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METHOD TO DETECT BREAST CANCER CELLS

Cross-Reference to Related Applications
This application claims the benefit of the filing date of U.S. application
Serial No. 60/763,710, filed January 31, 2006, the disclosure of which is
incorporated by reference herein.

Background
Existing methods to detect breast carcinoma cellsin blood are based on

the identification and/or determination of expron levels of molecules
specifically associated with distinct steps of tumor progression, being positively
or negatively correlated with either tumor susceptibility, evaluated by analyzing
BRCAI expression (Mark et a., 1996), the presence of abnormal levels or forms
of p53, Bcl-2 or Ki67 (Makris et a., 1997), or the responsiveness to hormone
therapy (estrogen receptor positive versus negative tumors) (Makris et a., 1997;
Balte et al., 2004; Glinsky et al., 2004), or disease outcomes (HER2/neu
expression; Ross et al., 2003). Although the recognition of these molecules has
improved tremendously the diagnosis, prognosis, and choice of therapies, none
of these factors provides ameans for early prediction of metastasis and/or
disease recurrence (Coradini et a., 2004; Van Diest et al., 2004).

Several investigators have recently attempted to detect micrometastases
in peripheral blood by measuring the expression of several proteins, such as
cytokeratin 19 and 20, epidermal growth factor receptor, epithelial glycoprotein-
2, carcinoembryonic antigen, maspin, and staniocalcin-I, asindicators of the
presence of tumor cells of diverse origins (Stathopoulou et a., 2002;
Stathopoulou et al., 2003; Gradilone et al., 2003). With the exception of
cytokeratin 19, where there is some promising athough controversial data
(Stathopoulou et a., 2002; Schroder et al., 2003; Ismail et a., 2003), the other
markers tested failed to provide aconsistent and sensitive tool that has a high
level of confidence for the diagnosis and prognosis of cancer. Although progress
has béen made in this field, the absence of aclear marker for detection of
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minimal amounts of tumor cells and the lack of a sensitive method to quantify
those cells have been limiting factors in the development of such technology.

Thus, what is needed i s a sensitive method to detect cancer cells, e.g.,
breast carcinoma cells.

Summary of thelnvention

The present invention provides amethod to detect peripheral-type
benzodiazepine receptor (PBR) normal ("wild type") and mutant ("variant")
expression in cellsin aphysiological fluid sample from a mammal, e.g., ablood
sample, which may be employed as abioassay for cancer detection. In one
embodiment, the method detects breast cancer cellsin ablood sample. The
physiologic fluid sample may optionally be subjected to methods that enrich for
epithelia cells, which takes advantage of the epithelial nature of breast cancer
cells. The enrichment (isolation) of epithelial cells from the sample may be by
any suitable method. For instance, to enrich for epithelial cellsin blood, aligand
for acell surface marker on or intracellular marker in epithelial cells, such as
cytokeratins, integrins, mucins, or ligands for a combination of epithelial cell
markers, which marker(s) is/are absent from hematopoietic cells, may be
employed, alowing for isolation of those epithelial cells from millions of blood
cells. In another embodiment, ablood sample is contacted with aligand for a
cell surface marker on or intracellular marker in hematopoietic cells, or ligands
for acombination of hematopoietic cell markers, which marker(s) ig/are absent
from epithelial cells. The complexes formed between the ligand and
hematopoietic cells are separated from the sample, yielding a composition that is
preferentially substantially-free of hematopoietic cells and enriched in
nonhematopoietic cells. . In one embodiment, cells are fixed, e.g., fixed with
ethanol, prior to or after contact with aligand. La one embodiment, the level of
both wild type and variant PBR mRNA species in cells in the isolated epithelial
cells or composition that is substantially-free of hematopoietic cells is detected
or determined, for example, using avery sensitive nucleic acid amplification
method. The method permits the detection of variant PBR mRNA species
carrying asingle base mutation as compared to wild type PBR mRNA. As
described below, in validation and standardization experiments using known
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numbers of breast cancer cells and normal blood cells mixed at different
proportions, tumor cells were detected at a 1in 2,000,000 ratio using this
method.

In one embodiment, an antibody against cytokeratins 7/8 is employed to
isolate epithelial cells including breast tumor cells potentially present in blood.
In one embodiment, cells that bind antibody are isolated by flow cytometry.
RNA of cytokeratin-positive cellsisoptionally isolated, and analyzed for
guantification of total PBR RNA and expression of missense polymorphism
PBR variants (e.g., for two amino acid substitutions, Alal47Thr and
Hidl 02ArQ).

The same method may also be employed in the detection, diagnosis and
prognosis of several types of cancer such as those that express elevated levels of
PBR as compared to their normal tissue counterparts, including glioma, colon
carcinoma, and prostate and ovarian cancers. In one embodiment, the cancer is
lymphoma, prostate cancer, colon cancer, brain cancer, e.g., glioma, stomach
carcinoma, lung carcinoma, ovarian carcinoma, pancreatic adenocarcinoma,
endometrial carcinoma, renal cell adenocarcinoma, bone sarcoma or bone
carcinoma

The invention thus provides clinicians with anew and practical
prognostic/diagnostic tool for breast and other cancers that allows an easy
evaluation of both progression and outcome of the disease directly from blood
samples. Indeed, PBR wild type and variant mMRNA species represent sensitive
biomarkers of an aggressive phenotype for human breast cancer. The detection
of the cells in the peripheral blood from patients permits oncologists to closely
follow the outcome of treatment and to identify early on any recurrence of the
disease, enabling them to better predict disease outcome and to choose the most
appropriate treatment.

Accordingly, the invention provides a method to detect cancer cellsin a
sample. The method includes contacting amammalian biological, e.g.,
physiological fluid, sample and aligand specific for epithelial cells so asto yield
acomposition comprising complexes comprising epithelial cells and the ligand.
The complexes are isolated, thereby isolating epithelial cells, and the level of
PBR RNA expressed in the isolated epithelial cells is detected or determined.
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Further provided isamethod to detect cancer cellsvin asample. The
method includes contacting amammalian biological, e.g., physiological fluid,
sample and aligand specific for hematopoietic cells, and separating the
complexes having hematopoietic cells and ligand from non-complexed
molecules. In one embodiment, an affinity column is employed and the flow-
through fraction collected. The level of PBR RNA in that fraction is then
detected or determined.

Also provided isamethod to detect cancer cells in aphysiological fluid
sample. The method includes detecting or determining levels of PBR RNA in
epithelial cells isolated from amammalian blood sample.

Furthermore, amethod of diagnosing metastatic breast cancer is
provided. The method comprises detecting or determining the expression of PBR
in epithelial cells in amammalian physiological fluid sample.

The invention aso provides amethod to detect progression of disease or
monitor therapy in amammal. The method includes comparing PBR expression
in cells in aphysiological fluid sample of amammal having adisease and
optionally subjected to therapy for that disease from two or more periods of
time. An increase in PBR expression over time in amammal may be indicative
of disease progression, e.g., cancer progression. A decrease in PBR expression
over time in amammal subjected to therapy may beindicative of efficacy.

Brief Description of the Fiqures
Figure 1 depicts Q-PCR standard curves of standard (wild type) and

variant (mutant) PBR mRNA expression in breast cancer cells (BCC).

Figure 2 depicts avalidation of the efficiency of PBR detection by Q-
PCR. Top panels. cells, COS7 (kidney SV40-transformed simian) cells
(498,800 cells), TM4 (mouse Sertoli) cells (2,333,800 cells), Hepal-6 (mouse
hepatoma) cell (534,900 cells) or leukocytes isolated from 2 healthy volunteers
(BD10204 and BD10196, about 10 million cells each) were mixed with either 10
pl (55,440 cells) or 100 pl (554,400 cells) of MDA231 BCC. Severa samples
were also prepared from MDAZ231 alone, corresponding to final values of
MDAZ231 cells per well of either 944 (nl 1); 1,207 (n9) or 1,618 (n8). Bottom



10

15

20

25

30

WO 2007/089880 PCT/US2007/002716

panels. the indicated numbers of MDA 231 cellswere mixed with 1,010 non-
BCC cells (TM4 + Hepal-6).

Figure 3 shows an immunoreaction of MDA231 cells with
phycoerythrin-coupled anti-cytokeratin (CK) 7/8 antibody.

Figure 4 depicts a flow cytometry analysis of MDA231BCC mixed with
non BCC cells using PE-anti-CK7/8 antibody.

Figure 5 shows aflow cytometry analysis of MDA231 BCC mixed with
normal human blood cells using PE-anti-CK7/8 antibody.

Figure 6 depicts Q-PCR results for variant and total PBR expression in
colon and breast cancer tissues. Frozen samples from tumoral biopsies from
colon (CT) and breast (BR) tissues were analyzed. Results are the average +
sem of the relative expression levels of 5-6 samples per condition, each
measured in triplicate.

Detailed Description of the Invention

Definitions

A "physiological fluid sample" includes blood, urine, cerebrospinal fluid,
duct fluid, abronchial aspirate, or any other physiological fluid that may contain
cells.

A "blood sample" as used herein includes blood cells, such as
lymphocytes or other white blood cells, or blood fractions, and cells removed
from bone marrow.

"Providing abiological sample or physiological fluid sample” means to
obtain a sample for use in the methods described in this invention. Most often,
thiswill be done by removing asample of cells (tissue biopsy) or physiological
fluid from apatient, but can also be accomplished by using previously isolated
cells.

A "biological sample' refersto asample of material obtained from an
organism, e.g., it can be aphysiological sample, such as one from a human
patient, alaboratory mammal such as amouse, rat, pig, monkey or other member
of the primate family, containing acell or population of cells including a
quantity of tissue or fluid from amammal. Most often, the sample isremoved
from amammal, but the term "biological sample" but may also refer to cells or
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tissue analyzed in vivo, i.e., without removal from amammal. For instance, the
sample may be obtained by drawing ablood sample, sputum sample, spinal fluid
sample, aurine sample, or providing a culture of such a sample. Ordinarily, the
biological samplewill contain hybridizable polynucleotides. These
polynucleotides may have been released from cellsin the biological sample,
using techniques such as sonic disruption or enzymatic or chemical lysis of cells
to release polynucleotides so that they are available for amplification with one or
more polynucleotide primers or hybridization with a polynucleotide probe.

A "control sample" refers to a sample of biological material
representative of a healthy, cancer-free mammal. The level of atarget nucleic
acid or other cellular molecule, e.g., protein, in acontrol sample is desirably
typical of the general population of normal, cancer-free mammals. This sample
can beremoved from apatient expressly for use in the methods described in this
invention, or can be any biological material representative of normal, cancer-free
mammals, including cancer-free biological material taken from amammal with
cancer elsewhere in itsbody. A control sample can aso refer to an established
level of atarget that is representative of the cancer-free population, i.e., alevel
that has been previously established based on measurements from normal,
cancer-free mammals.

Asused herein, the term "isolated" refers to in vitro preparation,
separation and/or purification of nucleic acid, ligand-receptor complexes, or a
particular cell type, from other substances that it is nomally associated with in
vitro or other natural setting. Thus "isolated" cells may be separated from non-
cellular material or from another type of cell, "isolated" nucleic acid maybe
separated from at least component that it is normally associated with in acell,
and "isolated" complexes of ligand-receptor may be separated from non
complexed molecules or complexes formed with a different ligand.

"Detecting alevel of amarker" refers to determining the expression level
of agene or genes encoding atarget polypeptide. Gene expression can be
monitored in avariety of ways, including by detecting mRNA levels, protein
levels, or protein activity, any of which can be measured using standard
techniques. Detection can involve quantification of the level of, e.g., cDNA,
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mRN A, protein, or enzyme activity, or, aternatively, can be aqualitative
assessment of the level of atarget.

To "compare' levels of markers means to detect marker levelsin two
samples and to determine whether the levels are equal or if one or the other is
greater. A comparison can be done between quantified levels, alowing statistical
comparison between the two values, or in the absence of quantification, for
example using qualitative methods of detection such as visual assessment by a
human.

The phrase "detecting metastatic cancer" refers to the ascertainment of
the presence or absence of micrometastases of a certain cancer in amammal a a
site distant from the primary tumor. "Detecting ametastatic cancer" can also
refer to obtaining indirect evidence regarding the likelihood of the presence of
metastatic cancerous cells in the mammal.

A "ligand" is amolecule that specifically binds one or more other
molecules ("receptor"). For instance, an antibody binds an antigen, biotin binds
streptavidin, aHistag binds metals, e.g., nickel, maltose binding protein binds
maltose, and glutathione S transferase binds glutathione.

Asused herein, the term "antibody" refersto aprotein having one or
more polypeptides substantially encoded by immunoglobulin genes or fragments
of immunoglobulin genes. The recognized immunoglobulin genes include the
kappa, lambda, alpha, gamma, delta, epsilon and mu constant region genes, as
well asthe myriad of immunoglobulin variable region genes. Light chains are
classified as either kappa or lambda. Heavy chains are classified as gamma, mu,
alpha, delta, or epsilon, which in turn define the immunoglobulin classes, 19G,
IgM, IgA, IgD and IgE, respectively. An antibody may be labeled with a
detectable moiety or may be attached to a solid support, e.g., a column,
sepharose, awell of atissue culture plate, or amagnetic bead.

The basic immunoglobulin (antibody) structural unit isknown to
comprise atetramer. Each tetramer is composed of two identical pairs of
polypeptide chains, each pair having one "light" (about 25 kD) and one "heavy"
chain (about 50-70 kD). The N-terminus of each chain defines avariable region
of about 100 to 110 or more amino acids primarily responsible for antigen
recognition. Theterms variable light chain (V) and variable heavy chain (V)
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refer to these light and heavy chains respectively. The variable region of an
antibody binds aparticular ligand, and the Fc portion binds to Fc receptors on
certain cells.

Antibodies may exist as intact immunoglobulins, or as modifications in a
variety of forms including, for example, FabFc2, Fab, Fv, Fd, (Fab)2, an Fv
fragment containing only the light and heavy chain variable regions, a Fab or
(Fab)', fragment containing the variable regions and parts of the constant
regions, asingle-chain antibody, e.g., scFv, complimentary determining region
(CDR)-grafted antibodies and the like. The heavy and light chain of aFv may
be derived from the same antibody or different antibodies thereby producing a
chimeric Fv region. The antibody may be of animal (especially mouse or rat) or
human origin or may be chimeric or humanized. Asused herein the term
"antibody" includes these various forms.

Humanized antibodies are chimeric molecules of Igs, Ig chains or
fragments thereof from two or more sources, one of which is ahuman source,
which are further altered in primary sequence to reduce non-human Ig sequences
and/or to increase sequences corresponding to those found in human antibodies,
e.g., human Ig consensus sequences. Humanized antibodies include residues
that form a complementary determining region (CDR) inthe Fv region that are
from a CDR of anon-human species such as mouse, rat or rabbit having desired
properties, e.g., specificity and/or affinity for aparticular antigen. In genera, a
humanized antibody includes substantially all of a least one, and typically two,
variable domains, inwhich all or substantially all of the sequences in the CDR
regions correspond to those of non-human Ig sequences and al or substantially
all of the framework regions correspond to human |g sequences, such as human
Ig consensus sequences. Replacement of non-human residues to a corresponding
human residue, human residues to a corresponding consensus residue, non-
human residues to a corresponding consensus residue, or human residues to a
corresponding non-human residue, are based on comparisons of human Ig
sequences or comparisons of human 1g sequences with non-human 1g sequences,
such as rat, mouse and monkey |g sequences, using conserved residues between
species for alignment but allowing for insertions and/or deletions. Methods for
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humanizing non-human or chimeric antibodies and aligning antibody sequences
arewell known in the art. |

A "nucleotide" is asubunit of anucleic acid comprising a purine or
pyrimidine base group, a 5-carbon sugar and aphosphate group. The 5-carbon
sugar found in RNA isribose. In DNA, the 5-carbon sugar is 2'-deoxyribose.
The term also includes analogs of such subunits, such as amethoxy group
(MeO) at the 2' position of ribose.

An "oligonucleotide" is apolynucleotide having two or more nucleotide
subunits covalently joined together. Oligonucleotides are generally about 10 to
about 100 nucleotides in length, or more preferably 10 to 50 nucleotides in
length. The sugar groups of the nuclectide subunits may beribose, deoxyribose,
or modified derivatives thereof. The nucleotide subunits may bejoined by
linkages such as phosphodiester linkages, modified linkages or by non-
nucleotide moieties that do not prevent hybridization of the oligonucleotide to its
complementary target nucleotide sequence. Modified linkages include those in
which a standard phosphodiester linkage is replaced with a different linkage,
such as aphosphorothioate linkage, a methylphosphonate linkage, or aneutral
peptide linkage. Nitrogenous base analogs aso may be components of
oligonucleotides in accordance with the invention. Ordinarily, oligonucleotides
will be synthesized by organic chemica methods and will be single-stranded
unless specified otherwise. Oligonucleotides can be labeled with adetectable
moiety.

A "target nucleic acid" is anucleic acid comprising atarget nucleic acid
sequence.

A "target nucleic acid sequence,” "target nucleotide sequence” or "target
sequence” is a specific deoxyribonucleotide or ribonucleotide sequence that can
be hybridized by an oligonucleotide. In the methods of the invention, the target
nucleic acid sequence is aPBR sequence. Asused herein, anucleic acidisa
"PBR nucleic acid sequence” if the overall identity of the nucleic acid sequence
to the nucleic acid sequences encoding PBR is greater than about 80%, even
more preferably greater than about 85% and most preferably greater than 90%
relative to PBR sequences such as those having accession numbers NM009775,
NMO0073 11, NM00714, BC002055, AL 031778, which are incorporated by

9
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reference herein, and the like, or amino acid sequences encoded thereby.
Sequence identity may be determined using standard techniques known in the
art, including, but not limited to, the algorithm of Smith & Waterman, Adv._
Appl. Math., 2:482 (1981); Needleman & Wunsch, J. Mal. Bial., 48:443 (1970);
and Pearson & Lipman, PNAS USA, 85:2444 (1988), or by computerized
implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in
the Wisconsin Genetics Software Package, Genetics Computer Group, 575
Science Drive, Madison, Wis.), the Best Fit sequence program described by
Devereux et a., Nucl. Acid Res., 12:387 (1984), preferably using the default
settings, or by inspection. One example of a useful algorithm is PILEUP.

PILEUP creates amultiple sequence alignment from a group of related
sequences using progressive, pairwise alignments. It can also plot atree showing
the clustering relationships used to create the alignment. PILEUP uses a
simplification of the progressive alignment method of Feng & Doalittle, J. Mol.
Eval , 35:351-360 (1987); the method is similar to that described by Higgins &
Sharp, CABIOS, 5:151(1989). Useful PILEUP parameters including a default
gap weight of 3.00, adefault gap length weight of 0.10, and weighted end gaps.

Another example of auseful algorithm isthe BLAST algorithm,
described in Altschul et al., J. Mol. Bial., 215, 403 (1990) and Karlin e al.,
PNAS USA, 90:5873-5787 (1993). A particularly useful BLAST program isthe
WU-BLAST-2 program which was obtained from Altschul et al., Methods in
Enzymology, 266:460 (1996). WU-BLAST-2 uses several search parameters,
most of which are set to the default values. The adjustable parameters are set
with the following values. overlap span=I, overlap fraction=0.125, word
threshold (T)=I 1. The HSP Sand HSP S2 parameters are dynamic values and
are established by the program itself depending upon the composition of the

particular sequence and composition of the particular database against which the
sequence of interest is being searched; however, the values may be adjusted to
increase senditivity. A % amino acid sequence identity value is determined by
the number of matching identical residues divided by the total number of
residues of the "longer" sequence in the aligned region. The "longer" sequence is
the one having the most actual residues in the aligned region (gaps introduced by
WU-Blast-2 to maximize the alignment score are ignored). '

10
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A "primer" is asingle-stranded polyoligonucleotide that combines with a
complementary single-stranded target to form adouble-stranded hybrid, which
primer in the presence of apolymerase and appropriate reagents and conditions,
resultsin nucleic acid synthesis.

A "probe" isasingle-stranded polynucleotide that combines with a
complementary single-stranded target polynucleotide to form a double-stranded
hybrid. A probe may be an oligonucleotide or anucleotide polymer, and may
contain a detectable moiety which can be attached to the end(s) of the probe or
can be internal to the sequence of the probe. The nucleotides which combine
with the target polynucleotide need not be strictly contiguous as may be the case
with a detectable moiety internal to the sequence of the probe.

A "detectable moiety" is alabel molecule attached to, or synthesized as
part of, apolynucleotide probe or aligand. This moiety should be uniquely
detectable and will allow the probe or ligand to be detected or isolated asa
result. By "labeled" herein ismeant that a compound has at least one element,
isotope, e.g., radioactive or heavy isotopes, or chemical compound, e.g.,
antibody, antigen or colored or fluorescent dye, attached thereto allowing for the
detection and or isolation of the compound. For example, the label may be
capable of producing, either directly or indirectly, adetectable signal. The
detectable moiety may be aradioisotope, such as3H, “C, 32P, S, or 15|, a
fluorescent or chemiluminescent compound, such as fluorescein isothiocyanate,
rhodamine, or luciferin, or an enzyme, such as alkaline phosphatase, beta-
galactosidase or horseradish peroxidase. Detectable moieties thus include but
arenot limited to radioisotopes, colorimetric, fluorometric or chemiluminescent
molecules, enzymes, haptens, redox-active electron transfer moieties such as
transition metal complexes, metal labels such as silver or gold particles, or
unique oligonucleotide sequences.

A "hybrid" isthe complex formed between two single-stranded
polynucleotide sequences by Watson-Crick base pairings or non-canonical base
pairings between the complementary bases. By "nucleic acid hybrid" or
"probe:target duplex” is meant astructure that is a double-stranded, hydrogen-
bonded structure, preferably 10 to 100 nucleotides in length, more preferably 10
to 50 nucleotides in length. The structure is sufficiently stable to be detected by
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means such as chemiluminescent or fluorescent light detection, colorimetry,
autoradiography, electrochemical analysis, gel electrophoresis and the like.
Such hybrids include RNA:RNA, RNArDNA, or DNArDNA duplex molecules.

"Hybridization" is the process by which two complementary strands of
polynucleotide combine to form a stable double-stranded structure ("hybrid
complementarity” is aproperty conferred by the base sequence of asingle strand
of DNA or RNA which may form ahybrid or double-stranded DNArDNA,
RNA:RNA or DNArRNA through hydrogen bonding between Watson-Crick
base pairs on the respective strands). Adenine (A) ordinarily complements
thymine (T) or uracil (U), while guanine (G) ordinarily complements cytosine
(©).

The term "stringency" is used to describe the temperature and solvent
composition existing during hybridization and the subsequent processing steps.
Under high stringency conditions only highly complementary nucleic acid
hybrids will form; hybrids without a sufficient degree of complementarity will
not form. Accordingly, the stringency of the assay conditions determines the
amount of complementarity needed between two polynucleotide strands forming
ahybrid. Stringency conditions are chosen to maximize the difference in
stability between the hybrid formed with the target and the non-target
polynucleotides.

The term "probe specificity” or "primer specificity” refersto a
characteristic of aprobe or primer which describes its ability to distinguish
between target and non-target sequences. Probe or primer specificity is
dependent on sequence and assay conditions and may be absolute (i.e., the
primer or probe can distinguish between nucleic acid from target organisms and
any non-target organisms), or it may be functional (i.e., the primer or probe can
distinguish between the nucleic acid from atarget organism and any other
organism normally present in aparticular sample).

"Polynucleotide” means either RNA or DNA, along with any synthetic
nucleotide analogs or other molecules that may be present in the sequence and
that do not prevent hybridization of the polynucleotide with a second molecule
having acomplementary sequence. The term includes polymers containing
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analogs of naturally occurring nucleotides and particularly includes analogs
having amethoxy group a the 2' position of the ribose (MeO).

"T,," refers to the temperature at which 50% of the probe or primer is
converted from the hybridized to the unhybridized form.

One skilled in the art will understand that probes or primers that
substantially correspond to areference sequence or region can vary from that
reference sequence or region and still hybridize to the same target nucleic acid
sequence. ' Probes of the present invention substantially correspond to anucleic
acid sequence or region if the percentage of identical bases or the percentage of
perfectly complementary bases between the probe and its target sequence is from
100% to 80% or from O base mismatches in a 10 nucleotide target sequence to 2
bases mismatched in a 10 nucleotide target sequence. In one embodiment, the
percentage is from 100% to 85%. In another embodiment this percentage is
from 90% to 100%; and in yet other embodiments, this percentage isfrom 95%
to 100%. Probes or primers that substantially correspond to areference
sequence or region include probes or primers having any additions or deletions
which do not prevent the probe or primer from having its property, such as being
able to preferentialy hybridize under high stringency hybridization conditions to
its target nucleic acid over non-target nucleic acids.

By "sufficiently complementary” or "substantially complementary” is
meant nucleic acids having a sufficient amount of contiguous complementary
nucleotides to form ahybrid that is stable for detection or to initiate nucleic acid
synthesis.

By "anti-sense' is meant a nucleic acid molecule perfectly
complementary to areference (i.e., sense) nucleic acid molecule.

"RNA and DNA equivaents' refer to RNA and DNA molecules having
the same complementary base pair hybridization properties. RNA and DNA
equivalents have different sugar groups (i.e., ribose versus deoxyribose), and
may differ by the presence of uracil in RNA and thymine in DNA. The
difference between RNA and DNA equivalents do not contribute to differences
in substantially corresponding nucleic acid sequences because the equivalents
have the same degree of complementarity to aparticular sequence.
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Aswill be appreciated by those in the art, nucleic acids or other
molecules, e.g., antibodies, can be attached or immobilized to asolid support in
awide variety of ways. By "immobilized" is meant the association or binding
between the nucleic acid or ligand and the solid support is sufficient to be stable
under the conditions of binding, washing, and analysis. The binding can be
covalent or non-covalent. By non-covalent binding herein is meant one or more
of either electrostatic, hydrophilic, and hydrophobic interactions. By covalent
binding is meant that the two moieties, e.g., the solid support and the antibody,
are attached by at least one bond. Covalent bonds can be formed directly or can
be formed by across linker or by inclusion of a specific reactive group on either
the solid support, the nucleic acid or other molecule, or both molecules.
Immobilization may also involve a combination of covalent and non-covalent
interactions.

By "substrate" or "solid support” is meant any material that can be
modified to contain discrete individual sites appropriate for the attachment or
association of nucleic acid or other molecule, e.g., ligand for a specific cell type,
and is amenable to at least one detection method. Aswill be appreciated by those
in the art, the number of possible substrates are very large, and include, but are
not limited to, glass and modified or functionalized glass, plastics (including
acrylics, polystyrene and copolymers of styrene and other materials,
polypropylene, polyethylene, polybutylene, polyurethanes, TeflonJ, etc.),
polysaccharides, nylon or nitrocellulose, resins, silica or silica-based materials
including silicon and modified silicon, carbon, metals, inorganic glasses,
plastics, etc. In general, the substrates allow optical detection and do not
appreciably fluoresce.

PBR and Cancer

PBR was originally described as a high affinity peripheral receptor for
the benzodiazepine diazepam (Valium™), and was further shown to bind
compounds such asthe isoquinolines. PBR is present at low levels in most
tissues but at high levelsin steroidogenic tissues, such as adrenal, testis, ovary,
and glia (Li et al., 2001; Lacapere & al., 2001). PBR isprimarily located in the
outer mitochondrial membrane, is afunctional component of the steroidogenic
machinery, and itsrole appearsto be at the level of cholesterol delivery from the
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outer to the inner mitochondrial membrane, the rate-limiting step in
steroidogenesis (Papadopoulos, 1993; Papadopoulos et al., 1990). Molecular
modeling, crosslinking experiments, and in vitro reconstitution studies
demonstrated that the 18 kDa PBR protein is ahigh affinity cholesterol-binding
protein (Culty et al., 1999; Li et al., 2001; Lacapere et a., 2001). During studies
on the structure and function of PBR, it was observed that the receptor is highly
expressed in testicular, adrenocortical, and brain glial tumor cells and that PBR
drug ligands, such as benzodiazepines, regulated their proliferation (Gamier et
al., 1993). At the same time, PBR expression was shown to correlate with the
high metastatic ability of gliomas and astrocytomas (Miettinettet a., 1995;
Cornu et a., 1992). Moreover, PBR ligands were shown to affect the
proliferation of various tumor cells such as glioma cells, astrocytomas and
lymphoma cells (Ikezaki et al., 1990; Neary et al., 1995). Higher levels of PBR
were also found in colonic adenocarcinoma and ovarian carcinoma as compared
to normal tissue (Katz et al., 1990a; Katz et al., 1990b). Moreover, a 12-fold
increase in PBR density as compared to normal tissue was found in human brain
glioma or astrocytoma (Miettinen et a., 1995; Cornu et a., 1992). In that study,
the authors suggested that studying PBR densities with positron or gamma-ray
emitting PBR ligands may help for the clinical investigation and detection of
human brain proliferative diseases. Indeed, the radiolabeled isoquinoline
[''C]PKI 1195 PBR ligand was used for imaging human gliomas in conjunction
with positron emission tomography (Pappata et al., 1991). Recent studies have
reported the use of antitumoral drugs acting via PBR for the treatment of
pancreas and brain tumors (Ratcliffe & al., 1995; Kupczyk-Subotkowska et al.,
1997). Moreover, PBR-negative Leydig tumor cells, generated by PBR gene
disruption using homologous recombination, have ahigher doubling time than
control cells (Papadopoulos et a., 1997) suggesting arole of PBR in cell
proliferation.

The examination of the expression, characteristics, localization, and
function of PBR in abattery of human breast cancer cell lines differing in their
invasive and chemotactic potential, aswell asin several human tissue biopsies,
revealed that the expression of PBR ligand binding and mRNA was dramatically
increased in the highly aggressive cell lines, such as MDA-MB-231 (MDA-231),
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relative to non-aggressive cell lines, such asMCF-7 (Hardwick et a., 1999).
Pharmacological characterization of PBR in MDA-231 cells indicated that the
receptor is similar to previously described human PBR. Addition of high affinity
PBR drug ligandsto MDA-23 1 cells increased the incorporation of
bromodeoxyuridine into the cells, in a dose-dependent biphasic manner,
suggesting arole for PBR in the regulation of MDA-231 cell proliferation.
However, high micromoiar concentrations of these compounds inhibited cell
proliferation and ultimately killed the cells (Hardwick et al., 1999). In these
studies, PBR was localized at the perinuclear and nuclear area. Additional
studies demonstrated that, in agreement with its widespread mitochondrial
localization, the perinuclear localization isin mitochondria. Despite all these
similarities, nucleotide sequencing of the PBR in aggressive breast tumor cells
(MDA-231 and HS-578-T) identified two DNA sequence variations, compared
to PBR present in non-tumor cells, resulting in the replacement of an alanine
residue a position 147 with athreonine residue (Alal47Thr) and ahistidine
residue at position 162 with an arginineresidue (Hisl62Arg) (Hardwick et al.,
2002). The genetic status of the PBR gene in PBR-enriched MDA-231 cells,
and MCF-7 cells, which contains low levels of PBR was investigated using both
DNA (Southern) blot and fluorescence in situ hybridization (FISH) analyses, and
revealed that the PBR geneis amplified by 4-fold in MDA-MB-23 1relative to
MCF-7 cells (Hardwick et a., 2001). These unexpected data suggested that PBR
gene amplification may be an important indicator of breast cancer progression.

The role of PBR in breast cancer was further demonstrated in a series of
experiments where acell line expressing low levels of PBR and behaving as a
benign tumor cell line (tetracycline-repressible MCF-7 cell line: MCF-7 Tet-Off)
was transfected with human PBR cDNA, to look at the consequences of
increasing PBR in these cells. Consecutively, a cell line normally expressing
high PBR levels (MDA-MB-23 1) was incubated with small interfering RNAs
(SRNAJs) targeting human PBR to suppress PBR expression. In both cases,
radioligand binding assays were performed to assess PBR activity, and protein
and MRNA PBR levels were determined. Aspredicted, the increase of PBR in
MCF-7 cells, which isnormally non-aggressive and expresses extremely low
PBR levels, induced both an increase in PBR ligand binding and cell
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proliferation (data not shown). On the other hand, the transfection of MDA-MB-
231 cells with PBR-sSIRNAS targeting different sites of PBR mRNA led to
different levels of MRNA and protein knockdown that was associated with
decreased cell proliferation, and with increased levels of the cyclin-dependent
protein kinase inhibitor p2 1WAFCIPL which is known to beinvolved in tumor-
suppression (data not shown). Collectively, these results indicate that PBR
protein expression isdirectly involved in regulating cell proliferation in human
breast cancer cells, probably by influencing a mechanism involved in cell cycle
control. In conclusion, these data suggested that PBR expression is part of the
sequence of events involved in human breast cancer cell proliferation and
aggressive phenotype expression (Papadopoulos, 1997). These findings have
been now confirmed by other research groups (Beinlich et a., 2002; Sanger et
al., 2002; Galiegue et al., 2004).

Exemplary Methods of the Invention

The present invention provides novel methods for diagnosis and
prognosis evaluation for cancers, in particular cancers associated with PBR
expression and those that are optionally epithelial in nature, such asbreast
cancer, aswell asmethods for screening for compositions which modulate those
cancers. The identification of sequences that are differentially expressed in
cancer tissue versus normal tissue, aswell as differential expression resulting in
different prognostic outcomes, allows the use of this information in a number of
ways. For example, the evaluation of aparticular treatment regime may be
evaluated: does achemotherapeutic drug act to improve the long-term prognosis
in aparticular patient Similarly, diagnosis may be done or confirmed by
comparing PBR expression in a patient sample with the known expression
profiles. Furthermore, PBR gene expression profiles allow screening of drug
candidates with an eye to mimicking or altering a particular expression profile;
for example, screening can be done for drugs that suppress the PBR expression
profile or convert apoor prognosis profile to abetter prognosis profile.

In one embodiment, the method includes positive or negative selection by
either enriching for epithelial cells or removing hematopoietic cells. For
instance, to enrich for epithelial cells, antibodies against cytokeratins, integrals
or mucins either alone or as a cocktail may be employed. To remove
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hematopoietic cells, hematopoietic cell ligands may be employed. For example,
cells are passed through an affinity chromatography column that retains blood
cells. Cells may be fresh (no fixation) or fixed, e.g., ethanol fixed, to preserve
RNA integrity which may allow ligands such as antibodies to reach intracellular
targets. Thus, compositions enriched for epithelial cells (enriched by positive or
negative selection), or samples prior to enrichment, may optionally be treated
with fixatives.

Once cells are contacted with an epithelial cell- or hematopoietic cell-
specific ligand, ligard-receptor complexes are sorted or separated, for instance
from noncomplexed molecules, by FACS, affinity column chromatography, by
batch separation (pull down), e.g., using protein A/G-agarose or magnetic beads,
or any other suitable means. For example, an antibody specific for epithelial
cells maybe labeled with ametal and cells that bind the antibody separated from
other cells using magnetic beads.

In one embodiment, cell sorting isperformed by flow cytometry, using
fluorescent-labeled antibodies, either on fresh (surface marker) or ethanol-fixed
(intracellular marker) cells. For positive selection using FACS of epithelial cell
markers such as cytokeratins, integrins, and mucins, acocktail of antibodies
specific for two or more epithelial cell markers coupled to a single type of
fluorescence may be employed prior to quantification of and/or typing of PBR
MRNAS, e.g., by Q-PCR. Alternatively, the initial enrichment step can be
performed using afluorescent PBR ligand (7-nitro-2, 1, 3-benzoxandiazol-4-yl
derivative of 2-phenylindole-3-acetamide; compound 4), allowing for labeling of
breast carcinoma cd Is at amuch higher intensity signal than blood cells (which
express much less PBR). The PBR-rich cell population may be sorted on FACS
prior to quantification of and/or typing of PBR mRNAS, for instance, by Q-PCR.
In another embodiment, cells are captured on 96 well plates using antibody-
coated plates (for cell surface markers) or magnetic bead-coupled antibody (for
intracellular markers). These approaches allow for epithelial-type cells to
become anchored onto the wells and the hematopoietic cells or other
contaminants washed away. Subsequent RNA isolation and/or Q-PCR may be
conducted in the same plates or after transfer of an aliquot to another receptacle.
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Oligonucleotide Primers and Probes

Firgt, the stability of the oligonucleotide -.target polynucleotide hybrid is
chosen to be compatible with the assay conditions. This may be accomplished
by avoiding long A and T rich sequences, by terminating the hybrids with G:C
base pairs and by designing the probe in such away that the T will be
appropriate for standard conditions to be employed in the assay (amplification or
hybridization). The nucleotide sequence of the primer or probe should be chosen
so that the length and % G and % C result in aprobe having a T, about 2 to
109C higher than the temperature at which the final assay is performed. The
base composition of the primer or probe is significant because G:C base pairs
exhibit greater thermal stability when compared with A:T base pairs. Thus,
hybrids involving complementary polynucleotides having ahigh G:C content are
generaly stable at higher temperatures when compared with hybrids having a
lower G:C content.

Second, the position at which the primer or probe binds its target
polynucleotide is chosen to minimize the stability of hybrids formed between
probe:non-target polynucleotides. This may be accomplished by minimizing the
length of perfect complementarity with polynucleotides of non-target sequences,
by avoiding G:C rich regions of homology with non-target sequences, and by
positioning the primer or probe to span as many destabilizing mismatches as
possible. Whether aprimer or probe sequence is useful for amplifying or
detecting a specific gene depends largely on thermal stability differences
between probe:target hybrids and probe:non-target hybrids. The differences in
Tmshould be as large as possible to produce highly specific primers and probes.

The length of the target polynucleotide sequence and the corresponding
length of the primer or probe sequence also are important factors to be
considered when designing aprimer or probe. While it is possible for
polynucleotides that are not perfectly complementary to hybridize to each other,
the longest stretch of perfectly homologous base sequence is ordinarily the
primary determinant of hybrid stability.

Third, regions which are known to form strong internal structures
inhibitory to hybridization of aprimer or probe are less preferred as targets.

19



10

15

20

25

30

WO 2007/089880 PCT/US2007/002716

Primers or probes having extensive self-complementarity also should be
avoided.

Defined oligonucleotides that can be used to practice the invention can be
produced by any of several well-known methods, including automated solid-
phase chemical synthesis using phosphoramidite precursors. Other well-known
methods for construction of synthetic oligonucleotides may, of course, be
employed. All of the oligonucleotides of the present invention may be modified
with chemical groups to enhance their performance. Backbone-modified
oligonucleotides, such as those having phosphorothioate or methylphosphonate
groups, are examples of analogs that can be used in conjunction with
oligonucleotides of the present invention. These modifications render the
oligonucleotides resistant to the nucleolytic activity of certain polymerases or to
nuclease enzymes. Other analogs that can be incorporated into the structures of
the oligonucleotides include peptide nucleic acids, or "PNAS." The PNAs are
compounds comprising ligands linked to apeptide backbone rather than to a
phosphodi ester backbone. Representative ligands include either the four main
naturally occurring DNA bases (i.e., thymine, cytosine, adenine or guanine) or
other naturally occurring nucleobases (e.g., inosine, uracil, 5-methylcytosine or
thiouracil) or artificial bases (e.g., bromothymine, azaadenines or azaguanines,
etc.) attached to a peptide backbone through a suitable linker. PNAs are able to
bind complementary ssDNA and RNA strands. Methods for making and using
PNAs are disclosed in U.S. Patent No. 5,539,082. Another type of modification
that can be used to make oligonucleotides having the sequénces described herein
involves the use of non-nucleotide linkers (e.g., see U.S. Patent No. 6,031,091)
between nucleotides in the nucleic acid chain which do not interfere with
hybridization or optionally elongation of aprimer.

Y et other analogs include those which increase the binding affinity of a
probe to atarget nucleic acid and/or increase the rate of binding of the probe to
the target nucleic acid relative to aprobe without the analog. Such analogs
include those with amodification (substitution) at the T position of a
ribofuranosyl nucleotide. Analogs having amodification at the T position of the
ribose are one embodiment. Other substitutions at the 2' position of the sugar are
expected to have similar properties so long as the substitution isnot so large as
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to cause steric inhibition of hybridization. Thus, hybridization assay probes can
be designed to contain modified nucleotides which, alone or in combination,
may have the advantage of increasing the rate of target-specific hybridization.

Preferably, probes are labeled. Essentially any labeling and detection
system that can be used for monitoring specific nucleic acid hybridization can be
used in conjunction with the probes disclosed herein when alabeled probe is
desired. Included among the collection of useful labels are: radiolabels,
enzymes, haptens, linked oligonucleotides, colorimetric, fluorometric, e.g., 6-
carboxyfluorescein (FAM), carboxytetramethylrhodamine (TAMRA), or VIC
(Applied Biosystems), or chemiluminescent molecules, and redox -active
moieties that are amenable to electrochemical detection methods. In one
embodiment, probes are labeled at one end with areporter dye and with a
guencher at the other end, e.g., reporters including FAM, 6-
tetrachlorofluorescein (TET), MAX (Synthegen), Cy5 (Synthegen), 6-carboxy-
X-rhodamine or 5(6)-carboxy-X-rhodamine (ROX), and TAMRA and quenchers
including TAMRA, BHQ (Biosearch Technologies) and QSY (Molecular
Probes). Standard isotopic labels that can be used to produce labeled
oligonucleotides include 31, 35S, 32P, 1251 57Co and “C. When using
radiolabeled probes, hybrids can be detected by autoradiography, scintillation
counting or gamma counting.

Non-isotopic materials can also be used for labeling oligonucleotide
probes. These non-isotopic labels can be positioned internally or at aterminus
of the oligonucleotide probe. Modified nucleotides can be incorporated
enzymatically or chemically with modifications of the probe being performed
during or after probe synthesis, for example, by the use of non-nucleotide linker
groups. Non-isotopic labels include colorimetric molecules, fluorescent
molecules, chemiluminescent molecules, enzymes, cofactors, enzyme substrates,
haptens or other ligands. For instance, U.S. Patent No. 5,998,135 discloses yet
another method that can be used for labeling and detecting probes using
fluorimetry to detect fluorescence emission from lanthanide metal labels
disposed on probes, where the emission from these labels becomes enhanced
when it isin close proximity to an energy transfer partner. Exemplary
electrochemical labeling and detection approaches are disclosed in U.S. Patent
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Nos. 5,591,578 and 5,770,369, and PCT/US98/12082, the disclosures of which
are hereby incorporated by reference. Redox active moieties useful as
electrochemical labels include transition metals such as Cd, Mg, Cu, Co, Pd, Zn,
Feand Ru. Indeed, any number of different non-isotopic labels can be used for
preparing labeled oligonucleotides in accordance with the invention. For
example, aprobe may contain more than one label.

Alternative procedures for detecting particular genes can be carried out
using either labeled probes or unlabeled probes. For example, hybridization
assay methods that do not rely on the use of alabeled probe are disclosed in U.S.
Patent No. 5,945,286 which describes immobilization of unlabeled
oligonucleotide probe analogs made of peptide PNAS, and detectably labeled
intercalating molecules which can bind double-stranded PNA probe/target
nucleic acid duplexes. In these procedures, aswell asin certain electrochemical
detection procedures, such asthose disclosed in PCT/US98/12082,

PCT/US98/ 12430 and PCT/US97/20014, the oligonucleotide probe isnot
required to harbor a detectable label.
Amplification and Hybridization

Amplification or hybridization assays may be performed either in tubes
or in microtitration plates having multiple wells. For assays in plates, the wells
may be coated with the specific amplification primers or probes and/or control
DNAs, and the detection of amplification products or the formation of hybrids
may be automated. Hybridization assays may also be performed on asolid
substrate.

Amplification

Cells may be subjected to conditions which release polynucleotides from
the cells, thus forming an extract. For example, cells may betreated with
detergents, base and/or heat denatured. If the base is employed, the mixture is
then neutralized with an acidic composition. Then reagents are added to yield an
amplification reaction (containing, for example, monovalent ions, detergent,
dNTPS, primers, and a polymerase).

For DNA amplification by the widely used PCR (polymerase chain
reaction) method, primer pairs may be derived from sequenced DNA fragments
from clinical samples or from data bank sequences. Prior to synthesis, the
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potential primer pairs may be analyzed by using the program Oligo™ 4.0
(National Biosciences) to verify that they arelikely candidates for PCR
amplifications. A select set of primers can then betested in PCR or other
amplification-based assays performed directly from abacterial suspension or a
known standard to determine their specificity.

During DNA amplification by PCR, two oligonucleotide primers binding
respectively to each strand of the denatured double-stranded target DNA are
used to amplify exponentialy in vitro the target DNA by successive thermal
cycles alowing denaturation of the DNA, annealing of the primers and synthesis
of new targets at each cycle. An exemplary PCR protocol isas follows. A
nucleic acid containing sample may be added directly to a 50 UL PCR reaction
mixture containing 50 mM KCl, 10 mM Trmis-HCI pH 8.3, 2.5 mM MgCl,, 0.4
MM of each of the two primers, 200 UM of each of the four dNTPs and 1.25
Units of Tag DNA polymerase (Perkin EImer). PCR reactions are then subjected
to thermal cycling (3 minutes a 95°C followed by 30 cycles of 1 second at 95°C
and 1second at 55°C) using aPerkin Elmer 480™ thermal cycle and
subsequently analyzed by standard ethidium bromide-stained agarose gel
electrophoresis. It is clear that other methods for the detection of specific
amplification products, which may be faster and more practical for routine
diagnosis, may be used. Such methods may be based on the detection of
fluorescence after amplification (e.g. TagMan™ system from Perkin Elmer or
Amplisensor™ from Biotronics) or other labels such asbiotin (SHARP Signa ™
system, Digene Diagnostics), or liquid or solid phase hybridization with an
oligonucleotide probe binding to internal sequences of the specific amplification
product, e.g., alabeled probe. Methods based on the detection of fluorescence
are very rapid and quantitative, and can be automated. For instance, one of the
amplification primers or an interna oligonucleotide probe specific to the
amplicon(s) is coupled with the fiuorochrome or with any other label.

Moreover, methods based on the detection of fluorescence are particularly
suitable for diagnostic tests since they arerapid and flexible as fluorochromes
emitting different wavelengths are available (Perkin Elmer). Further, avariety
of fluorochromes emitting at different wavelengths, each coupled with a specific
oligonucleotide linked to afluorescence quencher which is degraded during
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amplification, thereby releasing the fluorochrome (e.g., TagMan™, Perkin
Elmer), may be employed.

To assure PCR efficiency, glycerol or dimethyl sulfoxide (DM SO) or
other related solvents, may be used to increase the sensitivity of the PCR and to
overcome problems associated with the amplification of target with ahigh GC
content or with strong secondary structures. The concentration ranges for
glycerol and DM SO are 5to 15% (v/v) and 3 to 10% (v/v), respectively. For the
PCR reaction mixture, the concentration ranges for the amplification primers and
the MgCl,, maybe about 0.1 to 1.0 and 1.5 to 3.5 mM, respectively.
Modifications of the standard PCR protocol using external and nested primers
(i.e., nested PCR) or using more than one primer pair (i.e., multiplex PCR) may
also be used.

The person skilled in the art of DNA amplification knows the existence
of other rapid amplification procedures which include linear amplification
procedure, e.g., ligase chain reaction (LCR), transcription-based amplification
systems (TAS), self-sustained sequence replication (3SR), nucleic acid
sequence-based amplification (NASBA), strand displacement amplification
(SDA) and branched DNA (bDNA). The scope of this invention isnot limited to
the use of amplification by PCR, but rather includes the use of any rapid nucleic
acid amplification methods or any other procedures which may be used to
increase rapidity and sensitivity of the tests. Any oligonucleotides suitable for
the amplification of specific nucleic acid sequences by approaches other than
PCR and within scope of this invention. Standard precautions to avoid false
positive PCR results should be taken. Methods to inactivate PCR amplification
products such as the inactivation by uracil-N-glycosylase may be used to control
PCR carryover.

Alternatively, amplification may be performed as described above but
using a "hot start" protocol. In that case, an initial reaction mixture containing
the target DNA, primers and dNTPs was heated to about 85°C prior to the
addition of the other components of the PCR reaction mixture. The final
concentration of all reagents was as described above. Subsequently, the PCR
reactions were submitted to thermal cycling and analysis as described above.
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Heat treatments of the lysates, prior to DNA amplification, using the
thermocycler or amicrowave oven may also be performed to increase the
efficiency of cell lysis. PCR has the advantage of being compatible with crude
DNA preparations. Thus, samples such as blood, cerebrospina fluid and sera
may be used directly in PCR assays, e.g., after abrief heat treatment.
Hybridization

In hybridization experiments, oligonucleotides (of a size less than about
100 nucleotides) have some advantages over DNA fragment probes of greater
than 100 nucleotides in length for the detection of bacteria such as ease of
preparation in large quantities, consistency in results from batch to batch and
chemical stability. The oligonucleotide probes may be derived from either
strand of the target duplex DNA. The probes may consist of the bases A, G, C,
or T or analogs thereof. In one embodiment, the target DNA is denatured, fixed
onto a solid support and hybridized with aDNA probe. Conditions for pre-
hybridization and hybridization can be as follows: (i) pre-hybridization in 1M
NaCl+10% dextran sulfate+1% SDS (sodium dodecy! sulfate)+l ug/ml salmon
sperm DNA at 65°C for 15 minutes, (ii) hybridization in fresh pre-hybridization
solution containing the labeled probe at 65°C overnight, and (iii) post-
hybridization including washing twice in 3 X SSC containing 1% SDS (1 X SSC
is0.15M NaCl, 0.015M NaCitrate) and twice in 0.1 X SSC containing 0.1%
SDS; all washes at 65°C for 15 minutes. For probes labeled with radioactive
labels, the detection of hybrids is preferably by autoradiography. For non-
radioactive labels, such asprobes having colorimetric, fluorescent or
chemiluminescent labels, target DNA need not be fixed onto a solid support.

For example, stringent conditions are those that (1) employ low ionic
strength and high temperature for washing, for example, 0.015 M NaCl/0.0015
M sodium citrate (SSC); 0.1% sodium lauryl sulfate (SDS) a 50°C, or (2)
employ adenaturing agent such as formamide during hybridization, e.g., 50%
formamide with 0.1% bovine serum albumin/0. 1% Ficoll/0.1%
polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 with 750 raM
NaCl, 75 mM sodium citrate at 42°C. Another example isuse of 50%
formamide, 5x SSC (0.75 M NaCl, 0.075 M sodium citrate), 50 mM sodium
phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardt's solution,
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sonicated salmon sperm DNA (50 pg/ml), 0.1% sodium dodecylsulfate (SDS),
and 10% dextran sulfate a 42°C, with washes a 42°C in 0.2 x SSC and 0.1%
SDS. Exemplary low stringency conditions include hybridization with a buffer
solution of 30 to 35% formamide, 1M NaCl, 1% SDS (sodium dodecy!
sulphate) at 37°C, and awashin 1X to 2 X SSC (20 X SSC = 3.0 M NaCi/0.3 M
trisodium citrate) at 50 to 55°C. Exemplary moderate stringency conditions
include hybridization in 40 to 45% formamide, 1.0 M NaCl, 1% SDS at 37°C,
and awash in 0.5X to I X SSC at 55to 60°C. An example of highly stringent
wash conditions is0.15 M NaCl at 72°C for about 15 minutes. An example of
stringent wash conditions is a 0.2X SSC wash at 65°C for 15 minutes. Often, a
high stringency wash is preceded by alow stringency wash to remove
background brobe signal. For short probes (e.g., about 10 to 50 nucleotides),
stringent conditions typically involve salt concentrations of less than about 1.5
M, more preferably about 0.01 to 1.0 M, Naion concentration (or other salts) a
pH 7.0 to 8.3.

In one embodiment, more than one probe per sequence is used, with
overlapping probes, probes to different portions of the target or probes to
different strands of the target, being used. That is, two, three, four or more
probes, may be used to build in aredundancy for aparticular target.

The invention will be further described by the following non-limiting
examples.

Example 1
Materials and Methods

Blood collection and treatment

Blood samples are collected from breast cancer patients in tubes
containing ethylenediaminetetraacetate (EDTA) as anticoagulant, and put on ice
immediately. Red blood cell lysisisperformed on total human peripheral blood
with 1x RBS lysis buffer (eBioscience, San Diego, CA) by adding 10 mL of
lysis buffer per 1 mL of human blood, and incubating for 10 minutes a room
temperature. The reaction is stopped by diluting the sample with 20-30 mL of Ix
PBS, spinning the cells (300-400 g) at 4°C for 10 minutes, then resuspending the
pellet in I X PBS.
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Human breast cancer cell enrichment by flow cytometry

Prior to sorting, cells submitted for flow cytometric analysis are fixed in
2 rnL of 70% ethanol and stored at -200C until needed. Cells are collected by
centrifugation at 1500 g for 3 minutes, washed with 1mL Ix PBSzand re-
centrifuged. An antibody specific for human cytokeratins 7 and 8 and conjugated
to the fluorochrome phycoerythrin (PE-Ab) isthen used to select cells
expressing cytokeratin 7/8 and isolate them from leukocytes, following the
manufacturer recommendations (BD Biosciences, San Jose, CA). Briefly, the
cell pellet isresuspended with 20 pL of antibody and incubated at RT for 30
minutes, diluted with 1 mL Ix PBS, and incubated an additional 10 minutes to
allow unbound antibody to diffuse out of the cells. Cells are then collected by
centrifugation at 1500 g for 3 minutes. The supernatant is removed, and the
pellet isresuspended in 200 pL Ix PBS for cell sorting on flow cytometry
apparatus. Flow cytometry isperformed on aFACS equipment, and cell
doublets are eliminated by performing side scatter and forward scatter profile.
The fraction containing cytokeratin-positive cells is further processed for RNA
analysis.
RNA isolation and reverse transcription

Total RNA isisolated from cytokeratin 7/8 positiveceli fractions
obtained by flow cytometry using RNeasy Mini kit according to the
manufacturer's specifications, and using On-Column DNase | digestion with the
RNase-free DNase set (QIAGEN) to remove genomic DNA contamination from
the RNA sample. RNA concentrations are measured using a spectrophotometer
(260/280 nm). Control blood samples are collected from heathy volunteers and
processed in the same fashion asdescribed above, to be used as negative controls
in the Q-PCR method described below. TagMan reverse transcription reagents
are from Applied Biosystems (Foster City, CA). For reverse transcription, 1 g
total RNA was incubated in Ix TagMan RT buffer, 5.5 mM MgCl,, 500 pM
dNTP, 2.5 uM random hexamers, 1.25 to 3.125 U/uL MultiScribe™ reverse
transcriptase, 0.4 U/pl RNase inhibitor, in atotal volume of 50 pL . The reaction
mixture is sequentially incubated at 25°C for 10 minutes, either 37°C or for 60
minutes or 48°C for 30 minutes, and 95°C for 5 minutes. The resulting cDNA is
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then processed for amplification using specific primer sets designed according to
Primer Express guidelines.
Real-time Quantitative PCR TO-PCR)

Q-PCR isperformed using the ABI PRISM 7700 Sequence Detection
System (Applied Biosystems). Following reverse-transcription, the resulting
cDNA isprocessed for amplification of the PBR gene using specific primers and
probes for both standard and variant (missense polymorphism) PBRs. Each
sampleisrun in triplicate. For PBR Q-PCR, 2 pL cDNA, 125 ul TagMan
Universal PCR Master Mix (2X) (Applied Biosystems), 450 nM forward primer,
450 nM reverse primer, 100 nM PBR147 probe#l and #2, or 100 nM PBRI 62
probe#l and W1, and nuclease-free water are added to afinal volume of 25 L.
The reaction mixture is incubated in the ABlI PRISM 7700 sequence detector
(Applied Biosystems) at 95°C for 10 minutes, and 92°C(15 seconds)/60°C (1
minute) for 40 cycles, successively.

The following forward and reverse primers (5'-3") are used for detecting
the DNA sequence variant G/A CG a codon 147: PBR 490F5'-

CGCCTGCTCT ACCCCT ACCT-31(SEQ ID NO:1), PBR 557R51
TCCCGCCATACGCAGTAGTT-S 1(SEQ ID NO:2), PBRI 47 probeti 5'-
FAM™dye-labeled -CCTTCGCGACCACA-MGBNFQ-S 1(SEQ ID NO:3),
PBR147 probet2 5'- VIC®-dye-labeled -TGGCCTTCACGACC- MGBNFQ-3'
(SEQ ID NO:4).

The following forward and reverse primers (5'-3") are used for detecting
the DNA sequence variant CG/AG a codon 162: PBR 546 F 5'-
CGTATGGCGGGACAACCAT-3 (SEQ ID NO:5), and PBR 660 R 5'-
CCACCACATCAC AAGCGTGAT-31(SEQ ID NO:6), PBRI 62 probetl 5'-
FAM ™dye-labeled-TGGCAGCCGCCGT- MGBNFQ-3' (SEQ ID NO:7), and
PBRI 62 probe#2 5'-VIC®-dye-labeled-CTGGC AGCTGCCGT- MGBNFQ-3'
(SEQ ID NQO:8).

MGB (Minor Groove Binder) attachment probe enables the use of shorter
fluorescent probes and results in improved mismatch discrimination. The MGB
probe shows better performance both in producing higHer signal when the probe
matches the template and in producing negligible signal when there is single
base mismatch between probe and template. A non-fluorescent quencher (NFQ)
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is used to reduce the complexity of the calculation and improve the
determination precision of reporter dye contributions. The main steps in the
reaction sequence are polymerization, strand displacement and cleavage. A
fluorescent reporter (R) and aquencher (Q) are attached to the fluorogenic
probe. When both repofter and quencher are attached to the probe, reporter dye
emission is quenched. During each extension cycle, the DNA polymerase
cleaves the reporter dye from the probe. Once separated from the quencher, the
reporter dye fluoresces. This results in an increase in fluorescence intensity
proportional to the accumulation of PCR product. The presence of amismatch
between probe and target destabilized probe binding during strand displacement,
reduces the efficiency of probe cleavage. ROX, arhodamine derivative, is
present in the buffer solution asa passive reference label.

The amount of PBR mutation mRNA expression is normalized to the
endogenous reference (18S rRNA) which isrun separately. The following
forward and reverse primers (5'-3') are used for 18S Q-PCR: 5'
CCAGTAAGTGCGGGTCAT 3' (SEQ ID NO:9) and 5t
CCAATCGGTAGTAGCGACGG 3' (SEQ ID NO: 10) for 18S rRNA. For 18S

reference, the forward/reverse primers final concentration are 250 nM, 2

cDNA isused astemplate, 10 UL SYBR® Green PCR Master Mix(Applied
Biosystems), nuclease-free water are added to afinal volume of 20 L . Each
sampleisrun in triplicate. The reaction mixture isincubated in the ABI PRISM
7700 sequence detector (Applied Biosystems) at 50°C for 2 minutes, 95°C for 10
minutes, and 95°C(15 seconds)/60°C (1 minute) for 40 cycles, successively.
Direct detection of the PCR products is achieved by measuring the increase in
fluorescence caused by the binding of SYBR Green | Dye to double-stranded
(ds) DNA. The comparative Ct method isused to analyze the 18S data.

Q-PCR Standard Curve

A standard curve is established using serial dilutions of the MDA-MB-
231 human breast cancer cells (that express high levels of wild type and variant
PBR), mixed with blood cells from healthy volunteers. The standard curveis
calculated using linear regression analysis and has been shown to display alinear
relationship between Ct values and the logarithm of the initial number of positive
MDA-MB-231. The dynamic range of the standard curve spanned at least six
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orders of magnitude. The amount of product in aparticular sample is determined
by interpolation from a standard curve of Ct values generated from MDA-MB-
231 cells dilution series. In all runs, astandard curve is obtained using the same
samples of RNA from dilutions of MDA-MB-231 cellsin healthy donor
leukocytes (1:10; 1:107, 1:108, 1:10%, 1:10°, 1105, respectively), with atotal of
IxIO8 cells. Results obtained with patient blood are compared to those obtained
for the standard curve (representing aknown number of MDA-MB-231 cellsin a
total number of 1x 106 |eukocytes).

Results

Wild type and variant forms of PBR have been shown to be highly
expressed in aggressive human breast tumor cells (Hardwick et al., 1999;
Hardwick et al., 2001; Hardwick et a., 2002; Han et al., 2003), and the
abundance of PBR in malignant breast tumor biopsies as compared to benign
tumor and normal tissues was found to be due to PBR gene amplification and
increased gene transcri ption (Hardwick et al., 1999). Moreover, nucleotide
sequencing identified two missense polymorphisms, Alal46Thr and Hisl62Arg
in PBR in breast tumor cells and in biopsies of breast tumors (Hardwick et al.,
1999). By contrast, human blood cells were found to express only wild type
PBR a very low levels and did not express variant PBR forms. To determine
whether the expression levels of PBR wild type and variant forms in blood
samples could be a sensitive way to detect the presence of breast carcinoma cells
or other cancers in peripheral blood, aPBR Q-PCR based assay was employed.

Figure 1lisa Q-PCR standard curve of standard and variant PBR mRNA
levelsin MDA231 cells. PBR standard curves were calculated using linear
regression analysis of Q-PCR reactions performed on seria dilutions of
MDA231 human BCC. The standard curves displayed alinear relationship
between Ct values and the logarithm of the initial number of positive MDA231
cells. The data also showed that one can detect the presence of one BCC cell per
well using this sensitive method.

To validate the efficiency of PBR detection by Q-PCR, levels of wild
type and variant PBR expression in MDA231 BCC mixed with various cell lines
or leukocytes from healthy volunteers, were determined by Q-PCR. Cells from
various sources were mixed with MDA231 cells. RNA wasisolated from the
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cell mixtures and extracts corresponding to cell numbers ranging from 750 to
1,629 cells per well were analyzed by Q-PCR. The results showed that the
levels of variant PBR measured were proportional to the number of BCC cells
present in the samples, confirming it as areliable BCC marker (Figure 2).
Moreover, variant PBR determination was found to be a good parameter to use
independently of the levels of standard PBR present in the non-BCC cells.

The efficiency of anti-CK7/8 antibody recognition of MDA231 cells was
first tested by performing immunohistological reactions of these BCC either
alone or mixed with blood cells or MAIO mouse Leydig cellsusing aCK7/8
antibody coupled to the fluorochrome phycoerythrin (Figure 3). The results
showed that MDA23 1 cells were positively stained by the antibody, while cells
from hematopoietic or mesenchymal origin were negative, confirming the
usefulness of this antibody as an epithelia (BCC) cell enrichment tool.

MDAZ231 cells were mixed at aratio of 0.2 to 100% with 1.6 million
MA-10 Leydig cells. The mixture (1.6 to 5 million cells per sample) was
incubated with PE-anti-CK7/8 antibody and fluorescent-positive cells were
sorted on aFACS apparatus. Results (Figure 4) show that the number of CK-
positive cells sorted by FACS was proportiona to the number of MDA231
present in the original sample, thus confirming the efficiency of the method in
sorting BCC from non-BCC cells.

In another flow cytometry analysis, MDA231 cells were mixed at aratio
of 45:55 with leukocytes from healthy volunteers. The mixture was incubated
with PE~anti-CK7/8 antibody and fluorescent-positive cellswere sorted on
FACS apparatus. Data showed that the number of CK-positive cells correlated
with the number of BCC and that FACS sorted efficiently epithelial and non-
epithelial cells in separate fractions (Figure 5).

Summary

The method described herein employs the epithelial nature of breast
tumor cells to increase their proportion in a sample of patient blood prior to .
measurement of PBR wild type and variant mRNASs as away to enhance the
sensitivity of the method and allow the detection of one tumor cell in 2 million
blood cells. Any ligand which preferentialy bind epithelial cells over
hematopoietic cells, e.g., acytokeratin 7/8 antibody, can be used to enrich for
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(isolate) breast tumor cells from the blood cells. Cells which bind ligand can be
isolated by any means, for instance, by flow cytometry. Once isolated, those
cells are screened for PBR species as tumor cell markers. This approach is
possible because hematopoietic cells contain much lower levels of wild type
PBR than breast cancer cells, and none or undetectable levels of variant PBR.
Using this approach, it was found that the presence of afew circulating
aggressive breast tumor cells amongst millions of normal hematopoietic cells
could be detected using relatively simple techniques.

Example 2
M ethods

Total RNA was extracted from the tissues and contaminating genomic
DNA removed, and cDNA was synthesized using random hexamers and
TagMan reverse transcription reagents and reverse transcriptase. Q-PCR was
performed on an ABI PRISM 7700 Sequence Detection System, using two
TagMan MGB probes for detecting alleles and specific primers and probes for
both standard and variant (missense polymorphism) PBR. The amounts of
standard and variant PBR mRNAswere normalized to an endogenous reference
(18 STRNA) which was run separately. The primers and probes for detecting the
variant G/ACG at codon 147 were: forward primer 5'-
CGCCTGCTCTACCCCT ACCT-3 (SEQ ID NO: 11); reverse primer 5'-
TCCCGCCATACGCAGTAGTT-SL(SEQ ID NO:12); probetl 5- FAM ™dye-
labeled -CCTTCGCGACCACA-MGBNFQ-3'; PBR147 probe#2 5- VIC®dye-
labeled -TGGCCTTCACGACC- MGBNFQ-3'. The primers and probes for
detecting the variant CG/AG a codon 162 were: forward primer 5'-
CGTATGGCGGGACAACCAT-3' (SEQ IDNO: 13); reverse primer 5'-
CCACCACATCACAAGCGTGAT-3 (SEQ ID NO:14); probe#l 5-FAM™dye-
labeled-TGGCAGCCGCCGT-MGBNFQ-3'; probe#2 5'-VIC®-dye-labeled-
CTGGCAGCTGCCGT-MGBNFQ-3".
Results

RNA was extracted from frozen samples from six colon tumor biopsies
and five breast tumor biopsies and analyzed for the presence and relative amount
of wild-type and variant codon 147 PBR rnRNA (Figure 6). Generally, PBR
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expression was elevated in the mgjority of the colon tumor biopsy samples and
all of the breast tumor biopsy samples. Variant PBR RNA was expressed in all
colon tumor samples and highly expressed in 2/6 colon tumor samples.
Moreover, variant PBR RNA was expressed in all breast tumor samples and
highly expressed in 1/5 breast tumor samples. In 2 of the 3 samples where
variant PBR RNA was highly expressed, the relative expression of variant PBR
was greater than that of wild-type PBR.
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WHAT IS CLAIMED IS

10.

A method to detect breast carcinomacells in a sample, comprising

a) contacting amammalian physiological fluid sample and one or
more ligands specific for epithelial cells so asto yield a
composition comprising complexes comprising epithelial cells
and the one or more ligands,

b) isolating the complexes, thereby isolating the epithelial cells; and

) detecting or determining the level of peripheral benzodiazepine
receptor (PBR) RNA expressed in the isolated epithelial cells.

The method of claim 1 wherein the sample is ahuman sample.
The method of claim 1or 2wherein the ligand is an antibody.

The method of claim 1 or 2wherein the ligand binds cytokeratin, integrin
or mucin.

The method of claim 4 wherein the cytokeratin is cytokeratin 7/8.

The method of any of claims 1to 5wherein the complexes are isolated
by flow cytometry, affinity chromatography or immunoprecipitation.

The method of any of claims 1to 5 wherein the complexes are isolated

by contacting the composition with an antibody that binds the ligand.
The method of any of claims 1to 7 wherein the ligand is labeled.

The method of claim 8 wherein the |abel is afluorophore or amagnetic
bead.

The method of any of claims 1to 7 wherein the ligand is attached to a
solid support.
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11

12.

13.

14.

15.

16.

17.

18.

19.

20.

The method of any of claims 1to 10 wherein the level of PBR RNA is
detected or determined by anucleic acid amplification reaction.

The method of claim 11wherein the amplification reaction includes at
least one PBR-specific primer.

The method of claim 11wherein the amplification reaction includes at
least two PBR-specific primers.

The method of claim 13 wherein the primers have SEQ ID NO:1 and
SEQ ID NO:2.

The method of claim 13 wherein the primers have SEQ eb NO: 5 and
SEQ ID NO:6.

The method of claim 11wherein the level of PBR RNA is detected or
determined with alabeled probe.

The method of claim 16 wherein the probe comprises afluorophore and a
guencher.

The method of claim 16 wherein the probe comprises SEQ ID NO:3 or
SEQ ID NO:4.

The method of claim 16 wherein the probe comprises SEQ ID NO:7 or
SEQ ID NO:8.

The method of any of claims 1to 19 wherein RNA isisolated from the
isolated epithelial cellsprior to detecting or determining the level of PBR
RNA.
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

The method of any of claims 1to 19 wherein the level of variant PBR

RNA is detected or determined.

The method of clam 21wherein the variant PBR RNA encodes a PBR

with a substitution at residue 147.

The method of clam 21 wherein the variant PBR RNA encodes aPBR

with a substitution at residue 162.

The method of any of claims 1to 23 wherein the level of wild type and

variant PBR RNA is detected or determined.

The method of any of clams 1to 24 which iscapable of detecting one
Breeassst carcinoma  cell in aphysiological  fluid sample of at least 1 x 106
cells.

The method of any of clams 1to 25 wherein the sample is ablood

sample.

A method to detect breast carcinoma cells in a sample, comprising:

a) separating  epithelial cells from hematopoietic  cells in a
mammalian physiological  fluid sample by contacting the sample
and aligand specific for hematopoietic cells; and

b) detecting or determining the level of PBR RNA in the separated
epithelial  cells.

The method of claim 27 wherein the sample isablood sample.

The method of any of claims 27 to 28 wherein the sample is ahuman

sample.

The method of any of claims 27 to 29 wherein the ligand is an antibody.
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31

32.

33.

35.

36.

37.

38.

39.

40.

41.

The method of any of claims 27 to 30 wherein affinity chromatography
or immunopreciptation is employed to separate the epithelial and
hematopoietic cells.

The method of any of claims 27 to 30 wherein the ligand is attached to a
solid support.

The method of any of claims 27 to 32 wherein the level of PBR RNA is
detected or determined by anucleic acid amplification reaction.

The method of claim 33 wherein the amplification reaction includes at
least one PBR-specific primer.

The method of claim 33 wherein the amplification reaction includes at
least two PBR-specific primers.

The method of clam 35 wherein the primers have SEQ ID NO:1 and
SEQ ID NO:2.

The method of claim 35 wherein the primers have SEQ ID NO:5 and
SEQ ID NO:6.

The method of claim 33 whereain the level of PBR RNA is detected or
determined with alabeled probe.

The method of claim 38 wherein the probe comprises afluorophore and a
guencher.

The method of claim 38 wherein the probe comprises SEQ ID NO:3 or
SEQ D NO:4.

The method of claim 38 wherein the probe comprises SEQ ID NO:7 or
SEQ ID NO:8.
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42, The method of any of claims 27 to 4 1 wherein KNA is isolated from the
composition prior to detecting or determining the level of PBR RNA.

43. The method of any of claims 27 to 42 wherein the level of variant PBR RNA
is detected or determined.

44, The method of claim 43 wherein the variant PBR RNA encodes aPBR with

a substitution at residue 147.

45, The method of claim 43 wherein the variant PBR RNA encodes a PBR with

a substitution at residue 162.

46. The method of claim 43 wherein the level of wild type and variant PBR
RNA is detected or determined.

47. A method to detect breast carcinoma cells in a sample, comprising:
detecting or deiermining levels of PBR RNA in epithelia cells isolated from

amammalian blood sample.

48. A method to detect the ratio of variant PBR to total PBR expression in a
biological sample, comprising:
a) detecting relative mRNA expression of variant PBR and total PBR in a
sample suspected of having cancer cells, wherein mRNA expression for each
of variant PBR and total PBR isdetected using distinct ampliation primers
and distinct labeled probes; and
b) determining whether the sample has an increased relative expression of

variant PBR.

49, The method of claim 48 wherein the probes are labeled with distinct

fluorophores.
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50.  The method of claim 49 wherein each probe further comprises a
guencher of the fluorophore.
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