecules comprising the probe may
hybridize to overlapping portions of the chromosome of
interest or may hybridize to physically linked regions sepa-
rated from cach other. These gaps may be sizable but should
not be so large that wpon hybridizing to a tramslocation locus
in a cell, the probes are so far apart thal they appear as
non-associated signals and no fusion event can be reliably
detected. For example, a 100 base pair gap is probably
insignificant whereas a 1 Mb gap is too much to be accept-
able. Note that the bresk may occur anywhere in the
breakpoint region and therefore construction of the poly-
mucleotide molecules composing the probe should be
designed to accommodate breaks at the worst possible
locations.

A probe need mot have exact complementarity to the
desired target, bui should have sufficient complementarity to
bind to the region of interest using the methods of the
invention. To achieve this generally requires a matching
sequence with at least 80%, preferably 95%, and most
preferably about 100% complementarity to the target. Occa-
sional polymorphisms may preclude true 100% complemen-
tarity in some individuals, particularly when the breakpoint
does not occur in a coding sequence.

Accordingly, as used to refer to probes herein, the term
“complementary” includes “substantially complementary”
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which is intended to refer to a probe which will specifically
bind to the region of interest on a chromosome under the test
conditions which are employed, and thus be useful for
deteciing and localizing the region. Complementarity will be
extensive enough so that the probes will form specific and
stable hybrids with the target DINA under the bybridization
conditions used. Persons of skill in the art will be able fo
determine suitable sequences through the general knowl-
edge available in the art, and by rouline experimentation,
using the examples set forth hereinbelow as guidelines.

A “cell” as used herein includes biological samples which
were derived from cells. “Biological sample™ includes all
micleic acid containing compositions where the nucleic acid
(RNA or DNA, chromosome, viral, vector,
mitochondrial . . . ) was obtained from an individual
organism or amplified from a micleic acid obtained from an
individual organism. The slide preparation procedure nsed in
the Examples actually kills the cell and removes some of its
componenis. However, the DNA remains. The term “cell” as
used herein includes cellular components, extracts and other
partial cellular componenis provided that they contain the
nucleic acids. It is preferred that a reasonably complete set
of the chromosomes remains or at least the DNA of the
breakpoint repions and adjacent regions remains such that
one can determire normal untranslocated DNA sequences
from fused DNA sequences resulting from a franslocation.

A “translocation” is the exchange of genetic material
between iwo or more non-homologous chromosomes. This
is frequently a reciprocal event where two chromosomes are
simultaneously broken and the fragments are exchanged
between the two chromosomes. Two new chromosome
derivatives are created.

A piece of a chromosome may be broken twice and
reincorporated in the same region in reversed order. This is
called a inversjon and is a subset of structural abnormaliiies
cansed by chromosomal breakage and rearrangement.

The present invention has many uses other than detecting
reciprocal franslocations such as detecting other chromo-
somal abnormalitics caused by chromosomal breakage and
rearrangement such as insertions, inversions, derivative
chromosomes and possibly duplications and ring forma-
tions.

As used herein, the phrase “the entire breakpoint region”
is intended to refer to a sequence or probe of sufficient length
to include the entire region in which a particular break may
occur. This region will vary with the particslar structural
aberration one wishes to detect. In rare instances where the
boundaries of the breakpoint region may not be completely
known or unclear, the breakpoint region is the region encom-
passing ithe distribution of iwo standard deviations of known
breakpoints.

A “contig” is a collection of two or more overlapping
cloned DNA fragments that when used together will extend
the target region beyond that of using a singular cloned
fragment. A contig refers to “contiguous” DNA fragments.

EXAMPLE 1: CONSTRUCTION OF BCR/ABLL
DUAL FUSION PROBES

The BCR/ABL1 dual fusion probes were assernbled by
screening through several different humar librares cloned
into PAC, P1, BAC, and YAC vectors available from com-
mercial sources, ¢.g. @ CEPH library. The procedure
included several rounds of sequencing and walking. These
methods are known to persons of skill in the art and are
described in various molecular procedure manuals such as
PBCR Protocols, A Guide to Methods and Applications, Innis
et al, Academic Press, Inc. (1990) incorporated herein by
reference.
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Each round of screening included the following steps:

1. Synthesizing new PCR primers based on sequence infor-
matjon.

2. Establishing PCR conditions for the new primers.

3. Screening the librarjes by either PCR (using primers) or
DNA, hybridization (by amplified fragments).

4. Selecting the positive clones.

5. Evaluating the positive clones by FISH. Verifying that the
positive clone hybridizes to the correct xegion and does
not show any cross hybridization.

6. Obtaining the end sequences of the insert of new clones
by either direct sequencing or by sequencing the purified
end fragment amplified by using a combination of Ale or
other primers and vector end primers.

7. Comparing the new sequence 1o the existing sequence to
establish the relalive location of the new clone. New
primers were then made from the new sequence oulside
the existing sequence.

8. Repeating steps 2—7 until the probes reached the appro-
priate length to include the entire breakpoint region and
achieve the desired FISH signal intensity.

9. Establishing the relative locations of all clones in the final
contig by STS mapping and estimating the size of the
contig.

To obtain multiple fusion probes according to the
invention, it is preferred (hat the probes cover both sides of
the breakpoint and show not only good but also balanced
signals in affected cells. For both BCR and ABL1 probes,
screeming was done for clones which collectively hybridize
to the entire breakpoint region and both sides of the break-
point region containing normal chromosomal DNA.

BCR:

The BCR dual fusion probe set is composed of 5 human
PAC clones which are shown in Table 1, FIG. 7.

The BCR region contains a 152141 bp sequence pub-
lished by GenBank. Three primer pairs were initially made,
BCR a/b, BCR ¢/d, and BCR e/f, which correspond to the
gene sequence at the =15 kb, 123 kb and -152 kh, 5" to 3'
positions respectively. These primer sets were used io screen
a Pl library by PCR and the amplified fragmenis were
isolated and pooled to screen a PAC library by hybridization.
Several positive P1 and PAC clones containing BCR gene
sequences were obtained.

P1 Clone OC2001 was scored positive using primers BCR
a/b. The end sequences of the insert were obtained. This
clone has one end of the insert located in the BCR known
sequence and one end outside the 5' end of known sequence.
Primer set BCR 13/14 was synthesized using the new
sequence information. Both PAC OCB1001 and OCB1002
were obtained by screening using BCR 13/14. The pext
round of screening was done by first sequencing the end
sequences of the insert in PAC OCB1001, establishing the 5'
and 3' positions of the ends and primers BCR 26/27 were
made. PAC OCB1003 was acquired by screening the PAC
library using the new primers BCR 26/27. This PAC is on the
most 5' end of the contig,

PAC OCB1004 was obtained from the hybridizalion of
PAC library using the pooled amplified DNA fragments
generated by the BCR a-f primers described above. This
clone covers almost all the BCR known sequence and also
extends in the 3' direction.

From the PCR screening of the P1 library using primers
BCR e/, P1 clone QOC2002 was obtained on the 3' end of the
gene. Both ends of the insert were sequenced. This clone
contains the BCR gene sequences from the 3' position, 109
kb into the gene, and extends further in the 3' direction from
the end of the BCR gene. A new primer pair BCR 13/14 was

12

made using the new 3' end sequence. PAC OCB1005 was
obtained from the new screening which became the furthest

3' clone in the contig.
The size of the inserts of these individual clones are
5 estimated by adding up a1l the EcoR1 restriction fragments
found on agarose gel as compared to commercially available
molecular weight DNA markers. The relative locations of all
the clones are established by whether the clones are positive
or negative to all the PCR primer sets tested. Because the

10 entirsty of the clones were oot sequenced, the extent of

overlap or gaps (if any) present in the clones has not been
characterized. However, the clones are known io coniain
sequences in common to other clones within the BCR probe
set. The total size of the BCR contig is approximately 500

15 kb.

ABL1
The ABL1 dual fusion probe set consists of 1 BAC, 1 P1,
4 PAC and 1 YAC clope as shown in Table 2, (FIG. 8).
The ABL1 region confains 3 segments of published

20 GenBank sequences: HSALBGR1, 35,692 bp, covering the

5' ABL1 exon 1b and part of intron 1b, HSABLGR2, 59,012
bp coniaining portions of intron 1b and HSABLGR3, 84,539
bp extending from the end of intron 1b io the end of exon 10
and poly A region. The iniron 1b is about 200 kb in length.

25 The initial screening was dome in a similar way to

screening for five BCR probes. Three primer scis were
synthesized, ABLI a/b, ABL1 ¢/d, and ABL1 e/f. ABLI a/b
is located >2000 bp in from the 5' end of the HSALBGR1
sequence, see table 2, FIG. 8. ABL1 ¢/d is ~79,000 bp in

30 from the 5' end of the HSABLGR3 sequence, and ABLI ¢/f

is located ~31,000 bp in from the 5' end of HSABLGR2
sequence. The ABLL a-f primers were used to screen a. P1
library directly by PCR and the amplified fragments from
these primers were used to screen a PAC library by DNA

35 hybridization. Several positive P1 and PAC clones were

identified.

The P1 clone OC3001 was obtained from PCR screening
using primers ABL1 a/b. The clone covers a small segment
of the HSABL.GR1 sequence and extends further in the 5'

40 end of ABL1. A new primer set ABL1 5/6 was made after

sequencing the end of the OC3001 insert. ABL1 5/6 was
used to screen a PAC library and the PAC clone OCA1001
was acquired. The OCA1001 clone contains the mosi 5" end
of the contig, The P1 clone OC3002 was obtained by PCR

45 screening using primers ABL1 e/f. This clone contains most

of the HSABLGR1 and HSABLGR2 sequence regions.
PAC clone OCA1002 was obtained by hybridization

sereening using the pooled amplified fragments generated by

the ABL 1 a-f primers. This PAC clone also extends ontside

50 the 5" end of ABL1 gene. The end fragments of the insert

were sequenced and primer set ABL1 3/4 was made. ABL1
3/4 was used to screen a BAC library. The BAC clone
OCA1003 was identified.

YAC clone QCA1004 was obtained from the commer-

55 clally available library. OCALQ04 contains a portion of

HSABLGR2 sequence and exiends beyond the 3' end of the
HSABLGR3 region. The end fragments of OCA1004 were
isolaied and sequenced. Primer pair ABL1 7/8 was made and
used to screen a PAC library. PAC clone OCAIT005 was

60 oblained. A new primer sci, ABL1 19/20, was synthesized

using sequence information obtained from clone OCA1005.
Both PAC OCA1006 and OCA1007 were identified by
library screening using ABL1 19/20.

The sizes of the inseris of the clones in the ABLL probe

65 set, excopt for the YAC, were ¢stimated by summing up

EcoR1 restriction fragments visualized on an agarose gel.
The size of YAC clone was determined by comparing to
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known size standards on a gel. The relative positions of ail
the clones were delermined from using the primer seis
developed for screening DINA bands as physical map anchor
sites throughout the ABL1 region. The total length of this
contig is approximately 600 kb.

The combination of the BCR and ABLI probe sets
described above defines a dual fusion probe set for 1(9;22).
It has been designated P5161-D}C. The skilled artisan will
appreciate that by using these and other techniques known in
the art, additional snitable probe sets would be constructed
for the ABL.1/BCR translocation and for other translocations
of interest.

EXAMPLE 2: USING THE PROBE SET FOR
CML D-FISH ASSAYS

The P5161-DC probe set was used in standard FISH
protocols to devaluate the usefuloess of using dual fusion
probes (D-FISH) FOR DETECTION. The study of Phila-
delpbia chromosome in a CML clinical popelation included
37 paired-sets of bone marrow and peripheral blood speci-
mens from 10 patients undergoing treatment for CML, 10
normal peripheral blood specimens, 10 normal bone marrow
specimens and four serial dilulions with known percentages
of Ph positive nuclei,

Each patient with CML was a participant of the CML
National Smdy Group clinical trial and was randomly
receiving treatment with interferon a-2b with or withont
ara-C. Each patient was known to have cells with a Ph
chromosome that produced a typical D-FISH patiern (fwo
fusion signals, two normal signals) for t(9;22)(q34;q11.2).
For each patient a paired-set of bone marrow and peripheral
blood specimens were collecied prior to treatment and at two
or more times at approximately 4-month intervals during
treatment. Each paired-set of peripheral blood and bone
marrow specimens was obtained on the same day except for
specimens collected prior Lo treatment in patients 3 (blood
and bone marrow were collected 1 day apart), 5 and 8 (blood
and bone marrow were collected 4 days apart).

Uncultured bone marrow and peripheral blood specimens
were processed by conventional procedures for cytogenetic
and FISH studies. These specimens were stored as fixed
pellets at -70° C. in methanol:acetic acid (3:1) until FISH
studies could be performed. The D-FISH specimens were
prepared by being washed twice with fresh fixative and cells
were placed on microscope slides and allowed to air-dry in
a CDS-5 cytogenetic drying chamber (Thermotron, Holland,
Mich.) adjusted to 30% relative humidity and 25° C. Slides
were further dried for 1 br in a 65° C. oven and then treated
with 2x standard saline citrate solution (SSC) (300 mmol/L
sodium chloride, 30 mmol/L sodium citrate) for 1 hr at 37°
C. Slides were then dehydrated with 70-85-100% cold
ethanol (stored at —20° C.) for 2 minutes each, and air-dried.

The FISH hybridization and detection procedure was
carrded out as foilows, Chromosomal DNA (in the form of
cells on a slide) was denatred in 70% formamide/2xSSC
for 2 min at 70° C. Slides were dehydrated with an ethanol
series (70%, 85% and 100%) for 2 min each and air-dried.
The probe (Oncor product #P5161-DC) was denatured in a
water bath at 70° C. for 5 min. Then 10 gl of stock solution
BCR/ABL1 probes were added to each slide, a 22x22 mm
coverslip placed on the slide and sealed with rubber cement.
Slides were hybridized for 18—20 hrs at 37° C. in a humidi-
fied chamber. After the coverslips were removed, slides were
washed for 2 min in 0.4x8S8C at 70° C_, and then in 1x PBD
(phosphate-buffered non-ionic detergent) for 2 min. Chro-
matin was counterstained in blue with 10 gl of 1% solution
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of 4,6'-diamidine-2-phenylindole (DAPI) in Vectashield
antifade. Representative cells were captured vsing a
computer-based imaging system (Quips XL Genelics
Workstation, Vysis, Inc., Downers Grove, I1L}.

Q-cytogenetic studies were performed on each bone mar-
row specimen by analyzing 25 consecutive G-banded or
(Q-banded metaphases in which chromosomes 9 and 22
could be observed using the meihods of Dewald et al,
Cancer Cytogener. 94:59 (1997). Hypermetaphase studies
using single fusion probes for BCR and ABL1 (S-FISH)
were done on many of these specimens using the methods of
Seong et al, Blood 86:2343 (1995). D-FISH was performed
using the directly labeled P5161-DC probe set to reveal two
BCR/ABLI fusion signals in cells with a 1(9;22)(q34;q11.2);
one on the abnormal chromosome 9 and the other on the
abnormal chromosome 22. The ABL1 (600 kb) probe was
directly labeled with Rhodamine Green (green signal) and
included several DNA sequences that hybridized to 9 q34
and spanned the 200-Kb breakpoint region of ABL1 inciud-
ing additional normal chromosome sequence on each side of
the breakpoint region. The BCR. (500 Kb) probe was directly
labeled with Texas Red (red signal) and included several
DNA sequences that hybridized to 22g11.2 and spanned the
common breakpoints in both the major and minor BCR as
well as normal chromosome sequences on each side of the
BCR gene breakpoint regions.

The specimens were studied in random order and in a
blind fashion by two microscopists using strict scoring
criteria for D-FISH. Dewald et al, Bivod 31(9): 3357-3365
(1998). As referred to hereinafter, red BCR signals are
referred to as R, green ABL1 signals as G, and BCR/ABL1
fusion signals as F. For scoring purposes, fusion signals were
defined as merging or touching R and G signals. The scoring
process was limited to nommal nuclei with 2 R2 G, and
abnormal nuclei with 1R1G2 F or 2R2GI1F {(cme Ph
chromosome), and 1R1G3F or 2R2G2F (two Ph
chromosomes). For each specimen, each microscopist
scored 250 consecutive qualifying interphase nuclei from
different areas of the same slide. At the conclusion of the
study, the inter-microscopist agreement was sufficient to
pool their results on each specimen in subsequent analyses
of the data. Thus, the final stalistical analyses were based on
500 muclei per specimen.

The normal range for D-FISH was calculated for periph-
eral blood specimens collected from 10 patients without any
malignant hematologic disorder and for bone marrow speci-
mens collected from 10 normal bone marrow fransplant
donors. The four serial ditutions were prepared by mixing
cells from a normal individual and a Ph positive specimen to
create a series of specimens determined by repeated blind
stndies to contain specified mean percentages of Ph positive
nuclei.

The D-FISH results for each patient’s specimens from
botl peripheral blood and bone marrow samples were cal-
culated as the proportion of abnormal cells (number of
abnormal cells per 500 scored cells). Since the proportion
(p) of abnormatl cells among the specimens ranged from 0 to
1 (ie. 0-100%), a sin’(vp) tansformation was used to
slabilize variances and provide a more nearly Gaussian
distribution of values. Then, the differences (delta value)
between bone marrow and peripheral blood in transformed
proportions were computed for each patient’s specimens.
The proportion (p) of abnormal cells by Q-cytogenetics was
also transformed to sin'(vp).

The delta value for each paired-set of bone marrow and
blood specimens was then analyzed using a repeated mea-
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sures regression analysis (PROC MIXED in SAS) (19). For
purposes of this stalistical analysis, the approximate 4 month
sampling intervals relative to commencement of therapy was
considered a nominal predicior variable and the transformed

proportion from Q-cytegenetics was included as a covarate. 5

The within-patient correlation of delta values among respec-
live specimen collection times was specified as an auto-
correlation structure depending on the a2ctual number of days
belween sampling times i.e., smaller correlations between
sequential values for longer times befween sampling epi-
sodes.

The classification scheme for response to therapy was
based on Q-cytogenetics and was similar to the Italian
Cooperative Group (Italian Cooperative Study Group on
Chronic Myeloid Leukemia New Erngland Journal of Medi-
cine 30:820 (1994)) i.e., no response, minimal, minoz, major
and complete remission when 100%, 99-67%, 66-33%,
32-1% and 0% of metaphases are Ph posiiive, respectively.

Probe Sets in a D-FISH Assay Demonstrate Higher
Sensitivity Than Standard Cytogenetic Tesling

The goal was to study the effectiveness of the P5161-DC
probes using 3500 ouclei for each bone marrow and blood
specimen. The goal for Q-cytogenetics was to study 25
metaphases from each bone marrow specimen. The goal for
hypermetaphase studies was to study 200 metaphases from
bone marrow. D-FISH was successful on 37/37 blood speci-
mens and 37/37 bone marrow specimens. Q-cylogenetic was
successful in 32/37 bone marrow specimens. Hyper-
metaphase was successful in 14/24 bone marrow specimens.

Very Low False Positive Rate (<1.0%)

Based on 500 nuclei from each of 10 normal bone marrow
specimens, the mean percenlage and standard deviation of
nuclei with false BCR/ABLI1 fusion was 0.1%=0.1 (range O
to 1 per 500 nuclei). Based on 500 nuclei from each of 10
normal peripheral blood specimens, the mean percentage
and standard deviation of nuclei with false BCR/ABLI1
fusion was 0.04%+0.08. Bascd on this data, the upper bound
of a one-sided 95% confidence iaterval for observing 1 to
500 (0.2%) neoplastic cells in ¢ither bone marmrow or periph-
eral blood was calculated using the binomial distribution.
For both bone marrow and peripheral blood, this calcelation
implied a cutoff greater than 4/500 (>0.8%) nuclei with
BCR/ABL1 fusion to classify any specimen as abnormal.

Abnormal Reference Range for D-FISH in
Untreated CML

The results of D-FISH for specimens from seven patients
(nos. 2-7, 9) that were collected prior to ireatment and that
were not mosaic by Q-cytogenetic studies were used to
cstablish an abnormal reference range. Thes¢ specimens
geperally represeni patients with untreated CML in clinical
practice. Among these seven specimens, the mean percent-
age of abnormal cells was 97.6%=1.38 (range 95.4 to 99.0)
for bone marrow, and 86.1%+13.59 (range 61.6 to 98.5) for
blood. :

Serial Dilutions
The observed percentage of neoplastic cells in each of the
four serial dilution specimens was 97.6, 49.2, 8.2 and 1.8.
The expecled mean percentage of neoplastic cells in these
specimens was 98.2, 49.1, 10.7, and 2.8, respectively. The
difference between observed and expected values for each of

these specimens was 0.6%, 0.1%, 2.5% aud 1.0%., respec-
tively.
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Results of Using the Probe Set in a D-FISH Assay
With Clinical Specimens

Results for Q-cytogenetic studies for bone mamow, and
D-FISH for bone marrow and blood for each patient speci-
men are shown in FIG. 3. Based on Q-cytogenstics, three
patients (nos. 4, 5 and 6) achieved a complete cytogenetic
remission, one patient (no. 3) briefly achieved a major
response and the rest of the patients were classified as
minjmal, minor or non-responders.

Each bone marrow specimen that had any abmormal
metaphases by Q-cytogenetics was also abnormal for inter-
phase nuclei by D-FISH in blood ard bone marrow. Six
specimens from three patients (nos. 4, 5 and 6) had only
normal metaphases by Q-cytogenetics. For palient 6,
D-FISH results were abnormal at 357 days in both bone
marrow {(4.8% abnormal nuclei) and blood (3.0% abnormal
nuclei). For patient 5 at 262 days, the peripheral blood was
marginally abnormal (f.0% abrormal nuclei) but bone mar-
row was within normal limits (0.6% abnormal muclei). Each
of the remaining four specimens with only normal
metaphases by Q-cytogenetics were within nornal limits for
D-FISH in both bone marrow and blood.

Detection of Minimal Residual Disease Stales and
Tracking Response to Therapy using the Probe Sets
in FISH

Additional studies on the paired-sets of bone marrow and
blood specimens that were normal by Q-cytogeneiics and
D-FISH were done to look for minimal residual disease. In
a blind study, D-FISH was used to score 6,000 nuclei from
four of the bone marmow specimens and five of the peripheral
blowd specimens in this series (Table 3, FIG. 9), and 3 blood
and bone marrow specimens from normal individuals. In a
separate study, the normal range for D-FISH for 6,000 nuclei
was calculated to be <0.079%. Based on this cutoff, each of
the normal blood and bone marrow specimens was correctly
classified as normal. Three of the four patient bone marow
specimens and each of the patient petipheral blood speci-
mens had mimmal residual disease. §t was not possible to do
further studies on bone marrow no. 5 from patient 4 as this
specimen had no leftover cells. The paired-blood specimen
for this sampling time was in the abnormal range for D-FISH
when 6,000 nuclel were studied and the bone marrow and
one Ph positive metaphase among 169 metaphases that were
examined by hypermetaphase FISH siudies.

The actual proportions of peoplastic cells from bone
marrow specimens were plotted against the corresponding
proportions from peripheral blood samples (FIG. 2). The
results imply that the proportion of abnormal cells from
bone marrow specimens was typically greater (above y=x
line) than for peripheral blood.

For D-FISH, the mean 4 month inter-sample differences
in percentage of abrormal puclei between paired-sets of
bone marrow and peripheral blood were not stafistically
different (p>0.3)(Tabls 4, FIG. 10). The deltas for D-FISH
for peripheral blood were associated (p<0.05) with the
transformed proportion of abnormal cells based on
Q-cytogenetics of the paired bone marrow specimen. This is
important because Q-cytogenetics of bone marrow is widely
recognized as the “gold standard” for monitoring response to
interferon therapy.

Based on these results, an additional regression analysis
was done to develop a model for estimating the proportion
of abnormal cells that would be obtained from bone marrow
specimens using D-FISH results from peripheral blood
samples. This is regression analysis of the data displayed m
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FIG. 4, but used the transformed values of the proportions
(FIG. 3). In FIG. 5, the dashed lines represent an approxi-
mate 95% confidence interval for a new predicted observa-
tion given a (mew) peripheral biood value (prediction
interval). This analysis indicafed a significant (p<0.001)
linear relationship and yields the following equation for
estimating the proportion of abnormal cells in bone marrow

specimens [Py, P pa=[5in{0.14944+1.0324%sin (vE) 1 F,

where P, is the proportion of abnormal cells based on
D-FISH results in peripheral blood samples. This relation-
ship is displayed in FIG. €, and the numeric resulis for
severa} choices of Ppy is listed in Table 5.

Discussion

The 4-month inler-sample changes in percentage of neo-
plastic nuclei in blood agreed closely with the corresponding
intersample changes in percentage of neoplastic metaphases
and nneclei in bone marrow over the course of imierferon
a-2b therapy. The reduction in percentage of Ph positive
metaphases correlates with a prolonged chropic phase and
increased survival in CML and the results of D-FISH on
blood correlates with Q-cytogenetics. This demonstrates that
using probes according to the present mvention in & FISH
assay is efficacious to test periodic peripheral blood speci-
mens from patients with CML to monitor the effectiveness
of mterferon therapy. The analysis of 500 nuclei with the
P5161-DC probe set in a D-FISH in bone marrow and
peripheral blood detects <1% discase and is at least as
sensitive as Q-cytogenetics. Thus, D-FISH analyses of inter-
phase nuclei using probe constructs according to the present
invention could substitute for Q-cytogenetics for purposes of
monitoring, response to therapy for CMIL. By analyzing
6,000 nuclei in specimens that were normal by
Q-cytogeneiics and by D-FISH based on analysis of 500
nuclei revealed evidence of residual disease was found
(Table 4, FIG. 10). Thus, the methods and probe sets of the
invention have the potential to detect very low levels of
minimal disease in both blood and bone marrow.

In one olker experiment that compares the results of FISH
studies of paired-sets of bone marrow and peripheral blood
to monitor therapy in CML, Muhlmana et al, Genes, Chro-
mosomes and Cancer 21:90 (1998) used S-FISH to study 49
peripheral blood smears and 30 bone marrow specimens
from 36 patients in chronic phase CML at different stages of
cytogenetic remission. This experiment establishes that one
can use whole blood as a comparative measure for events in
the bone marrow.

The present inveniion precisely predicts the percentage of
neoplastic nuclei in bone marrow based on data from blood.
This should allow one to use blood to monitor therapy in
clinical practice. The results presented in the present speci-
fication indicate that it is best to assess response to therapy
based on changes in percentage of neoplastic nuclei using
the same tissve over time. In other words, 1o compare
D-FISH resulis among blood studies or among bone marrow
studies, but not between blood and bone marrow studies.
This is important because the percentage of abnormal nuclei
in blood and bone marrow differs in most patients at most
times before and after therapy (FIG. 4).

The results show a strong correlation between changes in
the perceniage of Ph positive metaphases by Q-cytogenetic
stdies over the course of iherapy and changes in the
percentage of inferphase nuclei with BCR/ABL1 fusion in
both bleod and bone marrow. D-FISH using the probes of
the invention was also usefu! to identify residual disease in
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both bone marrow and peripheral blood specimens for
patients in complete cytogenetic remission. For patients on
therapy, D-FISH could then be performed on peripberal
blood at periodic intervals to assess the effectiveness of
therapy. Consequently, bone marrow would not need to be
collected to menitor therapy as frequently or at all as it is in
current practice.

More details regarding scoring and correlation to climical
paiients may be found in Dewald et al, Blood 31(9):
3357-3365 (1998).

EXAMPLE 3: CONSTRUCTION OF AMLI1/ETO
DUAL FUSION PROBES

The AMLI/ETO also called MTG8/CDR dual probes
were assembled vsing the same methed as in EXAMPLE 1
above. The highlights being illustrated below. The break-
points are known to be clustered, Miyoshi et al {1991),
Erickson et al (1992), Shimizu et al (1992), and Tighe et al
(1593). The translocation has (raditionally been defected
using reverse transcriptase mediated polymerase chain reac-
ton.

Two overlapping YACs, 902G 10 and 903A9 were isolaled
from a total bnman library using an ETO cDNA probe. The
YACs spanned the entire 8q22 breakpoint region. YAC
Ci4B2 is predominanily located proximal lo the 21q22
breakpoint region. YAC 925E1 was obtained from a total
human library and inchides a region located immediately
distal to the breakpoint region.

The YAC DNAs 902G 10 and 903A9 were labeled by mick
translation with digoxigenin and C14B2 and 925E1 were
labeled with biotin. FITC was used to detect biotin labeled
probe molecules and rhodamine was used to detect digoxi-
genin labeled probe molecules using detection kits (Oncor,
Inc)

EXAMPLE 4: D-FISH FOR THE AML1/ETO
TRANSLOCATION

The methods of Example 2 were repeated using Lhe probe
set of Example 3 with AML cell line Kasumi-1, lympho-
blastoid cell line GM09948, bone marrow. Excellent resulis
were obtained either two clear fusion signals being seen in
a larpe percentage of cells. Details may be seen in Paskulin
et al, Genes, Chromosomes & Cancer 21:144-151 (1998).
The method of Example 2 is also performed on peripheral
blood cells and correlated to the bone marrow data.

References cited herein are hereby incorporated by
reference, and are listed below for convemence:
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Dewald, GW, Juneau, AL, Schad, CR, Teileri, A Cancer
Cytogenet. 94:59 (1997).

Dewald et al, Blood 31(9): 3357-3365 (1998).

Fischer et al, Blood 83: 3962-3971 (1996).

Italian Cooperative Study Group on Chronic Myeloid
Leukemia New England Journal of Medicine 30:820
(1994).
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The present invention is not to be limited in scope by the
specific embodiments described herein. Indeed, various
modifications of the mvention in addition io those described
herein will become apparent o those skilled in the art from
the foregoing description and accompanying drawings. Such
modifications are intended to fall within the scope of the
appended claims.

Various publications are cited herein, the disclosures of
which are incorporated by reference in their entireties.

What is claimed is:

1. A DNA probe set, said probe set comprising a firsl
probe set and a second probe sef,

said first probe set being sufficient in length and substan-
tially complementary to an entire breakpoint region of
a first DNA and nucleotides on both sides of the
breakpoint region bul less thar an entire chromosome
such that said first probe set will hybridize to both sides
of the breakpoint region regardless of whether the first
DNA has been broken in the breakpoint region and
either end fused o another DNA, and

said second probe set being sufficient in length and
substantially complementary to an entire breakpoint
region of a second DNA and nucleotides on both sides
of the breakpoint region but less than an eniire chyo-
mosome such that said second probe sel will hybridize
lo both sides of the breakpoint region regardless of
whether the sccond DNA. has been broken i the
breakpoini region and either end fused to another DNA.

2. The probe set of claim 1, wherein said probes are
detectably labelled.

3. The probe set of claim 2, wherein said first DNA is part
of the ABL1 gene on chromosome 9 and the sccond DNA is
part of the BCR gene on chromosome 22.

4. The probe set of claim 2, wherein said first DNA is part
of the AML1 gene on chromosome 21 and the second DNA
is part of the ETO gene on chromosome 8.

5. A diagnostic kit for detecting a structural abnormalily
caused by chromosomal breakage and rearrangement cou-
taiming a reagent comprising at least one probe set of the
probe set according to claim 1, and a container containing
said reagenl.

6. A diagnostic kit according to claim 5 further comprising
at least two containers, wherein a first container contains a
reagent comprising said first probe set and a second con-
lainer contains a reagent comprising said second probe set.

7. A diagnostic kit according to claim 6 wherein said
reagent comprises said first and said second probe set.

8. A DNA probe set, satd probe set comprising a first
probe set and a second probe set,
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said first probe set being sufficient in length and substan-
tially complementary to an entire breakpoint region of
a first DNA and nucleotides on both sides of the
breakpoint region but fess than an entire chromosome
such that said first probe set will hybridize to both sides
of the breakpoint region regardless of whether a second
DNA from a region other than the breakpoint region
has been inserted in the breakpoint region, and

said second probe sei being sufficient in length and

substantially complementary to a 3' end and a 5" end of
asecond DNA but less than an entire chromosome such
that said second probe set will hybridize to both ends of
ihe second DN A regardless of whether the second DNA
is inserted in the first DNA.

9. The probe set of claim 8, wherein said probes are
detectably labelled.

16. A DNA probe sct, said probe sel comprising a first
probe set and a second probe set,

said first probe set being sufficient in length and substan-

tially complementary to pucieotides on both sides of
the breakpoinl region of a first DNA but Iess than an
entire chromosome such that said first probe sel will
hybridize to both sides of the breakpoint region regard-
less of whether the first DNA has been broken in the
breakpoint region and either end fused to another DNA,
and

said second probe set being sufficient in lepgth and

substantially complementary io mcleotides on both
sides of the breakpoint region of a second DNA but less
than an entire chromosome such that said second probe
set will hybridize Lo both sides of the breakpoint region
regardless of whether the second DNA has been broken
in the breakpoint region and either end fused to another
DNA.

11. The probe set of claim 10, wherein said probes are
detectably labeled.

12. The probe set of claim 11, wherein said first DNA is
part of the ABL1 gene on chromosome 9 and the second
DNA is part of the BCR gene on chromosome 22.

13. The probe set of claim 11, wherein said first DNA is
part of the AMI1 gene on chromosome 21 and the second
DNA is part of the ETO gene on chromosome 8.

14. A diagrostic kit for detecting a structural abnormality
caused by chromosomal breakage and rearrangement con-
laiming a reagent coraprising at least one probe set of the
prebe set according to claim 10, and a container containing
said reagent.

15. A diagnostic kit according to claim 14 forther com-
prising at least two containers, wherein a first coptainer
containg a reageni comprising said first probe set and a
second container containg a reagent comprising said second
probe set.

16. A diagnostic kit according to claim 15 wherein said
reagent comprises said first and said second probe sets.

17. A diagnostic kit for detecting a siructural abnormality
caused by chromosomal breakage and rearrangement con-
taiming a reagent comprising at least one probe sct of the
probe set according to claim 8, and a container containing
said reagent. )

18. A diagnostic kit according to claim 17 further com-
prising at least two conlainers, wherein a first container
contains a reagent comprising said first probe set and a
second container contains a reagent comprising said second
probe set.

19. A diagnostic kit according to claim 18 wherein said
reagent comprises said first and said second probe sets.

* L #* & &
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