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Title: METHODS AND COMPOSITION TO GENERATE UNIQUE SEQUENCE DNA
PROBES LABELING OF DNA PROBES AND THE USE OF THESE PROBES

Inventors: Mark Carie Comelly, Brad Foulk; Michael Kagan, Ioost F. Swemenhuis; Leon

W.AMLM. Terstappen, Arjan G.J. Tibbe, and John Verrant

Cross-Reference to Related Applications

This is 2 non-provisienal application which claims priority to U.8. Provisional Applications
60/718,676, Biled 20 September 2003; 60/729,536, filed 24 Ociober 2005; and 60/786,117,
filed Marcl: 2006, Each of the aforementioned applications is incorporated in fall by

reference herein.
BACKGROUND O THE INVENTION

Field of the Invention
The invention relates generally to the feld of identification of DNA sequences, genes or

chromosomes.

Generation of DNA probes

Human genomic DNA is a mixture of unique sequences and repetitive sequences that are
present in muitiple copies throughout the genome. In some applications, nucleic acid
hybridization probes to detect repetitive sequences are desirable. These probes have shown
utility in the fields of fetal cell diagnostics, oncology, and cytogenetics. In other appiications
it is desirable o generate hybridization probes that anncal only fo unique sequences of
inferest on a chromiosome. Preparation of unigque sequence probes is confounded by the
prasence of munerous classes of repetitive sequences thzoughout the genome of the organism
(Hood et al., Molecular Biology of Fucaryotic Cells (Benjamin/Cummings Publishing
Comparty, Mento Park, CA 1975). The presence of repetitive sequences in hyvbridization
probes will reduce the specificity of the probes because portions of the probe will bind fo
other repetitive sequences found outside the sequence of Interest. Thus, fo ensure binding of
hybridization probes to a specific sequence of interest, efforts must be made to ensure that
repetitive sequences in the probe do not anneal to the target DNA outside the sequence of

interest,
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Recent contributions have addressed this question by inhibiting hybridization of the
repetifive sequences with the use of unlabeled blocking nucleic acids (US 5,447,841 and US
6,596,47%). Use of blocking nucleis acids in hybridizations is expensive, does not
completely prevent hybridization of the repetitive sequences, and can distort gepoinic
hybridization pattemns (Newkirk ot al, “Distortion of quantitative genomic and expression
hybridization by Cot-1 DNA: mitigation of this effect,” Nucleic Acids Res. vol 33 (22)el191]
(20053). Thus, methods that prevent hybridization of Tepeat sequences witheut the use of blocking
DNA gare necessary for optimal hybridization.

One means to achieve this is 1o remove unwanted repoat segments from the hybridization
probes prior to hybridization. Techniques involving the removal of highly repetitive
sequences have been previously described. Absorbents, ke hydroxyapatite, provide & means
to remove highly repetitive sequences from extracted DNA. Hyroxyapatite chromatography
fractionates DNA on the basis of duplex re-association conditions, such as temperaturs, salt

.concem:ratien, or other siringencies. This procedure is cumbersome and vanies with different
sequences. Repeat DNA can also be removed by hybridization to immebilized DINA (Brison
et al., “General Methods for Cloning Amplified DNA by Differential Screening with
Gencmic Probes,” Molecular and Celiudar Biology, Vol. 2, pp. 578-587 (1982)}). In all of
these procedures, the physical removal of the repetitive sequences will depend upon the strict
optimization of conditions with inherent variations based upon the base composition of the
DNA sequence,

Several other methods to remove repetitive sequences from hybridization probes have
been described. One method invelves using a cross-Hoking agent o cross-link repetitive
sequences either to divectly prevent hybridization of repetitive sequences or to prevent
amplification of repeat sequences in a PCR reaction. (US 6,406,850} Another method uses
PCR assisicd affinity chromatography to remove repeats from hybridization probes (US
6,569,621). Both of these methods rely on the use of labeled DNA to remove repeat
sexuences wiich makes these processes complex and difficult to reproduce. Further, boih
methods are thme consuming, requiring muliiple rounds of repeat removal to produce
fimctional probes, suitable for use in flucrescent in sity hybridization (PISH) or other
hybridization reactions requiring high target specificity.

The use of duplex specific nucleasss which preforentially cleave double stranded
deoxyribonucleic acid molecules has been described for sequence variant detéctioxz
gpplications such as single nocleotide polymorphisms (US 2005/0164216; US 6,541,204),
The ability of the enzyms to preferentially cleave perfectly masched nucleic acid duplex

JP 2012-175976 A 2012.9.13
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polynucieotides as compared fo single stranded provides a means for removing non-target
double stranded DNA from the sample mixture.

The ability of these nucleases to specifically digest the duplex form of polynucleotides
was discovered in the instant invention to provide substantial benefit in mamsfactming unique
target specific probes that do not require blocking DINA, thus eliminating the costs and
imterfering affect of blocking DNA, and providing a means for rapid, efficient and cost
effective production of high specifieity probes.

Detection of specific sequences in a genome makes use of the fact that DNA consists ofa
helix of two DNA strands and that this double stzand is most stable when these two strands
are homelogues. The DINA consists of a phosphate-sugar phosphate backbone and to every
sugar one of four different nifrogenons bases, cytosine guanine thyrine or adenine, might be
present. Homologne strands pair every cytosine with a ghanine and every thymine with an
adenine. When a labeled homologne sequence is added to a genome and the DNA iz made
single siranded, these labeled sequences will hybridize, under the right circumstances, to the
specific homologue sequence in the genome. For this in situ hybridization, 2 nzmber of

probes are available for different detections purposes and applications.

Whale chromosome / paint probes (WCF)

WP incorporates labeled DINA material, homologous to a specific chromosome. The
material is obtained by flow sorting of meiaphase chromosomes or by laser dissection from a
metaphase sproad which is amplified by PCR or a related technigue. After iabeling and
applying it to a properly prepared nucleus, it will stain _the target chromosome. However,
such labeled probes will i addition stain other non-target chromosomes because of structural
or repetitive soquence elements that ave shared among some or all chromosomes.
Accordingly Ip order to stain only those sequences originating from the intended
chromosome of interest, these common repetitive elements are usually inhibited by
hybridization with blocking DNA or other methods that block or remove non-specific
interactions.

Muitiple chromosome paints are also applied to a single nuctens. WCP are labsled by
differsat fluorochromes or with 2 combination of flucrochromes, providing ne limit o the
amount of WCP’s applied in 2 aingle hybridization. WCP’s are mainly used for karyotyping
and to study translocations of large fragmentis, regions and subregions of chromoesomes which

are best abserved in a metaphase spread of a nucleus.

JP 2012-175976 A 2012.9.13
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Centromere probes

Ceniromere probes arve targeted to 2 171 bp sequence that occurs in repetitive order in
every cenfromeric region of the human chromosomes. All chromosomes have a slightly
different sequence and because of this all chromosomes are detscted separately when the
right hybridization stringency is used, Only two clromosome pairs, 13 with 21 and 14 with
22, share the same repsét and cannot be defected independently. Generaily, centromeric
probes are prodused from plasmids containing an insert from one or a fow copies of the 171
pb repeat. These probes are able fo be hybridized withont the addition of blocking DNA

because the 171bp sequences do not oceur cutside the regions of interest.

Telomere probes

Human telomeres consist of an array of short repetitive sequences {Le. TTAGGG). This
is repeated soveral times in different amounts for every chromosome and individual test
subject age. This repetitive sequence is used as a probe that will stain all chremosomes
although not every chromosome will stain equally strong. To detect the telomeric end of
chromosomes, mostly a sub-telomeric bacterial artificial chromoesome (BAC) clone is used.
This BAC clone confains repstitive sequences which should be blocked or removed during or
before hybridization.

Comparative Genomic Hybridization (CGH) probes

CGH is a process that Involves hybridizing a test genome to a reference genome, The
reference genome may take the form of a metaphase chromosome spread from a healthy
individual or may be array based using probe sequences that represent all or part of a
genoms. Microarray probes made using BAC clenes contain repetitive sequences which
must be blocked prior to hybridization. However, blocking has the potential {o cause a
deviation in the results when compared {o repeat depleted probes (Knot and Rogan, Nucleio
Acids Research, 2003, Vol 33, No. 22). Further, the blocking step increases the cost of
hybridization assays. If the probe sequences are depleted of repetitive sequences, the
blocking step of the labeled genomic DNA is not necessary, resuliing in 2 reduction in the

cost and removal of any variation,

Gene specific probes
Gene specific probes are designed to detect a region of the genome containing a target

gene or group of genes. These probes are used o detect amplifications or deletions of
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specific genomic areas which correlated to the expression leval of the specific gene of
interest. The coding sequence of the gene(s) itself is not large enough 1o generste a detection
signal for the probe that is visible using stmdard fluorescence microscope. Therefore such
gene specific probes are not limited to just the coding gene sequences {exons) but also
involve non-coding {introns), regulatory or other sequences arcund the gene, Because of the
large sequences encompassed within even a gene specific probe design they often suffer from
the undesirable inclusion of upwanied repetitive sequences. When snch material is then
either labeled and used m hybridizations or used in hybridizations and then labeled, the
unwanted sequences must be blocked or retmoved from the probe fo be able to deteot the gene

area specifically.

Micrearray probes

Similar fo CGH, microarray probes are fixed to 2 carrier. In general, antomated robotic
technigues are used io spot cDNA-PCR products or synthetic oligonneleotides on a slide or
similar fixed surface. Also, techniques exisi to synthesize sequences directly on a slide
(Affimetriz, Inc, Santa Clara). The slides are hybridized with labeted cDNA or RNA in
combination with different labeled cDNA or RNA as controls.

Coupling reporter molecules o DNA probes

DINA. probes are visualized by coupled reporter molecules. These molecules need to be
incorporated in or attached to the DINA probe. One method utilizes a reporier molecale,
having sucleotides livked to enzymatic reactions. Examples include incorporation by nick
translation or a random prime reaction. Further, an amine coupled nucieotide, built in this
way, is subsequently coupled direetly or indirectly to reporter molecules. Coupling is done
by chensical Iabeling of the DNA. An example is the coupling of a reporter molecule linked
{0 & platinum grovp which forms a coordinative bond to the N7 position of guanine as used in
LS kabeling (Kreatech Diagnostics, Amsterdam) and described in TS 5,580,990, US
5,714,327, US 5,985,566; US 6,133,038; US 6,248,531; US 6,338,943; US 6,406,850; and
LIS 6,797,818, Reporter mojecules can be radioactive isotope, non-isotopic labels,
dgoxygenin, enzymes, biotin, avidin, streptavidiu, Ruminescent agents such as
radioluminescent, chemiluminescent, bioluminescent, and photoluminescent, {including

flnorescent and phosphorescent), dyes, hapfens, and the like.

Sample preparation

JP 2012-175976 A 2012.9.13
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Tobe able to detect the labeled probes bound to interphase chromosomes, the nucleus
should maintain morphology during and after the FISH procedures. Using fixation, cells or
muclel are attached to 2 solid layer such as a microscope slide. Fixation before during or after
attachment 1o the solid layer, provide reference for identification. Depending on the type of
oell or tissue, the muclel have to be accessible for probe DNA, usually by pre-treating with
proteoiytic enzymes, heat, aloohols, depaturants, detergent solutions or a combination of
ireatments. Probe and mucleic DNA are made single stranded by heat or alkali freatment and

ithen allowed to hybridize.

Use of DNA probes

Microarrays .
One commen use of microarrays is to determine the RNA expressicn profile of a suspect

tissue, tumor, or microbe. By analyzing the RNA expression profile, a proguosis for the

treatenent and survival of the patient is proposed. The progrostic value of RNA microarrays

for climical usage has yet to be determined. Another common use of microarrays ave array

based CGH. With this technique an eatire genome can be screened for amplifications and/or

deletions of chremosomal regions

Microscopy

Cytogenetic analysis in pre and post natal testing is used to determine whether or nota
fetus has a cytogenetic abnommality in a cell population from the fetus. Samples are
frequently obtained #vough amniocenthesis, conducted in pregrant women who are
considered 1o have an increased risk for eytogenstic abnormalities. Accordingly, these cells
are investigated for cytogenetic abnormalities, The same type of investigations are
performed to confitm cytogenetic abnormalities or investigale suspect cylogenstic

abnotmalities in cell populations obtained afier delivery.

Assessing Fetal Cells in Maternal Blood

During pragnancy, fetal cells may enter into {he maternal blood with increases in the
number of these fetal cells found with rauma, (pre)-ecelampsy and abnormal pregnancies. In
routine assessments of fetomatemal hemorrhages, the fraquently used Kieihauer-Betke test is
based on the detection of red blood cells expressing fetal hemoglobin. For dstection of
cytogenetic abnormalities, nucleated cells from matemal blood are needed. The fraquency of

these cells is considerably lower and are estimated to be in the range of 1- 10 fetel cells per
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ml, of maternai bivod. Nucleated red blood cells, frophoblast cells and the presence of
hematopoeitic progenitors that are of fetal origin provide a target for isolation and probe
Iybridization in the detection of cytogenetic sbnormalities early In the pregnancies. To date
& religble and reproducible method to identify and assess the cytogenetic composition of
these cells is not available. Oue of the main problems with this analysis iy the loss of fotal
oells at various steps threughout the procedure, resulting in inconsistent or inconclusive

information.

Oncology

FISH is used fo detect various kinds of chromosomal gherrations like transloeations,
deletions, amplifications, inversions, and duplications, These aberrations are detected in all
types of cells and tissue. In leukemia, cells are isolated friom blood or bone marrow for
subsequent FISH analysis. In bladder cancer, cells are isolated from urine. Cells from solid
inmors are obtained by puncture or excision of the tamor itseif, Also, cells that are released
by solid tamors arc isolated fiom the blood and anatyzed by FISH. The latter gives the
opportunity to monitor fumor trestment closely in order fo detect a chromosomal change in
the tumor. In some types of cancer, FISH provides a prognosis of umor progression or
prediets the efficacy of specific medication, Commereially, the most used FISH tests are the
BCR-ABL translocation FISH in Chronic myelogenous lenkemiz and the her2/neu gens

amplification FISH in breast cancer.

Disseminated tumor cells

Methods for the characterization of rot only tumor cells, but alse rare cells, or other
biclogical entitiss from biological samples have been previously described (US 6,365,362).
This two stage method requires efficient enrichment to ensure acquisition of target cells while
eliminating a substantial amount of debris and other interfering substances prior to analysis,
atfowing for cellular examination by hnaging techniques. The method combines elements of
mmunomagnetic enrichment with mulii-parameter flow cytomstry, microscopy and
immmmocytochemical analysis in a uniquely avtomated way. The combination method is
used te enrich and ennmerate epithelial cells In blood samples, thus providing a tool for
measuring cancer,

The two stage methed has applications in cancer prognosis and survival for patients with
metastatic cancer (WO 04076643). Based on the prosence of morphologically intact

ciroulating cancer cells in blood, this method is able io correlate the presence of circulating
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pancer cells of metastatic breast cancer patients with time to disease progression and survival,
More specifically, the presence of five (5) or more circulating tumor cells per 7.5 milliliters
provides a predictive value at the first foliow-up, thus providing an sarly prognostic indicatoy
of patient survival.

" The specificity of the assay described above increases with the number of cells detected
and js not sufficient in cases were only few {generally less than § circulating tumor cells} are
detected. One sokution o this problem is to provide detailed genetic information sbout
suspected cancer cells. Accordingly, a method that would incorporate enrichment of a blood
sarnple with multi-parametric image cytometry and multi-parametrie genelic snalysis on sn
individual suspect cancer cell would provide a complete profile and confismatory mechanism
to significantly improve current procedures for patiest soreening, assessing recurrence of
disease, or overall survival.

Fiuorescent in sitn hybridization (FISH) has been described as a single mode of anatysis
in rare cell detection affer enrichment as described in WO 00/60119; Meng et al. PNAS 101
(25): 9393-9398 (2004); Fehm ot al. Clin Can Res 8; 2073-2084 (2002} and incorporated hy
reference herelu. After epithelial cell enrichment, captured cells ars scroened by mown
hybridization methods and imaged on a microscope siide. Bepause of inherent lechnical
varations and a lack of satisfactory confirmation of the gepetic information, the hybridization
pattern alone does not provide z leval of clinical confidence that would be necessary for
sensitive analysis, as in assessing samples with less than 5 target colls. Further, this method
for FISﬂ analysis is difficult to zutomate.

Catpling hybridization-based methods with immunocytochemisiry in the anakysis of
individual cells has been previcusty described (US 6,524,798). Simultaneous phenotypic and
genotypic assessment of individual cells requires that the phenotypic characteristics remain
stable after in situ hybridization preparatory steps and are limited in the choice of defectable
. labels. ?ypif:ally, cenventional in sitw hybridization assays require the foltowing steps: {13
. denaturation with heat or zikali; (2) an optional step to reduce nonspecific binding; 3
hybridization of one or more nucleic acid probes to the target nuclsic acid sequence; (4)
removal of nucleic acid fragments not hound; and (5) detection of the hybridized probes, The
reagents used to comyplete one or more of these steps (Lo, methanol wash) will alter antigen
rscognition in subsequent immunoccytochemistry, cause small ehifts in the position of target
cells or completely removes the target cells, which introduces the possibility of

muischaracterization of suspect cells,
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Probe sots and methods for multi-parametric FISH analysis has been described in hung
cancer (US 20030087248). A 3 probe combination resulting i $5% sensitivity for detecting
bladder cancer in patients has also been described, see 118 6,376,188; US 6,174,681, These
methods lack fe specificity and sensitivity for assessing small numbers of targst eells, and
thus & confirmatory assessment foz early detection of disease state. They also do not provide
& means for convenient automation.

Ouve aspect of the present invention provides a confirmatory assay in the analysis of rare
circulating cells by combining phenotypic and genotypic multiparametic analysis of an
ndividually isolated target cell, resulting in a clinically significant level of sensitivity and,
therefore, assurance to the clnician of any quantitative information acquired. Relevant
disease states are assessed using extremely small (1, 2, 3, or 4) numbers of circulating tamor

cells (CTC’s) and provide a confirmation for sarly dissase detection.
SUMMARY OF THE INVENTION

Generation of repeat depleted DNA probes

One embodiment of the present invention includes methods and compositions to
eliminate repetiive sequences from DNA. Any doubls stranded DNA is a suiteble source in
ihe application of the maethods of the present invention. To obtain single stranded TINA,
devoid of repstitive sequences, first an amplified whole genome library is made from the
source DNA according to standard procedures. The library obtained consists of randomly
selected fragments ranging in size from approximately 200 to 500 bese pairs, Bach fragment
consists of double stranded DNA, having PCR primer sequences af each end of a target
sequence. Generaily, this Hbrary is representative of the source DNA. Other metheds that
results in modified fragments of DNA to permit ampiification are also considered in this
invention with no limit to the size of the fragments. These inctuds, but are not limited to,
degenerste oligonuclectide primed polymerase chain reaction (DOP PCR), rotling circles and
isothermal amplification metheds. Double stranded DMA fragments are denatured by heating
up 1o 95°C or other msans to obtain single stranded DINA fzagmcnts.gf‘hc resuiting single
sranded DNA. fragments condain repetitive seqaem;&;., unigue sequences or a combination of
uniqoe and repetitive seqaenceﬁ An excess of Cot DNA or other appropriate subtractor
DNA that binds to repetitive sequences is added. Subsequent lowering of the temperature
restlts in the formation of double stranded DN;% for only thosz fragments that contain
repetitive sequences. Duplex Specific Nucleass (DISN) is added to allow digestion of double
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stranded DNA. In ene embodiment, the DSN enzyme is added for 2 hours at 65"(3.5 The
resulting composition contains mostly single stranded DNA, having only unique sequences,
and digested DNA. The unique sequence, now single stranded DNA with PCR primers at
both ends, is used as 2 templaie to generate large amounts of the unique sequence for use in
probs procdustion. When BAC clones confaining a desired unique sequence is nsed as source
DNA, the template gencrated by this method contatns only that unigue sequence. When the
boundary sequences are known, this method is useful in obtaining probes that cover the
auclectides between the boundary sequences in genomic DNA, Further, the present
invention includes metheds of use and compositions, resulting from the produetion of these
DNA sequences after slimination of their repetitive sequences. These repeat depleted DNA
sequences function as hybridization probes without the use of a blocking DNA in any
appropriate application requiring dissbling or blocking of undesired DINA sEqUences,

Another embodiment of the present iuvention provides for 2 system, apparatus, aod
methods in the preservation of immunomagnetically labeled cells for subsequent FISH
analysis. This aspect permits the reanalysis of individual cells, wiilizing the same or similar
reporter molecules previcusly used to identify them. Accordingly after Immunemagietic
selection and initial flucrescent labeling, the cells of interest are identified and their location
is recorded. The cells are fixed in position followed by sppropriate processing,
Alternatively, the cells are fixed in position and stored for processing at  iater poiat in Hme.
For FISH applications, the sample is heated above the melting temperature of DNA, resulting
in the loss of reporter molecules used to initistly identify the target oells. Afier completing
FISH in which the fluorescent FISH probes are hybridized and the nuciear material is again
Buorescently labeled, the sample is reintroduced in an anelyzer which Jocates the cells of
interest to examnine fluorescent signals from the FISH probes.

Another embodiment of the present invention provides methods for the reanalysis of
immunomagnetically labsled cells as a confirmation in identifying rare circulating cells such
as citculating wumor cells (CTC’s). Thus, methods and technignes for the fusther processing
of cells after eorichment, immumofluorescent labeling and subsequent confirmatory analysis,
using i sita hybridization, as a means to incresse specificity and thereby confirm the identity
of suspect CTC's In patients as being cancer cells. Cytogenetic abnormalities detected in
morphologically suspect CTC’s, detected in metasiatic cercinoma patients, have 2 prognosis
similar to patients with morphologically obvious CTCs or having an abundance of CTCs.
One embodiment of the present invention considers confirmation assays in patients diagnosed

with carcinomas and having CTCs, or disseminated fumor eelis {DTC’s) in bone marrow,

19
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where there is an increased risk for recurrence. In addition, the methods of the present
inveption are applicable when there 15 a need to assess for the presence or absence of drug
targets in CTC such as, but not limited to, Herl, Her?, Androgen Receptor (AR), cMye, or
P10,
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Schematic representation depiciing the generation of repeat depleted DNA probes
from BAC starting DNA. A fragmented whole genome amplification Iibrary is denatured and
allowed to re-anneal in the presence of excess Cot DNA. DSN digestion of the double strand
DINA results in 2 mixture of single strand unique sequence, available as a template for probe

produstion.

Figure 2: Schomatic represeniation depicting the cleavage of a specific DNA sequence from
a DNA source and production of clones thereof. Double siranded DNA from an appropriate
source is denatured and specific DNA. sequence is allowed to hybridize. DSN digestion of
the double sirand DNA followed by separation of single strand DNA by size results in
isolation of the desired single sttand DINA. After synthesis of the second sirand, the desired

DNA is cloned into an appropriate vector for production.

Figure 3: Comparison nsing repeat-depleted probes in FISH analysis. White blood cejls
hybridized with 2 Her-2 probe containing repsats and no blocking DNA. In the absence of
blocking DNA, the probe labels the entire nuclevs afier hybridization with repeat regions.
Panel A shows white blood celis hybridized with 3 Her-2 FISH probe containing repeats and
no blocking DNA. Panel B shows the same calls after Jabeling the nucleus with DAPL Panel
C shows the overlay of the two signals and the lack of Her-2 resolution. Panel D shows FISH
analysis on white blood cells using repeat-depleted & Her-Z probe. Armrows indicate locations
of unique chromosome sequenes for Her-2. Panel E shows the same cells aftes labeling the
nucleus with DAPL Panel F shows the overlay of panel 1 and E, visualizing the location of

the Her-2 site within the cell nuclens.

Figare 4: Papel A shows a chromosome spread bybridized with a P16 (CDEN2A) Iabeled
repeat fise probe targeting 9p21 frequently used to characterize melanoma. Two
chromosomes show the presence of 9p21 and are illustrated by arrows, Panel B shows
chromosome spread hybridized with MLL labeled repeat free probe targeting 1123 used to
identify a specific type of leukemia. Two chromasomes show the presence of 11923 as
iltustrated by arrows,
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Figore 5: Schematic representation of the fixation and hybridization device used to prepate
samples for FISH anslysis. A compact and portable device for preparing a sampie for FISH
analysis affer immunomagnetic enrichment and initial fluorescent imaging. Shown are the

control panel, electronics, puap, and poser supply in relfation to the samaple cartridge.

Figure 6t Schematic representation of the basic steps for FISH after initial fuorescent
imaging. Shown are cross-gectional fmages of the sample cariridge and the presence of
magnetic support (black wedges). Panel 1 shows the cells arranged along the internal surface
of the imaging face of the cartridge after initial finorescent imaging using CeliTracks System.
Panel 2 shows the simultaneous replacement of the buffer solution with a fixative for FISHL
In Panel 3, the fixative is aspirated to remove fluids from the carfridge. Panel 4 shows the
addition; of foreed air to dry the cartridge. In Panel 5, the cariridge is inveried and enough
FISH probe is added to cover the cells, Panel 6 shows the cartridge on a heat source i allow
hybridization. Tn Panel 7, the FISH reagents are washed to allow rescanning and anatysis of
the FISH signals in Panel 8.

Figure 7: Schematic ropreseniation of the stopper with probe extension for FISH cartndge
for reducing the chamber volume of the cartridge..

Figure 8: Schematic reprosentation of the cartridge. A cross-sectional illustration depicts
the cartridge inverted with the location of the cells and FISH reagents illustrating a low
reagent volume distribution the lower face of the chamber, thus allowing snough reagents to

only cover the cells along enfire lower surface.

Figure 9: Representative image of a tumor cell initially idestified through
immnmocytochernistry (I0C) with subsequent FISH analysis for the presence of chromosoms
1,7, 8 and 17, Panel A shows a list of CTC candidates idenfified by the software on basis of
their TCC signature. Panel B shows the acquired {luorescent ICC images acquired. Panel C
shows the corresponding FISH signals for chromosomes 1, 7, § and 17 dernonstraiing the

aneuploid signature of the same celf tumor cell.

Figure 10: Shown are five fluorescence images st different focal planes through the celt
using excitation/emission filters for 5 different fluorochromes. Pancl A shows the images for

a cell using PE. Pancl B shows images for the same cell using DAPL Panel C shows images
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for the same cefl using APC. Panel D shows images for the same cell nsing FITC. Panel B

shaws hmages for the same cell using Dy415,

Figure 11: Results from ICC and FISH analysis to confinm a CTC. Panel A shows ICC
images of the ICC scan on which a suspect CTC was identified. Pangl B shows the
corrgsponding fluorescence signals, using FISH probes, Corresponding counts of the signals
for sach probe are shown next to each image; 4 count for PE, 1 count for APC, 4 count for

FITC and 2 count for Dydis,

DETAILED DESCRIPTION OF THE INVENTION

Generation of repeat depleted DNA probes

DNA contains unigue as well as repetifive sequemces. The repstitive sequences ooour
fhroughout the chromosomes and have the potential 1o interfere with hybridization reactions,
such as with in situ hybridization, targeted toward specific regions or unigne sequences
owiside these repetitive sequences. To identify the presence, amount and jocation of specific
sequences on chromosomes, genes or DNA sequences it 1s Important that the hybridization
probes hybridize only at the location of intorest. The presence of repetitive sequences in the
hybridization probe mixture reduces the specificity of the binding, requiring methods w
either rernove the repetitive sequences from the probes or prevent the probes from
hybridizing to the repetitive sequences on the target, For example, Cot-1 DNA is ofien added
during hybridization o prevent binding of the probes to the repetitive sequensces (US
5,447,841 and US 6,596,479).

Recent contributions have addressed this guestion by disabling the repetitive sequences.
The nse of Cot-1 DNA relics on the ability of Cot-1 DNA to form a duplex structure with
available single strand repeat sequences, and thereby minimize non-specific binding
interaction of this portion of the sequence with the unique target sequence. Blocking the
repetitive DNA, either during a hybridization step with the unique target sequencs of prior as
it a pre-association step, results in & mixture having repetitive segrments forming duplex
structures with their complementary sequence and a single strand form of the targst probe,
available for hvbridization fo ifs unique target segment. Unfortunately, the presence of this
duplex in a subsequent ampiification or labeling resction affects the signal through the

introduction of non-specific noise, especially in situations where the signal is very wesk. An
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alternative to blocking the repstitive sequence is to remove the unwanted repeat segments
from the reaction mix.

Generation of repeat-depleted DNA probes of this prevention is depicted in Figure 1.

One embodiment of the present invention malkes use of duplex specific nucleases (DSN)
which preferentiatly cleave deoxyribonucleic acid molecules (US 2005/0164216 and US
6,541,204 incorporated by reference). The ability of the enzyme fo preferentially cleave
nucleio acid duplex polynusleotides as compared to single strand DNA provides 2 means for
removing not-target double stranded DNA from the sample mixture. The ability of these
nucleases to preferentially digest the éupleﬁ form of polynuclectides provides poiential use in
manufaciuring an enique target specific probe, eliminating the interfering affect of blocking
DINA, and providing a means for their rapid, efficient and cost effective production.

Starting DNA used in the practice of this invention is typically in the form of one or more
IINA sequences which contain a multiplicity of DNA segments. The initial source of
individual starting material in the production of the probe composition has been described in
the production of direct-labeied probes (US 6,569,626). Optimally the source of the starting
polymucleotide is purified from tssue snd fragmented inte 130 kb to 200 kb segments, using
any known techrique such as, bui not limited fo, enzyme treatment (resiriction enzymes),
polymerase, Hmited DNase I digestion, limited mung bean naclease digestion, sopication,
ghearing of T¥NA, and the like. Some of these segrmental fragments will be complemeniary to
at least a portion of one or 1pore DNA segments in the particular unique target sequence,

The individual DNA segments are propagated by commonly known methods, such as cloning
into 2 plasmid construct and then transfected inte bacteria. After propagating the eloned
fragments, individual colonies representing isolated fragments are identified as containing at
leaatl a portion of the sequence of interest, Identification is accomplished by known
techniques such as hybridization, PCR, or searching established databases of commercially
available Bbraries, Bach chosen colony is grown to obiain an isolated plasmid construct
having a urique fragment, 5t loast partiaBy complementary to a segment of the target
sequence on the chromosome, Exemplary target sequences include HER-2, IGF-1, MUC-1,
EGFR, and AR and may be available through commercial vendors {i.e. BAC clones).

Omnee the cloned Sagments of interest are propagated and isolated, they are depleted of their
repetitive polyaucleotide sequences. Using whole gene amplification (WGA), the fragiments
are amplified as 200 to 500hp segments from the isolated plasmid constructs. Conupercially

avaiiable DOP PCR is considered as one embodiment to this portion of the procedure.
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Cot-1 DNA is combined with the WGA library pool affer amplification by first heating to
935°C to denature the double-strand polynuelectide into a single strand state and then cooling
te 65°C to allow selective re-annealing of the repeat sequences. Duplex specific nucleases
(DSN) under oplimized DSN conditions are then added to preferentially cleave
deoxyribonucleic acid molecules containing perfectly matched nucleic acid dupiexes while
not affecting any remuaining single stranded segments. Selectively cleaving the duplex
nucleic acids is accomplished by enzvimatic digestion of DNA-DNA. duplexes and DNA-
RNA dupleges, Specific embodiments of the prosent invention iclude DSN isolated from
the Kamchatka crab (US 10/845,366) or shrimp (US 6,541, 204), but any enzymatic removal
of duplex structure is considered in the present invention. The use of endonuclease-specific
nucieases hydrolyzes a phosphodiester bond in the duplex DNA backbone, providing the
advantage of not being nucleotide sequence-specific and therefore applicable to most targets
of inferest. DSN digestion provides for the removal of a substantial amount of the micleic
acid duplex for subsequent amplification of the remaining single-sirand polynuelectide. One
embodiment of the present invention is 2 2 hour DSN digestion at 65°C, The resuiting
composition contains single stranded DNA, corresponding to portions of the snigoe target
sequence on the chromosome, some amownt of undigested double-strand DNA, and digested
base pairs. Preferably, the undigested DNA is separated from the digested DNA and the
DSN by centrifugation {i.e. spin column chromstography). The mixture is used immediately
or siored at 86°C, sither before or after amplification of the purified composition for
subsequent utitization such as labeling and use for {n sity hybridization. Afer amplification,
the resulting target probe sequence is amplified by PCR yvielding 90% 1o 99% pure target
probe sequence, and designated repeat-depleted DNAL

The use of DSN in the envichenent and isolation of a single strand polynucleotide from
double strand is applicable in the production of auy single strand polynucleotide wherein
separation of the single strand entity from double strand contaminants is desirable. This is
parficalarly relevant, although not Hmited, in the production of labeled probes for gene or
chiromosome identification, Karyotype or panning a pool of single strand and double strand
polynucleotides.

The resuliing probes, both compositien and production, are incorporated i fhe subject
matter embodied in the present invention. Repeat-depleted DINA, as described in the present
invention, is useful for in situ hybridization, including FISH, and all other nucleic acid

hybridization assays. The requirement for competitive binding is eliminated using the repeat-
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depleted probes described in this invention, resulting in increased specificity of the reaction

and a reduction in the amount of probes necessary for binding.

The Duplex Specific Nuclease Metkod
To make a hybridization probe toward a target sequence, DNA containing the sequence of
inferest is obfained. Methods io obtain DNA containing seguences of inferest will be known

to those skilled in the art and include, without Hmitation, isolation of genomic DNA from

tissues or cells, flow sorting of chromosomes, and screening libraries of cloned fragments of .

chromosomes by hybridization, electronically, or PCR.

Starting DNA vsed in the practice of this invention is purified from & source by any
method. Typically the starting DNA consists of genomes, chromosomes, poréions of
chromosomes, or cloned fragments of chromosomes. Flow —sorted chromosomes and
Bacterial Artificial Chromosomes (BAC) known to contain farget sequences of cancer refated
genes make the present invention particularly applicable. Bxemplary target sequences
inchude HER-2, IGF-1, MYC, BGFR, and AR. BAC clones containing these seguences are
aveijable through commercial vendors.

Once the DNA containing sequences of interest ave identified and obtained, they are
depleted of repetitive polynucieotide sequences. This process begims by fragmenting and
preparing a Hbrary confaining the ssquence of interest,. One method is the GenomePlex®
Whoie Genome Amplification (WGA) method (GenomePlex® i3 a trademark of Rubicon
Genomics, Inc.) that randomly cleaves the cloned fragments into 200-500 by fragments and
sttaches linker sequences which can then be used fo amplify and re-amplify the Hbrary using
PCR.  Inthis exampie the fragmented, amplified Hbrary is considered the source DNA.

To remove the repetitive sequences, the source DNA is denatured o a single stranded
state and then cooled imder conditions that selectively allow repetitive sequences to anneal to
form deubie stranded molecules and unique sequences to remain single stranded. A duplex
specific naclease (DSN) is then added which preferentiafly clegies the double siranded
repetitive fragmenis while not cleaving the single stranded umque sequences. The resulting
mixture contains single stranded DNA, corresponding to portions of the unique targst
sequence on the chromosoms, some amount of undigested double-strand DINA, and digested
base pairs. Preferably, the undigestod DINA is separated from the digested DNA and the
DSN by spin eolumn chwomatography, phesol chloroform extraction or some other similar
method, bul separation is nof a requirgment. Then, the repsat-depleted library is used ag g

hybridization probe or re-amplified nsing PCR to prepare larger amounts of probe DNA,
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After amplification, the resulting target probe sequence is 90% to 99% pure target probe
sequence, and designated Repeat-depleted DNA.

The library fragmentation and amplification methods described above are not intended to
be limiting but rather serve as an example of how one fragmentation and amplification
methed is used to make repeat-depleted probes. There are namercus methods of fagmenting
and amplifying mucleic acids including linker-adapter PCR, DOP PCR, rolling circle
amplification, trenscription-mediated amplification and &}l other methods are considerad this
invention. Ifis expected that some modification of the above methed to prepare tepeat-
depleted DINA will be necessary fo accommodate the different methods of Fbrary
fragmentation and amplification and these modifications are also included in the present
mvention.

One consideration in this nvention is he use of an enzyme that is capable of cleaving
double sirandad DINA while not cleaving single stranded DNA. Bnzymes included in this
inventien may cleave double stranded DINA in any way, including lysis of the sugar-
phosphate backbone, removal of one or both strands in a DNA deplex of removal of
nifrogenous bases {o form apurinic/epyrimidinic sites. Non-miting examples of these
enzymes include endonucleases, exorucieases, restriction enzvmes, nicking enzymes, DNA
repair enzymes, tapoisomerases, DNA gyrases, and enzyines involved in homologous
recombination. Specific embodiments of the present fnvention include DSN isolated from
the Kamchatka crab (US 10/845,3606), shrimp (US 6,541,204), T7 Endonuclease I, and £ cofi
exomeclease III, 2l incorporated by reference. '

Enzyme concentration, time of digestion, and buffer conditions such as salt and
magnesium kon concentration are factors that can affect the specificity of DSN toward double
stranded DNA. Optimization of these conditions is necessary to get efficient tepeat-
depletion.

Efficiency and specificity of repeat removal in this invention are dependent on the
reaction conditions used to denature and re-anneal as well as the conditions present during
digestion with the DSN. Denaturation is accomplished by aliali or heating, The degree of
DiNA re-ammealing is dependent on the concentration of DNA present in the samples and the
time aliowed for re-atmealing. In order for selective re-annealing of repetitive sequences to
accuy, the repeat sequences must be present in a2 higher concentration than the unique
sequences. The ratio of repeat to unigue sequences within a parlicular clone will vary fiom
region to region throughout the genome. To standardize the depletion process across regions

with varying numbers of repeat sequences, an excess of subtractor DNA is added to the
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reaction. The mass of subtractor DNA added varies depending on the desired amount of
repeat removal and is preferably 10-30 times the mass of the source DNA. The present
invention considers that a subtractor is any nucleic acid or nucleio acid analogue containing
sequences sufficiently homologous in nucleotide sequence to the repefifive sequences as o
allow hybridization between subtractor sequences and a poriton of the sequences iz the
source DNA, making the subtractor sequence useful. One embodiment of the present
invention includes Cot-1 DNA as a subtractor DNA which is used to remove repetitive
sequences from source DNA.

The stringency for re-annealing is another component in the present inverndion. Salt
congeniration and temperature are factors that delermine e stringeney of any re-annealing
step. The degree of repeat removal is conrolled by adiusting stringency conditions for this
step. Adjusting the stringency conditions to slow some degres of annealing between
sequences that are not 100% homologous improves the degree of repeat removal, Salt
congenirations range from 5 millimolar to 100¢ mitlimolar NaCl with apnealing temperatures
range from 15 °C to 80°C.

In one embodiment, the repeat-depletion process is perfoamed such that re-ammealing and
DSN digestion occur sequentially. Accordingly, the DNA is denatured and sllowed to conl
for a period of fime under conditions optimized for annealing, Then, the reaction conditions
are changed te conditions that optimize the specificity and activity of DSN digéstimL In
another embodiment, the re-ammealing and DSN digestion take place sinuitaneously, under
the same condifions.

Also within the scope of this invention, the source or sublractor DNA is treated with an
agent, sither chemical or physical, before or during enzymatic digestion 1o alter the
specificity of an enzyme toward aither the single stranded or double stranded fracfions within
the mixture. For example, E.coli RecA protein is added to 2 mixtuze of single sttanded and
double stranded DNA. This protein coais the single stranded DINA in the mix and profects
the single strand DNA from £ cofi RecBC DNase while allowing the double stranded DNA
in the mixture to be digested { “Escherichia coli RecA protein protects singles stranded DNA.
or Gapped Duplex DNA from degradation by RecBC DNase”, Williams, JGK, Shibata, T.
Radding, CM Journal of Biological Chemistry V246 no.14 pp 7573-7582). It is also possible
fo generate source or subiractor DNA using wodified nuclectides which alter the spectficity
of an enzyme towsrd the single strand or double sirand DNA fzetions.

The use of DSN in the enrichment and isofation of a single sirand pobymueleotide from

double strand is applicable in the production of amy single swand polynucleotide wherein
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sepuration of the single strand entity from double strand contaminants is desirable, This
includes removal of any undesizable sequence from a source DNA. These undesirable
seguences include without Ymitation, repetitive sequences, unique sequences, and vector
sequences. This method is particelarly relevant in the production of labeled probes for gene
or chromosome identification, karvotyping, or panning a pool of single strand and double

strand polynuclectides,

The Selective Binding Method

By deraturing source DNA and sclectively allowing repefitive sequences to anneal, any
agent that binds preferestially to a single or double siranded DNA structore is used to remove
repeat sequences from sowrce DNA. Fzamples of these agents include, without limitation,
DNA or RNA polyaucleotides, enzymes, rntibodies, DNA binding proteios, combinations of
anfibodies and DNA binding agents, and natuzal or synthetic componnds and moelecules.
DNA binding agents may be fnked directly or indirectly to a solid support wiich allows for
positive or negative chromatographic selection of urique or repetitive seguences. One
example inclndes separation of single and double strand DNA using biotinylated antibodies
toward single strand or double strand DNA. The desired population Is separated using
strepiavidin-coated paramagnetic particles. Alternately, a biotirylated antibody toward a
DNA binding agent that preferentially binds single or double strand IXNA is used in the same

fashion.

Cviher Single or Double Strand Specific Enzymes

Ths present invention also embodies any enzyme that proferentiaily acts on single or
double strand DNA in modifying source or subtractor DNA in facilitating ropeat removal,
One non-Hrmiting example is to selectively ligate 2 DINA linker to the double stranded DNA
popuiation after depaturation and selective re-annealing the repeats. This linker is hybridized
to 2 homologous oligonucleotide attached to & magnetic (or paramagnetic) particle to remove
repetitive sequences. A secend example is to use a single strand DNA/RNA ligase fo
selectively circalarize single stranded DNA present afler denaturation and selective re-
annealing the source DNA. The resulting circles are then be ampiified and enriched by

rolling circle amplification.

Structure Specific Separation of Repefitive Sequences
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In addition to specific probe production methods and based on separation of single
stranded DNA from double strand DNA, the present invention considers any method known
in the art whereby separation of repeat sequences from unigue sequences occurs with the
establishment some detectable DNA structure in sither the repeat sequences ot fhe unique
sequences and this detectable structure is used to separate one population from the other.
Some examples of detectable DNA structures inchude without limitation, triple or guadruple
stranded DNA, hairpins, panhandles, flaps, Z-DNA, Holliday junctions and other structures
formed during recombination. These structires may be naturally oceurring within the
sequences of interest or they may be induced by modifying either or both the source nucleic

acid or the subtractor nucleic acid,

Selective Digestion of Repeat Sequences

Ancther method o remove repeat sequences from source DNA is to digest a fragmented
apd amplifiable DNA Hbrary with a restriction enzyme whose recognition sequence is known
to exist in repatitive DNA sequences. When the digested source DNA is re-amplified by
PCR, the remaining Hbrary will be snriched for unique sequences and depleted of sequences

that contain repeats.

Digestion and Selective Ligation

Another method is to prepare repeat-depleted probes is to digest target DNA with two
restriction enzymes that leave different overhangs on the digested sequence. The first
restriction enzyme is preferably an enzyme that cuts within the repeat sequences and the
second is an enzyine that the does net cut within the repeat sequences. Foliowing digestion,
linkers are selectively attached to the ends of the sequences cut by the second restriction
enzyme. These linker sequences are then used to PCR amplify a library, depleted of repeat
sequences. The resulting repeat-depleted DNA, both composition and production, are
tocorporated in the present invention. Repeat-depieted DNA, as described in the present
invention, is useful as probes for any type of hybridization assay where specific binding of
target sequences is desired. These technigues inciude, withowt limitation, ISH, FISH, CGH,
speciral Karyotyping, chromosome painting, Southern blof, Northern biot, and microarrays.
Production of nybridization probes that ouly contain unique sequence Is one embodiment of
the present invention, Consequently, the requirement for competitive binding is eliminated,
resulting in an increase in the specificity of the reaction, and reducing the amoust of probes

necessary for binding,
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Use of Duplex Specific Nuclease to Cleave DNA at a Desired Location.

The use of duplex specific nucieases has utility in cleaving specific sequences from.
DMNA. Figure 2 show a schematic representation of this embodiment. Single strand DNA is
obtained from a DNA source, containing the desired sequence. Oligonucieotides identifying
both ends of the desired sequence are added, and duplex specific nucleases introduced fo cut
the desired DNA probe from the source DNA. Afier separating the desired DNA probe by
size exclusion, second strand DINA is synthesized and cloned to provide a source for DNA
probes. Thus, deplex specific nucleases are used to cleave DNA sequences at specific
regions. This method is most vsefll in cloning of fragments of interest that are too large to
amplify by PCR and when the fragspents lack appropriate restriction enzyme sites, These
fragments may then be used as hybridization probes, sequenced, or used for any other
purpese. In Figwre 2, two oligonuclootides are designed to anmeal to one or both sirands of
the DNA, and flank the sequence of interest. DNA containing a sequence of intersst is
denatured and allowed to re-anneal in the presence of an excess of the flanking
oligonuclectides. Digestion with a duplex specific nuclease selectively cuts the DNA at the
site where the oligonuclectides are amnealed. The remaining singie strand DNA molecules
are fractionated by size to obiain the sequence of nterest, The seguence of interest 15 made
doubie stranded using a IXNA polymerase and cloned into a plasmid. Thus melking
possibilities to clone or subclone sequences of ferest from a larger DNA polynucleotides.
A second example of sife specific cleavage is the recovery of cloned fragments from plasmid
vectors by selectively digesting the veotors. In one example, the plasmid containing cloned
DNA. fragment is denatured and allowed to re-anneal in the presence of excess plasmid,
lacking cloned DNA. Addition of a duplex specific nuclease cleaves the plasmid sequences
and leaves the single sirand cloned DNA intact. The remaining single strand DMA is then be
used for any application known in the art including, but not limited to, sequencing or

subcloning.

Exampie I-Defection of Chromosomes or Portions of Chromesomes nsing Repeat-
Depleted DNA Probes

BAC clone CTD-2619C10 was gelected 1o be used as a probe for the Her-2 gene by
electrozically screening the human genome using the UCSC Genome Browser software
(http://genome. nese,edw/ogi-binhgGateway) and clones were obtsined from Invitrogen
{Carlsbad, CA). BAC DNA was isclated using the Large Construct Kit from Qiagen
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{Valencia, CA). Source DA was prepared using 10 nanogrems of purified BAC and the
Genomeplex® Complete Whole Genome Amplification Kit (Sigma-Aldrich St Louis, MO)
acoording to the manufacturer’s directions. Depletion mixes were prepared containing 2
micrograms of Cot-1 DNA, 1x Duplex Specific Nuclsase buffer (Evrogen, Moscow, Russia),
0.3 molar Na(’l, and 66 nanograms of source DNA. The depletion mixes were denatured for
5 minutes at 95 °C, placed on ice for 10 seconds and 1 uait of Duplex Specific Nuclease
{Evyogen, Moscow, Russia) added. Samples were incubated af 65°C for 90 minutes. Five
microliters of the reaction were purified using the Geneiute PCR Clean-Up Kit (Sigima-
Aldrich St. Louis, MO) and the purified DNA was eluted in 50 microliter aliquots. Fifleen
microliters of the depleted samples wers then re-amplified by PCR using the Whole Genome
Re-amplification kit (Sigma-Aldrich St. Louts, MQ). PCR reactions were purified as
described and quantified based vpon their Aygy. Ten nanograms of the first re-amplification
mixiure was used as template in a second re-amplification, purified as desoribed. This
material was sonicated fo an average molecular weight of 200-300 base pairs, ethanol
precipitated, and resuspended in distilled HyO. The resulting DNA was fluorescently labeled
uging the Kreatech ULS Platimum Bright Red/Orange Kit (Kreatech, Amsterdam,
Netherlands). For comparison, probes with repeats were also made from the source DINA
which was used in the depletion process..

Phytohemagglutinin-stinmlated white blood cells were prepared for FISH by fixation in
73%amethanol, 25% acetic acid and spotied on slides using standard technigues. Repeat-
depleted probes and source DNA probes were hybridized at 2ng/ul withowt Cot blocking
DMA in & hybridization buffer consisting of 509 formamide, 10% dextran sulfate, and 1x
88C. Shdes and probe wore so-denatured at 80°C for 3 minutes and hybridized overnight at
37 °C. Following hybridization, samples were washed for five minutes at 50 °C in 0.5x $5C,
(.001% SDS. Samples wers counterstained in 0.5 ug/ml DAPI for 5 minutes and mounted in
50% glycerol. Emages wers acquired using a Leica DM-RXA fluorescent microscope(Leica
Microsystems, Bannockburm, 1L} equipped with filters appropriate for thodamine and DAPL
Images were aoquired with a Photometrics SynSys black and white digital camera
{Photometrics, Tucson, AZ). DAPI sigoals were enbianced and overlay images were
generated using Leica FW 4000 software. Her-2 images are unedited and were captured using
identical camera settings comparison purposes. Figure 3 depicts a comparison of the images.
Panst A shows that when sowee DNA containing repeats is used as a hybridization probe, the

probes stain the entire nucleus and no Her-2 specific siguals are visible. When repeat-
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depleted DNA is used a8 a probe (Pane! D) specific signals that correspond to the Fer-2 gene

are clearly detectable (arrows).

Example 2- DNA probes depleted from repeat sequences according to this invention
improves the visualization of finorescently Iabeled DNA probes as compared fo
traditional DNA probes that contain repesats which are blocked during the procedure.

The signal to noise ration of fluorescently labeled probes is significantly tproved when
employing repeat depleted DNA probes obtained according to the invention. For this
compatison, IDNA probes targeting 9p21 and 1123 wers used as they are known to those
skilled in the art. These signals are problematic fn that they are relatively small signals and
difficult to discern. Probes were depleted from repeat sequences according to the invention
and fluorescent reporier molecule linked to a platinum group which forms a coordinative
bond t the N7 position of guanine was used 1o fluorsscently label the probes (ULS labeling,
Kreatech, Amsterdam), Figure 4 Panels A and B show a chromosome spread hybridized with
rhodamine lebeled 9p21 and dGreen labsled 11923 probe respectively. Clear signals fiom
the repeat free probes can be discerned with the repeat free probes as indicated by arrows in
the figures. Thus, the visualization of the presence of these probes is superior to those that
are obiained using probes that are obtaimed through traditional metheds. This improvement
in visualization provides a more accurate differential diagnosis of melanoms (Panel A,
9p21, P16 {CDEN2A) and lenkemia (Panel B, 11923, MLL),

Preservation of Inupunomagneticaliy-Labeled Cells for Snhsequent Analyeis

During imsmmocyiochemistry SCC) image analysis the cells are magmetically held to the
optically transparent surface of the cartridge by magnetic forces applied by an external
magnst (US 5,466,574), The caleulated holding force of the devics is approximatety 1077
Newtons. This holding force is dependant upon several variables including but not Himited to
the nuzsber of ferrofluid particles on the cell, the size of the magnetic particles and the
magnetic field gradient applied by the extemal magnet. In order to fix the cells to the glass
surface, the buffer solution must be removed and replaced by a cell fixative sohition, such as
methanel, scetone, acetic acid, other agents known in the art and combinations of these.
Asgpiration of the buffer solution must be carefully completed so as fo not displace or remove
the cells to be analyzed. So as fluid is aspirated from the sample chamber, the meniscus of
the flnid applies shear forces on the magnetically held cells. These shear forees can be

greater than the magnetic holding forces (calculated at greater than 107 Newtons). In such

24

JP 2012-175976 A 2012.9.13



(56)

WO 20074053245 PCT/USI006436656

situations, the sells will either be moved within the cartridge or displaced such that they are
aspirated from the cartridge along with the buffer solution. Fluid shear forces are a fimction
of the rate at which the meniscus moves across the glass portion of the cartridge, the distance
besween the aspiration probe and the plass surface, the velocity and viscosity of the fluid
being aspirated and cother parameters. Additionslly after aspiration, any drying of the glass
surface before the fination solution is added can have a negative effect on the cells within the
cartridge. Plus, the addition of a fixation sokution into an empty cartridge will further disturh
the distribution of the cells.

Accordingly, one aspect of the present invention address these issues by providing a
method for replacing the buffer solution with the fixation fiuid without subjecting the oells to
fluid shear forces caused by the meniscus. Fixation sehition is dispensed info the bottom of
the cartridge with the simultaneous aspiration of the displaced buffer solution from the fop of
the cartridge. While some mixing of Hxative and buffer will take place at the interface of the
two fluids, sufficient fixation solution will be dispensed to complete the required cell fixation
to the glass surface. This fluid displacement will occur with minimal shear forces applied fo
the cells in the cartridge by balancing the flow between the dispensed fixative solation and
aspiration of the displaced fluid, in addition to the magnetic bolding force retaining the
immunomagnetic attached sells to the surface of the glass. One preferred embodiment of the
present invention utilizes the entry aree of sample chambers described in US 6,861,259; US
10/988,057; and UJ8 7,011.794; US 11/294,012 in displacing approximately 100 microliters
of fluid within the cartridge without spilling out of the cariridge. The opening port of the
cariridge is sufficient to allow an aspiration probe io remove buffer solution as the fixative
seiution is being dispensed to displace the buffer solution. Onee the cells have been fixed in
place by the fixation fuid, the fuid may be removed without risk of cell disturbance. This
procedure allows for antomated processing of samples for subsequent FISH or other analysis
with nrinimeal operator interaction that could ntreduce variability into the preparation
ProCess.

The present invention describes an sufomated device which allows for complete and
consistent fixation of cells in the cariridge after ICC imaging in a bench-top device, and
incorporates all the steps in the preparation of target cells after ICC for subsequent FISH
image analysis, Figure 5 depicts a schematic view of the apparatus showing the relative
locations of the individual components. Accordingly, the cartridge containing the ICC
imaged sampile is placed into the device for buffer removal and fxation. A syringe and
syritige pump i combination with a pipete aspirates the bulfer and dispenses the fixative,

5

JP 2012-175976 A 2012.9.13



(57)

WO 0753245 _ . PCT/USIO06/36656

Figure 6 15 a schematic representation of the steps involved in the fixation and hybridization
of the cells. In one embodiment of the invention the buffer removal and addition of fixative
are performed simulianecusly to mininize cell movement through the forces sxtibited by the
finid removal and addition. The fixation is completed by removal of all fluids from the
cattridge followed by drying of the cartridee by a forced alr flow inside the cartridge using
the same pipetis as used for the addition and remeval of fixation reagents. After fixation and
drying the cartridge is stored or used immediately for FISH or other addiions! analysis.
Optimal mixtares for the fixative differ depending on the target entity {i.e. DNA, RNA,

protein).

Fixation Protocol for FISH

To fix the cells on the upper surface and leave them intact and accessible for FISH
probes, the following protocol is developed and implemented in the avtomated bench-top
device:

i. Dispense 250 microliters of fixative from the bottom of the cariridge (cariridge in up-
right posision}.
Agspirate 250 microliters from the top and dispose..
Repeat the dispense 250 microliters new fixative from the bottom of the cartridge.
Aspirate 21 fluid from the top of the cartridge.

v

Dry the cartridge by flowing air Swough the cariridge. Pipette used for

aspiration/dispensing Is used for air flow as well.

Volume Reduction

As a consequence of the expense of antibodies or polynuclsotide probes and the
requirement to use them in high concentrations, reactions are carried out in very emadl closed
volumes {for example 5 microliters to 25 microliters) so the cost of using a high
concentration is offset by having fo use very small volumes of reagents. Sample cartridges as
degcribed in US 6,861,259; 10/988,057; and US 7,011,794; 11/294,012 are used as the
resction vessel after immobilization in the chamber. In these cartridges, the immmediate
volume of the chamber whers the cells are imimobilized 15 320 microfiters, Thus, therge isa
need to analyze immobilized cells by in situ hybridization, but the adding 320 microliters of 2

high concentration of most probes are expensive and mnpractical.
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To address this problem, a uniform distribution of the probe mixture across the swrface of
the optically transparent surface of the sartridge where the cells are immobilized is needed,
while reducing the volume of the added probe. This method is obtained by the following:

1. Inseriing an object inside the cartridge to reduce the volums,

2. Using a volume that is large enough, but smaller that the 320 micreliters across the
entirs surface where the celis are immobilized when the cartridge is in 2 horizontal
position and the surface with the cells is downside (optical viewing sarface on
bottom}.

3. Use a small volume pius a fhid with 2 density that is lower than the density of the
reagents. The low density fuid floats on top of the reagent and allows the reagenis to
spread uniformly across the entire surface.

As an example of the first possibility, an extension is introduced at the probe end of the
stopper so that a portion extends the fill length of the chamber (Figure 7). The extension
consumes approximately 1/3 of the volums of the chamber. The extension diameter ig
dimensioned such that it will slide flrough the chamber opening, 2.36 mm diametér. The
extension is made by molding an entire new plug over the molding on the existing plg, or
inserting a solid metal rod through the center line of the plug, The meterial must be Inert to
the reagents ag, for example, 316 stainless steel, polypropylene or Inconel 625, The aver
molding of the upper portion of the plug with a fa:hefma}‘g_iqst‘ip is necessary to ensute the
proper plastic durometer for maintaining bhrlpedllﬂl’lg insertion and when positioned in the
chamber fo maintain liguid seal and locking of the plug, Further, the plug and extension
optionally has an access hole through the center for monitoring temperature within the
chamber during processing. The plug is further designed to be removed and re-used after
proper cleaning.

A second embodiment is depicted in Figure 8. A volume of 50 microliters of FISH
reagents is sufficient to cover the whole upper surface of the carfridge. This volume needed
0 ensure complete reactions and is dependent on the viscosity and hydrophebicity of the
reagents. After addition of the reagents, the cartridge is placed in 2 horizontal position to
further ensure exposurs to the reagents.

One other embodiment incorporates the second embodiment with a further reduction in
reagent volume, After injscting of the reagents as described, an extra finid with a lower
density is injected. As the lower density fiuid floats on top of the reagents of the reagents,
there is a more complete reaction over the entive surface. Depending on the components of

{he reagenis, 2 volume of 25 microliters reagents is obfained.
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Reanalvsis of lmmunemagneticalty-Labeled Cells

Chromosomal aneupleidy is associated with genetic disorders, particularly cancer,
Diagnostic methods are available that provide for the detection of these chromosomal
abnormalities particniarly with the use of In gity hybridization (ISH). The application of ISH
and immunocytochemistry (TCC) on tissue or cell samples has been well established, but
theve is & clear need to establish a diagnostically effective methed for the simultaneous
analysis of ISH and ICC on a single cell. One aspect of the present invention provides for the
detection of these chromosomal abnormalities on individual cells as they relate to the
confirmation of morphologically suspect cancer cells through a cost effective and lnghly
specific rneans.

One aspect of the present invention provides for the further processing of rare cells after
enrichment and inmunocytochenvical (CC) anelysis. For example, circulating rare cells
such as epithelial cells are identified as suspect cancer oells (US 6,363,362; US 6,645,731,
and US 11/202.875 are incorporated by reference). Suspect eells are identified through
specific cellular antigens and nucicic acid labeling. Confirmation of these suspect cells are
subsequently determined by the expression of specific unigue target sequences, defining
cither a chromosome and/or gene, nsed 1o assess chromosomal changes (i.c. aneuploidy)
within the identified suspect cell. Accordingly, one embodiment of the present invention
includes the combination of ICC staining and subsequent confinnation by flucrescent in sity
aybridization (FISH) on a group of selected chromosomes which define a CTC.

The cancer confirmatory assay provides an incressed specificity after immunomagnetic
enrichment and fluorescent imaging of circulating tumor cells as provided by the
CeliFracks® AutoPrep® and Cell Tracks® Analyzer TF Systems (Trnmunicon Corporation)
and further described in US 6,365,362, A confitmatory test permits the designation of 1 or
more CTC's ay a cancer cell regardless of the stage of the disease and thus lowers the
threshold for calling a sample positive for CTCs. One embodiment of the present invention is
agsessing ancuploidy in chromosomes 1, 7, 8 and/or 17 to confinm ICC-determined suspect
CTC’s. A further embodiment includes the detection of individual genes such as, but not
Hrnited to, HER-2, IGF-1, MYC, BGFR, and the androgen receptor (AR) to detect the
presence of absence of therapentic targets and thus provides a means to make the correct
choice of treatment.

Accordingly, an automated and standerdized method for bloed sample processing

provides identification of circulating epithelial cells by ICC. Aspirated plasma from a

28

JP 2012-175976 A 2012.9.13



(60)

WO 2607053245 PUT/US06/836656

partitionsd blood sample is combined with a ferroftuid reagent conjugated to amtibodies
specific for a target cel! population (i.e. EpCAM positive). These cells are
immunomagnetically collected through an exterally applied magnetic field, allowing for
separation and removal of uniabeled cells.

Onee the target cells are separated, they are dispensed into a disposabla cartridge for
image analysis using an image presentation device (1S 6,790,366 and US §,890,426). The
device is designed to exert a magnetic field that orients the labeled cells along the optically
transparent surface of the chamber for subsequent 1CC imaging.

After ICC imaging, suspect cells are identified nsing appropriate algoritms. Enages of
the suspected cells are presented to the nser who makes the final decision asbout the identity
of the presented suspect colls. Images of the suspect colls and their relative position along the
optically transparent viewing surface of the chamber are recorded and archived for later use.

Sinee ICC imaging slone lacks the specificity to assess the clinical significance of blood
samples with less than § CTC?s or to provide defailed genetic information about suspected
cancer cells, subsequent analysis vsing multiparametric genetic profiling on individual
suspect cells is needed o provide a complete profile and establish a confirmatory mechanism
that can be nsed in diagnostic analysis, including soreening, assessing recurrance of disease,
and overall survival. One embodiment of the present invention utilizes fluorescent in sitm
hybridization (FISH) as a multiparametric genetic analysis, but other profile assessments are
comsidered. This provides both phenotypic and genofypic profile assessment for an
individual cell present along the viewing surface

FISH requires temperatures above the melting femperature of DNA. as well & reagents that
are not compatible with the ICC Isbeling. Most of the ICC and DNA labels do not survive
the FISH procedure with any sigoals lost in processing, Thus, e cell thet was identified as
belng an interesting cell for FISH analysis can not be traced back on ils position. Therefore
there is a need fo have a detection method that once the JCC #mage is obtained, the cell
position along the optically transparent viewing surface is maintained for subsequent
rultiparametric gonetic analysis (FISH) or other types of analysis in which the ICC labels are
jost. This is achieved, fn part, by fixing the oells on the optically transparent surface afier the
ICC image is obtained without 2 loss of cells of any substantial movement along the suzface.
Accordingly after addition of the FISH reagents, the cartridge is placod on a hotplate having
the surface with the immobilized cells in contact with the hotplate. Depending on the type of
assay the hotplate is programmed with different temperature cycles that run betwsen 2 and 48

hours. After the temperature cycles are completed, the excess FISH reagents are removed
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from the cartddge. The cartridge is filled with a buffer solution containing 4 DNA label o
visualize the nuelsi of immobilized cells. Depending on the DNA. Iabel used, the label
remains in the cartridge or is washed out of the cartridge after staining.

Next, the cartridge is placed back in the CeliTracks® Avalyzer II System for a second
scan, Because cells present on the upper surface during the first ICC image analysis were
immabilized, the same cells are still in the same relative location inside the cariridge. To
assess the shifl of the cartridge relative to the maging system (CeliTracks® Analyzer T
System), the locations of the nuclei in the images of the second scan are compared {o the
location of the nucled in the images of the first ICC scan, The shift of these images with
respent to each other is defermined using convolution algorithms. After this shift has been
determined a specific cell of Interest, based on is ICC image, van be selected from a Hst and
be relocated on the surface of cartridge after FISH in the second scan. Next fuorescent
images of the different FISH probes are acquired.

Figurs & shows a representative image of & tamor cell, identified by ICC and probed for
the presence of chromosome 1, 7, 8 and 17. Panel A shows a list of UTC candidates
identified by the software as eytokeratin {oytoskeletal protein present in cells of epithelial
origin) positive and DAPI (nucleir acid stain} positive. The corresponding images of the
highlighted event were identified as a CTC by the user as it confirmed the CTC definition
{cytokeratin positve, D435 negative, DAP] positive event with the merphological
appearance of a ccll). Four images taken with a 10X objective are shown in Pavel B. The
The top 1eft image shows the DAPT staining of the nucleus and the bottom left image the
eytckeratin staining of the eyioplasm. CI45 staining and FITC staining are lacking as
iltustrated by the lack of positive stelning, After the cells were preserved and probed for the
centromeric probes for chromosome 1, 7, § and 17, images of the upper susface of the
cartridge were reacquired and the fluorescent signals of the probes for chromosome 1, 7, §
and 17 are shown in Panel C for the same cell shown in B. Twe copies of chromosome 1,
three copies of chromosome 7, four copies of chromosome 8 and two copies of chromosome
17 are clearly visible demonstrasing (hat the cell is ancuploid and confirming that the cell
indeed is a cancer cell.

Irnages displayed in Figure 10 are acquired using a 10X, NA 0.5 plan achromat objeciive.
Although the resolution is sefficient for mest centromeric probes, it is not sufficient for the
gene specific probes, for example HER-2 and EGFR FISH probes. For this reason the 10X,
NA 0,5 objective, the objective used for ICC image acquisiiton, is replaced by a 40X, NA 0.0
abjective, corrected for the optical thickness of the transparent upper surface of the cartridge.
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The use of high NA objectives aliows for 3D imaging of the cell of interest allowing for a
confident determination of ihe correct mumber of copies for FISH probe labeled sequence in a
seleoted cell. Multiple images at different focal planes along the optical axis of a specific cell
of interest are acquired followed by 3D reconstraction of the cell. Figure 10 shows 5 such
slices through the cell using excitation/emission filters for § different fluorochromes. In
Panel A, five clices for PE are shown.  In slice # 2, only two signals ars visible whereas in
slice # 3 three signals are visible. Panel B shows 5 slices of the DAPI staining. In the APC
slices of Panel C, # 2 slice shows 1 signal, In the FITC slices of Panel D, slice #3 shows two
signals and slice #4 shows two different signals, making the total for this probe 4. In Panel B,
D413 slices show 1 signal in stice #2 and two signals in slice #3. From the images, it is
clear that the probes are located in different parts of the nucieus and fhat using onty one focal
plane the conating of the signals would not be correct, In Figure 11 Panel A fluorescence
ICC images of the CTC, presented as a stack of images from Figure 10, In panel B, the slices
for sach fluorochrome are added and the average intensity is presented thereby scaling the
images to use the full range of intensity levels which facititates enwmeration. The count for
the number of signals with each probe are shown next to each fmage {i.e. 4 for PE, 1 for
APC, 4 for FITC and 2 for dv415).

It is understoed that the subject matter of this invention is net limited to the detection of
cancer cells but can also be used to characterize other cell fypes. One cell type frequently
pursued for detection of cyfogenetic abnormalities is feta cells in maternal blood, To enrich
for such cells, markers need io be targeted that are present at high frequency on the fetal cells
and in low frequency on the maternal cells. One cell type that is frequently pursued is the
nucleated red blood cetls. A marker that is present on all nucleated red blood cells is, for
example, the transferin receptor {CD71). When coupled to ferrofluids, nucleatad red biood
cells are reproducibly enriched from whole biood with the CellTracks® Awtoprep® System,
The enriched cells contain fetal nucleated red blood cells, maternal nucleated red blood cells,
activated T-lymophocytes, immature reticulocyles and other cclls that bave heen carried over
by the immunomaguetic entichment. The ensiched cell population is now be stained with
markers that discriminate between cells of fotal and maternal origin. One such pansl of
markers is the use of CD45 1o climinaie leukocyies from the analysis in combination with
Hemoglobin F thet is present in fotal red blood cells but only rarely in maternal red blood
cells, carbonic embrydrase that is only present in adalt red blood cells and DAPI to identify the
nuclens of the cells. The CeliTracks® Autoprep® System is used fo stain the cellsin a

reproducible manmer. As some of the antigens are intracellular the cells, cells need to be
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permeabilized for the antibodies to pass the cell membrane. The agents used for
permeabilization also lyse the immature reticalocytes, specifically selected by the use of
CD¥71 end the remaining eryihrooytes that were carried over through the procedure. After the
staining of the cells with the probes that have different reporter molecyles, the cartridge
contzining the stained cells are placed in the CeliTracks® Anabyzer I System, The system
identifes fetal nucleated red blood celi candidates as DAPL, CD4F, Fetal Hemoglobulir,
Carbonic Anhydrase” events. The user can confirm thet these events indeed have all the
cheracteristics typical for fetal nucleated red blood celle. Afier the system remermbers the
location of the fetal nuclzated red bloed celis, the cartridge is emptlied as described above and
the cells are hybridized with probes for cytogenetic analysis. Probes that are typically used to
identify relatively frequent cytogenetic abnormalities are those that recognize chromosome
X, Y, 13, 18 and 21, After the cells have been stained, the cariridge is reinserted in the
CellTracks ® Analyzer Il System, because the cells that were present on the upper surface
duting the first ICC image analysis were immmobilized the same ceils are still on the same
location inside the carfridge. The system returns to the evenis and takes images of the
fluorochromes uged 1o identify chromosomes X, Y, 13, 18 and 21, The user than assesses
whether the copy number of each of the chromosomes and detenmines the sex of the fetus and
whether or net the copy number of the chromosomes suggest the presence of cytogenetic

abnormalities.

Example 1- Detection of Cytogenetic Aberratiens after CTC Identification.

CTCs from 7.5 mlL of hlood were identtified as cyiokeratind, CD45- nucleated cells after
immunomagnelic enrichment targeting the EpCAM antigen using the CellSearch System
(Veridex, 1.LC). CTCs are identified by the CellTracks® Analyzer (mmunicon Corporation)
where the cells are magnetically held along the upper surface of & cartridge. For cylogenetic
analysis, the fluid in the cariridge was removed and the cells fixed while maintaining their
original position. Fluorescently labsled probes for chromozome 1, 7, § and 17 were
introduced into the cartridge and hybridized to the celis. The fixation and hybridizaiion
process Temoves the fluorescent labels used for CTC identification. After hybridization the
cartridges were again placed on the CelfTracks® Analyzer and analyzed for a second time.
The fluorescent images of the CTC's identified in the first scan are then combined with the
flaorescent images from each of the four chromosomes labels obtained in the second scan.
The number of chromosomes 1, 7, 8 and 17 were anumerated for each CTC that was

idemtified i the first scan. The number of chromosomes detected in leukocyies that
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surrounded the CTC s were used as internal controls. In 7.5 mL of blood from & patients
with metastatic sarcinoma, 1 to 7 CTC s were identified. Greater than or less than two copies
of chromosome 1, 7, 8 or 17 were detected in all § patients. Heferogeneity in the
chromosomal abnormalities were not only detected between CTC's of different patients but
also among CTCs of the same patient. Of the 21 CTCs examined, 77% showed chromosomal
abnormalities and a majority showed an increase in the mmmber of copies of the
chromosomes. In contrast, more than 80% of the lenkocytes examined showed two copies of
the chroraesomes and none showed an inerease in chromosome copy number.

Conclusions: Cytogenstic composition of CTC’s can be assessed after they have been
identified. The presence of aneusomic CTC's provides information to the owtcome of patient
conditions and provides a prognostic indicator of clinical outcome. Further, gene alterations

in CTC's provide indices to cinrent and future cancer therapies.

Example 2- Evaluation of Anti-Cancer Targets on CTC’s to Predict Therapeutic
Success.

The CellSearch System”™ has been used in multi-center prospective studies to
demonstrate that presence of turnor cells in blood of patients with metastatic carcinomas is
associzted with poor survival prospects. Failure to eliminate Cirenlating Tumeor Cells (CTCs)
after ons oycle of therapy in these studies strongly suggests that these patients are on a futile
therapy. Assessment of the prosence of therapeutic {argets on the tumor should enable the
appropriate choice of therapy. Anti-capcer targets are identified on CTCs before initiation of
therapy. Cells from 7.5 mE of blood are identified as eytokeratin(CE )+, CD45- and
nucleated after EpCAM iimmuncmagnetic selection. Suspect CTCs are identified and
Jocalized at the upper surface of a cartridge where they are held by a magnetic ficld.
Fluorescently tabeled antibodies that recognize treatment targets associated with known
therapies such as HER2, IGE-1, Bel-2 and EGFR are assessed on the CTCs. Subsequently,
CTCs ave proserved for cytogenetic analysis. Afier the fluid in the cartridge is removed, the
cells are fixed and maintain their original position for probe hybridization. Since the system
knows their original position, the cells can be reexamined for the presence of probes of
interest, The results show a CTC and a leukocyte before and after hybrdization with

chromosome 1, 7, § and 17.
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A method for confirming the detection and enumeration of suspect target cells in a mixed

call population, comprising:

a. oblaining & biclogical specimen from & test subject, said spacimen comprising & mixed
cell population suspected of containing larget cellg;

b, isolating 2 subpopulation of suspect said target cells by immunomagnetic enrichment;
c. identifying suspect {arget celis by a mulfiparametric phenoiype profile;
d. preparing suspect target cells for multiparametric genotype profile; and

. confirming suspect targe! cells by said genclypic profile wherein said individual
suspect target celf containg both a phenotypie and genotypic profite of sald target cell.

The method of Claim 1 whearein said immunomagnetic enrichment comprises:

a. mixing said spacimen with cofloidal immunomagnetic parlicies coupled o a figand
which binds specifically o suspect said tumor cells, to the substantial exclusion of
other popuiations, and

n. subjecting the specimen-immunomagnetic particle mixture to a high gradient magnetic
field to produce a separated cel! fraction enriched In Immunomagnetic particie-bound

fumor cells, if said tumor cells are preseni in said test specimen.

The method of Claim 1 wherein said phanotypic profile is determined from a method
selacted from a group consisting of mulliparameter flow cytometry, immunofluorescent
microscopy, laser scanning cytometry, bright field base image analysis, capiliary
volumetry, spectral imaging analysis, manual cell analysis, automated cell analysis and
combinations thereof.

The method of Claim 1 wherein sald genetic analysis is determined from a method
selected from a group consisting of ISH, FISH, CGH, spectral karyotyping, chromosome
pairting, Northern blots, Scuthern blots, microarray analysis, and combinations thereof.

The methoed of Claim 1 whersby the targe! cells are selecled from & group censisting of
endothelial cells, epithelial cells, fetal cells, bacterial cells, myocardia! cells, virally infected
cells, and combinations thereof.

The method of Claim 1 wherein said genstic analysis is detecting the presence of
chromosomes within a morphoiogicaily identiflable cell nucleus during in ity hybridization,
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The method of Claim 1 wherein said genetic analysis is detecting a chromosome selected
from a group consisting of chromosome 1, chromosome 7, chromosome 8, chromosome
17, and combinations thereof,

The method of Claim 1 wherein said confirming suspect target celi provides diagnostic,
pregnostis, or therapeutic information of said test sublact.

The method of Claim 7 wherein sald chromoseme s morphologically identifiable within the
cell nucleus stained with DAPL

An system for canfirming the detection and snumeration of suspect target calis in a mixed

celf popuiation, comprising:

a. means for oblaining a biclogical specimen from a test subject, said specimen

comprising a mixed cell population suspected of contalning target cells;

ti. means for isolating a2 subpopulation of suspect said target calis by iImmunomagnetic

enrichment means;

means for identiiying suspect target cells by a phenotypic orofils analysis means;

o

d. means for preparing suspect targst cells for genotypic profile analysis means; and

e. means for confirming suspect target cells by said genotypic profile wherein said

individugal susped! target cell coniains both phenotypic and genotypic characteristics.

The system of Claim 10 wherein gaid means for obiaining a biological specimen inciudes

fixation of said specimen.

The system of Claim 10 wherein said immunomagnetic enrichment means is with colloidal

magnetic parficles.

The system of Ciaim 10 wherein said phenotypic profile analysis means is automated

immunofiucrescent cell analysis means.

The system of Claim 10 wherein said genctypic profile analysis means is FISH.
A kit for labeling a nucleotide comprising:

a. a polynuclectide depleted of repetitive sequences; and

k. aiabeling molety linked o said polynuciectide,

The kit of Claim 15 having a sequence complementary 1o a centrometic region of a

chromosome.

. The kit of Claim 15 wherein said pelynuciectide is depleted of said repetiitive sequences

by digestion with duplex-specific nuciease.
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18. The kit of Claim 15 wherein said labeling molety is a fluprophore linked 10 said
poiynucleotide by a platinum-based ceordinative bond.

18. A method for replacing the buffer solution within a cartridge which contains suspect target
cells comprising:

a. oblaining a carlridge containing a sample with suspect cancer cells in a buffer solution,
b dispensing a fixative solution for FISH analysis while aspirafing the displaced buffer
solution whereby the fixative and buffer have minimal mixing, and
¢ minimizing the shear forces on the cells by balancing the flow between dispensing and
aspirating.
20, An apparatus for replacing the buffer sofution within a cartridge which contains suspect
target cells comprising:

d. means for obtaining a cartridge containing @ sample with suspect cancer cells in g
buffer solution;

e. means for dispensing a fixative solution for FISH analysis while aspirating the
displaced buffer soluiion whareby the fixative and buffer have minimal mixing; and

f. means for minimizing the shear forces on the calls by balancing the flow between
dispensing and aspirating.

21, An improved stopper for a cartridge device used tp flucrescently image suspect target
calls obiained by immunemagnetically capturing said suspect cells and aligning along &
viswing surface, wherein the improvement comprises a siopper probe extension means
for displacing the fluid within the chamber, said siopper probe extension diameter such
that probe slides through the chamber opening.

22, A device for preparing a population of suspect cancer celis for fluprescent in sy

hybridization compriging:

a.  asyringe purng for transfer of fluids in cartridge, wherein said fluids are buffer, fixative,
or hybridization buffer;

b, a2 sample engagement system for reagent transfer;

¢ an aspiration probe for drying; and
a haater block wherein said block operates through a feedback thermocoupie, cortrol
thermocouple, and temperature controlier.
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{57) Abstraci: The invention relates generally to the fleld of identifieation of DNA sequences, genes or chromosomes, Methods and
composition to obtain Unigue Sequence DNA probes are provided. Composition comprises of any double stranded DNA containing
Unique Sequences from which the repetitive sequences are sliminated according 1o the method described in this invention. The
imvenfion also relates 1o the preservation of cells that have been ideniified after immunomagnetic selection and floorescent labeling
m order to further interrogate the cells of interest. Tarthermore the invention relates to genetic analysis of cells that have been
wlentiffed after immunomagnetic selection and fluorescent labeling.
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