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ORPHAN RECEPTOR TYROSINE KINASE AS A TARGET IN BREAST CANCER

CROSS REFERENCE TO RETATED APPLICATIONS

This application claims priotity undet Section 119(¢) from U.S. Provisional
Application Serial No. 60/559,762 filed April 6, 2004, the contents of which ate

incotporated herein by reference.

FIELD OF THE INVENTION

The invention desctibed herein relates to methods and compositions useful in the
diagnosis, treatment and management of cancers that express orphan receptot tyrosine

kinase (ROR1), particularly breast cancets.

BACKGROUND OF THE INVENTION

Cancet is the second leading cause of human death next to coronary disease.
Wotldwide, millions of people die from cancer evety year. In the United States alone,
cancer causes the death of well over a half-million people annually, with some 1.4 million
new cases diagnosed per year. While deaths from heart disease have beenn declining
significantly, those resulting from cancer generally ate on the tise.

Wotldwide, several cancers stand out as the leading killers. In particular,
carcinomas of the breast, lung, prostate, colon, pancreas, and ovaty tepresent the primary
causes of cancer death. These and virtually all othet catcinomas share a comxmon lethal
feature. With very few exceptions, metastatic disease from a catcinoma is fatal.
Moteovet, even for those cancet patients who initially survive their primary cancets,
common experience has shown that their lives are dramatically altered and many cancer
patients experience a tecutrence.

Cancers of the breast are one of the leading causes of death among women, with
the cumulative lifetime risk of 2 woman developing breast cancer estimated to be 1 in 9.
Consequently, understanding the origins and subtypes of these malignancies as well as

models for the identification of new diagnostic and therapeutic modalities is of
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significant interest to health care professionals. Most women that die from breast cancer
succumb not to the otiginal primary disease, which is usually amenable to vatious
therapies, but rather from metastatic spread of the breast cancer to distant sites. This
fact underscotes the need to develop both additional diagnostic methods as well as novel
anticancer agents or more aggressive forms of therapy directed specifically against breast

tumor subtypes.

SUMMARY OF THE INVENTION

The present invention relates to the gene designated orphan receptor tyrosine
kinase ROR1, which is aberrantly-expressed in cancers including cancers of the breast-
Breast cancer tumors that over-express ROR1 ate associated with a poor prognosis andl
the percentage of poor prognosis tumots in the ROR1 group (70% of spotadic) is higher-
than for any other single prognostic gene analyzed including Her-2, epidermal growtla
factor receptor (EGFR), vascular endothelial cell growth factor (VEGF), Fms-lke
tyrosine kinase-3 (Flt3), C-MYC, utokinase plasminogen activator (uPA) and
plasminogen activator inhibitor 1 (PAI-1). Moreover, cancers of the breast can be
grouped into a number of distinct subtypes and ROR1 is specifically upregulated in the
basal and BRCA 1 subtypes. The expression profile of ROR1 in normal adult tissues ,
combined with the abetrant-exptession obsetved in vatious breast cancer subtypes ,
demonstrate that ROR1 can serve as a useful diagnostic target for such cancets.

The invention provides polynucleotides cotresponding ot complementary to all
ot part of ROR1 genes, mRNAs, and/or coding sequences, preferably in isolated form,
including polynucleotides encoding ROR1 proteins and fragments thereof, DNA, RNA |
DNA/RNA hybrid, and related molecules, polynucleotides or oligonucleotides
complementary to the ROR1 genes or mRNA sequences or patts theteof, anc
polynucleotides ot oligonucleotides that hybridize to the ROR1 genes, mRNAs, ot to
ROR1-encoding polynucleotides. Also provided are means for isolating cDNAs and the
genes encoding ROR1. Recombinant DNA molecules containing ROR1 polynucleotides,
cells transformed or transduced with such molecules, and host-vector systems for the

expression of ROR1 gene products are also provided. The invention further provides
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ROR1 proteins and polypeptide fragments thereof. The invention further provides
antibodies that bind to ROR1 proteins and polypeptide fragments thereof, including
polyclonal and monoclonal antibodies, murine and othet mammalian antibodies,
chimeric antibodies, humanized and fully human antibodies, and antibodies labeled with
a detectable marker.

The invention further provides methods for detecting the presence and status of
ROR1 polynucleotides and proteins in various biological samples (e.g. breast cancet
biopsies), as well as methods for identifying cells that express RORL. A typical
embodiment of this invention provides methods for monitoring ROR1 gene products in a
tissue sample having ot suspected of having some form of growth disregulation such as
that found in various breast cancers, for example the basal and BRCA 1 subtypes as
described in Sorlie et al, PNAS (2001), 98(19): 10869-10874, which is incorporated
hetein by reference.

An illustrative embodiment of the invention is a method of examining a test
biological sample comprising 2 human breast cell for evidence of altered cell growth that is
indicative of a breast cancet by evaluating the levels of orphan receptor tyrosine kinase
(ROR1) polynucleotides that encode the ROR1 polypeptide shown in SEQ ID NO: 2 in
the biological sample, whetein an increase in the levels of the ROR1 polynucleotides in the
test sample relative to a normal breast tissue sample provide evidence of altered cell
growth that is indicative of a breast cancer; and whetein the levels of the ROR1
polynucleotides in the cell ate evaluated by contacting the sample with a2 RORI
complementary polynucleotide that hybridizes to a ROR1 nucleotide sequence shown in
SEQ ID NO: 1, or a complement thereof, and evaluating the presence of a hybtidization
complex formed by the hybtidization of the ROR1 complementary polynucleotide with
the ROR1 polynucleotides in the test biological sample. In cettain embodiments of the
invention, the breast cancer is of the basal subtype. In other embodiments of the
invention, the breast cancet is of the BRCA1 subtype.

A related embodiment is 2 method of examining a human breast cell for evidence
of altered cell growth that is associated with or provides evidence of a breast cancer by

evaluating the levels of otphan receptor tytosine kinase (ROR1) polynucleotides that
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encode the ROR1 polypeptide shown in SEQ ID NO: 2 in the human breast cell,
whetein an increase in the levels of the ROR1 polynucleotides (e.g. mRINAs and genomic
sequences) in the human breast cell relative to a notmal human breast cell provides
evidence of altered cell growth that is associated with or ptovides evidence of a breast
cancer; and wherein the levels of the ROR1 polynucleotides in the human breast cell are
evaluated by contacting the endogenous ROR1 polynucleotide sequences in the human
breast cell with a ROR1 complementary polynucleotide the ROR1 complementaty
polynucleotide (e.g. 2 probe labelled with a detectable matker or a PCR primer) and
which specifically hybridizes to 2 ROR1 nucleotide sequence shown in SEQ ID NO: 1
and evaluating the presence of a hybtidization complex formed by the hybridization of
the ROR1 complementaty polynucleotide with the ROR1 polynucleotides in the sample
(e.g. via Notthern analysis or PCR) so that evidence of altered cell growth that is
associated with or provides evidence of a breast cancer is examined. Certain
embodiments of the invention further include the step of examining the exptession and/or
sequences of Her-2 (SEQ ID NO: 3), EGFR (SEQ ID NO: 4), VEGF (SEQ ID NO: 5),
FMS-like tyrosine kinase (SEQ ID NO: 6), MYC (SEQ ID NO: 7), urokinase
plasminogen activator (SEQ ID NO: 8), plasminogen activator inhibitor (SEQ ID NO:
9), BRCA1 (SEQ ID NO: 10) or BRCA2 (SEQ ID NO: 11) polynucleotides or
polypeptides in the test biological sample.

Another embodiment of the invention is 2 method of examining a test biological
sample comprising a human breast cell for evidence of altered cell growth that is indicative
of a breast cancer, the method comptising evaluating the levels of orphan receptor
tyrosine kinase (ROR1) polypeptides having the sequence shown in SEQ ID NO: 2 in the
biological sample, wherein an increase in the levels of the ROR1 polypeptides in the test
sample relative to a normal breast tissue sample provide evidence of altered cell growth
that is indicative of a breast cancet; and wherein the levels of the ROR1 polypeptides in the
cell are evaluated by contacting the sample with an antibody that immunospecifically
binds to a ROR1 polypeptide sequence shown in SEQ ID NO: 2 and evaluating the
presence of a complex formed by the binding of the antibody with the RORI
polypeptides in the sample.
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A related embodiment of the invention is 2 method of examining a human breast
cell (e.g. from a biopsy) that is suspected of being cancerous for evidence of altered cell
growth that is indicative of a breast cancer, the method comptising evaluating the levels of
orphan receptor tyrosine kinase (ROR1) polypeptides having the sequence shown in SEQ
ID NO: 2 in the breast cell, whetein an increase in the levels of the ROR1 polypeptides in
the human breast cell relative to a normal breast cell (e.g. a normal cell from the
individual providing the human breast cell) provide evidence of altered cell growth that is
indicative of a breast cancer; and whetein the levels of the ROR1 polypeptides in the cell
are evaluated by contacting the sample with an antibody (e.g. one labelled with a
detectable marker) that immunospecifically binds to a ROR1 polypeptide sequence
shown in SEQ ID NO: 2 and evaluating the ptesence of a complex formed by the
binding of the antibody with the ROR1 polypeptides in the sample. Typically the
presence of a complex is evaluated by a method selected from the group consisting of
ELISA analysis, Westetn analysis and immunohistochemistty. Optionally, the breast
cancer is of the basal ot the BRCA 1 subtype.

Yet anothet embodiment of the invention is a method of examining a test human
cell for evidence of a chromosomal abnormality that is indicative of a human cancer by
comparing orphan receptor tyrosine kinase (ROR1) polynucleotide sequences from band
p31 of chromosome 1 in 2 notmal cell to ROR1 polynucleotide sequences from band p31
of chromosome 1, band p31 on chromosome 1 in the test human cell to identify an
amplification or an alteration of the ROR1 polynucleotide sequences in the test human cell,
wherein an amplification ot an alteration of the ROR1 polynucleotide sequences in the test
human cell provides evidence of a chromosomal abnormality that is indicative of a human
cancer. In such methods chromosome 1, band p31 in the test human cell is typically
evaluated by contacting the ROR1 polynucleotide sequences in the test human cell
sample with 2 ROR1 complementaty polynucleotide that specifically hybridizes to a
ROR1 nucleotide sequence shown in SEQ ID NO: 1, ot a complement thereof, and
evaluating the presence of a hybridization complex formed by the hybridization of the

ROR1 complementary polynucleotide with the ROR1 polynucleotide sequences in the



10

15

20

25

30

WO 2005/100605 PCT/US2005/011425

test human cell (e.g. by Notthetn analysis, Southetn analysis or polymerase chain reaction
analysis).

Anothet embodiment of the invention is a kit comprising a container, a label on
said container, and a composition contained within said container; wherein the
composition includes 2 ROR1 specific antibody and/or a polynucleotide that hybridizes
to a complement of the ROR1 polynucleotide shown in SEQ ID NO: 1 under stringent
conditions (ot binds to a ROR1 polypeptide encoded by the polynucleotide shown in
SEQ ID NO: 1), the label on said container indicates that the composition can be used
to evaluate the presence of ROR1 protein, RNA or DNA in at least one type of
mammalian cell, and instructions for using the ROR1 antibody and/or polynucleotide
for evaluating the presence of ROR1 protein, RNA or DNA in at least one type of
mammalian cell.

The invention further provides vatious therapeutic compositions and strategies for
treating cancers that express ROR1 such as breast cancers, including antibody based
therapies aimed at inhibiting the function of ROR1.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A shows the complete nucleotide (SEQ ID NO: 1) and FIG. 1B shows
the complete amino acid (SEQ ID NO: 2) sequences of ROR1. See e.g. Masiakowski et
al., J. Biol. Chem. 267 (36), 26181-26190 (1992); NP_005003 (gi:4826868); and M97675
(g1:337464).

FIG. 2A shows how similat breast cancer subtypes (e.g. having a constellation of
shared characteristics) are identified in both the Rosetta/Nethetlands (Van't Veer, L. J.,
et al. (2002) Nature 415, 530-536) and Stanford/Notway (Sotlie et al., Proc Natl Acad Sci
USA. 2001 Sep 11;98(19):10869-74) data sets. The Rosetta/Netherlands data set is a
constrained definition of classes based on expression level of ESR1 and ERBB2, as well
as the identification of a BRCA mutation. The Stanford/Norway data set is a cluster-
based definition of classes. Markers ate a subset of those selected by authors as
exemplars for clusters. The expression levels in these data sets are measured a log10

intensity ratio of sample to a reference. FIG. 2B uses different reference RN As (from

6



10

15

20

25

30

WO 2005/100605 PCT/US2005/011425

those in FIG. 2A) to show a compatison of the profiles (e.g. gene expression pattetns,
cytological characteristics etc.) of a vatiety of cell lines selected to represent the wide
spectrum of properties found in primary breast cancets.

FIG. 3A shows that ROR1 mRNA exptession is specifically upregulated in breast
cancer tumors of the basal and BRCA1 subtypes identified in Van't Veer, L. J., et al.
(2002) Nature 415, 530-536 (gtoups 4 and 6). FIG. 3B shows ESR1, HER2 and
BRCA1/2 mRNA expression in breast cancet subtypes identified in Van't Veer et al,
supra. FIG. 3C provides a schematic showing the expression of ROR1 mRNA as well as
a variety of othet markers in various cell lines.

FIG. 4A is a scatter plot of ESR1 and ROR1 by prognosis showing that ROR1
expressing tumors ate associated with a poot prognosis (metastasis in less than 5 yeats) in
breast cancer subtypes identified in Van't Veer, L. J., et al. (2002) Nature 415, 530-536.
Out of 17 overexptessing ROR1 samples, only 3 have a good prognosis. 7 of the
samples have BRCA1 mutation but no ptognosis data, however BRCA1 mutations is
typically associated with a poor outcome. Of the remaining 10 samples, 7 have a poor
prognosis. This petcentage of poot prognosis for a single gene is the worse of 13 genes
studied so far. The percentage (70% of sporadic) of poot prognosis tumors in the ROR1
group is higher than that for any other single prognostic gene analyzed including HER-2,
EGFR, VEGF, FLT3, MYC, UPA and PAIL FIG. 4B, is a Scatterplot of HER2 by
prognosis showing that fifty-four percent of HER-2 ovetexptessing tumorts are poor
prognosis samples. Out of 13 HER2 overexpressing tumots, 6 are associated with a good
prognosis. No BRCA1 samples ovetexpress HER2. Even though all samples ate
associated with node-negative, eatly-stage disease, more than 50% of the HER2 samples
have poor prognosis.

FIG. 5A shows a Northern blot analysis of ROR1 mRNA expression in a variety
of breast cancer cell lines. 5 breast cancer cell lines overexpress ROR1 significantly as
compared to normal human mammary epithelial cells (HMECs). RORI1 is also
detectable in immortalized HMECs and BT20s. This expression pattern is particularly
interesting in that none of the luminal cell lines express detectable ROR1. The

overexpressing cell lines have been charactetized as either basal or mesenchymal/stromal
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analogous to the basal tumor group that shows high ROR1 expression. This data
confirms the expression of ROR1 in tumor cells. FIG. 5B shows a bar graph of ROR1
mRNA expression by Northern (Phosphoimager units) in a variety of cancer cells. FIG.
5C shows a bar graph of ROR1 mRNA expression by Northern expressed as log ratio
(ROR1/mixed teference) in a variety of cancer cells. FIG. 5D shows a bar graph of
ROR1 mRINA expression by microarray exptessed as log ratio (ROR1/mixed reference)
in a vatiety of cancer cells. FIG. S5E shows compatative graph of ROR1T mRNA
expression by Northern versus ROR1 mRNA expression by microarray. FIG. 5F and
FIG. 5G show the detection of endogenous ROR1 protein in CAL51 cells using rabbit
polyclonal sera (left panels show cells exposed to this anti-ROR1 antibody) with SKBR
cells serving as a comparative cell line.

FIG. 6A provides a schematic of ROR1 and related gene expression data in
ptimary tumors generated at UCLA. Briefly, core biopsies from 42 primary breast
cancets were snap frozen and assayed. The selection criteria for these biopsies was a
tumor > 2 cm. The expression profiles utilized 60-mer Agilent oligonucleotide atrays
with tumor cRNA labelled with Cy5 Cy3 reference cRNA. FIG. 6B provides a chart of
ROR1 expression data in basal, HER-2 ovetexptessing and luminal cancer subtypes
which shows that ROR1 is the best matker of the basal subtype. FIG. 6C provides a
graph of ROR1 expression in vatious cells which shows that ROR1 is exclusively
exptessed in estrogen receptor (ER) negative breast cancers. FIG. 6D provides a graph
of ROR1 exptession in vatious cells which shows that ROR1 is exclusively expressed in

basal (androgen receptor negative) breast cancers.
DETAILED DESCRIPTION OF THE INVENTION

Unless othetrwise defined, all terms of art, notations and other scientific
terminology used hetein are intended to have the meanings commonly understood by
those of skill in the art to which this invention pertains. In some cases, terms with
commonly undetstood meanings ate defined herein for clarity and/or for ready
reference, and the inclusion of such definitions hetein should not necessarily be
construed to reptresent a substantial difference over what is generally understood in the

art. The techniques and procedures described or referenced herein are generally well
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understood and commonly employed using conventional methodology by those skilled
in the art, such as, for example, the widely utilized molecular cloning methodologies
desctibed in Ausubel et al., eds., 1995, Current Protocols in Molecular Biology, Wiley and
Sons). As appropriate, procedutes involving the use of commercially available kits and
reagents are generally cattied out in accordance with manufacturer defined protocols
and/ot parameters unless otherwise noted.

As used herein, the term "polynucleotide” means a polymeric form of nucleotides
of at least about 10 bases ot base pairs in length, either ribonucleotides ot
deoxynucleotides ot a modified form of either type of nucleotide, and is meant to include
single and double stranded forms of DNA.

As used herein, the term “polypeptide” means a polymer of at least about 6
amino acids. Throughout the specification, standard three letter or single letter
designations for amino acids are used.

As used herein, the terms “hybridize”, “hybtidizing”, “hybridizes” and the like,
used in the context of polynucleotides, are meant to refet to conventional hybridization
conditions, preferably such as hybridization in 50% formamide/6XSSC/0.1% SDS/100
pg/ml ssDNA, in which tempetatures for hybridization are above 37 degtees C and
temperatures for washing in 0.1X SSC/0.1% SDS are above 55 degrees C, and most
pteferably to stringent hybridization conditions.

"Stringency" of hybridization reactions is readily determinable by one of otdinaty
skill in the art, and generally is an empitical calculation dependent upon probe length,
washing temperature, and salt concentration. In general, longer probes requite higher
temperatures for ptoper annealing, while shorter probes need lower tempetatutes.
Hybridization genetally depends on the ability of denatured DNA to reanneal when
complementaty strands are present in an environment below their melting temperatute.
The higher the degtee of desited homology between the probe and hybridizable
sequence, the higher the telative temperature that can be used. As a result, it follows that
higher relative tempetratures would tend to make the reaction conditions mote stringent,

while lower temperatures less so. For additional details and explanation of stringency of
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hybridization reactions, see Ausubel et al., Current Protocols in Molecular Biology, Wiley
Intetscience Publishers, (1995).

"Stringent conditions” ot "high stringency conditions", as defined hetein, may be
identified by those that: (1) employ low ionic strength and high temperature for washing,
for example 0.015 M sodium chloride/0.0015 M sodium citrate/0.1% sodium dodecyl
sulfate at 50°C; (2) employ during hybridization a denaturing agent, such as formamide,
for example, 50% (v/v) formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1%
polyvinylpyzrolidone/50mM sodium phosphate buffer at pH 6.5 with 750 mM sodium
chloride, 75 mM sodium citrate at 42°C; or (3) employ 50% formamide, 5 x 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, sonicated salmon sperm DNA (50 pg/mib), 0.1%
SDS, and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2 x SSC (sodium
chlotide/sodium. citrate) and 50% formamide at 55°C, followed by a high-sttingency
wash consisting of 0.1 x SSC containing EDTA at 55°C.

"Moderately stringent conditions" may be identified as described by Sambzrook et
al,, 1989, Molecular Cloning: A Laboratory Manual, New York: Cold Spring Hatbor
Press, and include the use of washing solution and hybridization conditions (e.g.,
temperature, ionic strength and %SDS) less stringent than those desctibed above. An
example of moderately stringent conditions is overnight incubation at 37°C in a solution
comptising: 20% formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium citrate), 50 mM
sodium phosphate (pH 7.6), 5 x Denhardt's solution, 10% dextran sulfate, and 20
mg/ml. denatured sheared salmon sperm DNA, followed by washing the filters in 1 x
SSC at about 37-50°C. The skilled artisan will recognize how to adjust the temperatute,
ionic strength, etc. as necessaty to accommodate factors such as probe length and the
like.

In the context of amino acid sequence compatisons, the term “identity” is used
to express the percentage of amino acid residues at the same relative positions that are
the same. Also in this context, the term “homology” is used to express the petcentage of
amino acid residues at the same relative positions that are either identical or ate similar,

using the consetved amino acid criteria of BLAST analysis, as is generally understood in
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the art. For example, % identity values may be generated by WU-BLAST-2 (Altschul et
al., 1996, Methods in Enzymology 266:460-480; blast.wustl/edu/blast/ README html).
Further details regarding amino acid substitutions, which are considered consetvative
undet such criteria, are provided below. Additional definitions are provided throughout
the subsections that follow.

The following sections describe methods and materials useful in the practice of
vatious embodiments of the invention disclosed hetrein. The Examples provided below
include disclosure that allows the further charactetization of the significance of ROR1 in

breast cancer subtypes.

ROR1 POLYNUCLEOTIDES

One aspect of the invention provides polynucleotides cotresponding ot
complementaty to all ot part of 2 ROR1 gene, mRNA, and/or coding sequence,
preferably in isolated form, including polynucleotides encoding a ROR1 protein and
fragments thereof, DNA, RNA, DNA/RNA hybrid, and related molecules,
polynucleotides or oligonucleotides complementary to a ROR1 gene or mRINA sequence
ot a patt thereof, and polynucleotides or oligonucleotides that hybridize to a ROR1 gene,
mRNA, or to 2 ROR1 encoding polynucleotide (collectively, “ROR1 polynucleotides”).
As used herein, the ROR1 gene and protein is meant to include the ROR1 genes and
proteins specifically described herein (see, e.g. FIG. 1) and the genes and proteins
corresponding to other ROR1 proteins and structurally similar variants of the foregoing.
Such other ROR1 proteins and vatiants will generally have coding sequences that ate
highly homologous to the ROR1 coding sequence, and preferably will shate at least
about 80% amino acid identity and at least about 90% amino acid homology (using
BLAST ctiteria), more preferably shating 95% ot gteater homology (using BLAST
criteria).

One embodiment of 2 ROR1 polynucleotide is a ROR1 polynucleotide having
the sequence shown in FIG. 1. A ROR1 polynucleotide may comptise a polynucleotide
having the nucleotide sequence of human ROR1 as shown in FIG. 1, wherein T can also

be U; a polynucleotide that encodes all or part of the ROR1 protein; a sequence
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complementary to the foregoing; ot a polynucleotide fragment of any of the foregoing.
Another embodiment comprises a polynucleotide having the sequence as shown in FIG.
1, from nucleotide tresidue number 376 through nucleotide residue number 3189,
whetein T can also be U. Another embodiment comptises a polynucleotide that is
capable of hybridizing under stringent hybridization conditions to the human ROR1
cDNA shown in FIG. 1 ot to a polynucleotide fragment thereof.

Typical embodiments of the invention disclosed herein include RORI
polynucleotides containing specific portions of the ROR1 mRNA sequence (and those
which ate complementary to such sequences) such as those that encode the protein and
fragments thereof. For example, reptesentative embodiments of the invention disclosed
herein include: polynucleotides encoding about amino acid 1 to about amino acid 10 of
the ROR1 protein shown in FIG. 1, polynucleotides encoding about amino acid 20 to
about amino acid 30 of the ROR1 protein shown in FIG. 1, polynucleotides encoding
about amino acid 30 to about amino acid 40 of the ROR1 protein shown in FIG. 1,
polynucleotides encoding about amino acid 40 to about amino acid 50 of the ROR1
ptotein shown in FIG. 1, polynucleotides encoding about amino acid 50 to about amino
acid 60 of the ROR1 protein shown in FIG. 1, polynucleotides encoding about amino
acid 60 to about amino acid 70 of the ROR1 protein shown in FIG. 1, polynucleotides
encoding about amino acid 70 to about amino acid 80 of the ROR1 protein shown in
FIG. 1, polynucleotides encoding about amino acid 80 to about amino acid 90 of the
ROR1 protein shown in FIG. 1 and polynucleotides encoding about amino acid 90 to
about amino acid 100 of the ROR1 protein shown in FIG. 1, etc. Following this scheme,
polynucleotides encoding portions of the amino acid sequence of amino acids 100-937 of
the ROR1 protein are typical embodiments of the invention. Polynucleotides encoding
larger portions of the ROR1 protein ate also contemplated. For example polynucleotides
encoding from about amino acid 1 (ot 20 ot 30 ot 40 etc.) to about amino acid 20, (or 30,
ot 40 ot 50 etc.) of the ROR1 protein shown in FIG. 1 may be generated by a vatiety of
techniques well known in the art.

Additional illustrative embodiments of RORI1 polynucleotides include

embodiments consisting of a polynucleotide having the sequence as shown in FIG. 1
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from about nucleotide residue number 1 through about nucleotide residue number 500,
from about nucleotide residue number 500 through about nucleotide residue numbet
1000, from about nucleotide residue number 1000 through about nucleotide tesidue
number 1500, from about nucleotide residue number 1500 through about nucleotide
residue number 2000, from about nucleotide tresidue number 2000 through about
nucleotide residue number 2500 and from about nucleotide residue number 2500
throuigh about nucleotide residue number 3358. These polynucleotide fragments can
include any pottion of the ROR1 sequence as shown in FIG. 1, for example a
polyniucleotide having the sequence as shown in FIG. 1 from about nucleotide residue
number 376 through nucleotide residue number 3189.

The polynucleotides of the preceding patagraphs have a number of different
specific uses. For example, because the human ROR1 gene maps to chromosome
1p31.3, polynucleotides encoding different regions of the ROR1 protein can be used to
charactetize cytogenetic abnormalities on chromosome 1, band p31 that have been
identified as being associated with various cancers. In patticulat, a variety of
chtoimosomal abnormalities in 1p31.3 including loss of heterozygosity have been
identified as frequent cytogenetic abnotmalities in a number of different cancets (see,
e.g., Matthew et al., 1989, Cancer Res. 1994 Dec 1 ;54(23):6265-9; Chunder et al., Pathol
Res Pract. 2003;199(5):313-21. Consequently, polynucleotides encoding specific regions
of the ROR1 protein provide new tools that can be used to delineate with a greater
precision than previously possible, the specific nature of the cytogenetic abnormalities in
this region of chromosome 1 that may conttibute to the malignant phenotype. In this
context, these polynucleotides satisfy a need in the art for expanding the sensitivity of
chromosomal screening in order to identify mote subtle and less common chromosomal
abnormalities (see, e.g., Evans et al., 1994, Am. J. Obstet. Gynecol. 171(4):1055-1057).

Alternatively, as ROR1 is shown to be abettantly expressed in breast cancets, in
pasticular the BRCA 1 and basal subtypes, the polynucleotides disclosed hetein may be
used in methods assessing the status of ROR1 gene products in normal versus cancerous
tisswes and/or to characterize breast cancer subtypes. T'ypically, polynucleotides

encoding specific regions of the ROR1 protein may be used to assess the levels of ROR1
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mRNA in a cell as well as the presence of pettutbations (such as deletions, insettions,
point mutations etc.) in specific regions of the ROR1 gene products. Exemplary assays
include both RT-PCR assays as well as single-strand conformation polymorphism (SSCP)
analysis (see, e.g., Marrogi et al., 1999, J. Cutan. Pathol. 26(8): 369-378), both of which
utilize polynucleotides encoding specific regions of a protein to examine these regions
within the protein. '

Other specifically contemplated embodiments of the invention disclosed herein are
genomic DNA, cDNAs, ribozymes, and antisense molecules, as well as nucleic acid
molecules based on an alternative backbone or including alternative bases, whether derived
from natural sources ot synthesized. Fot example, antisense molecules can be RNAs or
other molecules, including peptide nucleic acids (PNAs) ot non-nucleic acid molecules
such as phosphorothioate derivatives, that specifically bind DNA ot RNA in a base pait-
dependent manner. A skilled artisan can readily obtain these classes of nucleic acid
molecules using the ROR1 polynucleotides and polynucleotide sequences disclosed herein.

Antisense technology entails the administration of exogenous oligonucleotides
that bind to a target polynucleotide located within the cells. The term "antisense" refers
to the fact that such oligonucleotides are complementary to their intracellular targets,
e.g, RORI1. See for example, Jack Cohen, 1988, OLIGODEOXYNUCLEOTIDES,
Antisenise Inhibitots of Gene Expression, CRC Ptess; and Synthesis 1:1-5 (1988). The
ROR1 antisense oligonucleotides of the ptesent invention include derivatives such as S-
oligonucleotides (phosphotothioate derivatives or S-oligos, see, Jack Cohen, supra),
which exhibit enhanced cancer cell growth inhibitory action. S-oligos (nucleoside
phosphuorothioates) are isoelectronic analogs of an oligonucleotide (O-oligo) in which a
nonbridging oxygen atom of the phosphate group is teplaced by a sulfur atom. The S-
oligos of the present invention may be prepared by treatment of the cortesponding O-
oligos with 3H-1,2-benzodithiol-3-one-1,1-dioxide, which is a sulfur transfer reagent.
See Iyer, R. P. et al, 1990, J. Otg. Chem. 55:4693-4698; and Iyer, R. P. et al., 1990, J. Am.
Chem. Soc. 112:1253-1254, the disclosures of which are fully incorporated by refetence

herein. Additional ROR1 antisense oligonucleotides of the present invention include
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motpholino antisense oligonucleotides known in the att (see e.g. Partridge et al., 1996,
Antisense & Nucleic Acid Drug Development 6: 169-175).

The ROR1 antisense oligonucleotides of the present invention typically may be
RNA or DNA that is complementaty to and stably hybridizes with the first 100 N-
terminal codons ot last 100 C-terminal codons of the ROR1 genomic sequence ot the
cotresponding mRNA. While absolute complementatity is not requited, high degrees of
complementarity are desirable. Use of an oligonucleotide complementary to this region
allows for the selective hybridization to ROR1 mRNA and not to mRNA specifying
other regulatory subunits of protein kinase.  Preferably, the RORI amtisense
oligonucleotides of the present invention are a 15 to 30-mer fragment of the antisense
DNA molecule having a sequence that hybridizes to ROR1 mRNA. Optionally, ROR1
antisense oligonucleotide is a 30-met oligonucleotide that is complementaty to a region
in the first 10 N-terminal codons and last 10 C-terminal codons of ROR1. Alternatively,
the antisense molecules are modified to employ tibozymes in the inhibition of ROR1
expression (L. A. Couture & D. T. Stinchcomb, 1996, Trends Genet. 12: 510-515).

Further specific embodiments of this aspect of the invention include ptimers and
ptimer pairs, which allow the specific amplification of the polynucleotides of the
invention ot of any specific parts theteof, and probes that selectively or specifically
hybridize to nucleic acid molecules of the invention ot to any part thereof. Probes may
be labeled with a detectable marker, such as, for example, a radioisotope, fluotescent
compound, bioluminescent compound, a chemiluminescent compound, metal chelator
ot enzyme. Such probes and primets can be used to detect the presence of a ROR1
polynucleotide in a sample and as a means for detecting a cell expressing a ROR1 protein.

Examples of such probes include polypeptides comprising all or patt of the human
ROR1 cDNA sequences shown in FIG. 1. Examples of primer paits capable of specifically
amplifying ROR1 mRINAs are easily made by those of skill in the art. As will be
undetstood by the skilled artisan, a great many different primers and probes may be
prepared based on the sequences provided herein and used effectively to amplify and/or

detect a ROR1 mRNA.
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As used herein, a polynucleotide is said to be “isolated” when it is substantially
sepatated from contaminant polynucleotides that correspond or are complementaty to
genes other than the ROR1 gene or that emcode polypeptides other than ROR1 gene
product or fragments theteof. A skilled artisan can readily employ nucleic acid isolation
procedutres to obtain an isolated ROR1 polynuacleotide.

The ROR1 polynucleotides of the in-vention are useful for a variety of putposes,
including but not limited to their use as probes and primers for the amplification and/ot
detection of the ROR1 gene(s), mRNA(s), or fragments thereof; as reagents for the
diagnosis and/or prognosis of bteast cancer (e.g. specific breast cancer subtypes) and
othet cancers; as coding sequences capable of ditecting the expression of RORI1
polypeptides; as tools for modulating or inhvibiting the expression of the ROR1 gene(s)

and/or translation of the ROR1 transctipt(s) 5 and as therapeutic agents.

ISOLATION OF RORI-ENCODING NUCLEIC ACID MOLECULES

The ROR1 cDNA sequences descxibed hetein enable the isolation of other
polynucleotides encoding ROR1 gene product(s), as well as the isolation of polynucleotides
encoding ROR1 gene product homologs, altexnatively spliced isoforms, allelic vatiants, and
mutant forms of the ROR1 gene product. Various molecular cloning methods that can be
employed to isolate full length cDNAs encoding 2 ROR1 gene ate well known (See, e.g.,
Sambrook, J. et al, 1989, Molecular Cloning: A Laboratoty Manual, 2d ed., Cold Spring
Hatbor Press, New York; Ausubel et al, eds., 1995, Cutrent Protocols in Molecular
Biology, Wiley and Sons). For example, latmbda phage cloning methodologies may be
conveniently employed, using commetcially available cloning systems (e.g., Lambda ZAP
Express, Stratagene). Phage clones containitig ROR1 gene cDNAs may be identified by
probing with a labeled ROR1 cDNA or a fragment thereof. For example, in one
embodiment, the ROR1 cDNA (FIG. 1) ot & portion thereof can be synthesized and used
as a probe to retrieve overlapping and full lemagth cDNAs corresponding to 2 ROR1 gene.
The ROR1 gene itself may be isolated by screening genomic DNA libraties, bactetial
artificial chromosome libraries (BACs), yeast artificial chromosome libraries (YACs), and
the like, with ROR1 DNA probes ot primets.
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RECOMBINANT DNA MOLECULES AND HOST-VECTOR SYSTEMS

The invention also provides recombinant DNA or RNA molecules containing 2
ROR1 polynucleotide, including but not limited to phages, plasmids, phagemids, cosmids,
YACs, BACs, as well as various vital and non-vital vectots well known in the art, and cells
transformed ot transfected with such recombinant DNA or RNA molecules. As used
hetein, a recombinant DNA or RNA 1molecule is 2 DNA ot RNA molecule that has been
subjected to molecular manipulation 77z #i#v. Methods for generating such molecules are
well known (see, e.g., Sambrook et al, 1 989, supra).

The invention further provides a host-vector system comptising a recombinant
DNA molecule containing 2 RORL polynucleotide within a suitable prokatyotic ot
eukaryotic host cell. Examples of suitable eukaryotic host cells include a yeast cell,
plant cell, ot an animal cell, such as a 1mammalian cell or an insect cell (e.g., a baculovirus-
infectible cell such as an Sf9 or HighFive cell). Examples of suitable mammalian cells
include various breast cancet cell lines such as MDA 231, MCF-7, other transfectable or
transducible breast cancer cell lines, as well as a number of mammalian cells routinely
used for the expression of recombinant ptoteins (e.g., COS, CHO, MCF-7 cells). Mote
patticularly, a polynucleotide comptising the coding sequence of ROR1 may be used to
generate ROR1 proteins or fragments thereof using any number of host-vector systems
routinely used and widely known in the att.

A wide range of host-vector systems suitable for the expression of ROR1 proteins
or fragments thereof ate available (see, e.g., Sambrook et al., 1989, supra; Current Protocols
in Molecular Biology, 1995, supra). Common vectors for mammalian expression include
but atre not limited to pcDNA 3.1 imyc-His-tag (Invitrogen) and the retroviral vectot
pSRotkneo (Muller et al,, 1991, MCB 11:1785). Using these expression vectors, ROR1
may be preferably expressed in several breast cancer and non-breast cell lines, including
for example, MCF-7, rat-1, NIH 3 T3 and TsuPrl. The host-vector systems of the

invention are useful for the production of a ROR1 protein or fragment theteof. Such
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host-vector systems may be employed to study the functional properties of ROR1 and
ROR1 mutations.

Recombinant human ROR1 protein may be produced by mammalian cells
transfected with a construct encoding ROR1. In an illustrative embodiment desctibed in
the Examples, MCF-7 cells can be transfected with an expression plasmid encoding
RORI, the ROR1 protein is expressed in the MCF-7 cells, and the recombinant ROR1
protein can be isolated using standard putification methods (e.g., affinity purification
using anti-ROR1 antibodies). In another embodiment, also described in the Examples
herein, the ROR1 coding sequence is subcloned into the retroviral vector
pSRaMSVtkneo and used to infect various mammalian cell lines, such as NIH 3T3,
MCF-7 and rat-1 in order to establish ROR1 expressing cell lines. Various other
exptession systems well known in the art may also be employed. Expression constructs
encoding a leader peptide joined in frame to the ROR.1 coding sequence may be used for
the generation of a secreted form of recombinant ROR1 protein.

Proteins encoded by the ROR1 genes, or by fragments thereof, will have a variety
of uses, including but not limited to generating antibodies and in methods for identifying
ligands and other agents and cellular constituents thrat bind to a ROR1 gene product.
Antibodies raised against a ROR1 protein or fragment thereof may be useful in
diagnostic and prognostic assays, and imaging methodologies in the management of
human cancers characterized by expression of ROR1 protein, including but not limited
to cancets of the breast. Such antibodies may be expressed intracellulatly and used in
methods of treating patients with such cancers. Various immunological assays useful for
the detection of ROR1 proteins are contemplated, including but not limited to various
types of radioimmunoassays, enzyme-linked immunosotbent assays (ELISA), enzyme-
linked immunofluorescent assays (ELIFA), immunocytochemical methods, and the like.
Such antibodies may be labeled and used as immunological imaging reagents capable of
detecting ROR1 expressing cells (e.g., in radioscintigraphic imaging methods). RORI1
proteins may also be particularly useful in generating cancer vaccines, as further described

below.
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ROR1 POLYPEPTIDES

Another aspect of the present invention provides ROR1 proteins and polypeptide
fragments thereof. The RORI1 proteins of the invention imclude those specifically
identified herein, as well as allelic variants, conservative substitution vatiants and homologs
that can be isolated/generated and chatacterized without undue extperimentation following
the methods outlined below. Fusion proteins that combine parts of different ROR1
ptoteins or fragments thereof, as well as fusion proteins of 2 ROR1 protein and a
heterologous polypeptide are also included. Such RORI1 proteins will be collectively
referred to as the RORI1 proteins, the proteins of the invention, or ROR1. As used herein,
the term “ROR1 polypeptide” refets to a polypeptide fragment or a ROR1 protein of at
least 6 amino acids, preferably at least 15 amino acids.

Specific embodiments of ROR1 proteins comprise a polypeptide having the amino
acid sequence of human ROR1 as shown in FIG. 1. Alternatively, embodiments of ROR1
proteins comptise vatiant polypeptides having alterations in the amino acid sequence of
human ROR1 as shown in FIG. 1.

In general, naturally occutting allelic vatiants of human ROR1 will share a high
degree of structural identity and homology (e.g., 90% or more identity). Typically, allelic
variants of the ROR1 proteins will contain consetvative amino acic substitutions within the
ROR1 sequences desctibed hetein or will contain a substitution of an amino acid from a
cotresponding position in a ROR1 homologue. One class of RORI1 allelic variants will be
proteins that shatre a high degtee of homology with at least a small region of a particulat
ROR1 amino acid sequence, but will further contain a radical departure from the sequence,
such as a non-consetvative substitution, truncation, insettion ot frame shift.

Conservative amino acid substitutions can frequently be made in a protein
without alteting either the conformation ot the function of the protein. Such changes
include substituting any of isoleucine (I), valine (V), and leucine (I)) for any other of these
hydrophobic amino acids; aspartic acid (D) for glutamic acid (E) and vice versa;
glutamine (Q) for asparagine (N) and vice versa; and setine (S) for threonine (T) and vice
versa. Other substitutions can also be consideted consetvative, depending on the

environment of the patticular amino acid and its role in the three-dimensional structure

19



10

15

20

25

30

WO 2005/100605 PCT/US2005/011425

of the protein. For example, glycine (G) and alanine (A) can frequently be
interchangeable, as can alanine (A) and valine (V). Methionine (M), which is relatively
hydrophobic, can frequently be interchanged with leucine and isoleucine, and sometimes
with valine. Lysine () and arginine (R) ate frequently interchangeable din locations in
which the significant feature of the amino acid residue is its charge and the differing pK's
of these two amino acid residues ate not significant. Still other chranges can be
considered "consetvative” in patticular environments.

Embodiments of the invention disclosed hetein include a wide variety of art
accepted variants of ROR1 proteins such as polypeptides having amino acid insertions,
deletions and substitutions. ROR1 variants can be made using methods kraown in the art
such as site-directed mutagenesis, alanine scanning, and PCR mutagenesis . Site-directed
mutagenesis (Catter et al., 1986, Nucl. Acids Res. 13:4331; Zoller et al.,, 1987, Nucl. Acids
Res. 10:6487), cassette mutagenesis (Wells et al., 1985, Gene 34:315), restriction selection
mutagenesis (Wells et al., 1986, Philos. Trans. R. Soc. London Ser. A, 3177:415) ot other
known techniques can be petformed on the cloned DNA to produce the ROR1 vatiant
DNA. Scanning amino acid analysis can also be employed to identify one or more
amino acids along a contiguous sequence. Among the common scannirig amino acids
are relatively small, neutral amino acids. Such amino acids include alanine, glycine,
setine, and cysteine. Alanine is typically a common scanning amino acid among this
group because it eliminates the side-chain beyond the beta-catbon and s less likely to
alter the main-chain conformation of the variant. Alanine is also typically -used because it
is the most common amino acid. Futther, it is frequently found in both buried and
exposed positions (Creighton, The Proteins, (W.H. Freeman & Co., N.Y.); Chothia,
1976, J. Mol. Biol.,, 150:1). If alanine substitution does not yield adequate amounts of
variant, an isostetic amino acid can be used.

As discussed above, embodiments of the claimed invention inclucdle polypeptides
containing less than the 937 amino acid sequence of the ROR1 protein shown in FIG. 1
(and the polynucleotides encoding such polypeptides). For example, representative
embodiments of the invention disclosed hetein include polypeptides consisting of about

amino acid 1 to about amino acid 10 of the ROR1 protein shown in FIG. 1, polypeptides
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consisting of about amino acid 20 to about amino acid 30 of the ROR1 protein shown ir1
FIG. 1, polypeptides consisting of about amino acid 30 to about amino acid 40 of the
ROR1 protein shown in FIG. 1, polypeptides consisting of about amino acid 40 to abou-t
amino acid 50 of the ROR1 protein shown in FIG. 1, polypeptides consisting of about
amino acid 50 to about amino acid 60 of the ROR1 protein shown in FIG. L1,
polypeptides consisting of about amino acid 60 to about amino acid 70 of the ROR1
protein shown in FIG. 1, polypeptides consisting of about amino acid 70 to about amino
acid 80 of the ROR1 protein shown in FIG. 1, polypeptides consisting of about amino
acid 80 to about amino acid 90 of the ROR1 protein shown in FIG. 1 and polypeptides
consisting of about amino acid 90 to about amino acid 100 of the ROR1 protein showm
in FIG. 1, etc. Following this scheme, polypeptides consisting of pottions of the amino
acid sequence of amino acids 100-937 of the ROR1 protein are typical embodiments of
the invention. Polypeptides consisting of latger portions of the ROR1 protein ate also
contemplated. For example polypeptides consisting of about amino acid 1 (ot 20 or 30
or 40 etc.) to about amino acid 20, (ot 30, or 40 or 50 etc.) of the ROR1 protein showm
in FIG. 1 may be generated by a vatiety of techniques well known in the att.

The polypeptides of the preceding paragraphs have a number of different specifi.c
uses. As ROR1 is shown to be highly exptessed in cettain breast cancer subtypes as
compared to cotresponding normal breast tissue, these polypeptides may be used in
methods assessing the status of ROR1 gene products in normal versus cancerous tissues
and elucidating the malignant phenotype. Typically, polypeptides encoding specific
regions of the ROR1 protein may be used to assess the presence of pertutbations (such
as deletions, insertions, point mutations etc.) in specific regions of the ROR1 geme
products. Exemplary assays can utilize antibodies targeting a ROR1 polypeptide
containing the amino acid residues of one or mote of the biological motifs contained
within the ROR1 polypeptide sequence in order to evaluate the characteristics of this
tegion in normal versus cancerous tissues. Alternatively, ROR1 polypeptides containirag
the amino acid residues of one ot more of the biological motifs contained within thie
ROR1 polypeptide sequence can be used to scteen for factors that interact with that
region of RORI.
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As discussed above, redundancy in the genetic code permits variation in ROR1
gene sequences. In particular, one skilled in the art will recognize specific codom
ptefetences by a specific host species and can adapt the disclosed sequence as preferred
fot a desired host. For example, cettain codon sequences typically have rare codons (i.e -,
codons having a usage frequency of less than about 20% in known sequences of th e
desited host) replaced with highet frequency codons. Codon preferences for a specific
otganism may be calculated, for example, by utilizing codon usage tables available on th-e
Intetnet at the following address: www.dna.affrc.go.jp/~nakamura/codonhtm].
Nucleotide sequences that have been optimized for a particular host species by replacin g
any codons having a usage frequency of less than about 20% are referred to herein as
“codon optimized sequences.”

Additional sequence modifications ate known to enhance protein expression in a
cellular host. These include elimination of sequences encoding sputious polyadenylatiom
signals, exon/intron splice site signals, transposon-like repeats, and/or other such well-
chatactetized sequences that may be deleterious to gene expression. The GC content of
the sequence may be adjusted to levels average for a given cellular host, as calculated by
reference to known genes exptessed in the host cell. Where possible, the sequence may
also be modified to avoid predicted haitpin secondary mRNA structures. Other usefial
modifications include the addition of a translational initiation consensus sequence at th.e
statt of the open teading frame, as desctibed in Kozak, 1989, Mol. Cell Biol., 9:5075-
5080. Nucleotide sequences that have been optimized for expression in a given host
species by elimination of spurious polyadenylation sequences, elimination of exon/intron
splicing signals, elimination of transposon-like repeats and/or optimization of GC
content in addition to codon optimization are referred to herein as an “expressiom
enhanced sequence.”

ROR1 proteins may be embodied in many forms, preferably in isolated form. As
used hetein, a protein is said to be “isolated” when physical, mechanical or chemiczal
methods are employed to temove the ROR1 protein from cellular constituents that ar-e
notmally associated with the protein. A skilled artisan can readily employ standard

putification methods to obtain an isolated ROR1 protein. A purified ROR1 protein
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molecule will be substantially free of other proteins or molecules that impair the binding
of ROR1 to antibody ot other ligand. The natute and degree of isolation and putification
will depend on the intended use. Embodiments of 2 ROR1 protein include a putified
ROR1 protein and a functional, soluble ROR1 protein. In one form, such functional,
soluble ROR1 proteins or fragments theteof tetain the ability to bind antibody ot other
ligand.

The invention also provides ROR1 polypeptides comprising biologically active
fragments of the ROR1 amino acid sequence, such as a polypeptide corresponding to
part of the amino acid sequence for ROR1 as shown in FIG. 1. Such polypeptides of the
invention exhibit properties of the ROR1 protein, such as the ability to elicit the
generation of antibodies that specifically bind an epitope associated with the RORI
protein.

RORT1 polypeptides can be generated using standard peptide synthesis technology
ot using chemical cleavage methods well known in the art based on the amino acid
sequences of the human ROR1 proteins disclosed herein. ~Alternatively, recombinant
methods can be used to generate nucleic acid molecules that encode a polypeptide
fragment of a ROR1 protein. In this regard, the ROR1-encoding nucleic acid molecules
described herein provide means for generating defined fragments of ROR1 proteins.
ROR1 polypeptides are particulatly useful in generating and characterizing domain specific
antibodies (e.g., antibodies recognizing an extracellular or intracellular epitope of a ROR1
protein), in identifying agents or cellular factors that bind to ROR1 or 2 particulat structural
domain theteof, and in various therapeutic contexts, including but not limited to cancet
vaccines.

RORT1 polypeptides containing patticulatly interesting structures can be predicted
and/or identified using vatious analytical techniques well known in the att, including, for
example, the methods of Chou-Fasman, Garniet-Robson, Kyte-Doolittle, Eisenberg,
Karplus-Schultz or Jameson-Wolf analysis, ot on the basis of immunogenicity. Fragments
containing such structures ate particularly useful in generating subunit specific anti-ROR1
antibodies or in identifying cellular factors that bind to ROR1.
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In an embodiment described in the examples that follow, ROR1 can be
conveniently expressed in cells (such as MCF-7 cells) transfected with a commetcially
available expression vector such as a CMV-dtiven expression vector encoding ROR1
with a C-terminal 6XHis and MYC tag (pcDNA3.1/mycHIS, Invitrogen or Tag5,
GenHunter Cotporation, Nashville TN). The Tag5 vector provides an IgGK secretion
signal that can be used to facilitate the production of a secreted ROR1 protein in
transfected cells. The secreted HIS-tagged ROR1 in the culture media may be purified
using a nickel column using standard techniques.

The ROR1 of the present invention may also be modified in a way to form a
chimeric molecule comprising ROR1 fused to another, heterologous polypeptide or
amino acid sequence. In one embodiment, such a chimetic molecule comprises 2 fusion
of the ROR1 with a polyhistidine epitope tag, which provides an epitope to which
immobilized nickel can selectively bind. The epitope tag is genetally placed at the amino-
ot catboxyl- terminus of the ROR1. In an alternative embodiment, the chimeric
molecule may comptise a fusion of the ROR1 with an immunoglobulin ot 2 patticulat
region of an immunoglobulin. For a bivalent form of the chimeric molecule (also
referred to as an "immunoadhesin), such a fusion could be to the Fc region of an IgG
molecule. The Ig fusions preferably include the substitution of a soluble (transmembrane
domain deleted or inactivated) form of 2 ROR1 polypeptide in place of at least one
vatiable region within an Ig molecule. In particular embodiments, the immunoglobulin
fusion includes the hinge, CH2 and CH3, or the hinge, CH1, CH2 and CH3 regions of
an IgG1 molecule. For the production of immunoglobulin fusions see also U,S. Patent
No. 5,428,130 issued June 27, 1995.

In some embodiments of the invention, the fusion ptotein includes only the Ig-
like C2-type domain of ROR1 (Q73-V139 of SEQ ID NO: 2). In some embodiments of
the invention, the fusion protein includes only the frizzled domain of ROR1 (E165-1299
of SEQ ID NO: 2). In some embodiments of the invention, the fusion protein includes
only the kringle domain of ROR1 (K312-C391 of SEQ ID NO: 2). In other
embodiments of the invention, the fusion protein includes 2 or alternatively 3 of these

ROR1 domains.
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ROR1 ANTIBODIES

The term "antibody" is used in the broadest sense and specifically covers single
anti-ROR1 monoclonal antibodies (including agonist, antagonist and neutralizing
antibodies) and anti-ROR1 antibody compositions with polyepitopic specificity. The term
"monoclonal antibody"(mAb) as used hetein tefers to an antibody obtained from a
population of substantially homogeneous antibodies, ie. the antibodies comprising the
individual population are identical except for possible naturally-occurring mutations that
may be present in minor amounts.

Another aspect of the invention provides antibodies that bind to ROR1 proteins
and polypeptides. The most common antibodies will specifically bind to a ROR1 protein
and will not bind (or will bind weakly) to non-ROR1 proteins and polypeptides. Anti-
RORI1 antibodies that are patticulatly contemplated include monoclonal and polyclonal
antibodies as well as fragments containing the antigen binding domain and/or one or more
complementarity determining regions of these antibodies. As used hetein, an antibody
fragment is defined as at least a pottion of the variable region of the immunoglobulin
molecule that binds to its tatget, i.e., the antigen binding region.

ROR1 antibodies of the invention may be patticulatly useful in breast cancer
diagnostic and prognostic assays, and imaging methodologies. Intracellulatly expressed
antibodies (e.g., single chain antibodies) may be therapeutically useful in treating cancets
in which the expression of ROR1 is involved, such as for example advanced and
metastatic breast cancers. Such antibodies may be useful in the treatment, diagnosis,
and/or prognosis of other cancets, to the extent ROR1 is also exptessed or
overexptessed in other types of cancers such as breast cancets.

The invention also provides vatious immunological assays useful for the detection
and quantification of ROR1 and mutant ROR1 proteins and polypeptides. Such assays
generally comprise one or more ROR1 antibodies capable of recognizing and binding a
ROR1 or mutant ROR1 protein, as approptiate, and may be performed within vatious
immunological assay formats well known in the art, including but not limited to vatious

types of radioimmunoassays, enzyme-linked immunosotbent assays (ELISA), enzyme-
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linked immunofluorescent assays (ELIFA), and the like. In addition, immunological
imaging methods capable of detecting bteast cancer and other cancers exptessing ROR1
are also provided by the invention, including but limited to radioscintigraphic imaging
methods using labeled ROR1 antibodies. Such assays may be clinically useful in the
detection, monitoting, and prognosis of ROR1 expressing cancers such as breast cancet.

RORI1 antibodies may also be used in methods for purifying ROR1 and mutant
ROR1 proteins and polypeptides and for isolating ROR1 homologues and telated
molecules. For example, in one embodiment, the method of purifying a ROR1 protein
comprises incubating 2 ROR1 antibody, which has been coupled to a solid matrix, with 2
lysate or other solution containing ROR1 undet conditions that permit the ROR1 antibody
to bind to ROR1; washing the solid matrix to eliminate impusities; and eluting the ROR1
from the coupled antibody. Other uses of the ROR1 antibodies of the invention include
generating anti-idiotypic antibodies that mimic the ROR1 protein.

Vatious methods for the preparation of antibodies are well known in the att. For
example, antibodies may be prepared by immunizing a suitable mammalian host using 2
RORI1 protein, peptide, ot fragment, in isolated ot immunoconjugated form (Harlow, and
Lane, eds., 1988, Antibodies: A Laboratory Manual, CSH Press; Hatlow, 1989, Antibodies,
Cold Spring Hartbor Press, NY). In addition, fusion proteins of ROR1 may also be used,
such as 2 ROR1 GST-fusion protein. In a patticular embodiment, a GST fusion protein
comprising all or most of the open reading frame amino acid sequence of FIG. 1 may be
produced and used as an immunogen to generate appropriate antibodies. In another
embodiment, a ROR1 peptide may be synthesized and used as an immunogen.

In addition, naked DNA immunization techniques known in the art may be used
(with or without purified ROR1 protein ot ROR1 expressing cells) to generate an immune
response to the encoded immunogen (for review, see Donnelly et al,, 1997, Ann. Rev.
Immunol. 15:617-648).

The amino acid sequence of the ROR1 as shown in FIG. 1 may be used to select
specific regions of the RORI1 protein for generating antibodies. For example,
hydrophobicity and hydrophilicity analyses of the ROR1 amino acid sequence may be used
to identify hydrophilic regions in the ROR1 structure. Regions of the ROR1 protein that
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show immunogenic sttucture, as well as other regions and domains, can readily be
identified using various other methods known in the att, such as Chou-Fasman, Gatniet-
Robson, Kyte-Doolittle, Eisenberg, Katplus-Schultz or Jameson-Wolf analysis.

Methods for preparing a protein or polypeptide for use as an immunogen and for
prepating immunogenic conjugates of a protein with a cartier such as BSA, KLH, or other
cattier proteins are well known in the art. In some circumstances, ditect conjugation using,
for example, carbodiimide reagents may be used; in other instances linking reagents such as
those supplied by Pietce Chemical Co., Rockford, IL, may be effective. Administration of
a ROR1 immunogen is conducted generally by injection over a suitable time petiod and
with use of a suitable adjuvant, as is generally understood in the att. During the
immunization schedule, titets of antibodies can be taken to determine adequacy of antibody
formation.

ROR1 monoclonal antibodies may be produced by vatious means well known in
the att. For example, immortalized cell lines that sectete a desited monoclonal antibody
may be prepared using the standard hybridoma technology of Kohler and Milstein ot
modifications that immortalize producing B cells, as is generally known. The immortalized
cell lines secteting the desired antibodies are screened by immunoassay in which the antigen
is the ROR1 protein or a ROR1 fragment. When the appropriate immortalized cell culture
secreting the desired antibody is identified, the cells may be expanded and antibodies
produced either from in vitro cultures or from ascites fluid.

The antibodies ot fragments may also be produced, using cutrent technology, by
recombinant means. Regions that bind specifically to the desired regions of the RORI
protein can also be produced in the context of chimeric or CDR grafted antibodies of
multiple species origin. Humanized or human ROR1 antibodies may also be produced for
use in therapeutic contexts. Methods for humanizing murine and other non-human
antibodies by substituting one or mote of the non-human antbody CDRs for
cotresponding human antibody sequences are well known (see for example, Jones et al,
1986, Natute 321:522-525; Riechmann et al., 1988, Nature 332:323-327; Vethoeyen et al,
1988, Science 239:1534-1536). See also, Catter et al, 1993, Proc. Natl. Acad. Sci. USA
89:4285 and Sims et al., 1993, J. Immunol. 151:2296. Methods for producing fully human
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monoclonal antibodies include phage display and transgenic methods (for review, see
Vaughan et al., 1998, Nature Biotechnology 16:535-539).

Fully human ROR1 monoclonal antibodies may be generated using cloning
technologies employing latge human Ig gene combinatorial libraries (i.e., phage display)
(Griffiths and Hoogenboom, Building an in vitto immune system: human antibodies from
phage display libraties. In: Clatk, M., ed., 1993, Protein Engineering of Antibody Molecules
for Prophylactic and Therapeutic Applications in Man, Nottingham Academic, pp 45-64;
Burton and Batrbas, Human Antibodies from combinatorial libraties. Id., pp 65-82). Fully
human RORI1 monoclonal antibodies may also be produced using transgenic mice
engineered to contain human immunoglobulin gene loci as described in PCT Patent
Application WO98/24893, Kuchetlapati and Jakobovits et al., published December 3, 1997
(see also, Jakobovits, 1998, Exp. Opin. Invest. Drugs 7(4):607-614). This method avoids
the in vitro manipulation required with phage display technology and efficiently produces
high affinity authentic human antibodies.

Reactivity of ROR1 antibodies with a ROR1 protein may be established by a
numbert of well known means, including western blot, immunoprecipitation, ELISA, and
FACS analyses using, as appropriate, ROR1 proteins, peptides, ROR1-expressing cells or
extracts thereof.

A ROR1 antibody or fragment theteof of the invention may be labeled with a
detectable marker or conjugated to a second molecule. Suitable detectable markers
include, but ate not limited to, a radioisotope, a fluorescent compound, a bioluminescent
compound, chemiluminescent compound, a metal chelator or an enzyme. A second
molecule for conjugation to the ROR1 antibody can be selected in accordance with the
intended use. For example, for therapeutic use, the second molecule can be a toxin ot
therapeutic agent. Further, bi-specific antibodies specific for two or more ROR1 epitopes
may be generated using methods generally known in the art. Homodimeric antibodies may
also be generated by cross-linking techniques known in the art (e.g., Wolff et al, 1993,
Cancer Res. 53: 2560-2565).

An illustrative embodiment of the invention is an isolated antibody which

specifically binds to an ROR1 polypeptide sequence shown in FIG. 1 (SEQ ID NO: 2).
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Optionally this isolated antibody specifically binds to the extracellular region of ROR1
(M1-V406 of SEQ ID NO: 2). In cettain embodiments of the invention, the isolated
antibody specifically binds to the Ig-like C2-type domain of ROR1 (Q73-V139 of SEQ
ID NO: 2). In other embodiments of the invention, the isolated antibody specifically
binds to the frizzled domain of ROR1 (E165-1299 of SEQ ID NO: 2). In other
embodiments of the invention, the isolated antibody specifically binds to the kringle
domain of ROR1 (K312-C391 of SEQ ID NO: 2).

Another embodiment of the invention is an immunotoxin which is a conjugate of
a cytotoxic moiety and one of these antibodies. Optionally, the antibody is an antibody
fragment comprising an antigen binding region which specifically binds to ROR1 (e.g. a
Fab fragment). Typically one or mote of these antibodies will down regulates the ROR1
and/or is capable of activating complement in a patient tteated with an effective amount
of the antibodies and/ort is capable of mediating antibody dependent cellular cytotoxicity
in a patient treated with an effective amount of the antibody. In certain embodiments of
the invention, one or more of these antibodies eliminates and/ot reduces tumor burden
in a patient treated with an effective amount of the antibody. In certain embodiments of
the invention, the tumor cell is a human breast carcinomas of the BRCA1 and/ot basal
subtype. Another related embodiment of the invention is a hybridoma that produces one
of these antibodies which specifically binds to ROR1. Another related embodiment of
the invention is a composition comptising one of these antibodies which specifically
binds to ROR1 and a phatmaceutically acceptable carrier. Yet another embodiment of
the invention is an assay for detecting a tumot (e.g. a breast cancer) comprising the steps
of exposing a cell to one of these antibodies and then determining the extent of binding
of the antibody to the cell.

A related embodiment of the invention is an antibody which specifically binds to
the extracellular domain of the ROR1 and inhibits growth of tumor cells which
overexpress ROR1 in a patient treated with an effective amount of the antibody. In
cettain embodimments of the invention, the tumot cell is 2 human breast carcinomas of
the BRCA1 and/ot basal subtype. Optionally the antibody is a murine monoclonal
antibody. Typically the antibody down regulates the ROR1 and/or is capable of
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activating complement in a patient and/or is capable of mediating antibody dependent
cellular cytotoxicity in the patient. A telated embodiment of the invention is an
immunotoxin which is a conjugate of a cytotoxic moiety and this antibody. Another
related embodiment of the invention is a hybridoma producing this antibody.

Another embodiment of the invention is an antibody which specifically binds to
ROR1 and inhibits the growth of HCC1187, Cal51, MB468, MDA-MB-231, HCC1395,
HS578T, HCC70, HCC1143, HCC1937, HCC2157, MDA-MB-436, BT-20, 184Al,
MB157, MCF12A, 184B5, or Colo824 tumor cells (see, e.g. FIG. 5) in cell culture by
greater than 20%, at an antibody concentration of about 0.5, 1, 5, 10, ot 30 pg/ml
Typically these tumot cells ate cultuted in culture medium comprising 10% fetal bovine
setum and the growth inhibition is determined approximately six days after exposute of
the tumor cells to the antibody. Typically this antibody is a monoclonal antibody.
Optionally this monoclonal antibody binds to the extracellular region of ROR1 (M1-
V406 or Q30-V406 of SEQ ID NO: 2). In cettain embodiments of the invention, the
monoclonal antibody binds to the Ig-like C2-type domain of ROR1 (Q73-V139 of SEQ
ID NO: 2). In other embodiments of the invention, the monoclonal antibody binds to
the frizzled domain of ROR1 (E165-1299 of SEQ ID NO: 2). In other embodiments of
the invention, the monoclonal antibody binds to the kringle domain of ROR1 (K312~
C391 of SEQ ID NO: 2). In some embodiments of the invention, this antibody
downregulates ROR1 on a tumot cell that overexpresses this polypeptide and inhibits
growth of tumor cells in a patient treated with a therapeutically effective amount of this
antibody. In certain embodiments of the invention, the tumor cell is a human breast
catcinomas of the BRCA1 and/or basal subtype. Typically the antibody is capable of
activating complement in a patient and/or is capable of mediating antibody dependent
cellular cytotoxicity in the patient. A related embodiment of the invention is an
immunotoxin which is a conjugate of a cytotoxic moiety and this antibody. Another
related embodiment of the invention is a hybtidoma producing this antibody.

Yet another embodiment of the invention is a method of inhibiting the gtowth of
tumor cells that overexpress ROR1 comptising administering to a patient an antibody

which binds specifically to the extracellular domain of the ROR1 in an amount effective
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to inhibit growth of the tumor cells in the patient. In certain embodiments of the
invention, the tumor cell is a2 human breast carcinomas of the BRCA1 and/or basal
subtype. Typically the antibody is capable of activating complement in 2 patient and/or is
capable of mediating antibody dependent cellular cytotoxicity in the patient. A related
embodiment of the invention is an immunotoxin which is a conjugate of a cytotoxic
moiety and this antibody. Another related embodiment of the invention is a hybtidoma
producing this antibody.

Yet another embodiment of the invention is a method of inhibiting the growth of
tumor cells that overexpress ROR1 comptising administering to a patient an antibody
comprising an antigen binding region which specifically binds to an exttacellular domain
of the ROR1 in an amount effective to inhibit growth of the tumor cells in the patient,
wherein the antibody is not conjugated to a cytotoxic moiety. In certain embodiments of
the invention, the tumor cell is 2 human breast catcinomas of the BRCA1 and/or basal
subtype. A related embodiment of the invention is a method of treating cancer that
overexpresses ROR1 comptising administering to a patient an antibody comptising an
antigen binding region which specifically binds to an extracellular domain of the ROR1
in an amount effective to eliminate or teduce the patient's tumor burden, wherein the
antibody is not conjugated to a cytotoxic moiety. Optionally the patient has breast
cancer. Yet another embodiment of the invention is a method of treating cancer
comptising identifying a patient with cancer characterized by amplification of the HER2
gene and/or ovetexpression of the ROR1 and administeting to the patient thus identified
an antibody comprising an antigen binding region which specifically binds to an
extracellular domain of the ROR1 in an amount effective to inhibit growth of the cancer
of the patient.

Another embodiment of the invention is 2 method of treating a patient having a
carcinoma that overexpresses ROR1 comptising administering to the patient an antibody
which binds specifically to the exttacellular domain of the ROR1 in an amount effective
to eliminate or reduce the patient's tumor burden. In certain embodiments of the
invention, the tumor cell is 2 human breast catcinomas of the BRCA1 and/or basal

subtype. Typically this antibody is 2 monoclonal antibody. In some embodiments of the
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invention, this antibody downtegulates the ROR 1 on a tumor cell that overexpresses this
polypeptide and inhibits growth of tumot cells in a patient treated with a therapeutically
effective amount of this antibody. Typically the antibody is capable of activating
complement in a patient and/or is capable of mediating antibody dependent cellulat
cytotoxicity in the patient. A related embodiment of the invention is an immunotoxin
which is a conjugate of a cytotoxic moiety and this antibody. Another felated
embodiment of the invention is a hybtidoma producing this antibody.

Other related embodiments of the invention include methods for the preparation
of a medication for the treatment of pathological conditions including breast cancet by
preparing an anti-ROR1 antibody composition for administration to a mammal having
the pathological condition. A related method is the use of an effective amount of an
anti-ROR1 antibody in the prepatation of a medicament for the treatment of a breast
cancet. Another related method is the use of an effective amount of an anti-ROR1
antibody in the preparation of a medicament for the treatment of a basal breast cancet.
A related method is the use of an effective amount of an anti-ROR1 antibody in the
preparation of a medicament for the treatment of a BRCA1 breast cancer. Yet another
related embodiment is a use of a anti-ROR1 antibody the manufacture of a medicament
for inhibiting ROR1 action in a patient. Such methods typically involve the steps of
including an amount of anti-ROR1 antibody sufficient to inhibit ROR1 signaling in vivo
and an appropriate amount of a physiologically acceptable cattier. As is known in the

art, optionally other agents can be included in these preparations.

ROR1 TRANSGENIC ANIMALS

Nucleic acids that encode ROR1 or its modified forms can also be used to
generate eithet transgenic animals or "knock out" animals which, in turn, are useful in the
development and screening of therapeutically useful reagents. A transgenic animal (e.g:,
a mouse or rat) is an animal having cells that contain a transgene, which transgene was
introduced into the animal or an ancestor of the animal at a prenatal, e.g., an embryonic
stage. A transgene is a DNA that is integrated into the genome of a cell from which a

transgenic animal develops. In one embodiment, cDNA encoding ROR1 can be used to
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clone genomic DNA encoding ROR1 in accordance with established techniques and the
genomic sequences used to genetate transgenic animals that contain cells that express
DNA encoding ROR1. Methods for generating transgenic animals, particularly animals
such as mice or rats, have become conventional in the art and are described, for example,
in U.S. Patent Nos. 4,736,866 and 4,870,009. Typically, particular cells would be targeted
for ROR1 transgene incorporation with tissue-specific enhancers. Transgenic animals
that include a copy of a transgene encoding ROR1 introduced into the germ line of the
animal at an embryonic stage can be used to examine the effect of increased expression
of DNA encoding ROR1. Such animals can be used as tester animals for reagents
thought to confer protection from, for example, pathological conditions associated with
its overexptession. In accordance with this facet of the invention, an animal is treated
with the reagent and a teduced incidence of the pathological condition, compared to
untreated animals beating the transgene, would indicate a potential therapeutic
intetvention for the pathological condition.

Alternatively, non-human homologues of ROR1 can be used to construct a
ROR1 "knock out" animal that has a defective or altered gene encoding ROR1 as a result
of homologous recombination between the endogenous gene encoding ROR1 and
altered genomic DNA encoding ROR1 introduced into an embryonic cell of the animal.
For example, cDNA encoding ROR1 can be used to clone genomic DNA encoding
ROR1 in accordance with established techniques. A pottion of the genomic DNA
encoding ROR1 can be deleted ot teplaced with another gene, such as a gene encoding a
selectable marker that can be used to monitor integration. Typically, several kilobases of
unaltered flanking DNA (both at the 5' and 3' ends) are included in the vector (see e.g.,
Thomas and Capecchi, 1987, Cell 51:503) for a description of homologous
recombination vectors]. The vectot is introduced into an embryonic stem cell line (e.g.,
by electroporation) and cells in which the introduced DNA has homologously
recombined with the endogenous DNA ate selected (see e.g., Li et al., 1992, Cell 69:915).
The selected cells ate then injected into a blastocyst of an animal (e.g., a mouse ot tat) to
form aggregation chimeras (see e.g., Bradley, in Robettson, ed., 1987, Teratocatcinomas

and Embryonic Stem Cells: A Practical Approach, (IRL, Oxford), pp. 113-152). A
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chimeric embtyo can then be implanted into a suitable pseudopregnant female foster
animal and the embtyo brought to tetm to cteate a "knock out" animal. Progeny
harboring the homologously tecombined DNA in their germ cells can be identified by
standard techniques and used to breed animals in which all cells of the animal contain the
homologously tecombined DNA. Knockout animals can be characterized for instance,
for their ability to defend against certain pathological conditions and for their

developiment of pathological conditions due to absence of the ROR 1 polypeptide.

METHODS FOR THE DETECTION OF ROR1

Another aspect of the present invention relates to methods for detecting ROR1
polynucleotides and ROR1 proteins and vatiants thereof, as well as methods for identifying
a cell that exptesses ROR1. The expression profile of ROR1 makes it a potential
diagnostic marker for breast cancer and breast cancer subtype. In this context, the status
of ROR 1 gene products may provide information useful for predicting a variety of factors
including susceptibility to advanced stage disease, rate of progression, and/ot tumor
aggressiveness. As discussed in detail below, the status of ROR1 gene products in patient
samples tay be analyzed by a vatiety protocols that are well known in the att including
immunohistochemical analysis, the variety of Northern blotting techniques including in situ
hybtidization, RT-PCR analysis (for example on laser capture micro-dissected samples),
western blot analysis and tissue atray analysis.

Mote particulatly, the invention provides assays for the detection of RORI1
polynucleotides in a biological sample, such as a breast biopsy and the like. Detectable
RORI1 polynucleotides include, for example, a ROR1 gene or fragiments thereof, ROR1
mRNA, alternative splice variant ROR1 mRNAs, and recombinant DNA or RNA
molecules containing a ROR1 polynucleotide. A number of methods for amplifying
and/ot detecting the presence of ROR1 polynucleotides are well known in the art and may
be employed in the practice of this aspect of the invention.

TIn one embodiment, 2 method for detecting 2 ROR1 mRNA in a biological sample
comptises producing cDNA from the sample by revetse transcription using at least one

ptimet; amplifying the cDNA so produced using a ROR1 polynucleotides as sense and
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antisense primers to amplify ROR1 cDNAs therein; and detecting the presence of the
amplified ROR1 cDNA. Optionally, the sequence of the amplified ROR1 cIDNA can be
determined. In another embodiment, a method of detecting 2 ROR1 gene in a biological
sample comprises first isolating genomic DNA from the sample; amplifying the isolated
genomic DNA using ROR1 polynucleotides as sense and antisense primers to amplify
the ROR1 gene therein; and detecting the presence of the amplified ROR1 gene. Any
number of approptiate sense and antisense probe combinations may be designed from
the nucleotide sequences provided for the ROR1 (FIG. 1) and used for this purpose.

The invention also provides assays for detecting the presence of a ROR1 protein in
a tissue of other biological sample such as breast cell pteparations, and the like. Methods
for detecting a ROR1 protein are also well known and include, for example,
immunoptecipitation, irnmunohistochemical analysis, Westetn Blot analysis, molecular
binding assays, ELISA, ELIFA and the like. For example, in one embodiment, a method
of detecting the preserice of 2 ROR1 protein in a biological sample comprises fitst
contacting the sample with a ROR1 antibody, a ROR1-teactive fragment thereof, or a
tecombinant protein containing an antigen binding region of a ROR1 antibody; and then
detecting the binding of ROR1 protein in the sample theteto.

In some embodiments of the invention, the exptession of ROR1 proteins in a
sample is examimed using  Immunohistochemical  staining protocols.
Immunohistochemical staining of tissue sections has been shown to be a reliable method
of assessing alteration of proteins in a heterogeneous tissue. Immunohistochemistry
(IHC) techniques utilize an antibody to probe and visualize cellular antigens i sifu,
generally by chromogenic ot fluotescent methods. This technique excels because it
avoids the unwanted effects of disaggregation and allows for evaluation of individual
cells in the context of rmorphology. In addition, the target protein is not altered by the
freezing process.

Certain protocols that examine the expression of ROR1 proteins in a sample
typically involve the prepatation of a tissue sample followed by immunohistochemistry.
Tlustrative protocols axe provided below. For sample pteparation, any tissue sample

from a subject may be used. Examples of tissue samples that may be used include, but
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are not limited to breast tissue. The tissue sample can be obtained by a vatiety of
procedures including, but not limited to sutgical excision, aspiration or biopsy. The
tissue may be fresh or frozen. In one embodiment, the tissue sample is fixed and
embedded in paraffin or the like. The tissue sample may be fixed (ic. preserved) by
conventional methodology (See e.g, “Manual of Histological Staining Method of the
Armed Forces Institute of Pathology,” 3 edition (1960) Lee G. Luna, HT (ASCP)
Editor, The Blakston Division M. cGraw-Hill Book Company, New York; The Armed
Forces Institute of Pathology Advanced Iaboratory Methods in Histology and Pathology (1994)
Ulteka V. Mikel, Editor, Armed Forces Institute of Pathology, American Registry of
Pathology, Washington, D.C.). One of skill in the art will appreciate that the choice of a
fixative is determined by the putpo se for which the tissue is to be histologically stained ox
otherwise analyzed. One of skill in the art will also appreciate that the length of fixation
depends upon the size of the tissue sample and the fixative used. By way of example,
neutral buffered formalin, Bouin’s or patraformaldehyde, may be used to fix a tissue
sample.

Generally, the tissue sample is fitst fixed and is then dehydrated through an
ascending series of alcohols, infiltrated and embedded with paraffin or other sectioning
media so that the tissue sample nnay be sectioned. Alternatively, one may section the
tissue and fix the sections obtained. By way of example, the tissue sample may be
embedded and processed in paraffin by conventional methodology (See ¢.g, “Manual of
Histological Staining Method of the Armed Forces Institute of Pathology”, supra).
Examples of pataffin that may be used include, but ate not limited to, Paraplast, Broloid,
and Tissuemay. Once the tissue sample is embedded, the sample may be sectioned by a
microtome or the like (See g, “Manual of Histological Staining Method of the Armed
Forces Institute of Pathology”, supra). By way of example for this procedure, sections
may range from about three microms to about five microns in thickness. Once sectioned,
the sections may be attached to slides by several standard methods. Examples of slide
adhesives include, but ate not limited to, silane, gelatin, poly-L-lysine and the like. By
way of example, the paraffin embedded sections may be attached to positively charged

slides and/ ot slides coated with poly-L-lysine.
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If pataffin has been used as the embedding matetial, the tissue sections ate
generally deparaffinized and rehydrated to wrater. The tissue sections may be
deparaffinized by several conventional standard methodologies. For example, xylenes
and a gradually descending seties of alcohols may be used (See eg, “Manual of
Histological Staining Method of the Atmed Fotces Institute of Pathology”, supra).
Alternatively, commetcially available depataffinizing non-otganic agents such as Hemo-
De7 (CMS, Houston, Texas) may be used.

Subsequent to tissue preparation, a tissue section may be subjected to
immunohistochemistry (IHC). IHC may be performed in combination with additional
techniques such as morphological staining and /or fluorescence in-situ hybridization.
Two general methods of IHC are available; ditect and indirect assays. Accotding to the
first assay, binding of antibody to the target antigen is determined directly. This direct
assay uses a labeled reagent, such as a fluorescent tag or an enzyme-labeled primary
antibody, which can be visualized without further antibody interaction. In a typical
indirect assay, unconjugated ptimaty antibody binds to the antigen and then a labeled
secondary antibody binds to the ptimaty antibody. Where the secondaty antibody is
conjugated to an enzymatic label, a chromogenic or fluorogenic substtate is added to
provide visualization of the antigen. Signal amplification occuts because several
secondary antibodies may react with different epitopes on the primary antibody.

The primary and/ot secondaty antibody uised for immunohistochemistty typically
will be labeled with a detectable moiety. Numetous labels are available which can be
generally grouped into the following categories:

(@) Radioisotopes, such as 23, #C, 221, 3H, and 13!I. The antibody can be
labeled with the radioisotope using the techryiques desctibed in Current Protocols in
Immunology, Volumes 1 and 2, Coligen et a/, EA. Wiley-Interscience, New Yotk, New
York, Pubs. (1991) for example and radioactivity can be measured using scintillation
counting.

(b) Colloidal gold patticles.

(© Fluorescent labels including, but ate not limited to, rare earth chelates

(eutopium  chelates), Texas Red, thodamine, fluorescein, dansyl, Lissamine,
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umbelliferone, phycoctythetin, phycocyanin, or commercially available fluorophotes
such SPECTRUM ORANGE7 and SPECTRUM GREENT7 and/or detivatives of any
one or more of the above. The fluorescent labels can be conjugated to the antibody
using the techniques disclosed in Current Proiocols in Immunology, supra, for example.
Fluotescence can be quantified using a fluorimetex.

d Various enzyme-substrate labels are available and U.S. Patent No.
4,275,149 provides a review of some of these. Th.e enzyme generally catalyzes a chemical
alteration of the chromogenic substrate that can be measured using various techniques.
For example, the enzyme may catalyze a color change in a substrate, which can be
measured specttophotometrically. Alternatively, thhe enzyme may alter the fluotescence ot
chemiluminescence of the substrate. Techniques for quantifying a change in fluorescence
are described above. The chemiluminescent substrate becomes electronically excited by
a chemical reaction and may then emit light which can be measured (using a
chemiluminometer, for example) or donates energy to a fluorescent acceptor. Examples
of enzymatic labels include luciferases (e.g., firefly- luciferase and bacterial luciferase; U.S.
Patent No. 4,737,456), lucifetin, 2,3-dihydrophthalazinediones, malate dehydrogenase,
urease, peroxidase such as hotseradish peroxidase (HRPO), alkaline phosphatase, B-
galactosidase, glucoamylase, lysozyme, saccharide oxidases (eg, glucose oxidase,
galactose oxidase, and glucose-6-phosphate dehy drogenase), heterocyclic oxidases (such
as uricase and xanthine oxidase), lactoperoxidase, microperoxidase, and the like.
Techniques for conjugating enzymes to antiboclies are described in O'Sullivan e 4/,
Methods for the Preparation of Enzyme-Antibody Conjugates for use in Enzyme
Immunoassay, in Methods in Engym. (ed. J. Langone & H. Van Vunakis), Academic press,
New York, 73:147-166 (1981).

Examples of enzyme-substtate combinations include, for example:

@ Horseradish peroxidase (HRPO) wvith hydrogen peroxidase as a substrate,
wherein the hydrogen petoxidase oxidizes a dye precursor (e.g, orthophenylene diamine
(OPD) ot 3,3',5,5'"-tetramethyl benzidine hydrochloride (TMB));

(1) alkaline phosphatase (AP) wdth para-Nitrophenyl phosphate as

chromogenic substrate; and
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@iii)  P-D-galactosidase (B-D-Gal) with a chromogenic substrate (eg, p-
nitrophenyl-B-D-galactosidase) or fluorogenic substrate (6.g, 4-methylumbelliferyl-3-D-
galactosidase).

Numerous other enzyme-substrate combinations are available to those skilled in
the att. For a general review of these, see U.S. Patent Nos. 4,275,149 and 4,318,980.

Sometimes, the label is indirectly conjugated with the anmtibody. The skilled
artisan will be aware of vatious techniques for achieving this. For example, the antibody
can be conjugated with biotin and any of the four broad categories of labels mentioned
above can be conjugated with avidin, ot sz versa. Biotin binds selectively to avidin and
thus, the label can be conjugated with the antibody in this indirect mnanner. Alternatively,
to achieve indirect conjugation of the label with the antibody, the antibody is conjugated
with a small hapten and one of the different types of labels mentioned above is
conjugated with an anti-hapten antibody. Thus, indirect conjugatiora of the label with the
antibody can be achieved.

Aside from the sample preparation procedures discussed above, further
treatment of the tissue section ptiot to, during ot following IHC may be desired, For
example, epitope rettieval methods, such as heating the tissue sarnple in citrate buffer
may be cattied out (see, ¢.g., Leong ef al. Appl. Immunohistocher. 4(3):2.01 (1996)).

Following an optional blocking step, the tissue section is exposed to primary
antibody for a sufficient petiod of time and under suitable conditions such that the
primary antibody binds to the tatget protein antigen in the tissue sample. Appropriate
conditions fot achieving this can be detetmined by routine experimentation. The extent
of binding of antibody to the sample is determined by using any one of the detectable
labels discussed above. Preferably, the label is an enzymatic label (¢.,g. HRPO) which
catalyzes a chemical alteration of the chromogenic substxate such as 3,3-
diaminobenzidine chtomogen. Preferably the enzymatic label is conjugated to antibody
which binds specifically to the ptimaty antibody (eg the primaxy antibody is rabbit
polyclonal antibody and secondaty antibody is goat anti-rabbit antib ody).

Specimens thus prepared may be mounted and coverslipped. Slide evaluation is

then determined, ¢.g using a microscope.
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While not being bound by the following parameters. protein staining ir tensity

ctitetia may be evaluated as illustrated by the following chatt:

Protein Staining Intensity Criteria

Staining Pattern Score

No staining is observed in tumor cells. 0

A faint/barely perceptible staining is detected | 1+
in tumor cells.
A weak to moderate complete staining is observed | 2+
in tumor cells.
A moderate to strong complete staining is | 3+
observed in tumor cells.
A strong to very strong complete staining is | 4+
observed in tumor cells.

Other methods for identifying a cell that expresses ROR1 are also available to the
skilled artisan. In one embodiment, an assay for identifying a cell that expresses a ROR1
gene comprises detecting the presence of ROR1T mRNA in the cell. Methods for the
detection of particular mRNAs in cells are well known and include, for eszample,
hybridization assays using complementary DNA probes (such as in situ hybridizatiom using
labeled ROR1 riboprobes, Notthetn blot and related techniques) and various nucleic acid
amplification assays (such as RT-PCR using complementary primers specific for RORI,
and other amplification type detection methods, such as, for example, branched DNA,
SISBA, TMA and the like). Alternatively, an assay fot identifying a cell that expresses a
ROR1 gene comprises detecting the presence of ROR1 protein in the cell or secreted by
the cell. Various methods for the detection of proteins ate well known in the art and may
be employed for the detection of ROR1 proteins and ROR1 expressing cells.

ROR1 expression analysis may also be useful as a tool for identifyimg and
evaluating agents that modulate ROR1 gene expression. For example, ROR1 expte ssion is
significantly upregulated in breast cancet, is also aberrantly expressed in other cancets.
Identification of a molecule ot biological agent that could inhibit ROR1 expres sion ot
over-expression in cancet cells may be of therapeutic value. Such an agent xmay be
identified by using a screen that quantifies ROR1 exptession by RT-PCR, nucleic acid
hybtidization or antibody binding.
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MONITORING THE STATUS OF ROR1 AND ITS PRODUCTS

Assays that evaluate the status of the ROR1 gene and ROR1 gene products in an
individual may provide information on the growth or oncogenic potential of a biological
sample from this individual. For example, because ROR1 mRNA is so highly expressed in
cettain breast cancer cells as compared to normal breast tissue, assays that evaluate the
relative levels of ROR1 mRNA transcripts or proteins in a biological sample can be used to
diagnose a disease associated with ROR1 distegulation such as cancer and may provide
prognostic information that can for example be useful in defining appropriate therapeutic
options. Similatly, assays that evaluate the integrity ROR1 nucleotide and amino acid
sequences in a biological sample, can also be used in this context.

The finding that ROR1 mRNA is so highly expressed in cettain breast cancer
subtypes provides evidence that this gene is associated with distegulated cell growth and
therefore identifies this gene and its products as targets that the skilled artisan can wase to
evaluate biological samples from individuals suspected of having a disease associated with
RORI1 distegulation. In this context, the evaluation of the status of ROR1 gene amd its
products can be used to gain information on the disease potential of a tissue sample.

The term "status" in this context is used according to its att accepted meanin g and
refets to the condition a gene and its products including, but not limited to the integrity
and/ot methylation of a gene including its regulatory sequences, the location of expxessed
gene products (including the location of ROR1 exptessing cells), the presence, level, and
biological activity of expressed gene products (such as ROR1 mRNA polynucleotides and
polypeptides), the presence ot absence of transcriptional and translational modifications to
expressed gene products as well as associations of expressed gene products with other
biological molecules such as protein binding pattners. Alterations in the status of ROR1
can be evaluated by a wide variety of methodologies well known in the att, typically those
discussed below. Typically an alteration in the status of ROR1 comprises a change in the
location of ROR1 expressing cells, an increase in ROR1 mRNA and/or pzxotein

expression and/ ot the association or dissociation of ROR1 with a binding partner.
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The expression profile of ROR1 makes it a potential diagnostic marker for local
and/or metastasized breast cancer disease. In patticular, the status of ROR1 may provide
information useful for predicting susceptibility to particular disease stage or subtype,
progression, and/ot tumor aggtessiveness. The invention provides methods and assays for
determining ROR1 status and diagnosing cancers that express ROR1, such as cancets of
the breast. ROR1 status in patient samples may be analyzed by a number of means well
known in the art, including without limitation, immunohistochemical analysis, in situ
hybridization, RT-PCR analysis on laser capture micro-dissected samples, western blot
analysis of clinical samples and cell lines, and tissue atray analysis. Typical protocols for
evaluating the status of the ROR1 gene and gene products can be found, for example in
Ausubul et al. eds., 1995, Current Protocols In Molecular Biology, Units 2 [Notthern
Blotting], 4 [Southetn Blotting], 15 [Immunoblotting] and 18 [PCR Analysis].

As desctibed above, the status of ROR1 in a biological sample can be examined
by a number of well known procedutes in the art. For example, the status of ROR1 in a
biological sample taken from a specific location in the body can be examined by
evaluating the sample for the presence ot absence of ROR1 expressing cells (e.g. those
that express ROR1 mRNAs or proteins). This examination can provide evidence of
disregulated cellular growth for example, when ROR1 expressing breast cells are found in
a biological sample that does not normally contain such cells (such as a lymph node,
bone or spleen). Such alterations in the status of ROR1 in a biological sample ate often
associated with disregulated cellular growth. Specifically, one indicator of disregulated
cellular growth is the metastases of cancer cells from an organ of origin (such as the
breast gland) to a different area of the body (such as a lymph node). In this context,
evidence of disregulated cellular growth is important for example because occult lymph
node metastases can be detected in a substantial proportion of patients with breast
cancer, and such metastases are associated with known predictors of disease progression
(see, e.g. Gipponni et al,, ] Surg Oncol. 2004 Mar 1;85(3):102-111).

In one aspect, the invention provides methods for monitoring ROR1 gene
products by determining the status of ROR1 gene products expressed by cells in 2 test

tissue sample from an individual suspected of having a disease associated with
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disregulated cell gtowth (such as hyperplasia ot cancer) and then comparing the status so
determined to the status of ROR1 gene products in a corresponding normal sample, the
presence of abetrant ROR1 gene products in the test sample relative to the normal
sample providing an indication of the presence of disregulated cell growth within the
cells of the individual.

In another aspect, the invention ptrovides assays useful in determining the
presence of cancet in an individual, comptising detecting a significant increase in ROR1
mRNA ot protein exptession in a test cell or tissue sample relative to expression levels in
the corresponding normal cell or tissue. The presence of ROR1 mRNA may, for
example, be evaluated in tissue samples including but not limited to breast cancet
subtypes such as basal and BRCA 1 breast cancer subtypes (see, e.g. Sotlie et al.,, PNAS
(2001), 98(19): 10869-10874), etc. The presence of significant ROR1 expression in any
of these tissues may be useful to indicate the emergence, presence and/or severity of
these cancers, since the corresponding normal tissues do not express ROR1 mRNA or
express it at lower levels.

In a related embodiment, ROR1 status may be determined at the protein level
rather than at the nucleic acid level. For example, such a method or assay would comprise
determining the level of ROR1 protein exptressed by cells in a test tissue sample and
comparing the level so determined to the level of ROR1 expressed in a cotresponding
normal sample. In one embodiment, the ptesence of ROR1 protein is evaluated, for
example, using immunohistochemical methods. ROR1 antibodies or binding pattnets
capable of detecting ROR1 protein exptession may be used in a variety of assay formats
well known in the att for this purpose.

In other related embodiments, one can evaluate the integrity ROR1 nucleotide and
amino acid sequences in a biological sample in otder to identify perturbations in the
structute of these molecules such as insertions, deletions, substitutions and the like. Such
embodiments are useful because pertutbations in the nucleotide and amino acid sequences
are obsetved in a latge number of proteins associated with a growth disregulated phenotype
(see, e.g., Marrogi et al,, 1999, J. Cutan. Pathol. 26(8):369-378). In this context, a wide

variety of assays for obsetving perturbations in nucleotide and amino acid sequences ate
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well known in the art. For example, the size and structure of nucleic acid or amino acid
sequences of ROR1 gene products may be obsetved by the Northern, Southern, Western,
PCR and DNA sequencing protocols discussed herein. In addition, other methods for
obsetving pettutbations in nucleotide and amino acid sequences such as single strand
conformation polymotphism analysis are well known in the att (see, e.g., U.S. Patent Nos.
5,382,510 and 5,952,170).

In another embodiment, one can examine the methylation status of the ROR1 gene
in a biological sample. Abetrant demethylation and/or hypermethylation of CpG islands in
gene 5’ regulatory regions frequently occuts in immottalized and transformed cells and can
result in altered expression of vatious genes. For example, promoter hypermethylation of
the pi-class glutathione S-transferase (a protein expressed in normal prostate but not
exptessed in >90% of prostate carcinomas) appeats to permanently silence transcription
of this gene and is the most frequently detected genomic alteration in prostate
carcinomas (De Matzo et al., Am. J. Pathol. 155(6): 1985-1992 (1999)). In addition, this
alteration is present in at least 70% of cases of high-grade prostatic intraepithelial
neoplasia (PIN) (Brooks et al, Cancer Epidemiol. Biomarkers Prev., 1998, 7:531-536). In
another example, exptession of the LAGE-I tumor specific gene (which is not expressed
in normal prostate but is expressed in 25-50% of prostate cancers) is induced by deoxy-
azacytidine in lymphoblastoid cells, suggesting that tumoral expression is due to
demethylation (Lethe et al, Int. J. Cancer 76(6): 903-908 (1998)). In this context, a variety
of assays for examining methylation status of a gene are well known in the art. For
example, one can utilize in Southern hybridization approaches methylation-sensitive
restriction enzymes which can not cleave sequences that contain methylated CpG sites in
order to assess the ovetall methylation status of CpG islands. In addition, MSP
(methylation specific PCR) can rapidly profile the methylation status of all the CpG sites
present in a CpG island of a given gene. This procedure involves initial modification of
DNA by sodium bisulfite (which will convett all unmethylated cytosines to uracil) followed
by amplification using ptimers specific for methylated versus unmethylated DNA.
Protocols involving methylation intetference can also be found for example in Current

Protocols In Molecular Biology, Units 12, Fredetick M. Ausubul et al. eds., 1995.
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Gene amplification provides an additional method of assessing the status of
RORI1, a locus that maps to 1p31, a tegion shown to be perturbed in a variety of cancets.
Gene amplification may be measured in a sample directly, for example, by conventional
Southern blotting, Notthern blotting to quantitate the transcription of mRNA (Thomas,
1980, Proc. Natl. Acad. Sci. USA, 77:5201-5205), dot blotting (DNA analysis), or in situ
hybridization, using an approptiately labeled probe, based on the sequences provided
herein. Alternatively, antibodies may be employed that can tecognize specific duplexes,
including DNA duplexes, RNA duplexes, and DNA-RNA hybtid duplexes or
DNA-protein duplexes. The antibodies in tutn may be labeled and the assay may be
carried out where the duplex is bound to a sutface, so that upon the formation of duplex
on the surface, the presence of antibody bound to the duplex can be detected.

In addition to the tissues discussed above, petipheral blood may be conveniently
assayed for the presence of cancet cells, including but not limited to breast cancets, using
for example, Northern or RT-PCR analysis to detect ROR1 expression. The presence of
RT-PCR amplifiable ROR1 mRNA provides an indication of the presence of the cancet.
RT-PCR detection assays for tumor cells in petipheral blood are currently being evaluated
for use in the diagnosis and management of a number of human solid tumots.

A related aspect of the invention is directed to predicting susceptibility to
developing cancer in an individual. In one embodiment, a method for predicting
susceptibility to cancer comptises detecting ROR1 mRNA or ROR1 protein in a tissue
sample, its presence indicating susceptibility to cancer, wherein the degtee of RORI
mRNA expression present is propottional to the degree of susceptibility. In a specific
embodiment, the presence of RORI1 in breast tissue is examined, with the presence of
RORI1 in the sample providing an indication of breast cancer susceptibility (or the
emetgence ot existence of a breast tumor and/or the emergence ot existence of a specific
breast tumor subtype). In another specific embodiment, the presence of ROR1 in tissue is
examined, with the presence of ROR1 in the sample providing an indication of cancet
susceptibility (ot the emergence ot existence of a tumor). In a closely related embodiment,
one can evaluate the integrity ROR1 nucleotide and amino acid sequences in a biological

sample in order to identify pettutbations in the structure of these molecules such as
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insertions, deletions, substitutions and the like, with the presence of one or mote
perturbations in ROR1 gene products in the sample providing an indication of cancer
susceptibility (or the emergence or existence of a tumot).

Yet another related aspect of the invention is ditected to methods for gauging
tumor aggressiveness. In one embodiment, a method for gauging aggressiveness of a
tumor comprises determining the level of RORT mRNA or ROR1 protein exptessed by
cells in a sample of the tumot, compating the level so determined to the level of ROR1
mRNA or ROR1 protein expressed in a corresponding normal tissue taken from the same
individual or a normal tissue reference sample, whetein the degree of ROR1 mRNA or
RORI1 protein expression in the tumot sample relative to the normal sample indicates the
degree of aggressiveness. In a specific embodiment, aggressiveness of a tumor is evaluated
by determining the extent to which ROR1 is expressed in the tumot cells, with higher
expression levels indicating more aggtessive tumors. In a closely related embodiment, one
can evaluate the integrity of ROR1 nucleotide and amino acid sequences in a biological
sample in order to identify pettutbations in the structure of these molecules such as
insertions, deletions, substitutions and the like, with the presence of one or more
petturbations indicating more aggressive tumots.

Yet another related aspect of the invention is ditected to methods for obsetving the
progression of a malignancy in an individual ovet time. In one embodiment, methods for
obsetving the progtession of a malignancy in an individual over time comptise detetmining
the level of ROR1 mRNA or ROR1 protein exptessed by cells in a sample of the tumor,
comparing the level so determined to the level of ROR1 mRNA or RORI protein
expressed in an equivalent tissue sample taken from the same individual at a different time,
wherein the degree of ROR1 mRNA or ROR1 protein expression in the tumor sample
over time provides information on the progression of the cancer. In a specific
embodiment, the progression of a cancet is evaluated by determining the extent to which
ROR1 expression in the tumor cells altets over time, with higher exptession levels
indicating a progtession of the cancer. In a closely related embodiment, one can evaluate
the integrity ROR1 nucleotide and amino acid sequences in a biological sample in ordet to

identify perturbations in the structure of these molecules such as insertions, deletions,
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substitutions and the like, with the ptesence of one or more pertutbations indicating a
progression of the cancer.

"The above diagnostic approaches may be combined with any one of a wide vatiety
of prognostic and diagnostic protocols known in the art. For example, another
embodiment of the invention disclosed hetein is directed to methods for observing a
coincidence between the exptession of ROR1 gene and ROR1 gene products (or
pettutbations in ROR1 gene and ROR1 gene products) and a factor that is associated with
malignancy as a means of diagnosing and prognosticating the status of a tissue sample. In
this context, a wide variety of factors associated with malignancy may be utilized such as
the expression of genes otherwise associated with malignancy (including Her-2 and BRCA
1 and 2 exptession) as well as gross cytological obsetvations (see e.g. Bocking et al., 1984,
Anal. Quant. Cytol. 6(2):74-88; Eptsein, 1995, Hum. Pathol. 26(2):223-9; Thorson et al.,
1998, Mod. Pathol. 11(6):543-51; Baisden et al,, 1999, Am. J. Surg. Pathol. 23(8):918-24).
Methods for obsetving a coincidence between the expression of ROR1 2g/e:ne and ROR1
gene products (ot pertutbations in ROR1 gene and ROR1 gene products) and an additional
factor that is associated with malignancy are useful, for example, because the presence of a
set ot constellation of specific factors that coincide provides information crucial for
diagnosing and prognosticating the status of a tissue sample.

In a typical embodiment, methods for observing a coincidence between the
expression of ROR1 gene and ROR1 gene products (or perturbations in ROR1 gene and
ROR1 gene products) and a factor that is associated with malignancy entails detecting the
ovetexpression of ROR1 mRNA ot protein in a tissue sample, detecting the overexpression
of BRCA 1 ot 2 mRNA or protein in a tissue sample, and observing a coincidence of
ROR!1 mRNA ot protein and BRCA mRNA or protein overexpression. In another
specific embodiment, the expression of ROR1 and Her-2 mRNA in breast tissue is
examined. In a common embodiment, the coincidence of ROR1 and Het-2 ot BRCA 1 ot
2 mRNA ovetexpression in the sample provides an indication of breast cancer, breast
cancet subtype, breast cancer susceptibility or the emergence or existence of a breast

tumot.
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Methods for detecting and quantifying the exptession of ROR1 mRNA or protein
ate described herein and use of standard nucleic acid and protein detection and
quantification technologies is well known in the art. Standard methods for the detection
and quantification of ROR1 mRNA include in situ hybridization using labeled ROR1
riboptobes, Notthern blot and related techniques using ROR1 polynucleotide probes, RT-
PCR analysis using ptimers specific for ROR1, and other amplification type detection
methods, such as, for example, branched DNA, SISBA, TMA and the like. In a specific
embodiment, RT-PCR may be used to detect and quantify ROR1 mRNA expression as
desctibed in the Examples. Any numbet of primets capable of amplifying ROR1 may be
used for this putpose. Standard methods for the detection and quantification of protein
may be used for this purpose. In a specific embodiment, polyclonal or monoclonal
antibodies specifically reactive with the wild-type ROR1 protein may be used in an
immunohistochemical assay of biopsied tissue.

The invention has a number of embodiments. One embodiment is a method of
examining a test biological sample comptising a human breast cell for evidence of altered
cell growth that is indicative of a breast cancer by evaluating the levels of orphan receptor
tyrosine kinase (ROR1) polynucleotides that encode the ROR1 polypeptide shown in
SEQ ID NO: 2 in the biological sample, wherein an increase in the levels of the ROR1
polynucleotides in the test sample relative to a normal breast tissue sample provide
evidence of altered cell growth that is indicative of a breast cancer; and whetein the levels
of the ROR1 polynucleotides in the cell are evaluated by contacting the sample with 2
ROR1 complementaty polynucleotide that hybridizes to a ROR1 nucleotide sequence
shown in SEQ ID NO: 1, or a complement theteof, and evaluating the presence of a
hybridization complex formed by the hybtidization of the ROR1 complementary
polynucleotide with the ROR1 polynucleotides in the test biological sample.

A related embodiment is 2 method of examining a human breast cell for evidence
of altered cell growth that is associated with ot ptovides evidence of a breast cancer by
evaluating the levels of orphan receptot tyrosine kinase (RORI) polynucleotides that
encode the ROR1 polypeptide shown in SEQ ID NO: 2 in the human breast cell,
wherein an increase in the levels of the ROR1 polynucleotides (e.g. mRNAs and genomic

48



10

15

20

25

30

WO 2005/100605 PCT/US2005/011425

sequences) in the human breast cell relative to a normal human breast cell provides
evidence of altered cell growth that is associated with ot provides evidence of a breast
cancer; and wherein the levels of the ROR1 polynucleotides in the human breast cell are
evaluated by contacting the endogenous ROR1 polynucleotide sequences in the human
breast cell with a ROR1 complementary polynucleotide the ROR1 complementary
polynucleotide (e.g. a probe labelled with a detectable matker or a PCR primer) and
which specifically hybridizes to a ROR1 nucleotide sequence shown in SEQ ID NO: 1
and evaluating the presence of a hybridization complex formed by the hybridization of
the ROR1 complementary polynucleotide with the ROR1 polynucleotides in the sample
(e.g. via Northern analysis or PCR) so that evidence of altered cell growth that is
associated with or provides evidence of a breast cancer is examined. Cettain
embodiments of the invention include the step of examining the expression of Her-2 (SEQ
ID NO: 3), EGFR (SEQ ID NO: 4), VEGF (SEQ ID NO: 5), FMS-like tyrosine kinase
(SEQ ID NO: 6), MYC (SEQ ID NO: 7), urokinase plasminogen activator (SEQ ID
NO: 8), plasminogen activator inhibitor (SEQ ID NO: 9), BRCA1 (SEQ ID NO: 10) or
BRCA2 (SEQ ID NO: 11) polynucleotides in the test biological sample.

In some embodiments of the invention, the increase in the levels of the ROR1
polynucleotides in the human breast cell relative to a normal human breast cell that
provides evidence of altered cell growth is quantified, for example, as being at least 2 100%
(1 fold) inctease, ot a 200% (2 fold), 4 fold, 8 fold, 15 fold, 30 fold, 60 fold, or a 120 fold
increase in the relative levels of the ROR1 polynucleotides. In the quantitative mRNA
analyses disclosed herein (see, e.g. FIG. 5), the inctrease in the levels of the RORT mRNAs
in the cells tested ranged from a 15 fold increase (e.g. in the BT-20 cell line) to 2 120 fold
increase in the HCC1187 cell line. The average increase in the levels of the ROR1
polynucleotides in the overexpressing cell lines as compared to the observed expression
in luminal breast cancer cell lines is 43 fold. The normalized standard that can be used as
a comparative reference of ROR1 expression can for example be obtained from normal
breast tissue taken from the same individual, or a normal tissue reference sample taken
from a healthy individual. Alternatively, a normalized standard can be a numerical range of

normal ROR1 exptession that is obtained from a statistical sampling of normal cells from a
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population of individuals. In certain embodiments of the invention, the notmalized
standard is derived by comparing ROR1 expression to a control gene that is expressed in
the same cellular environment at relatively stable levels (e.g. a housekeeping gene such as an
actin).

Immortalized, non-malignant breast cell lines appear to be of basal origin and
also express ROR1 polynucleotides at levels significantly higher than luminal breast
cancer cells. In this context, the level of ROR1 polynucleotide expression is observed to
be higher in basal breast cancer cells as compared to non-malignant basal cells, with an
average increase in ROR1 polynucleotide expression being a 7 fold increase. While there
are no continuously growing non-malignant luminal cells available, the analyses of
luminal breast cancer and normal tissues described herein suggests that the exptression of
RORI1 polynucleotides in normal luminal mammary cells is very low or undetectable.
When RORI1 expression in primary breast cancer is compares to breast cell lines are
calculated as a log ratio, the average log ratio of the 12 highest ROR1 expressing cell
lines is 0.40 (with a range from 0.12 to 0.9). The average log ratio of the 5 basal ROR1
positive primary breast cancers is 0.26 (with a range from 0.21 to 0.32). The consistency
of these calculations is supported by the obsetvation that when compared against the
same reference (pute tumor cell lines) the breast tumors have similar but slightly lower
RORT1 expression levels than those observed in pure cell lines. Without being bound by
a specific theory, these observations are consistent with a simple dilution effect because
the tumor cells in the primary tumor occur in a complex mixture of cell types (including
those that are known not to express ROR1).

In certain embodiments of the invention, the breast cancer is of the basal subtype.
As is known in the art, cancers of the breast can be group into a number of distinct
subtypes, including a basal subtype (see, e.g. see, e.g. Sotlie et al., PNAS (2001), 98(19):
10869-10874). In particular, mammary ducts are bilayered structures composed of a
luminal layer and a myoepithelial layer that adhere to a basement membrane. The term
basal subtype is an art accepted tetm that refers to certain cancers that arise from the
basal layer of the stratified epithelia (see, e.g. figure 1 in Wilson et al. Breast Cancet
Research Vol 6 No. 5: 192-200 (2004)). Bteast carcinomas of the basal subtype teside in
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the basal layer of the ductal epithelium of the breast as opposed to the apical or luminal
layers. Such cancers have distinct cytological features and gene expression profiles such
as an intermediate filament profile (cytoketatins) first observed in the basal cells of the
skin. In particulat, basal cells in the skin ate known to express certain cytokeratins (L.e.
K5/6,K7, K17, K14) which are found in complex epithelia as opposed to K8, K18, K19
which are found in simple, ot glandular epithelia.

A subtype of breast cancer (e.g. one with basal cell properties) can be readily
determined via pathology-IHC data and/or the Stanford breast tumor profiling data
disclosed herein. For example, Wetzels et al, Am J Path. (1991) 138: p751-63 which is
incotporated herein by reference desctibe basal cell-specific and hyperproliferations-
related keratins in human breast cancer. This study found that 15% (n=115) of invasive
breast cancers were positive for basal cytokeratins 14 and 17. In addition, Battek et al.,
Int J. Cancer (1985) 36:299-306 which is incotporated herein by reference also teach the
characterization of breast cancer subtypes using pattetns of expression of K19 in human
breast tissues and tumors. Conversely, most medullary and pootly differentiated ductal
catcinomas were negative for cytokeratin 19 while moderately and well-differentiated
ductal, invasive lobular, tubular and most mucinous carcinomas were positive with both
K19 Abs. In addition, P-Cadhetin (CDH3) (SEQ ID NO: 12) and Desmosomal
Cadherins are expressed in Basal Layer of Breast Ducts and P-Cadherin mRNA is
ovetexpressed in the basal and BRCA1 subtypes. This provides confirmatory evidence
that the Group 4 and BRCA1 tumor groups shate many molecular properties associated
with cell type origin.

Paredes et al., Pathol. Res. Pract. 2002: 198(12): 795-801 which is incorporated
herein by reference also investigate the expression of P cadherin in breast catcinoma
subtypes and correlate it with estrogen receptor (ER) status. 73 ductal carcinomas in situ
(DCIS) and 149 invasive carcinomas of the breast were selected and examined for the
exptession of P-cadherin as well as other biologic matkers. P-cadherin expression
showed a strong inverse correlation with estrogen receptor (ER) exptession in both types
of breast catcinoma (in situ and invasive). P-cadherin-positive and ER-negative tumors

wete telated to a higher histologic grade, a high proliferation rate, and expression of c-
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etbB-2. This demonstrates that P-cadherin identifies a subgroup of breast carcinomas
that lacks ER expression, and correlates with higher proliferation rates and other
predictors of aggressive behavior. See also, Gamallo et al, Mod. Pathol. 2001: 14(7):
650-4; Kovacs et al., ] Clin Pathol 2003 Feb;56(2):139-41 ; and Peralta et al., Cancer 1999
Oct 1;86(7):1263-72 which are incorporated herein by reference.

In certain embodiments of the invention, the breast cancer is of the BRCAI1
subtype. In particular, as is known in the art, cancers of the breast can be group into a
number of distinct subtypes, including a BRCA1 subtype (see, e.g. see, e.g. Sotlie et al.,
PNAS (2001), 98(19): 10869-10874). In this context, a breast cancer of the BRCA1
subtype is characterized as having a mutation in the BRCA1 gene. A vatiety of distinct
BRCA1 mutations are known to occur in multiple tissues and include substitutions,
deletions and missense mutations (see, e.g. Wagner et al, Int J Cancer. 1998 Jul
29;77(3):354-60; Chang et al., Breast Cancer Res Treat. 2001 Sep;69(2):101-13; and
Foulkes et al., Cancer Res. 2004 Feb 1;64(3):830-5; and Aghmesheh et al., Gynecol
Oncol. 2005 Apr;97(1):16-25 which are incorporated herein by reference). The Basal and
BRCAT1 cancers are related by cellular origin and molecular pathogenesis and the over-
expression of ROR1 is an important alteration involved in the pathogenesis of these two
tumor groups.

FIG. 5F and FIG. 5G show the detection of endogenous ROR1 protein on the
surface of CALS51 cells using anti-ROR1 rabbit polyclonal sera, with SKBR cells setving
as a comparative cell line. When compared to the RORT mRNA expression data shown
for example in FIG. 5B, these studies with anti-ROR1 rabbit polyclonal sera demonstrate
that ROR1 mRINA expression levels correlate with ROR1 protein expression levels. The
mRNA/protein expression cortelative data presented in these figures is consistent with
other observations of ROR1 mRNA and protein expression. For example, Paganoni et
al,, in J. Neuroscience Research 73: 429-440 (2003) (which is incotporated herein by
reference) teach that observations of ROR1 mRNA expression examined via in situ
hybridization and/or PCR analyses cotrelate with obsetvations of ROR1 protein
expression examined via immunohistochemical and/or Westetn analyses in a vatiety of

cells that express ROR1. In addition, Paganoni et al., in GLIA 46: 456-466 (2004)
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(which is incorporated herein by reference) teach that both the ROR1 and ROR2
mRNA s and the ROR1 and ROR2 proteins ate exptessed in vivo in eatly stages in brain
development. In this GLIA article Paganoni et al. further teach that not only ROR1 and
ROR2 mRNAs, but also ROR proteins, ate highly exptessed in certain cultured cells.
The obsetvation that ROR1 mRNA exptession levels correlate with ROR1 protein
exptession levels is further supported by data presented hetein that breast cancer cells
that ov-erexptess ROR1 exhibit for example, a specific basal phenotype and have a poor
prognosis as compated to cells that do not overexpress ROR1 (charactetistics known in
the art to be influenced by the function of translated proteins).

Another embodiment of the invention is a method of examining a test biological
sample comptising a2 human breast cell for evidence of altered cell growth that is indicative
of a2 breast cancet, the method comprising evaluating the levels of orphan receptor
tyrosine kinase (ROR1) polypeptides having the sequence shown in SEQ ID NO: 2 in the
biological sample, whetein an increase in the levels of the ROR1 polypeptides in the test
sample telative to a notrmal breast tissue sample provide evidence of altered cell growth
that is indicative of a breast cancet; and wherein the levels of the ROR1 polypeptides in the
cell are evaluated by contacting the sample with an antibody that immunospecifically
binds to a ROR1 polypeptide sequence shown in SEQ ID NO: 2 and evaluating the
ptesence of a complex formed by the binding of the antibody with the RORI1
polypeptides in the sample.

A related embodiment of the invention is a method of examining a human breast
cell (e.g. from a biopsy) that is suspected of being cancerous for evidence of altered cell
growth that is indicative of a breast cancer, the method comptising evaluating the levels of
otphan receptor tytosine kinase (ROR1) polypeptides having the sequence shown in SEQ
ID NO: 2 in the breast cell, whetein an inctease in the levels of the ROR1 polypeptides in
the human breast cell relative to a normal breast cell (e.g. 2 normal cell from the
individual providing the human breast cell) provide evidence of altered cell growth that is
indicative of a breast cancer; and wherein the levels of the ROR1 polypeptides in the cell
ate evaluated by contacting the sample with an antibody (e.g. one labelled with a

detectable marker) that immunospecifically binds to a ROR1 polypeptide sequence
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shown in SEQ ID NO: 2 and evaluating the presence of a complex formed by the
binding of the antibody with the ROR1 polypeptides in the sample. Typically the
ptesence of a complex is evaluated by a method selected from the group consisting of
ELISA analysis, Westetn analysis and immunohistochemistry. Optionally, the breast
cancer is of the basal or the BRCA 1 subtype.

Yet anothet embodiment of the invention is a method of examining a test human
cell for evidence of a chtomosomal abnormality that is indicative of a human cancer by
compating otphan receptor tyrosine kinase (ROR1) polynucleotide sequences from band
p31 of chtomosome 1 in a normal cell to ROR1 polynucleotide sequences from band p31
of chromosome 1, band p31 on chromosome 1 in the test human cell to identify an
amplification ot an alteration (e.g. a deletion, insertion, substitution or missense mutation)
of the ROR1 polynucleotide sequences in the test human cell, wherein an amplification or
an alteration of the ROR1 polynucleotide sequences in the test human cell provides
evidence of a chromosomal abnotrmality that is indicative of a human cancer. In such
methods chromosome 1, band p31 in the test human cell is typically evaluated by
contacting the ROR1 polynucleotide sequences in the test human cell sample with a
ROR1 complementary polynucleotide that specifically hybridizes to a ROR1 nucleotide
sequerice shown in SEQ ID NO: 1, or a complement thereof, and evaluating the
ptesennce of a hybridization complex formed by the hybridization of the RORI1
complementary polynucleotide with the ROR1 polynucleotide sequences in the test
human cell (e.g. by Notthern analysis, Southern analysis or polymerase chain reaction

analysis).

IDENTIFYING MOLECULES THAT INTERACT WITH ROR1

The RORI1 protein sequences disclosed hetein allow the skilled artisan to identify
molecules that interact with them via any one of a vatiety of art accepted protocols. For
example one can utilize one of the variety of so-called interaction trap systems (also
referted to as the "two-hybtid assay"). In such systems, molecules that interact
reconstitute a transcription factor and direct expression of a reporter gene, the

expression of which is then assayed. Typical systems identify protein-protein interactions
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in vivo through teconstitution of a eukaryotic transcriptional activator and are disclosed
for example in U.S. Patent Nos. 5,955,280, 5,925,523, 5,846,722 and 6,004,746.

Alternatively one can identify molecules that interact with ROR1 protein
sequences by scteening peptide libraries. In such methods, peptides that bind to selected
teceptot molecules such as ROR1 are identified by screening libraries that encode a
random ot controlled collection of amino acids. Peptides encoded by the libraries are
exptessed as fusion proteins of bacteriophage coat proteins, and bacteriophage particles
are then scteened against the receptors of interest. Peptides having a wide variety of
uses, such as therapeutic or diagnostic reagents, may thus be identified without any prior
information on the structute of the expected ligand or receptor molecule. Typical
peptide libraties and screening methods that can be used to identify molecules that
interact with ROR1 protein sequences ate disclosed for example in U.S. Patent Nos.
5,723,286 and 5,733,731.

Alternatively, cell lines expressing ROR1 can be used to identify protein-protein
interactions mediated by RORI. This possibility can be examined using
immunoptecipitation techniques as shown by others (Hamilton, B.J., et al, 1999,
Biochem. Biophys. Res. Commun. 261:646-51). Typically ROR1 protein can be
immunoprecipitated from ROR1 exptessing breast cancer cell lines using anti-RORI1
antibodies. Alternatively, antibodies against His-tag can be used in cell line engineered
to express ROR1 (vectors mentioned above). The immunoprecipitated complex can be
examined for protein association by procedutes such as western blotting, 33S-methionine
labeling of proteins, protein microsequencing, silver staining and two dimensional gel
electrophoresis.

Related embodiments of such screening assays include methods for identifying
small molecules that interact with ROR1. Typical methods are discussed for example in
U.S. Patent No. 5,928,868 and include methods for forming hybrid ligands in which at
least one ligand is a small molecule. In an illustrative embodiments, the hybrid ligand is
introduced into cells that in turn contain a first and a second expression vector. Each
exptession vector includes DNA for expressing a hybtid protein that encodes a target

protein linked to a coding sequence for a transcriptional module. The cells further
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contains a repotter gene, the expression of which is conditioned on the proximity of the
first and second hybrid proteins to each othet, an event that occurs only if the hybrid
ligand binds to target sites on both hybrid pxoteins. Those cells that express the reporter
gene are selected and the unknown small amnolecule or the unknown hybtid protein is
identified.

A typical embodiment of this invention consists of a method of screening for a
molecule that interacts with a ROR1 amino acid sequence shown in FIG. 1, comprising
the steps of contacting a population of molecules with the ROR1 amino acid sequence,
allowing the population of molecules and the ROR1 amino acid sequence to interact
under conditions that facilitate an interaction, determining the presence of a molecule
that interacts with the ROR1 amino acid seqquence and then separating molecules that do
not interact with the ROR1 amino acid sequence from molecules that do interact with
the ROR1 amino acid sequence. In a specific embodiment, the method further includes
purifying a molecule that interacts with the ROR1 amino acid sequence. In one

embodiment, the ROR1 amino acid sequence is contacted with a library of peptides.

THERAPEUTIC METHODS AND COMPOSITIONS

The identification of ROR1 as a gene that is highly expressed in subtypes of
cancets of the breast (and possibly other cancers), opens a number of therapeutic
approaches to the treatment of such cancers. As discussed above, it is possible that
RORT1 is secreted from cancer cells and in this way modulates proliferation signals. Its
potential role as a transcription factor and its high expression in breast cancer makes it a
potential target for small molecule-mediated therapy.

Accordingly, therapeutic approaches aimed at inhibiting the activity of the ROR1
protein are expected to be useful for patients suffering from breast cancer and other

cancers expressing ROR1.

56



10

15

20

25

30

WO 2005/100605 PCT/US2005/011425

RORI1 as a Target for Antibody-Based Therapy

As disclosed herein, ROR1 is 2 cell sutface protein that is overexpressed in certain
pathologies such as cancets of the breast. The structural features of ROR1 indicate that
this molecule is an attractive target for antibody-based therapeutic strategies. Because
RORT1 is expressed by cancer cells of various lineages and not by cortesponding normal
cells, systemic administration of RORI-imamunoreactive compositions would be
expected to exhibit excellent sensitivity without toxic, non-specific and/or non-target
effects caused by binding of the immunothera peutic molecule to non-target organs and
tissues. Antibodies specifically reactive with cdomains of ROR1 can be useful to treat
ROR1-expressing cancets systemically, either as conjugates with a toxin or therapeutic
agent, or as naked antibodies capable of inhibiting cell proliferation or function.

As is known in the art, antibodies to cell surface proteins can be used in
therapeutic methods which preferentially kill cells that these express cell surface proteins,
particulatly in situations whete cell sutface protein is overexpressed in the pathological
cells versus the normal cells in a patients body (e.g. HER2). Well known methodologies
using such antibodies take advantage of the ability of such antibodies to activate the
complement cascade and/or mediate antibody dependent cellular cytotoxicity in a patient
treated with an effective amount of the antibocly. Alternative methodologies include the
use of an immunotoxin which is a conjugate of a cytotoxic moiety and one of these
antibodies. The amount of experimentation need to assess the ability of an anti-RORI1
antibody to inhibit the growth of any cell examained is minor and follows well established
protocols in the art. Moteovet, the ability of an antibody to kill a cell expressing on its
surface a protein recognized by that antibody and having the specific characteristics of
ROR1 (e.g. having an expression pattern and structure etc. similar to proteins such as
HER2) follows well established scientific principles. Consequently the ability of an
ROR1 antibody to inhibit the growth of and/ox kill any cell type can be detetmined with
minimal experimentation.

ROR1 antibodies can be introduced into a patient such that the antibody binds to
ROR1 and modulates or perturbs a function such as an interaction with receptors and

ligands of the frizzled family and consequently” mediates the destruction of the cells and
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the tumor and/ot inhibits the growth of the cells ot the tumor. Mechanisms by which
such antibodies exert a therapeutic effect may include complement-mediated cytolysis,
antibody-dependent cellular cytotoxicity, modulating the physiological function of
ROR1, inhibiting ligand binding ot signal transduction pathwrays, modulating tumor cell
differentiation, alteting tumot angiogenesis factor profiles, ancl/ot by inducing apoptosis.
RORT1 antibodies can be conjugated to toxic or thetapeutic agents and used to deliver the
toxic or therapeutic agent directly to ROR1-beating tumor cells. Examples of toxic
agents include, but are not limited to, calchemicin, maytansin oids, radioisotopes such as
BT ytrium, and bismuth.

Cancer immunotherapy using anti-ROR1 antibodies may follow the teachings
generated from various approaches that have been successfully employed in the
treatment of other types of cancer, including but not limited to colon cancer (Atlen et al.,
1998, Crit. Rev. Immunol. 18:133-138), multiple myeloma (Ozaki et al, 1997, Blood
90:3179-3186; Tsunenari et al., 1997, Blood 90:2437-2444), gastric cancer (Kasprzyk et
al., 1992, Cancer Res. 52:2771-2776), B-cell lymphoma (Funakoshi et al., 1996, ]J.
Immunother. Emphasis Tumor Immunol. 19:93-101), leukemia (Zhong et al, 1996,
Leuk. Res. 20:581-589), colorectal cancer (Moun et al., 1994, Cancer Res. 54:6160-6166;
Velders et al., 1995, Cancer Res. 55:4398-4403), and breast caracer (Shepard et al., 1991, J.
Clin. Immunol. 11:117-127). Some therapeutic approaches involve conjugation of naked
antibody to a toxin, such as the conjugation of I to ant-CD20 antibodies (e.g.,
Rituxan™, IDEC Phatmaceuticals Cotp.), while othets involve co-administration of
antibodies and other therapeutic agents, such as Herceptin™ (trastuzumab) with
paclitaxel (Genentech, Inc.). For treatment of breast camcer, for example, ROR1
antibodies can be administered in conjunction with radiation, chemotherapy or hormone
ablation.

Although ROR1 antibody therapy may be useful for al1 stages of cancer, antibody
therapy may be particulatly appropriate in advanced ot metastatic cancers. Treatment
with the antibody therapy of the invention may be indicated for patients who have
received previously one or more chemotherapy, while combining the antibody therapy of

the invention with a chemotherapeutic or radiation teginanen may be preferred for
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patients who have not teceived chemotherapeutic treatment.  Additionally, antibody
therapy may enable the use of reduced dosages of concoamitant chemotherapy,
patticularly for patients who do not tolerate the toxicity of the chemotherapeutic agent
very well.

It may be desitrable for some cancet patients to be evaluated for the presence and
level of ROR1 exptession, preferably using immunohistochemical assessments of tumor
tissue, quantitative ROR1 imaging, ot other techniques capable of reliably indicating the
ptesence and degtee of ROR1 expression. Immunohistochemical analysis of tumor
biopsies or sutgical specimens may be prefetred for this purpose. Methods for
immunohistochemical analysis of tumor tissues are well known in the art.

Anti-ROR1 monoclonal antibodies useful in treating breast and other cancers
include those that are capable of initiating a potent immune response against the tumor
and those that are capable of direct cytotoxicity. In this regard, anti-ROR1 monoclonal
antibodies (mAbs) may elicit tumor cell lysis by either cormplement-mediated or
antibody-dependent cell cytotoxicity (ADCC) mechanisms, botla of which require an
intact Fc portion of the immunoglobulin molecule for interaction with effector cell Fc
teceptot sites ot complement proteins. In addition, anti-ROR1 maAbs that exert a direct
biological effect on tumor growth are useful in the practice of thie invention. Potential
mechanisms by which such directly cytotoxic mAbs may act include inhibition of cell
growth, modulation of cellular differentiation, modulation of tumor angiogenesis factor
profiles, and the induction of apoptosis. The mechanism by wrhich a particular anti-
ROR1 mAD exetts an anti-tumor effect may be evaluated using any number of in vitro
assays designed to determine ADCC, ADMMC, complement-mediated cell lysis, and so
forth, as is generally known in the art.

The use of mutine ot othet non-human monoclonal antibodies, or
human/mouse chimetic mAbs may induce moderate to strong immune responses in
some patients. In some cases, this will result in cleatance of the antibody from
citculation and reduced efficacy. In the most severe cases, suchh an immune response
may lead to the extensive formation of immune complexes whichy, potentially, can cause

tenal failure. Accordingly, some monoclonal antibodies used in the practice of the
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therapeutic methods of the invention ate those that are either fully human ot humanized
and that bind specifically to the target ROR1 antigen with high affinity but exhibit low ot
no antigenicity in the patient.

Therapeutic methods of the invention contemplate the administration of single
anti-ROR1 mAbs as well as combinations, ot cocktails, of different mAbs (e.g. anti-
RORI1 and anti-Her-2 antibodies). Such mAb cocktails may have cettain advantages
inasmuch as they contain mAbs that target different epitopes, exploit different effector
mechanisms or combine ditectly cytotoxic mAbs with mAbs that rely on immune
effector functionality. Such mAbs in combination may exhibit synetgistic thetapeutic
effects. In addition, the administration of anti-ROR1 mAbs may be combined with
other therapeutic agents, including but not limited to various chemotherapeutic agents,
androgen-blockers, and immune modulators (e.g., IL-2, GM-CSF). The anti-RORI1
mAbs may be administered in their “naked” or unconjugated form, or may have
therapeutic agents conjugated to them.

The anti-ROR1 antibody formulations may be administered via any- route capable
of delivering the antibodies to the tumor site. Potentially effective routes of
administration include, but are not limited to, intravenous, intraperitoneal, intramuscular,
intratumor, intradermal, and the like. Treatment will generally involve the repeated
administration of the anti-ROR1 antibody preparation via an acceptable route of
administration such as intravenous mjection (IV), typically at a dose in the xange of about
0.1 to about 10 mg/kg body weight. Doses in the tange of 10-500 mg rmAb per week
may be effective and well tolerated.

Based on clinical experience with the Herceptin mAb in the treatment of
metastatic bteast cancet, an initial loading dose of approximately 4 mg/kg patient body
weight IV followed by weekly doses of about 2 mg/kg IV of the anti- ROR1 mAb
preparation may represent an acceptable dosing regimen. Preferably, the initial loading
dose is administered as a 90 minute or longer infusion. The periodic maimtenance dose
may be administered as a 30 minute or longer infusion, provided the initial dose was well
tolerated. Howevet, as one of skill in the art will undetstand, vatiocas factors will

influence the ideal dose regimen in a particular case. Such factors may include, for
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example, the binding affinity and half life of the Ab or mAbs used, the degtee of ROR1
expression in the patient, the extent of circulating shed ROR1 antigen, the desited
steady-state antibody concentration level, frequency of treatment, and the influence of
chemotherapeutic agents used in combination with the treatment method of the

invention.

Inhibition of ROR1 Protein Function

The invention includes various methods and compositions for inhibiting the
binding of ROR1 to its binding partner or ligand, ot its association with other protein(s)
as well as methods for inhibiting ROR1 function.

Inbibition of RORT With Intracellular Antibodies

In one approach, recombinant vectots encoding single chain antibodies that
specifically bind to ROR1 may be introduced into ROR1 expressing cells via gene
transfer technologies, wherein the encoded single chain anti-ROR1 antibody is expressed
intracellularly, binds to ROR1 protein, and thereby inhibits its function. Methods for
engineering such intracellulat single chain antibodies are well known. Such intracellular
antibodies, also known as “intrabodies”, may be specifically targeted to a particular
compartment within the cell, providing control over where the inhibitory activity of the
treatment will be focused. This technology has been successfully applied in the art (for
review, see Richardson and Marasco, 1995, TIBTECH vol. 13). Intrabodies have been
shown to virtually eliminate the expression of otherwise abundant cell surface teceptors.
See, for example, Richardson et al., 1995, Proc. Natl. Acad. Sci. USA 92: 3137-3141;
Beetli et al., 1994, J. Biol. Chem. 289: 23931-23936; Deshane et al., 1994, Gene Thet. 1:
332-337.

Single chain antibodies comptise the vatiable domains of the heavy and light
chain joined by a flexible linker polypeptide, and are expressed as a single polypeptide.
Optionally, single chain antibodies may be expressed as a single chain vatiable region

fragment joined to the light chain constant region. Well known intracellular trafficking
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signals may be engineered into recombinant polynucleotide vectots encoding such single
chain antibodies in order to precisely tatget the expressed intrabody to the desired
intracellular compartment. For example, intrabodies tatgeted to the endoplasmic
reticulum (ER) may be engineeted to incotpotate a leader peptide and, optionally, a C-
terminal ER retention signal, such as the KDEL amino acid motif. Intrabodies intended
to exert activity in the nucleus may be engineered to include a nuclear localization signal.
Lipid moieties may be joined to intrabodies in order to tether the intrabody to the
cytosolic side of the plasma membrane. Intrabodies may also be targeted to exett
function in the cytosol. For example, cytosolic intrabodies may be used to sequester
factors within the cytosol, thereby preventing them from being transpotted to their
natural cellular destination.

In one embodiment, intrabodies may be used to captute ROR1 in the nucleus,
thereby preventing its activity within the nucleus. Nuclear targeting signals may be
engineered into such ROR1 intrabodies in otdet to achieve the desired targeting. Such
RORI intrabodies may be designed to bind specifically to a particular ROR1 domain. In
another embodiment, cytosolic intrabodies that specifically bind to the ROR1 protein
may be used to prevent ROR1 from gaining access to the nucleus, theteby preventing it
from exerting any biological activity within the nucleus (e.g., pteventing ROR1 from

forming transctiption complexes with othet factots).

Inbibition of RORT With Recombinant Proteins

In another approach, recombinant molecules that are capable of binding to
RORT1 or its binding partner(s) thereby preventing ROR1 from accessing/binding to its
binding partner(s) or associating with other protein(s) are used to inhibit ROR1 function.
For example, the recombinant molecule can include the extracellular domain of ROR1 or
a portion thereof, such as the Ig loop domain of RORI1, the ftizzled domain of ROR1 or
the kringle domain of ROR1. In some embodiments of the invention, the tecombinant
molecules includes 2 or alternatively 3 of these ROR1 domains.

Alternatively, such recombinant molecules may, for example, contain the reactive

part(s) of a ROR1 specific antibody molecule. In a particulat embodiment, the ROR1
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binding domain of a ROR1 binding partner may be engineered into a dimeric fusion
ptotein comptising two ROR1 ligand binding domains linked to the Fc portion of 2 human
IgG, such as human IgG1. Such IgG portion may contain, for example, the Cu2 and Cu3
domains and the hinge region, but not the Cy1 domain. Such dimeric fusion proteins may
be administered in soluble form to patients suffering from a cancer associated with the
exptession of ROR1, including but not limited to breast cancers, whete the dimeric fusion
protein specifically binds to ROR1 thereby blocking ROR1 interaction with a binding
pattnet. Such dimeric fusion proteins may be further combined into multimeric proteins

using known antibody linking technologies.

Inhibition of ROR1 Transcription or Translation

Within another class of therapeutic approaches, the invention provides various
methods and compositions for inhibiting the transctiption of the ROR1 gene. Similatly,
the invention also provides methods and compositions for inhibiting the translation of
ROR1 mRNA into protein.

In one approach, a method of inhibiting the transcription of the ROR1 gene
comprises contacting the ROR1 gene with a ROR1 antisense polynucleotide. In another
approach, a method of inhibiting ROR1 mRNA translation comptises contacting the
ROR1 mRNA with an antisense polynucleotide. In another approach, a ROR1 specific
ribozyme may be used to cleave the ROR1 message, theteby inhibiting translation. Such
antisense and ribozyme based methods may also be ditected to the regulatoty regions of
the ROR1 gene, such as the ROR1 promoter and/or enhancer elements. Similarly,
proteins capable of inhibiting a ROR1 gene ttanscription factor may be used to inhibit
ROR1 mRNA transcription. The vatious polynucleotides and compositions useful in the
afotementioned methods have been desctibed above. The use of antisense and ribozyme
molecules to inhibit transcription and translation is well known in the art.

Other factors that inhibit the transcription of ROR1 through intetfering with
RORT1 transcriptional activation may also be useful for the treatment of cancers
exptessing ROR1.  Similarly, factors that are capable of intetfering with ROR1
ptocessing may be useful for the treatment of cancetrs exptressing ROR1. Cancer

treatment methods utilizing such factots are also within the scope of the invention.
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General Considerations for Therapeutic Strategies

Gene transfer and gene therapy technologies may be used for deliveting therapeutic
polynucleotide molecules to tumor cells synthesizing ROR1 (ie, antisense, ribozyme,
polynucleotides encoding intrabodies and other ROR1 inhibitoty molecules). A number of
gene therapy apptoaches are known in the art. Recombinant vectors encoding ROR1
antisense polynucleotides, ribozymes, factors capable of intetfering with RORI1
transcription, and so forth, may be delivered to target tumor cells using such gene therapy
approaches.

The above therapeutic approaches may be combined with any one of 2 wide vatiety
of chemotherapy or radiation therapy regimens. These therapeutic approaches may also
enable the use of reduced dosages of chemotherapy and/or less frequent administration,
particulatly in patients that do not tolerate the toxicity of the chemotherapeutic agent well.

The anti-tumot activity of a particular composition (e.g., antisense, tibozyme,
intrabody), ot a combination of such compositions, may be evaluated using vatious in vitro
and in vivo assay systems. In vitro assays for evaluating therapeutic potential include cell
growth assays, soft agar assays and other assays indicative of tumor promoting activity,
binding assays capable of determining the extent to which a therapeutic composition will
inhibit the binding of ROR1 to a binding pattnet, etc.

In vivo, the effect of 2 ROR1 therapeutic composition may be evaluated in a
suitable animal model. Fot example, xenogenic bteast cancer models whetein human
breast cancer explants or passaged xenogtaft tissues are introduced into immune
compromised animals, such as nude or SCID mice, are apptoptiate in relation to breast
cancer and have been desctibed in the art. Efficacy may be predicted using assays that
measute inhibition of tumor formation, tumor regression ot metastasis, and the like.

In vivo assays that qualify the promotion of apoptosis may also be useful in
evaluating potential therapeutic compositions. In one embodiment, xenografts from
beating mice treated with the thetapeutic composition may be examined for the presence

of apoptotic foci and compared to untreated control xenograft-bearing mice. The extent
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to which apoptotic foci are found in the tumors of the treated mice provides an
indication of the therapeutic efficacy of the composition.

The therapeutic compositions used in the practice of the foregoing methods may
be formulated into pharmaceutical compositions comptising a cattier suitable for the
desired delivery method. Suitable cattiers include any material that when combined with
the therapeutic composition retains the anti-tumot function of the therapeutic
composition and is non-reactive with the patient’s immune system. Examples include,
but are not limited to, any of a number of standard pharmaceutical catriers such as sterile
phosphate buffered saline solutions, bactetiostatic watet, and the like (see, generally,
Remington’s Pharmaceutical Sciences 16% Ed., A. Osal,, Ed., 1980).

Therapeutic formulations may be solubilized and administered via any route
capable of delivering the therapeutic composition to the tumor site. Potentially effective
routes of administration include, but are not limited to, intravenous, patenteral,
intraperitoneal, intramuscular, intratumor, intradermal, intraotgan, orthotopic, and the
like. A common formulation for intravenous injection comprises the therapeutic
composition in a solution of preserved bacteriostatic watet, stetile unpresetved watet,
and/or diluted in polyvinylchlotide ot polyethylene bags containing 0.9% sterile Sodium
Chloride ior Injection, USP. Therapeutic protein preparations may be lyophilized and
stored as sterile powders, preferably under vacuum, and then reconstituted in
bacteriostatic water containing, for example, benzyl alcohol presetvative, ot in stetile
water prior to injection.

Dosages and administration protocols for the treatment of cancets using the
foregoing methods will vary with the method and the tatget cancer and will generally

depend on a number of other factors appreciated in the att.
KITS

For use in the diagnostic and therapeutic applications desctibed ot suggested
above, kits are also provided by the invention. Such kits may comprise a cattiet means
being compartmentalized to receive in close confinement one ot mote container means
such as vials, tubes, and the like, each of the container means compzising one of the

separate elements to be used in the method. For example, one of the containet means
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may comptise a probe that is or can be detectably labeled. Such probe may be an
antibody or polynucleotide specific for a ROR1 protein or 2 ROR1 gene or message,
tespectively. Where the kit utilizes nucleic acid hybridization to detect the target nucleic
acid, the kit may also have containers containing nucleotide(s) for amplification of the
target nucleic acid sequence and/or a container comprising a repotter-means, such as a
biotin-binding protein, such as avidin ot stteptavidin, bound to a repotter molecule, such
as an enzymatic, florescent, or radioisotope label.

A typical embodiment of the invention is a kit comprising a containet, a label on
said container, and a composition contained within said container; wherein the
composition includes a ROR1 specific antibody and/or a polynucleotide that hybridizes
to a complement of the ROR1 polynucleotide shown in SEQ ID NO: 1 under stringent
conditions (or binds to a ROR1 polypeptide encoded by the polynucleotide shown in
SEQ ID NO: 1), the label on said container indicates that the composition can be used
to evaluate the presence of ROR1 protein, RNA or DNA in at least one type of
mammalian cell, and instructions for using the ROR1 antibody and/ot polynucleotide
for evaluating the ptesence of ROR1 protein, RNA or DNA in at least one type of
mammalian cell.

The kit of the invention will typically comprise the container described above and
one or mote other containers comptising materials desirable from a commercial and uset
standpoint, including buffets, diluents, filters, needles, syringes, and package insetts with
instructions for use. A label may be present on the container to indicate that the
composition is used for a specific therapy or non-therapeutic application, and may also

indicate directions for either 77 #vo ot in vitro use, such as those described above.

METHODS FOR DISCOVERING GENES SUCH AS ROR1
The disclosute also provides optimized methods of data mining including those

used to identify ROR1 as a gene of diagnostic significance. These methodologies include
novel experimental analyses as well as constraint-based public data analyses. These
methods of the invention include a number of discreet actions of steps that can occur in

a wide variety of sequential otrdets. These steps ate then combined to identify genes of
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intetest such as ROR1. In a preliminary step, an artisan can define a working gene set,
for example from experimentally generated gene lists and/or a literature based gene
selection. In another step artisans can undertake microatray screens of gene exptession
in for example, +/- HER-2 cell lines, /- ligands/antagonists, ptimary breast cancets,
breast cancer cell lines or the like. In another step, artisans can employ candidate
selection parameter to identify genes of interest, for example a focus on genes that can
be gtouped into signaling pathways that are likely to conttibute to the progtession of
breast cancer (e.g. RTKSs (teceptor tyrosine kinases)). In another step, the artisan can
evaluate and/or confirm the expression of gene(s) of interest via well-known protocols
such as quantitative PCR, nottherns, and western analyses. In another step, the artisan
can develop and test a hypothesis based on the results of the prior steps, for example a
hypothesis correlating ROR1 expression with one or more breast cancer subtypes and/or
with a poor prognosis. In this step, artisans can consider factors such as whether 2
functional significance of expression patters ate measurable using bioassays and cell line
models. For example, one can use human tumor tissues to futther evaluate differential
expression etc. and use xenograft models to confitm the functional relevance of the
obsetvations in vivo.

In one such illustrative data mining method, an initial observation can come from
constraints-based analysis of public expression data and cell line data to, for example,
identify interesting characteristics of a gene such as ROR1. Using this first observation,
one can then develop a hypothesis cottelating a breast cancer subtype with poot
prognosis and ROR 1 (a potential molecular target). One can then validate ROR1
overexpression in relevant breast cancer cell lines and tumors. One can then generate
experimental data supporting biological functions of ROR1 in breast cancer
pathogenesis.

In an illustrative embodiment, the initial obsetvation can be from constraints-
based analysis of public exptession data. In this embodiment, one can select a wotking
gene set comptising receptor tyrosine kinases and their ligands. One can then wotk to
integrate this selection with other studies known in the art, for example by integrating the
disclosure in Van't Veer, L. J., et al. (2002) Natute 415, 530-536 (“Rosetta/Nethetlands™)
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with that in Sorlie et al., Proc Natl Acad Sci USA. 2001 Sep 11;98(19):10869-74. Briefly,
Van't Veer et al. (2002) Nature 415, 530-536 notes that breast cancer patients with the
same stage of disease can have markedly different treatment responses and overall
outcome. In this study Van't Veer et al. used DNA microatray analysis on primary breast
tumours of 117 young patients, and applied supetvised classification to identify a gene
exptession signature strongly predictive of a short intetval to distant metastases (“poor
prognosis” sig}latute) in patients without tumor cells in local lymph nodes at diagnosis
(lymph node negative). In this way they establish a signature that identifies tumors of, for
example, BRCA1 carriers and teach that this gene expression profile will outpetform all
currently used clinical patametets in predicting disease outcome. Van't Veer et al. teach
that a three step supervised clusteting of 78 sporadic tumots based on strength of
cotrelation coefficient with prognosis identifies a subset of 70 genes from 5000
differentially expressed genes that predict distant metastasis within 5 years with 83%
accuracy.

Similarly, the Sotlie et al,, Proc Natl Acad Sci USA. 2001 Sep 11;98(19):10869-74
Stanford/Norway study also classifies breast catcinomas based on vatiations in gene
expression patterns derived from cDNA microarrays and to correlate tumor
characteristics to clinical outcome. This article identifies a number of subtypes of breast
carcinoma that are associated with significantly different clinical outcomes. The subtypes
of breast catcinoma include basal-like, ERBB2+, and luminal subtypes A and B (see, e.g.
FIG. 1 in Sotlie et al. supra).

One can employ clusteting algotithms that analyze coordinate gene expression
patterns as patt of a classifications prognosis. This analysis also allows the identification
of therapeutic targets. In some embodiments of the invention, this step can include a
pathogenesis constraints based hypothesis building where one can focus on genes and
pathways likely to be important for disease progression such as those involved in (ot
having domain with homology to proteins know to be involved in) in disease, growth
disregulation, cell cycling and the like. In such constraints based methods for target
identification using gene expression profiles one can consider a number of factots such

as the observation that breast cancer is heterogeneous, that prognostic matkers and
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molecules have already been shown to be important for subtypes of breast cancets (Le.
ER, HER-2), and that it is unlikely that the same set of genes will be “ptognostic” or
setve as appropriate therapeutic targets in all breast cancets.

In an illustrative embodiment of this methodology, one can for example select a
data set for analysis (e.g. some number of genes), optionally selected from sporadic
and/or heritable cancers (e.g. BRCA 1 and or 2 tumors). One can then focus on a set of
genes for analysis such as breast cancer related genes (e.g. those in known databases such
as omim, breast cancer database, ncbi), Stanford tumor type markers, ERBB2 regulated
genes from cell line data, chemokines and receptor tyrosine kinases and ligands, epithelial
junction proteins and the like. One can then classify samples according to certain gene
(e.g. ERBB2 and ESR1 etc.) expression levels and/or BRCA1 mutation status etc. to
identify a working gene set. For example Wilson et al., Breast Cancer Reseatch Vol 6
No. 5: 192-200 (2004) (which is incorporated by reference) teach that estrogen receptor 1
expression and HER2 amplification can be used to define breast cancer subtypes.

Following these steps, one can then delineate groups with no ovetlapping
samples that are for example, roughly equivalent the Stanford/Notway classifications
discussed above. In one embodiment, sporadic tumor samples can first classified on the
basis of theit HER2 exptession and the remaining samples can be grouped by ESR1
expression. The sporadic tumor categoties can be non-ovetlapping, since no HER2+
sample had an ESR1 ratio > 0. Samples with a BRCA ‘mutation can be classified
separately. In such a grouping, all of the BRCA tumors are shown to have ESR1 < 0
and HER2 < 0. The HER2+ and ESR1- - tumors exhibit the poorest prognosis,
followed by ESR1++.

In some embodiments of the analysis of this working gene set one can employ
“bin” data rather than “cluster” data and can for example build matrices to quantify the
frequency of up-regulated and downregulated genes across sample and by group.
Optionally one can investigate co-expression of members of wotking gene set actoss
tumor groups. One can also generate hypotheses regarding pathogenesis by tumot
group. In this way, one can identify potential targets and test for statistical significance.

An exemplary working set includes known breast cancer genes, Stanford tumor type
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markers, BRBB2 regulated genes, chemokines/RTK and ligands, and/or epithelial
junction proteins. Fot bin data, one can then create data matrices, for example: level 1:
ratio for each gene/sample; level 2: binary value each gene/sample; level 3: total up ot
down by gene/group; level 4: co-expression gene family/group. Optionally, one can
focus on teceptor tyrosine kinases, with the working gene set included all RTKs and their
ligands that wete available in for example, the Rosetta/Netherlands data (147 elements
tepresenting 127 out of 130 possible unique RTKs and their ligands). One can then
identify tumor group-specific RTI/ligand expression.

Embodiments of this methodology wete used in the identification of ROR1 as a
gene of interest. ROR1 is a teceptor tyrosine kinase specifically up-tegulated in basal and
BRCA1 tumors. FIG. B shows ROR1 mRNA expression in Rosetta/Netherlands data.
RORI is a novel family of cell surface receptors with tyrosine kinase-like domain (see,
Masiakowski et al., JBC, 267 26181-26190 (1992). While the ligand(s) fot ROR1/2 are
not known, the presence of 2 CRD (cysteine-rich domain) ot frizzled domain suggests
that RORs may bind WNTs.

As disclosed herein, these methods allow the development of a hypothesis of
ROR1 biology as well as the design of tests for cottelating ROR1 expression with
prognosis, and/ot breast cancer subtype and the like. For example, using this approach
we find that basal and BRCA1 bteast cancets ate related by cellular origin and molecular
pathogenesis and that the over-expression of ROR1 is an importtant alteration that is
involved in the pathogenesis of these two tumor groups. As shown in FIG. 4A, ROR1
ovetexptessing tumors ate associated with a poor prognosis in the Rosetta/Netherlands
tumors. The percentage (70% of sporadic) of poot prognosis tumots in the ROR1 group
is higher than that for any other single prognostic gene analyzed including HER-2,
EGFR, VEGF, FLT3, myc, UPA and PAL As shown in FIG. 4B, this finding is
analogous to that observed with HER-2, where fifty-four percent of HER-2
overexpressing tumots are pootr prognosis samples

The significance of ROR1 ovetexpression in relevant breast cancer cell lines and
tumors can be further validated in a number of ways. The ROR1 gene is located at

position 1p31.3. In addition, ROR1 ovet-expressing cell lines have basal or mesenchymal
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characteristics. Another element AK000776 which is just distal to ROR1 is also present
on DNA mictoatrays such as the Rosetta chip. ROR1 and AK000776 show a strong
positive linear correlation. The Notthetn Blot Analysis in FIG. 5A shows ROR1 mRNA
expression in a number of breast cancer cell lines. This data confirms the ROR1
expression obsetved in Groups 4 and 6 of Rosetta Tumor Data.

The identification of ROR1 as a gene of interest and the subsequent validation of

this observation demonstrate the power of the data mining methods disclosed above.

EXAMPLES

Vatious aspects of the invention are further desctibed and illustrated by way of
the several examples that follow, none of which ate intended to limit the scope of the

invention.

Example 1: Production of Recombinant ROR1 in a Mammalian System

To exptess recombinant ROR1, the full length ROR1 ¢cDNA can be cloned into
an expression vector known in the ast such as one that provides a 6His tag at the
carboxyl-terminus (pCDNA 3.1 myc-his, Invitrogen). The constructs can be transfected
into an appropriate cell such as MCF-7 cells. The ROR1 genes can also be subcloned
into a retroviral expression vectot such as pSRaMSV tkneo and used to establish ROR1
expressing cell lines as follows. The ROR1 coding sequence (from translation initiation
ATG to the termination codons) can be amplified by PCR using ds cDNA template
from ROR1 cDNA. The PCR product is subcloned into pSRoMSVtkneo via the
EcoR1(blunt-ended) and Xba 1 restriction sites on the vector and transformed into
DH50 competent cells. Colonies are picked to screen for clones with unique internal
restriction sites on the cDNA. The positive clone is confirmed by sequencing of the

cDNA insert. Rettoviruses may thereafter be used for infection and generation of

various cell lines using, for example, NIH 3T3, TsuPr1, MCF-7 ot rat-1 cells.
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Example 2: Generation of ROR1 Polyclonal and Monoclonal Antibodies

Polyclonal antibodies can be raised in 2 mammal such as a rabbit, for example, by
one or mote injections of an immunizing agent and, if desited, an adjuvant. Typically,
the immunizing agent and/ot adjuvant will be injected in the mammal by multiple
subcutaneous or intraperitoneal injections. Typically an immunizing agent may include
all ox portions of the ROR protein, or fusion proteins theteof. ‘

Fot example, a portion of ROR1 comptising the Ig C2 like and frizzled domains
(tetmed “IF”) was cloned into the vector pET32A (Novagen) and expressed as a
Thio/HIS fusion protein. This protein construct is highly expressed in insoluble
inclusion bodies. Upon being solubilized with 6M urea, the fusion protein binds Ni
columns efficiently under denatuting conditions. Rabbits were then immunized with this
fusion protein and subsequently bled in otder to generate polyclonal sera. FIG. 5F and
FIG. 5G show the detection of endogenous ROR1 protein in CAL51 cells using this
tabbit polyclonal sera, with SKBR cells serving as a comparative cancer cell.

Like polyclonal antibodies, monoclonal antibodies can be generated by well
known methods in the att. In ordet to generate ROR1 monoclonal antibodies for
example, a fusion protein (e.g. glutathione s transferase) encompassing a ROR1 protein
can be synthesized and used as immunogen. In another example of a method for
generating ROR1 antibodies, an immunogen is prepared which consists of a HIS tagged
ROR domain such as the frizzled domain. This construct can be insetted into a
bacalovitus vector which is then introduced into insect cells in a manner that allows the a
native (folded) immunogenic protein to be secteted into the media. Optionally
immunogens can be conjugated to a second protein known to stimulate the immune
tesponse such as KLH prior to immunization. Altetnatively, ROR1 IF immunogen
construct can be made in bacteria. In situations whete the immunogenic protein is
insoluble, it can be optionally denatuted with Utea prior to immunization. Alternatively,
a ROR1 complete ECD immunogen construct can be made as part of a Ig fusion
construct and then expressed in mammalian cells (e.g. CHO cells) and purified using the

Ig portion fusion construct ptiot to immunization.
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In an illustrative embodiment, mice can be initially immunized (e.g.
intraperitoneally) with an appropriate amount of an immunogen comptising the FRZ
domain of ROR1. Optionally the immunogen can be conjugated to KLH, and/or mixed
in1 complete Freund’s adjuvant. Mice can be subsequently immunized (e.g. every 2 weeks
with this ROR1 immunogen), optionally mixed in Freund’s incomplete adjuvant.
R eactivity of serum from immunized mice can be monitored by EL.ISA using this ROR1
immunogen. Mice showing the strongest reactivity can be rested and given a final
injection of immunogen and then sactificed. The spleens of the sactificed mice can then
be harvested and fused to SPO/2 myeloma cells using standard procedures.
Supernatants from growth wells following HAT selection ate typically scteened by
ELISA and western blot to identify ROR1 specific antibody ptoducing clones.

The binding affinity of a ROR1 monoclonal antibody can be determined using
standard technology. Affinity measutements quantify the sttength of antibody to epitope
binding and may be used to help define which ROR1 monoclonal antibodies ate
prefetred for diagnostic or therapeutic use. The BIAcore system (Uppsala, Sweden) is a
common method for determining binding affinity. The BIAcotre system uses sutface
plasmon resonance (SPR, Welford, K., 1991, Opt. Quant. Elect. 23:1; Motton and
Myszka, 1998, Methods in Enzymology 295:268) to monitor biomolecular interactions in
real time. BIAcore analysis conveniently generates association tate comnstants,

dissociation rate constants, equilibrium dissociation constants, and affinity constants.

Example 3: RT-PCR Expression Analysis:

A variety of PCR protocols for analyzing ROR1 expression in a cell are well
known in‘the art. The following provides an illustration of one typical protocol.

First strand cDNAs can be generated from a sufficient amount (e.g. 1 pg) of
mRNA with a primer such as oligo (dT)12-18 priming using a commetcially available
system such as the Gibco-BRL Supersctipt Preamplification system. The manufacturet's
protocol can be used. These typically include an incubation for 50 min at 42°C with
reverse transcriptase followed by RNAse H treatment at 37°C for 20 min. After

commpleting the reaction, the volume can be increased with watet prior to normalization.
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Notmalization of the first strand cDNAs from normal and cancer tissues can be
petformed by using ptiners to a housekeeping gene such as B-actin. For example, first
strand cDNA (5 pl) can be amplified in a total volume of 50 pl containing 0.4 puM
ptimers, 0.2 UM each dINTPs, 1XPCR buffer (Gibco-BRL, 10 mM Tris-HCL, 1.5 mM
MgClz, 50 mM KCl, pH8.3) and 1X Platinum Taq DNA polymetase (Gibco-BRL). PCR
can be petformed using an thermal cycler under the following conditions: Initial
denaturation can be at 94°C for 45 sec, followed by a 18, 20, and 22 cycles of 94°C for
45, 58°C for 45 sec, 72°C for 45 sec. A final extension at 72°C can be cartied out for 2
min. Five pl of the PCR reaction can be removed at 18, 20, and 22 cycles and used for
agarose gel electrophoresis. After agarose gel electrophoresis, the band intensities of the
283 b.p. B-actin bands from multiple tissues can be compared by visual imspection.
Dilution factors for the first strand cDNAs can be calculated to result in equal fB-actin
band intensities in all tissues after 22 cycles of PCR. Three rounds of normalization can
be required to achieve equal band intensities in all tissues after 22 cycles of PCR. To
determine expression levrels of the ROR1 gene, 5 pl of normalized first strand cIDNA can
be analyzed by PCR using 26, and 30 cycles of amplification. Quantitative exptession
analysis can be achieved by compating the PCR products at cycle numbers that give light
band intensities. RT-PCR expression analysis can be petformed on first strand cDNAs
generated using pools of tissues from multiple normal and cancer samples. The cDNA
notmalization can be demonstrated in every expetiment using a housekeeping gene such

as beta-actin.

Example 4: Examining the Role of ROR1 in Basal, ER-negative Breast Cancer

Immunohistochemical and mRNA exptession profiling studies of large breast
cancer cohotts have reproducibly identified a subset of tumors that express matkets,
such cytokeratin 5, that are charactetistic of the basal layer of the mammary grland (see,
e.g. Sotlie et al., Proc Nazz/ Acad Sci U § A. 2003; 100: 8418-23; Sotlie et al., Proc Natl Acad
S U S A. 2001; 98: 10869-74; and Foulkes et al.,, ] Na#/ Cancer Inst. 2003; 95: 1482-5). It

has been suggested that these malignancies atise from basal or suptra-basal progenitor
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cells with stem cell attributes. This is in contrast to many human breast cancets that
uniformly express the simple gllandular cytokeratins (K8/18/19) suggesting their origins
as transformed luminal epithelial cells. Human breast cancers w1th basal features are
invariably estrogen receptor (ELR) negative, rarely contain amplified HER-2, are generally
high grade/pootly differentiated and are associated with poot prognosis (see, e.g. Sotlie
et al., Proc Nat! Acad S¢i U S .A. 2003; 100: 8418-23; Sotlie et al., Proc Nat/ Acad Sci U S A.
2001; 98: 10869-74; and Foulkes et al., ] Na#! Cancer Inst. 2003; 95: 1482-5).

Although high frequencies of p53 mutations have been associated with basal
cancers and tumots arising in BRCA1 cartiers fall into to this basal class (see, e.g. Sotlie
et al., Proc Natl Acad S¢i U S . A. 2003; 100: 8418-23; Sotlie et al., Proc Nat/ Acad Sci U S A.
2001; 98: 10869-74; and Foulkes et al., ] Na#/ Cancer Inst. 2003; 95: 1482-5), the oncogenic
molecules and key molecular pathways that drive the progtession of these tumots are
unknown. As disclosed herein, using microarray profiling and Northern blot
confirmation we have demonstrated that the ROR1 teceptor tyrosine kinase is highly
expressed in primaty human breast cancets with an ER negative, basal phenotype. We
have also found high ROR1 exptession in several human breast cancer cell lines that co-
express basal matkers, while ROR1 expression was not detected in any luminal cell lines.
Impottantly, the level of ROR1 expression detected in basal, malignant cell lines is
significantly higher than in nom-malignant cells. An additional feature of ROR1 is that it
may bind wat ligands via an extracellular frizzled domain thus providing a possible link
to a signaling pathway previously shown to regulate progenitor cells (see, e.g. Saldanha et
al., Profein Sci. 1998 5 7: 1632-5).

The disclosure provided herein allows those of skill in the art to identify
candidate genes that drive the progression of these pootly understood basal, ER negative
human breast cancers. While not being bound by a specific scientific theory, the highly
suggestive expression pattern of ROR1 in combination with the established importance
of teceptor tyrosine kinases (e.g. HER2, EGFR, VEGFR) in tumor formation prompted
us to propose the hypothesis that ROR1 plays a ctitical role in the pathogenesis of basal

tutnors. The oncogenic potential of ROR1 has not previously been explored.
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A first set of expetiments test the hypothesis that ROR1 preferentially transforms
basal/progenitor cells of the mouse mammary gland.

Determining if inducible ovet-expression of ROR1 can transform mouse
mammary epithelial cells.

Transgenic, conditional TetO-ROR1 mice can be generated and crossed to
existing MMTV-rtTA mice (see, e.g. Gunther et al., FASEB . 2002; 16: 283-92) to
achieve doxycycline-dependent (tet-on) expres sion of ROR1 specifically in the mammary
gland.

Determining if ROR1 over-expxession preferentially transforms the
basal/progenitor cell lineages of the mammary gland.

These TetO-ROR1 mice will then be crossed to strains expressing tTA under
the control of the keratin 5 (K5) promotex to dtive expression specifically in the
basal/progenitor compattments of the mammazry gland and other tissues.

Tlustrative Methods:

Transgene exptession in MMTV-ttTA /TetO-ROR1 and K5-ttTA/TetO-ROR1
mice can be induced with doxycycline beginnirg at 6 weeks of age. Expression of ROR1
can be examined by i# sif# hybridization, northern blotting and immunohistochemistry.
Changes in tissue architecture and the presence of pre-malignant or malignant lesions can
be assessed at increasing intervals following transgene induction by the analysis of
carmine-stained mammary whole mounts amad hematoxylin & eosin stained tissue
sections. The cellular origin of any hyperplastic lesions or overt carcinomas can be
investigated using immunohistochemical staining with intermediate filament markers,
adhesion proteins and putative stem cell makers (K8/K18/K19 for luminal cells,
K5/K6/K14/ P-cadhetin/Sca-1 for basal/progenitor cells). As a backup, K14-1tTa mice
can be considered to drive ROR1 expression.

Relevance:

Human breast cancers with basal properties are aggressive malignancies that are
not responsive to established targeted therapies such as anti-estrogens or Hetceptin since
they are invariably ER negative and rarely comtain amplified HER-2. The ROR1 cell

surface receptor is a tractable therapeutic target accessible by monoclonal antibodies or
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small molecule tyrosine kinase inhibitors. The dennonstration that ROR1 ovet-expression
drives basal breast cancers in the mouse ptovides a rationale for the development of

ROR1 targeted therapeutics that specifically treat asal breast cancers.

Example 5: A Novel Receptor Tytrosine Kinase and the Control of Multipotent
Mammary Progenitor Cells

Human estrogen receptor (ER) positive tumors and mouse mammary tumors
induced by oncogenic Nex or H-Ras express cell type markers consistent with a
differentiated luminal origin (e.g. cytokeratins I<18/K19). In contrast, aggressive ER-
negative human cancers and murine tumors induced by the Waur-1 oncogene, display a
much more heterogeneous pattern of cell type tnatkers including the basal cytokeratins
K5, K17, K14, and stem cell antigen (Scal) (see, e.g. Li et al., Proc Nat/ Acad Sci U S A.
2003; 100: 15853-8). This is consistent with the iclea that multipotent progenitor cells are
the targets of transformation in these breast cancets. Immortalized progenitor cells have
been desctibed that ate capable of differentiatinng into both luminal and myoepithelial
lineages (see, e.g. Gudjonsson et al.,, Genes Dev. 2002; 16: 693-706; and Deugnier et al., |
Cell Biol. 2002; 159: 453-63).

Although most human breast cancer cell lines express homogeneous luminal
matkers, we have recently identified multiple rzzakignant breast cell lines that appear to
have progenitor properties in that they produce both K18/K19 and smooth muscle actin
(SMA) positive cells. Strikingly, we have discovexed that both the non-malignant and the
cancer lines with progenitor properties consisteratly express the ROR1 receptor tyrosine
kinase while luminal mammary cells have no detectable expression. We also found high-
level exptession of ROR1 in a subset of ptimary human breast cancers with
basal/progenitor properties. Additionally, ROR1 may bind Wat ligands via its
extracellular frizzled domain thus providing a link to 2 signaling pathway that is known to
regulate progenitor cells (see, e.g. Saldanha et al. , Protein Sci. 1998 ; 7: 1632-5; and Brittan
et al., J Pathol. 2002; 197: 492-509).

The highly suggestive ROR1 expressiomn pattern combined with the intriguing
possibility that it may bind Wnt ligands which have established roles as ctitical mediators
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of stem cell renewal, led us to hypothesize that ROR1 signaling participates in the
control of mammaty progenitor cell proliferation and/or self renewal. We further
hypothesize that since malignant cells with similar progenitor properties have even higher
levels of ROR1, cells may up-tegulate this pathway during malignant progression. The
disclosute provided hetein allows one to test the hypothesis that signaling through the
ROR1 receptor tytosine kinase controls the proliferation, self-renewal and/or
differentiation of multipotent mammary progenitor cells.

Detetrmine RORI1 silencing in mazmmary cells with progenitor properties critically
affects theit proliferation, motphogenesis and/os differentiation capacity.

ROR! exptession can be silenced by RINA interference in non-malignant and
malignant cells with progenitor properties and the effects assayed in motphogenic and
tumorigenic assays.

Determine if increased signaling from the RORI1 receptor specifically transforms
or increases the malignancy of mammaty epithelial basal/progenitor cells compared to
luminal breast cells.

The effects of ROR1 over-expression or constitutively activation on the
proliferation and malignant potential of basal/progenitor and luminal cell lines can be
compared.

Mlustrative Methods:

Silencing of ROR1 can be accomplished by stable of expression hpRNA ROR1
sequences using the pSIREN-tetroQ tetrowviral system (BD Clontech). Overexpression of
ROR1 constructs including wild type, constitutively activated and deletion mutants
missing the CRD or kinase domain can be achieved using retroviral infection (pLPCX;
BD Clontech) can be monitored by -using recently generated ROR1 polyclonal
antibodies. The effects of depleted or overexpressed ROR1 can be assayed using i vitr
matrigel TDLU formation assays (human cells), 7z »zvo mammary epithelial reconstitution
assays in cleared mammary fat pads (mouse cells) and 7# »ivo xenograft tumor formation
(malignant cells) as well as standard proliferation assays. The differentiation or cell type
composition can be assessed by immunohistochemical staining using signature markers

that regulate the growth and differentiation of mammary stem cells are not well
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understood and they may be critical for the pathogenesis of a particular class of
aggtressive ER-negative, basal breast cancers. Evidernce that signaling through the ROR1
receptor tyrosine kinase controls the growth of smammary progenitor cells and the
malignant cells derived from them could help explaita how murine Wnt-1 induced tumors
atise. Moteovet, the properties of ROR1 as both cell surface receptor and a tyrosine

kinase make it a particulatly attractive therapeutic target.

Throughout this application, vatious publications are referenced (e.g. within
parentheses). The disclosures of these publications axe hereby incorporated by reference
herein in their entireties. Certain methods and materials in this application are analogous
to those found in U.S. Patent Nos. 6,767,541, 6,1654-64, 5,772,997, 5,677,171, 5,770,195,
6,399,063, 5,725,856 and 5,720,954, the contents of which are incorporated herein by
reference.

The present invention is not to be limited in s cope by the embodiments disclosed
herein, which are intended as single illustrations of individual aspects of the invention,
and any that ate functionally equivalent are within thre scope of the invention. Various
modifications to the models and methods of the inveration, in addition to those described
herein, will become apparent to those skilled in the art from the foregoing description
and teachings, and are similarly intended to fall withira the scope of the invention. Such
modifications or other embodiments can be practiced without departing from the true

scope and spirit of the invention.
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TABLES
TABLE 1: POLYNUCLEOTIDE SEQUENCES

HUMAN HER2 Polynucleotide Sequence (SEQ ID NO: 3)

ATGGAGCTGERCERCCTTGTECCECTGEGEGECTCCTCCTCGCC CTCTTGCCCCCCEGAGCCGCGAGCALCC
CAAGTGTGCACCGGCACAGACATGAAGCTGCEGCTCCCTGCCAGTC CCGEAGACCCACCTGGACATGCTC
CGECCACCTCTACCAGGGCTGC CAGGTCGATCGCAGGGAAACCTEGAACTCACCTACCTGCCCACCAATGCC
AGCCTGTCCT‘I‘CCTGCAGGATATCCAGGAGGTGCAGGGCTACGTGCTCATCGCTCACAAC CAAGTGAGG
CAGGTCCCACTGCZ—\GAGGC'I’GCGGATTGTGCGAGGCACCCAGCTCTTTGAGGACAACTATGCCCTGGCC
GTGCTAGACAATGGAGACCCGCTCAACAATACCACCCCTETCACAGGEESCCTCCCCAGCGAGGCCTGCGG
GAGCTGCAGCTTCGAAGCCT CACAGAGATCTTGAAAGGAGGGGTCTTCATCCAGCGGAACCCCCAGCTC
TGCTAC CAGCGACACGATTTTGTGCAAGGACATCTTCCACAAGAACAACCAGCTGGCTCTCACACTGATA
GACACCARAC CeCOTCTCRARCCTECCACCCCTETTCTCCGATETATAACEGCTCCCGCTCCTCGGGAGAG
AGTTCTGAGGATTGT CAGAGCCTGACGCGECACTETCTETGCCEETGEC T GTGCCCGCTGCAAGGGGCCA
CTGCCCACTGACTGCTGCCATGAGCAGTETGCTGCCEGCTGCACGGGLCCC CAAGCACTCTGACTGCCTG
GCCTRCCTCCACTTCAACCACAGTGGCATCTGTGAGCTGCAC TECCCAGECCCTGGTCACCTACAACACA
GACACGTTTGAGTCCATGCCCAATCCCGAGGGCCGGTATACATTCGGCGCCAGCTGTGTGACTGCCTGT
CCCTACAACTACCTTTCTACGGACGTEGGATCCTGCACCCTCGTCTGCC CCCTGCACAACCAAGAGGTG
ACAGCAGAGGATGGAACACAGCGATGTCGAGAAGTGCAGCAAGCCCTGTGC CCGRAGTGETGCTATGGTCTG
GCGCATGCGAGCACTTCCGAGAGGTCGAGGGCAGTTAC CAGTGCCAATATCCAGCGAGTTTGCTGGCTGCAAG
AAGATCTTTGGCGAGCCTEGECATTTCTGCCGCGAGAGCTTTGATGGGGACC CAGCCTCCAACACTGCCCCG
CTCCAGCCAGAGCAGCTCCAAGTGTTTGAGACTCTGGAAGAGATCACAGGTTACCTATACATCTCAGCA
TGECCGCGACAGCCTGCCTGACCTCAGCGTCTTCCAGAAC CTGCAAGTAA TCCGEGGGACGAATTCTGCAC
AATGGCGCCTACTCGCTGACCCTGC‘AAGGGCTGGGCATCAGC'TGGCTGGGGCTGCGCTCACTGAGGGAA
CTGGGCAGTGGACTGGCCCT CATCCACCATAACACCCACCTCTGCTTCEG TGCACACGGTGCCCTGGGAC
CAGCTCTTTCGGAACCCECACCAAGCTCTGCTCCACACTGCCARCCAEGC CAGAGGACGAGTGTGTGGGC
GAGGGRCCTGERCCTECCACCAGCTETGCRCCCGAGGGCACTGCTGEGETC CAGGGCCCACCCAGTGTGTC
AACTGCAGCCAGTTCCTTCGGGGCCAGGAGTGCGTGGAGGAATGCCGAG—TACTGCAGGGGCTCCCCAGG
CAGTATGTGAATGCCAGGCACTETTTEGCCGTEGCCACCCTGAGTGTCAGC CCCAGAATGGCTCAGTGACC
TGTTTTGGACCGGAGGCTGAC CAGTETETECRCCTGTECCCACTATAAGG ACCCTCCCTTCTGCGTGGCC
CGCTGC CCCAGCGGTGTGAAACCTGACCTCTCCTACATGCCCATCTGGAAGTTTCCAGATGAGGAGGGC
GCATGCCAGCCTTCGCCCCATCAACTGCACCCACTCCTGTGTGGAC CTGEATGACAAGGGCTGECCCCGCC
GAGCAGAGAGCCAGCCCTCTGACGTCCATCGTCTCTGCGGTGGTTGGCA.TTCTGCTGGTCGTGGTCTTG
GARETERTCTTTGECATCCTCATCARGCCGACGECAGCAGAAGATC CGGA AGTACACGATGCGGAGACTG
CTGCAGGAAACGCGAGCTEETECAGCCECTGACACCTAGCGGAGCGATGC CCAACCAGGCGECAGATGCGE
ATCCTGAAAGAGACGCGAGCTCGAGGAAGGTCGAAGGTGCTTGGATCTGGCG CTTTTGGCACAGTCTACAAG
GGCATCTGGATCCCTGATGGGGAGAATGTGAAAATTCCAGTGGCCATCA_AAGTGTTGAGGGAAAACACA
TCCCCCAAAGCCAACAAAGAAATCTTAGACGAAGCATACGTGATGGCTGGTGTGGGCTCCC CATATGTC
TCCCGCCTTCTGGGCATCTGCCTGACAT CCACGGTGCAGCTEETGACAC AGCTTATGCCCTATGGCTGC
CTCTTAGACCATGTCCGGGAAAACCGCGEGACGCCTGGGCTCCCAGGACC ‘TGCTGAACTGGTGTATGCAG
ATTCCCAAGCGCATCGAGCTACCTECGAGCGATGTGCEGCTCGTACACAGGGACTTGGC CGCTCGGBAACGTG
CTRATCAAGAGTCCCAACCATGTCAAAATTACAGACTTCEGGGCTGGCTC GGCTGCTGCGACATTCGACGAG
ACAGAGTACCATGCAGATGCGGECAAGGTGECCCATCARGTGGATGGCGC TGCAGTCCATTCTCCGCCGG
CGGTTCACC CAC‘CAGAGTGATGTGTGGAGTTATGGTGTGACTGTGTGGGAGCTGATGACTTTTGGGGCC
AAAC CTTACGATGECGATCCCAGCCCEGEAGATCCCTGACCTECTGCAAR AGGGGGAGCGEGCTGCCC CAG
CCCCCCATCTGCACCATTGATGT CTACATGATCATGGTCAAATETTACA TCGATTGACTCTGAATGTCGG
CCAAGATTCCGGGAGTTGETETCTGAATTCTCCCAGCATEGCCAGGGACC CCCAGCGCTTTGTGGTCATC
CAGAATGAGGACTTGEGCCCAGCCAGTCCCTTGGACAGCACCTTC TACCGCTCACTGCTGGAGGACGAT
GACATGGGGGACCTGGTGGATGCTGAGGAGTATCTGGTACCCCAGCAGGGCTTCTTCTGTC CAGACCCT
GCCCCGERCECTCEEERCATGETCCACCACAGGCAC CGCAGCTCATCTACCAGGAGTGGCGGTGGGGAC
CTGACACTAGGRCTEGAGCCCTCTGAACGAGGAGECCCCCAGETCTCCACTGGCACE CTCCGAAGGGGCT
GEGCTCCGATGTATTTGATGGETGAC CTGEGAATCGGCECGCAGCCAAGCEGCTGCARAGCCTCCCCACACAT
GACCCCAGCCCTCTACAGCGETACAGTGAGCGACCCCACAGTACCCCTGCCCC TCTGAGACTGATGGCTAC
GTTGCCCCCCTCGACCTGCAGCCCCCAGCCTGAATATGTGAACCAGC CAGATGTTCGGCCCCAGCCCCCT
TCECCCCCEAGAGGEGECCCTCTECCTGCTGCCCGAC CTGCTGETECCACTC I GGAAAGGGCCAAGACTCTC
TCC CCAGGGAAGAATGGGGTCGTCAAAGACGTTTTTGCCTTTGGGGGTGCCGTGGAGAACCCCGAGTAC
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TTGACACCCCAGGGAGGAGCTGCCCCTCAGCCCCACCCTCCTCCTGCCTTCAGCCCAGCCTTCGACAAC
CTCTATTACTGGGACCAGGACCCACCAGAGCEGRGGECTCCACCCAGCACCTTCARAGGGACACCTACG
GCAGAGAACCCAGAGTACCTGGETCTEGGACGTGCCAGTG SEQ ID NO: 3

HUMAN EGFR POLYNUCLEOTIDE SEQUENCE (SEQ ID NO: 4)
CCGGCECAGCGCEECCECAGCAGCCTCCGCCCCCCGCACGETETGAGCECCCGCCECEGCCGAGGCEGL
CGGAGTCCCCGAGCTAGCCCCGECEECCGCCGCCECCCAGACCEGACGACAGECCACCT CGTCGGCGTCC
GCCCGAGTCCCCRCCTCGCCGCCAACGCCACARCCACCGCGCACGECCCCCTGACTCCGTCCAGTATTG
ATCGGGACAGCCEGAGCCGAGCTCTTCEGEGAGCAGCGATGCGACCCTCCEGGACGGCCGGGGCAGCECT
CCTEECECTECTEGCTACECTCTECCCGECGAGTCEGECTCTGGAGGAARAGARAGT T TGCCARGGCAC
GAGTAACAAGCTCACGCAGTTGGGCACTTTTGAAGATCATTTTCTCAGCCTCCAGAGGATGTTCAATAA
CTGTGAGGTGETCCTTGGGAATTTGGAAATTACCTATGTGCAGAGGAATTATGATCTT TCCTTCTTARA
GACCATCCAGGAGGTEGCTGETTATGTCCTCATTGCCCTCAACACAGTGGAGCGAATT CCTTTCGAAAA
CCTGCAGATCATCAGAGGAAATATGTACTACGAAAATTCCTATGCCTTAGCACTCTTATCTARCTATGA
TGCAAATAAAACCCGACTGAAGGAGCTGCCCATGAGAARATTTACAGEAAATCCTGCAT GGCGCCGTGCG
GTTCAGCAACAACCCTGCCCTGTGCAATGTGEACGAGCATCCAGTGGCGGGACATAGTC AGCAGTGACTT
TCTCAGCAACATGTCGATGCGACTTCCAGAACCACCTGGGCAGCTGCCARAAGTGTGAT CCAAGCTGTCC
CAATGRGAGCTECTEGGETGCAGCAGAGEAGAACTGCCAGAAACTGACCAARATCATC TGTGCCCAGCA
GTGCTCCEEECECTEGCCEGTEGCAAGTCCCCCAGTGACTEGCTGCCACAACCAGTGTGCT GCAGGCTGCAC
AGGCCCCCGEGAGAGCGACTGCCTEGTCTGCCGCAAATTCCGAGACGAAGCCACGTGC AAGGACACCTG
CCCCCCACTCATGCTCTACAACCCCACCACGTACCAGATGGATGTGAACCCCGAGGGC AAATACAGCTT
TGRTGCCACCTECATGAAGAAGTETCCCCGTAATTATGTEGETGACAGATCACGECTCG TGCGTCCGAGC
CTGTGGEGCCCACAGCTATGAGATGGAGGAAGACGEGCETCCGCAAGTGTAAGARGTGC GAAGGGCCTTG
CCGCAAAGTGTGTAACGGAATAGGTATTGEGTGAATTTAAAGACTCACTCTCCATARAT GCTACGAATAT
TAAACACTTCAAAAACTGCACCTCCATCAGTGGCGATCTCCACATCCTGCCGGTGECA TTTAGGEGTGA
CTCCTTCACACATACTCCTCCTCTGGATCCACAGGAACTGGATATTCTGAARACCCGTA AAGGARATCAC
AGGTTTGAGCTGAATTATCACATGAATATAAATGGGAAATCAGTGTTTTAGAGAGAGA ACTTTTCGACA
TATTTCCTGTTCCCTTGGAATAARAACATTTCTTCTGAAATTTTACCGTTAA

HUMAN VEGF POLYNUCLEOTIDE SEQUENCE (SEQ ID NO: 5)

AAGAGCTCCAGAGAGAAGTCGAGGAAGAGAGAGACGEGGTCAGAGAGAGCGCECEEEC GTGCGAGCAGC
GAMAGCCGACAGGGGCAAAGTGAGTGACCTGCTTTTCGGGEGTCGACCGCCGGAGCECGEC GTGAGCCCTCC
CCCTTEEGATCCCGCAGCTGACCAGTCECECTGACGGACAGACAGACAGACACCGCCC CCAGCCCCAGT
TACCACCTCCTCCCCEECCERCEGCGEACAGTEEGACGCGECEECEAGCCECGEECAGE GGCCEGAGCCC
GCCCCCGRAGGCAGEETAEGAGEEGETCAGAGCTCECGECETCEGCACTGAAACTTTTCG TCCAACTTCTG
GECTGTTCTCGCTTCECAGGAGCCGTGETCCGCGCGEEECAAGCCGAGCCGAGCGEAG CCGCGAGAAGT
GCTAGCTCGGECCERGAGGAGCCGCAGCCGGAGCAGGGGGAGCAGGAAGAAGAGAAGEG AAGAGGAGAGE
GERCCECAGTERCEACTCERGCEGCTCAGARGCCEEECTCATGEGACGGETGAGGCEECEETGTGCGCAGAC
AGTGCTCCAGCGCGCECECTCCCCAGCCCTEECCCERCCTCEGGCCEGGAGEAAGAGT AGCTCGCCGAG
GCGCCCGAGGAGAGCEEECCECCCCACAGCCCGAGCCGEGAGAGGGACGCGAGCCECECECCCCEETCGGE
CCTCCGAAACCATGAACTTTCTGCTETCTTGEGTGCATTGGAGCCTTGCCTTGCTEGCT CTACCTCCACC
ATGCCAAGTGATCCCAGECTECACCCATCGCAGAAGGAGGAGGGCAGAATCATCACGAAGTGETGAACT
TCATGGATGTCTATCAGCGCAGCTACTGCCATCCAATCGAGACCCTGETGGACATCTTCCAGGAGTACC
CTGATGAGATCGAGTACATCTTCAAGCCATCCTETGTGCCCCTGATGCGATGCGGEEGCTGCTCCAATG
ACGAGGGCCTEGAGTATETECCCACTGAGGAGTCCAACATCACCATGCAGATTATGCGGATCAARCCTC
ACCAAGGCCAGCACATAGGAGAGATGAGCTTCCTACAGCACAACAAATGTGAATGCAGACCAAAGAMAG
ATAGAGCAAGACAAGAAAATCCCTGTGGGCCTTGCTCAGAGCGGAGARAGCATTTGTT TGTACARGATC
CGCAGACGTGTAAATGTTCCTGCAAAAACACACACTCGCGTTGCAAGGCCGAGGCAGCT TGAGTTAAACG
AACGTACTTGCAGATETGACAAGCCGAGGCGETCGAGCCGEGCAGCGAGGAAGGAGCCTCCCTCAGGGTTT
CGGGAACCAGATCTCTCTCCAGGAAAGACTGATACAGAACGATCGATACAGAAACCACGCTGCCGCCAC
CACACCATCACCATCGACAGAACAGTCCTTAATCCAGAAACCTGAAATGAACGARGAGGAGACTCTCGCE
CAGAGCACTTTGGETCCGGAGGGCGAGACTCCGGCEGAAGCATTCCCGGECGEGTCACCCAGCACGETC
CCTCTTGGAATTGGATTCGCCATTTTATTTTTCTTGCTGCTARATCACCGAGCCCCGGAAGATTAGAGAG
TTTTATTTCTGGEATTCCTGTAGACACACCCACCCACATACATACATTTATATATATATATATTATATA
TATATAAAAATAAATATCTCTATTTTATATATATARAARTATATATATTCTTTTTTTARATTAACAGTGC
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TAATGTTATTGGTGTCTTCACTGGATGTATTTGACTGCTEGTCGGACTTGAGTTGGGAGGGGAATGTTCCC
ACTCAGATCCTGACAGGGAAGAGGAGGAGATGAGAGACTCTGGCATGATCTTTTTTTTGTCCCACTTGG
TGGGGCCAGGGTCCTCTCCCCTGCCCAAGAATGTGCAAGGCCAGGGCATGGGGGCARAATATGACCCAGT
TTTGGGAACACCGACAAACCCAGCCCTGGCGCTGAGCCTCTCTACCCCAGGTCAGACGGACAGAAAGAC
AAATCACAGGTTCCGGCATGAGGACACCGGCTCTGACCAGGAGTTTGCGGAGCTTCAGGACATTGCTGT
GCTTTGGGGATTCCCTCCACATGCTGCACGCGCATCTCGCCCCCAGEGGCACTGCCTGGAAGATTCAGG
AGCCTGGGCGGCCTTCGCTTACTCTCACCTGCTTCTGAGTTGCCCAGGAGGCCACTGGCAGATGTCCCG
GCGAAGAGAAGAGACACATTGTTGGAAGAAGCAGCCCATGACAGCGCCCCTTCCTGGGACTCGCCCTCA
TCCTCTTCCTGCTCCCCTTCCTGGGGTGCAGCCTAAAAGGACCTATGTCCTCACACCATTGAAACCACT
AGTTCTGTCCCCCCAGGAAACCTGGTTGTGTGTGTGTGAGTGGTTGACCTTCCTCCATCCCCTGGTCCT
TCCCTTCCCTTCCCGAGGCACAGAGAGACAGGGCAGGATCCACGTGCCCATTGTGGAGGCAGAGAAAAG
AGAAAGTGTTTTATATACGGTACTTATTTAATATCCCTTTTTAATTAGAAATTAGAACAGTTAATTTAA
TTAAAGAGTAGGGTTTTTTTTCAGTATTCTTGGTTAATATTTAATTTCAACTATTTATGAGATGTATCT
TTTGCTCTCTCTTGCTCTCTTATTTGTACCGGTTTTTGTATATAAAATTCATGTTTCCAATCTCTCTCT
CCCTGATCGGTGACAGTCACTAGCTTATCTTGAACAGATATTTAATTTTGCTAACACTCAGCTCTGCCC
TCCCCGATCCCCTGGCTCCCCAGCACACATTCCTTTGAAAGAGGGTTTCAATATACATCTACATACTAT
ATATATATTGGGCAACTTGTATTTGTGTGTATATATATATATATATGTTTATGTATATATGTGATCCTG
AAAAAATAAACATCGCTATTCTGTTTTTTATATGTTCAAACCAAACAAGAAAAAATAGAGAATTCTACA
TACTAAATCTCTCTCCTTTTTTAATTTTAATATTTGTTATCATTTATTTATTGGTGCTACTGTTTATCC
GTAATAATTGTGGGGAAAAGATATTAACATCACGTCTTTGTCTCTAGTGCAGTTTTTCGAGATATTCCG
TAGTACATATTTATTTTTAAACAACGACAAAGARAATACAGATATATCTTA

HUMAN FLT FMS-LIKE TYROSINE KINASE-3 (FLT3) POLYNUCLEOTIDE SEQUENCE
(SEQ ID NO: 6)
CGAGGCGGCATCCGAGGGCTEGECCEGCECCCTGEGGGACCCCGGECTCCGGAGGCCATGCCGGCETTG
GCGCGCGACGCEGGCACCGTGCCECTGCTCGTTGTTITTTCTGCAATGATATTTCGGGACTATTACAAAT
CAAGATCTGCCTGTGATCAAGTGTGTTTTAATCAATCATAAGAACAATGATTCATCAGTGGGGAAGTCA
TCATCATATCCCATGGTATCAGAATCCCCGGAAGACCTCGGGTGTGCETTGAGCGACCCCAGAGCTCAGGG
ACAGTGTACGAAGCTGCCGCTGTGGAAGTGGATGTATCTGCTTCCATCACACTGCAAGTGCTGGTCGAT
GCCCCAGGGAACATTTCCTGTCTCTGGGTCTTTAAGCACAGCTCCCTGAATTGCCAGCCACATTTTGAT
TTACAAAACAGAGGAGTTGTTTCCATGGTCATTTTGAAAATGACAGAAACCCAAGCTGGAGAATACCTA
CTTTTTATTCAGAGTGAAGCTACCAATTACACAATATTGTTTACAGTGAGTATAAGAAATACCCTGCTT
TACACATTAAGAAGACCTTACTTTAGAAAAATGGAAAACCAGGACGCCCTGGTCTGCATATCTGAGAGC
GTTCCAGAGCCGATCGTGGAATGGGTGCTTTGCGATTCACAGGGGGAAAGCTGTAAAGAAGAAAGTCCA
GCTGTTGTTAAAAAGGAGGAAAAAGTGCTTCATGAATTATTTGGGACGGACATAAGGTGCTGTGCCAGA
AATGAACTGGGCAGGGAATGCACCAGGCTGTTCACAATAGATCTAAATCAAACTCCTCAGACCACATTG
CCACAATTATTTCTTAAAGTAGGGGAACCCTTATGGATAAGGTGCAAAGCTGTTCATGTGAACCATGGA
TTCGGGCTCACCTGGCAATTAGAAAACAAAGCACTCGAGGAGGGCAACTACTTTGAGATGAGTACCTAT
TCAACAAACAGAACTATGATACGGATTCTGTTTGCTTTTGTATCATCAGTGGCAAGAAACGACACCGGA
TACTACACTTGTTCCTCTTCAAAGCATCCCAGTCAATCAGCTTTGGTTACCATCGTAGGAAAGGGATTT
ATAAATGCTACCAATTCAAGTGAAGATTATGAAATTGACCAATATGAAGAGTTTTGTTTTTCTGTCAGG
TTTAAAGCCTACCCACAAATCAGATGTACGTGGACCTTCTCTCGAAAATCATTTCCTTGTGAGCAAAAG
GGTCTTGATAACGGATACAGCATATCCAAGTTTTGCAATCATAAGCACCAGCCAGGAGAATATATATTC
CATGCAGAAAATGATGATGCCCAATTTACCAAAATGTTCACGCTGAATATAAGAAGGAAACCTCAAGTG
CTCGCAGAAGCATCGGCAAGTCAGGCGTCCTGTTTCTCGGATGGATACCCATTACCATCTTGGACCTGG
AAGAAGTGTTCAGACAAGTCTCCCAACTGCACAGAACGAGATCACAGAAGGAGTCTGGAATAGAAAGGCT
AACAGAAAAGTGTTTGGACAGTGGGTGTCGAGCAGTACTCTAAACATGAGTGAAGCCATAAAAGGGTTC
CTGGTCAAGTGCTGTGCATACAATTCCCTTGGCACATCTTGTGAGACGATCCTTTTAAACTCTCCAGGC
CCCTTCCCTTTCATCCAAGACAACATCTCATTCTATGCAACAATTGGTGTTTGTCTCCTCTTCATTGTC
GTTTTAACCCTGCTAATTTGTCACAAGTACAAAAAGCAATTTAGGTATGAAAGCCAGCTACAGATGGTA
CAGGTGACCGGCTCCTCAGATAATGAGTACTTCTACGTTGATTTCAGAGAATATGAATATGATCTCAAA
TGGGAGTTTCCAAGAGAAAATTTAGAGTTTGGGAAGCGTACTAGGATCAGGTGCTTTTGCGAAAAGTGATG
AACGCAACAGCTTATGGAATTAGCAAAACAGGAGTCTCAATCCAGGTTGCCGTCAAAATGCTGAAAGAA
AAAGCAGACAGCTCTGARAGAGAGGCACTCATGTCAGAACTCAAGATGATGACCCAGCTGGGAAGCCAC
GAGAATATTGTGAACCTGCTGGGGGCGTGCACACTGTCAGCGACCAATTTACTTGATTTTTGAATACTGT
TGCTATGGTGATCTTCTCAACTATCTAAGAAGTAAAAGAGAAAAATTTCACAGCGACTTGGACAGAGATT
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TTCAAGGAACACAATTTCAGTTTTTACCCCACTTTCCAATCACATCCAAATTCCAGCATGCCTGGTTCA.
AGAGAAGTTCAGATACACCCGGACTCGGATCARATCTCAGGGCTTCATGCCGAATTCATTTCACTCTGAA.
GATGAAATTGAATATGAAAACCAAAAAAGGCTGGAAGAAGAGGAGGACTTGAATCTGCTTACATTTGAA.
GATCTTCTTTGCTTTGCATATCAAGTTGCCARAGGAATGGAATTTCTGGAATTTAAGTCGTGTGTTCAC
AGAGACCTGGCCGCCAGGAACGTGCTTGTCACCCACGGGAAAGTGGTGAAGATATGTGACTTTGGAT TG
GCTCGAGATATCATGAGTGATTCCAACTATGTTGTCAGGGGCAATGCCCGTCTGCCTGTAAAATGGATS
GCCCCCGAAAGCCTGTTTGAAGGCATCTACACCATTAAGAGTGATGTCTGCGTCATATGGAATATTACTG
TGGGAAATCTTCTCACTTGGTGTGAATCCTTACCCTGGCATTCCGGTTGATGCTAACTTCTACAAACTG:
ATTCAAAATGGATTTAAAATGGATCAGCCATTTTATGCTACAGAAGAAATATACATTATAATGCAATCC
TGCTGGGCTTTTGACTCAAGGAAACGGCCATCCTTCCCTAATTTGACTTCGTTTTTAGGATGTCAGCTG
GCAGATGCAGAAGAAGCGATGTATCAGAATGTGGATGGCCGTGTTTCGGAATGTCCTCACACCTACCAA.
AACAGGCGACCTTTCAGCAGAGAGATGGATTTGEGGCTACTCTCTCCGCAGGCTCAGGTCGAAGATTCG
TAGAGGAACAATTTAGTTTTAAGGACTTCATCCCTCCACCTATCCCTAACAGGCTGTAGATTACCAAAN.
CAAGATTAATTTCATCACTAAAAGAAAATCTATTATCAACTGCTGCTTCACCAGACTTTTCTCTAGAAG
CCGTCTGCGTTTACTCTTGTTTTCARAGGGACTTTTGTAAAATCAAATCATCCTGTCACAAGGCAGGAG
GAGCTGATAATGAACTTTATTGGAGCATTGATCTGCATCCAAGGCCTTCTCAGGCCGGCTTGAGTGAAT
TGTGTACCTGAAGTACAGTATATTCTTGTAAATACATAAAACAAAAGCATTTTGCTAAGGAGAAGCTAR
TATGATTTTTTAAGTCTATGTTTTAAAATAATATGTAAATTTTTCAGCTATTTAGTGATATATTITATG
GGTGGGAATAAAATTTCTACTACAG

HUMAN MYC POLYNUCLEOTIDE SEQUENCE (SEQ ID NO: 7)

AAGTGCTGGGATTACAGGTGTGAGCCAGGGCACCAGGCTTAGATCGTGCGCTCTTTGGGCGAGATAATTTTG
TCCAGAGACCTTTCTAACGTATTCATGCCTTGTATTTGTACAGCATTAATCTGGTAATTGATTATTTT A
ATGTAACCTTGCTAAAGGAGTGATTTCTATTTCCTTTCTTAAAGAGCAGGAACAAGAAGATCGAGGAAGA
AATCGATGTTGTTTCTGTGGAAAAGAGGCAGGCTCCTGGCAAAAGGTCAGAGTCTGGATCACCTTCTGC
TGGAGGCCACAGCAAACCTCCTCACAGCCCACTGGTCCTCAAGAGGTGCCACGTCTCCACACATCAGCA.
CAACTACGCAGCGCCTCCCTCCACTCGGAAGGACTATCCTGCTGCCAAGAGGGTCAAGTTGGACAGTGT
CAGAGTCCTGAGACAGATCAGCAACAACCGAARATGCACCAGCCCCAGGTCCTCGGACACCGAGGAGA
TGTCAAGAGGCGAACACACAACGTCTTGCGAGCGCCAGAGGAGGAACGAGCTAAAACGGAGCTTTTTTGC
CCTGCGTGACCAGATCCCGGAGTTGGAAAACAATGAARAAGGCCCCCAAGGTAGTTATCCTTARAAAAGC
CACAGCATACATCCTGTCCGTCCAAGCAGAGGAGCAAAAGCTCATTTCTGAAGAGCGACTTGTTGCGGAA
ACGACGAGAACAGTTGAAACACAAACTTGAACAGCTACGGAACTCTTGTGCGTAAGGAAAAGTAAGGA
AACGATTCCTTCTAACAGAAATGTCCTGAGCAATCACCTATGAACTTGTTTCAAATGCATGATCAAATG

" CAACCTCACAACCTTGGCTGAGTCTTGAGACTGAAAGATTTAGCCATAATGTAAACTGCCTCARAATTCG

ACTTTGGGCATAAAAGAACTTTTTTATGCTTACCATCTTTTTTTTTTCTTTAACAGATTTGTATTTAAG
AATTGTTTTTAAAAAATTTTAAGATTTACACAATGTTTCTCTGTAAATATTGCCATTAAATGTAARATAN
CTTTAATAAAACGTTTATAGCAGTTACACAGAATTTCAATCCTAGTATATAGTACCTAGTATTATAGGCT
ACTATAAACCCTAATTTTTTTTATTTAAGTACATTTTGCTTTTTAAAGTTGATTTTTTTCTATTGTTTT
TAGAAAAAATAAAATAACTGGCAAATATATCATTGAGCCAAATCTTAAGTTGTGAATGTTTTGTTTCGT
TTCTTCCCCCTCCCARACCACCACCATCCCTGTTTGTTTTCATCAATTGCCCCTTCAGAGGGTGGTCTTA
AGAAAGGCAAGAGTTTTCCTCTGTTGAAATGGGTCTGGGGGCCTTAAGGTCTTTAAGTTCTTGGAGGTT
CTAAGATGCTTCCTGGAGACTATGATAACAGCCGAAGTTGACAGTTAGAAGGAATGGCAGAAGGCAGET
GAGAAGGTGAGAGGTAGGCAAAGGAGATACAAGAGGTCAAAGGTAGCAGTTAAGTACACAAAGAGGCAT
AAGGACTGGGGAGTTGGGAGGAAGGTGAGGAAGAAACTCCTGTTACTTTAGTTAACCAGTGCCAGTCCC
CTGCTCACTCCARA

HUMAN UROKINASE PLASMINOGEN ACTIVATOR (UPA) POLYNUCLEOTIDE SEQUENCE
(SEQ ID NO: 8)

CCCGGGCCAGGGTCCACCTGTCCCCGCAGCGCCGGCTCGCGCCCTCCTGCCGCAGCCACCGAGCCGCCE
TCTAGCGCCCCGACCTCGCCACCATGAGAGCCCTGCTGGCGCGCCTGCTTCTCTGCGTCCTGGTCGTGA
GCGACTCCAAAGGCAGCAATGAACTTCATCAAGTTCCATCGAACTGTGACTGTCTAAATGGAGGAACAT
GTGTGTCCAACAAGTACTTCTCCAACATTCACTGGTGCAACTGCCCAAAGAAATTCGGAGGGCAGCACT
GTGAAATAGATAAGTCAAAAACCTGCTATGAGCGGGAATGGTCACTTTTACCGAGCGAAAGGCCAGCACTS
ACACCATGGGCCGECCCTGCCTGCCCTGGAACTCTGCCACTGTCCTTCAGCAAACGTACCATGCCCACA
GATCTGATGCTCTTCAGCTGGGCCTGGGGAAACATAATTACTGCAGGAACCCAGACAACCGGAGGCGAC
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CCTGGTGCTATGTGCAGETGEGCCTARAGCCGCTTGTCCAAGAGTGCATGGTGCATGACTGCGCAGATG
GAAAAAAGCCCTCCTCTCCTCCAGAAGAATTAAAATTTCAGTGTGGCCAAAAGACTCTGAGGCCCCGCT
TTAAGATTATTGGCGGGAGAATTCACCACCATCGAGAACCAGCCCTGGTTTGCGECCATCTACAGGAGGC
ACCGGGGGEGECTCTGTCACCTACGTETGTGGAGGCAGCCTCATCAGCCCTTGCTGEETGATCAGCGCCA
CACACTGCTTCATTGATTACCCAAAGAAGGAGGACTACATCGTCTACCTGGGTCGCTCAAGGCTTAACT
CCAACACGCAAGGGGAGATGAAGTTTGAGGTGGAAAACCTCATCCTACACAAGGACTACAGCGCTGACA
CGCTTGCTCACCACAACGACATTGCCTTGCTGAAGATCCGTTCCAAGGAGGGCAGGTGTGCCCAGCCAT
CCCGGACTATACAGACCATCTGCCTGCCCTCEATGTATAACGATCCCCAGTTTGGCACAAGCTGTGAGA
TCACTGGCTTTGGAAAAGAGAATTCTACCGACTATCTCTATCCGGAGCAGCTGAARATGACTGTTGTGA
AGCTGATTTCCCACCGGGAGTGTCAGCAGCCCCACTACTACGGCTCTGAAGTCACCACCAAAATGCTGT
GTGCTGCTGACCCACRAGTGGAAAACAGATTCCTGCCAGGGAGACTCAGEGGEACCCCTCGTCTGTTCCC
TCCAAGGCCGCATGACTTTGACTGGRAATTGTGAGCTGEGGCCATGGATGTEGCCCTCGAAGGACAAGCCAG
GCGTCTACACGAGAGTCTCACACTTCTTACCCTGGATCCGCAGTCACACCARGGARGAGAATGGCCTGG
CCCTCTGAGGGTCCCCAGGGAGGAAACGGGCACCACCCGCTTTCTTGCTGCGTTGTCATTTTTGCAGTAG
AGTCATCTCCATCAGCTGTAAGAAGAGACTGGGAAGATAGGCTCTGCACAGATGGATTTGCCTGTGCCA
CCCACCAGGGTGAACGACAATAGCTTTACCCTCAGGCATAGGCCTGGGTGCTEGGCTGCCCAGACCCCTC
TGGCCAGCGATGGAGGEETGGTCCTGACTCAACATGTTACTGACCAGCAACTTGTCTTTTTCTGGACTGA
AGCCTGCAGGAGTTAAAAAGGGCAGGGCATCTCCTGTGCATGCGGTCGAAGGGAGAGCCAGCTCCCCCGAC
GGTGGEGCATTTCGTGAGGCCCATGGTTGAGAAATGAATAATTTCCCAATTAGGAAGTGTAACAGCTGAGG
TCTCTTGAGGCAGCTTAGCCAATGTGGCGAGCAGCGEGTTTGGCGAGCAGAGACACTAACGACTTCAGGGC
AGGGCTCTGATATTCCATGAATGTATCAGGAAATATATATGTGTGTGTATGTTTGCACACTTGTGTGTG
GGCTGTGAGTGTAAGTGTGAGTAAGAGCTGETGTCTGATTCGTTAAGTCTAAATATTTCCTTAAACTGTG
TGGACTGTGATGCCACACAGAGTGETCTTTCTGCGAGAGGTTATAGGTCACTCCTGGGGCCTCTTGGGTC
CCCCACGTGACAGTGCCTGGGAATGTATTATTCTGCAGCATGACCTGTGACCAGCACTGTCTCAGTTTC
ACTTTCACATAGATGTCCCTTTCTTGGCCAGTTATCCCTTCCTTTTAGCCTAGTTCATCCAATCCTCAC
TGGETEGEGTGAGGACCACTCCTTACACTCGAATATTTATATTTCACTATTTT TATTTATATTTTTGTAA
TTTTAAATAAAAGTGATCAATAAAATGTGATTTTTCTGATGAA

HUMAN PLASMINOGEN ACTIVATOR INHIBITOR (PAI-1) POLYNUCLEOTIDESEQUENCE
SEQ ID NO: 9)
GAATTCCTGCAGCTCAGCAGCCGECCGCCAGAGCAGGACGAACCGCCAATCGCAAGGCACCTCTGAGAAL
TTCAGGATGCAGATGTCTCCAGCCCTCACCTGCCTAGTCCTGGGCCTGGCCCTTGTCTTTGGTGAAGGG
TCTGCTGTGCACCATCCCCCATCCTACGTGGCCCACCTGGCCTCAGACTTCGGGGTCGAGGGTGTTTCAG
CAGGTGGCECAGCGCCTCCAAGGACCECAACGTCETTTTCTCACCCTATGEGETAGCCTCEGTGTTGGECC
ATGCTCCAGCTGACAACAGGAGCGAGAAACCCAGCAGCAGATTCAAGCAGCTATGGGATTCAAGATTGAT
GACAAGGGCATGGECCCCCGCCCTCCGGCATCTGTACAAGGAGCTCATGGGGCCATGGAACAAGGATGAG
ATCAGCACCACAGACGCGATCTTCEGTCCAGCGGGATCTGAAGCTGGTCCAGGGCTTCATGCCCCACTTC
TTCAGGCTGTTCCCGAGCACGGTCARAGCAAGTGGACTTTTCAGAGCGTGGAGAGAGCCAGATTCATCATC
AATGACTGGGTGAAGACACACACARARGGTATGATCAGCAACTTGCTTGGGARAGGAGCCGTGGACCAG
CTGACACGGCTGETGCTGGTEGAATGCCCTCTACTTCAACGGCCAGTGGAAGACTCCCTTCCCCGACTCC
AGCACCCACCGCCGCCTCTTCCACAAATCAGACGGCAGCACTGTCTCTGTGCCCATGATGGCTCAGACC
AACAAGTTCAACTATACTGAGTTCACCACGCCCGATGGCCATTACTACCGACATCCTGGAACTGCCCTAC
CACGGGGACACCCTCAGCATGTTCATTGCTGCCCCTTATGAARARAAGAGGTGCCTCTCTCTGCCCTCACC
AACATTCTGAGTGCCCAGCTCATCAGCCACTGGAAAGGCAACATGACCAGGCTGCCCCGCCTCCTGGTT
CTGCCCAAGTTCTCCCTGGAGACTGAAGTCGACCTCAGGAAGCCCCTAGAGAACCTGGGAATGACCGAC
ATGTTCAGACAGTTTCAGGCTGACTTCACGAGTCTTTCAGACCAAGAGCCTCTCCACGTCGCGCAGGCG
CTGCAGAAAGTGAAGATCGAGGTGAACGAGAGTGEGCACGGTGGCCTCCTCATCCACAGCTGTCATAGTC
TCAGCCCGCATGGCCCCCGAGGAGATCATCATGGACAGACCCTTCCTCTTTGTGGTCCGGCACAALCCCC
ACAGGAACAGTCCTTTTCATGEGCCAAGTGATGEAACCCTGACCCTGGGGAAAGACGCCTTCATCTGGG
ACAAAACTGGAGATGCATCGGGARAGAAGAAACTCCGAAGAAAAGAATTTTAGTGTTAATGACTCTTTC
TGAAGGAAGAGAAGACATTTGCCTTTTGTTAARAGATGGTAAACCAGATCTGTCTCCAAGACCTTGGCC
TCTCCTTGGAGGACCTTTAGGTCAAACTCCCTAGTCTCCACCTGAGACCCTGGGAGAGAAGTTTGAAGC
ACAACTCCCTTAAGGTCTCCAAACCAGACGGTGACGCCTGCGGGACCATCTGEGGGCACCTGCTTCCACC
CGTCTCTCTGCCCACTCGGGTCTGCAGACCTGGTTCCCACTGAGGCCCTTTGCAGGATGGAACTACGGG
GCTTACAGGAGCTTTTGTGTGCCTGCTAGAAACTATTTCTGTTCCAGTCACATTGCCATCACTCTTGTA
CTGCCTGCCACCCGCEGAGGAGGCTGETGACAGGCCAAAGGCCAGTGGAAGAAACACCCTTTCATCTCAG
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AGTCCACTGTGGCACTGGCCACCCCTCCCCAGTACAGGGETECTGCAGGTGECAGAGTGAATGTCCCLCC
ATCATGTGGCCCAACTCTCCTGGCCTGECCATCTCCCTCCCCAGAAACAGTGTGCATGGGTTATTTTGG
AGTGTAGGTGACTTGTTTACTCATTGAAGCAGATTTCTGCTTCCTTTTATTTTTATAGCGAATAGAGGAA
GAAATGTCAGATGCGTGCCCAGCTCTTCACCCCCCAATCTCTTGGTGGGGAGGGGTGTACCTAAATATT
TATCATATCCTTGCCCTTGAGTGCTTGTTAGAGAGAARGAGAACTACTAAGGAAAATAATATTATTTAA
ACTCGCTCCTAGTGTTTCTTTGTGGTCTGTGTCACCGTATCTCAGGAAGTCCAGCCACTTGACTGGCAC
ACACCCCTCCGGACATCCAGCGTGACGGAGCCCACACTGCCACCTTGTGGCCGCCTGAGACCCTCGCGL
CCCCCGCGCCCCCCECGCCCCTCTTTTITCCCCTTGATGGAAATTGACCATACAATTTCATCCTCCTTCA
GGGGATCAAAAGGACGGAGTGGGEGCACAGAGACTCAGATCAGCGACACGAGTGGTTTCCAATGTGTTCAA
TAGATTTAGGAGCAGAAATGCAAGGGGCTGCATGACCTACCAGGACAGAACTTTCCCCAATTACAGGGT
GACTCACAGCCGCATTGGTGACTCACTTCAATGTGTCATTTCCGGCTGCTGTGTGTGAGCAGTGGACAC
CGTGAGGGGGCEGETCEGTGAGAGAGACAGGCAGCTCGGATTCAACTACCTTAGATAATATTTCTGAAAAC
CTACCAGCCAGAGGGTAGGGCACAAAGATGGATGTAATGCACTTTGGGAGGCCAAGGCGGGAGGATTGC
TTGAGCCCAGGAGTTCAAGACCAGCCTGGGCAACATACCAAGACCCCCGTCTCTTTAAAAATATATATA
TTTTAAATATACTTAAATATATATTTCTAATATCTTTAAATATATATATATATTTTAAAGACCAATTTA
TGGGAGAATTGCACACAGATGTGAAATGAATGTAATCTAATAGAAGC

HUMAN BRCA1l POLYNUCLEOTIDE SEQUENCE (SEQ ID NO: 10)

AAAACTGCGACTGCGCGGCGTGAGCTCECTCAGACTTCCTGGACCCCGCACCAGGCTGTGGGGETTTCTC
AGATAACTGGGCCCCTGCGCTCAGGAGGCCTTCACCCTCTGCTCTGGGTAAAGTTCATTGGAACAGANA
GAAATGGATTTATCTGCTCTTCGCGTTGAAGAAGTACAARATGTCATTAATGCTATGCAGAAAATCTTA
GAGTGTCCCATCTGTCTGGAGTTGATCAAGGAACCTGTCTCCACAAAGTGTGACCACATATTTTGCARA
TTTTGCATGCTGAAACTTCTCAACCAGAAGAAAGGGCCTTCACAGTGTCCTTTATGTAAGAATGATATA
ACCAAAAGGAGCCTACAAGAAAGTACGAGATTTAGTCAACTTGTTGAAGAGCTATTGAAAATCATTTGT
GCTTTTCAGCTTGACACAGGTTTGCGAGTATGCAAACAGCTATAATTTTGCAAAAAAGGAAAATAACTCT
CCTGAACATCTAAAAGATGAAGTTTCTATCATCCAAAGTATGGGCTACAGAAACCGTGCCAAAAGACTT
CTACAGAGTGAACCCGAAAATCCTTCCTTGCAGGAAACCAGTCTCAGTGTCCAACTCTCTAACCTTGGA
ACTGTGAGAACTCTGAGGACAAAGCAGCGGATACAACCTCAAAAGACGTCTGTCTACATTGAATTGGGA
TCTGATTCTTCTGAAGATACCGTTAATAAGGCAACTTATTGCAGTGTGGGAGATCAAGAATTGTTACRA
ATCACCCCTCAAGGAACCAGGGATGAARATCAGTTTGGATTCTGCAAAAAAGGCTGCTTGTGAATTTTCT
GAGACGGATGTAACAAATACTGAACATCATCAACCCAGTAATAATGATTTGAACACCACTGAGAAGCGT
GCAGCTGAGAGGCATCCAGAAAAGTATCAGGGTAGTTCTGTTTCAAACTTGCATGTGGAGCCATGTGGC
ACAAATACTCATGCCAGCTCATTACAGCATGAGAACAGCAGTTTATTACTCACTAAAGACAGAATGAAT
GTAGAAAAGGCTGAATTCTGTAATAARAGCAAACAGCCTGGCTTACGCAAGGAGCCAACATAACAGATGG
GCTGGAAGTAAGGAAACATGTAATGATAGGCGGACTCCCAGCACAGAARAAAAGGTAGATCTGAATGCT
GATCCCCTGTGTGAGAGAAAAGAATGGAATAAGCAGAAACTGCCATGCTCAGAGAATCCTAGAGATACT
GAAGATGTTCCTTGGATAACACTAAATAGCAGCATTCAGAAAGTTAATGAGTGGTTTTCCAGAAGTGAT
GAACTGTTAGGTTCTGATCGACTCACATGATGGGGAGTCTGAATCAARATGCCAAAGTAGCTGATGTATTG
GACGTTCTAAATGAGGTAGATGAATATTCTGGTTCTTCAGAGAAAATAGACTTACTGGCCAGTGATCCT
CATGAGGCTTTAATATGTAAAAGTGAAAGAGTTCACTCCAAATCAGTAGAGAGTAATATTGAAGACAARA
ATATTTGGGAAAACCTATCGGAAGAAGGCAAGCCTCCCCAACTTAAGCCATGTAACTGAAAATCTAATT
ATAGGAGCATTTGTTACTGAGCCACAGATAATACAAGAGCGTCCCCTCACAAATAAATTAAAGCGTARA
AGGAGACCTACATCAGGCCTTCATCCTGAGGATTTTATCAAGAAAGCAGATTTGGCAGTTCAAAAGACT
CCTGAAATGATAAATCAGGGAACTAACCAAACGGAGCAGAATGGTCAAGTGATGAATATTACTAATAGT
GGTCATGAGAATAAAACAAAAGGTGATTCTATTCAGAATGAGAAARATCCTAACCCAATAGAATCACTC
GAAAAAGAATCTGCTTTCAAAACGAAAGCTGAACCTATAAGCAGCAGTATAAGCAATATGGAACTCGAA
TTAAATATCCACAATTCAAAAGCACCTAAAAAGAATAGGCTGAGGAGGAAGTCTTCTACCAGGCATATT
CATGCGCTTGAACTAGTAGTCAGTAGAAATCTAAGCCCACCTAATTGTACTGAATTGCAAATTGATAGT
TGTTCTAGCAGTGAAGAGATAAAGAAAAAAAAGTACAACCAAATGCCAGTCAGGCACAGCAGAAACCTA
CAACTCATGGAAGGTAAAGAACCTGCAACTGGAGCCAAGAAGAGTAACAAGCCAAATGAACAGACAAGT
AAAAGACATGACAGCGATACTTTCCCAGAGCTGAAGTTAACAAATGCACCTGGTTCTTTTACTAAGTGT
TCAAATACCAGTGAACTTAAAGAATTTGTCAATCCTAGCCTTCCAAGAGAAGAAAAAGAAGAGAAACTA
GAAACAGTTAAAGTGTCTAATAATGCTGAAGACCCCAAAGATCTCATGTTAAGTGGAGAAAGGGTTTTG
CAAACTGAAAGATCTGTAGAGAGTAGCAGTATTTCATTGGTACCTGGTACTGATTATGGCACTCAGGAA
AGTATCTCGTTACTGGAAGTTAGCACTCTAGGGAAGGCAAAAACAGAACCAAATAAATGTGTGAGTCAG
TGTGCAGCATTTGAAAACCCCAAGGGACTAATTCATGETTGTTCCAAAGATAATAGAAATGACACAGAA
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GGCTTTAAGTATCCATTGGGACATGAAGTTAACCACAGTCGGGAAACAAGCATAGAAATGGAAGAAAGT
GAACTTGATGCTCAGTATTTGCAGAATACATTCAAGGTTTCAAAGCGCCAGTCATTTGCTCCGTTTTCA
AATCCAGGAAATGCAGAAGAGGAATGTGCAACATTCTCTGCCCACTCTGGEGTCCTTAAAGAAACAANGT
CCAAAAGTCACTTTTGAATGTGAACAAAAGGAAGAAAATCAAGGAAAGAATGAGTCTAATATCAAGCCT
GTACAGACAGTTAATATCACTGCAGGCTTTCCTGTGGTTGCGTCAGAAAGATAAGCCAGTTGATAATGCC
AAATGTAGTATCAAAGGAGGCTCTAGGTTTTGTCTATCATCTCAGTTCAGAGGCAACGARACTGGACTC
ATTACTCCAAATAAACATGGACTTTTACAAAACCCATATCGTATACCACCACTTTTTCCCATCAAGTCA
TTTGTTAAAACTAAATGTAAGAAAAATCTGCTAGAGGAAAACTTTGAGGAACATTCAATGTCACCTGAA
AGAGAAATGGGAAATGAGAACATTCCAAGTACAGTGAGCACAATTAGCCGTAATAACATTAGAGAAAAT
GTTTTTAAAGAAGCCAGCTCAAGCAATATTAATGAAGTAGGTTCCAGTACTAATGAAGTGGGCTCCAGT
ATTAATGAAATAGGTTCCAGTGATGAAAACATTCAAGCAGAACTAGGTAGAAACAGAGGGCCAAAATTG
AATGCTATGCTTAGATTAGGGGTTTTGCAACCTGAGGTCTATAAACAAAGTCTTCCTGGAAGTAATTGT
AAGCATCCTGAAATAAAAAAGCAAGAATATGAAGAAGTAGTTCAGACTGTTAATACAGATTTCTCTCCA
TATCTGATTTCAGATAACTTAGAACAGCCTATGGGAAGTAGTCATGCATCTCAGGTTTGTTCTGAGACA
CCTGATGACCTGTTAGATGATGGTGAAATAAAGGAAGATACTAGTTTTGCTGAAAATGACATTAAGGAA
AGTTCTGCTGTTTTTAGCAAAAGCGTCCAGAAAGGAGAGCTTAGCAGGAGTCCTAGCCCTTTCACCCAT
ACACATTTGGCTCAGGGTTACCGAAGAGGGGCCAAGAAATTAGAGTCCTCAGAAGAGAACTTATCTAGT
GAGGATGAAGAGCTTCCCTGCTTCCAACACTTGTTATTTGGTAAAGTAAACAATATACCTTCTCAGTCT
ACTAGGCATAGCACCGTTGCTACCGAGTEGTCTGTCTAAGAACACAGAGGAGAATTTATTATCATTGAAG
AATAGCTTAAATGACTGCAGTAACCAGGTAATATTGCGCAAAGGCATCTCAGGAACATCACCTTAGTGAG
GAAACAAAATGTTCTGCTAGCTTGTTTTCTTCACAGTGCAGTGAATTGGAAGACTTGACTGCAAATACA
AACACCCAGGATCCTTTCTTGATTGGTTCTTCCAAACAAATGAGGCATCAGTCTGAAAGCCAGGGAGTT
GGTCTGAGTGACAAGGAATTGGTTTCAGATGATGAAGAAAGAGGAACGGGCTTGGAAGAAAATAATCAA
GAAGAGCAAAGCATGGATTCAAACTTAGGTGAAGCAGCATCTGGGTGTGAGAGTGAAACAAGCGTCTCT
GAAGACTGCTCAGGGCTATCCTCTCAGAGTGACATTTTAACCACTCAGCAGAGGGATACCATGCAACAT
AACCTGATAAAGCTCCAGCAGGAAATGGCTGAACTAGAAGCTGTGTTAGAACAGCATGGGAGCCAGCCT
TCTAACAGCTACCCTTCCATCATAAGTGACTCTTCTGCCCTTGAGGACCTGCGAAATCCAGAACAAAGC
ACATCAGAAAAAGCAGTATTAACTTCACAGAAAAGTAGTGAATACCCTATAAGCCAGAATCCAGAAGGC
CTTTCTGCTGACAAGTTTGAGGTGTCTGCAGATAGTTCTACCAGTAAAAATAAAGAACCAGGAGTGGAA
AGGTCATCCCCTTCTAARATGCCCATCATTAGATGATAGGTGGTACATGCACAGTTGCTCTGGGAGTCTT
CAGAATAGAAACTACCCATCTCAAGAGGAGCTCATTAAGGTTCTTGATGTGGAGGAGCAACAGCTGGAA
GAGTCTGGGCCACACGATTTGACGGAAACATCTTACTTGCCAAGGCAAGATCTAGAGGGAACCCCTTAC
CTGGAATCTGGAATCAGCCTCTTCTCTGATGACCCTGAATCTGATCCTTCTGAAGACAGAGCCCCAGAG
TCAGCTCGTGTTGGCAACATACCATCTTCAACCTCTGCATTGAARAGTTCCCCAATTGAAAGTTGCAGAA
TCTGCCCAGAGTCCAGCTGCTGCTCATACTACTGATACTGCTGGGTATAATGCAATGCGAAGAAAGTGTG
AGCAGGGAGAAGCCAGAATTGACAGCTTCAACAGAAAGGGTCAACAAAAGAATGTCCATGGTGGTGETCT
GGCCTGACCCCAGAAGAATTTATGCTCGTGTACAAGTTTGCCAGAAAACACCACATCACTTTAACTAAT
CTAATTACTGAAGAGACTACTCATGTTGTTATGARAAACAGATGCTGAGTTTETGTGTGAACGGACALCTG
AAATATTTTCTAGGAATTGCGGGAGCGAAAATGGGTAGTTAGCTATTTCTGGGTGACCCAGTCTATTAAA
GAAAGAAAAATGCTGAATGAGCATGATTTTCGAAGTCAGAGGAGATGTGGTCAATGGAAGAAACCACCAA
GGTCCAAAGCGAGCAAGAGAATCCCAGGACAGAAAGATCTTCAGGGGGCTAGARAATCTGTTGCTATGGG
CCCTTCACCAACATGCCCACAGATCAACTGGAATGGATGGTACAGCTGTGTGGTGCTTCTGTGGTGAAG
GAGCTTTCATCATTCACCCTTGGCACAGGTGTCCACCCAATTGTGGTTGTGCAGCCAGATGCCTGGACA
GAGGACAATGGCTTCCATGCAATTGGGCAGATCTGTCGAGGCACCTGTGGTGACCCGAGAGTGGGTGTTG
GACAGTGTAGCACTCTACCAGTGCCAGGAGCTGGACACCTACCTGATACCCCAGATCCCCCACAGCCAL
TACTGACTGCAGCCAGCCACAGGTACAGAGCCCAGGACCCCAAGAATGAGCTTACAAAGTGGCCTTTCC
AGGCCCTGGGAGCTCCTCTCACTCTTCAGTCCTTCTACTGTCCTGGCTACTAAATATTTTATGTACATC
AGCCTGAAAAGGACTTCTGGCTATGCAAGGGTCCCTTAAAGATTTTCTGCTTGAAGTCTCCCTTGGAAA
TCTGCCATGAGCACAAAATTATGGTAATTTTTCACCTGAGAAGATTTTAAAACCATTTAAACGCCACCA
ATTGAGCAAGATGCTGATTCATTATTTATCAGCCCTATTCTTTCTATTCAGGCTGTTGTTGGCTTAGGG
CTGGAAGCACAGAGTGGCTTGGCCTCAAGAGAATAGCTGGTTTCCCTAAGTTTACTTCTCTAARACCCT
GTGTTCACARAGGCAGAGAGTCAGACCCTTCAATGCGAAGGAGAGTGCTTGCGGATCGATTATGTGACTTA
ARGTCAGAATAGTCCTTGGGCAGTTCTCAAATGTTGGAGTGGAACATTGGGGAGGAAATTCTGAGGCAG
GTATTAGAAATGAAAAGGAAACTTGAAACCTGCEGCATGGTGGCTCACGCCTGTAATCCCAGCACTTTGG
GAGGCCAAGGTGGGCAGATCACTGCAGGTCAGGAGTTCGAAACCAGCCTGGCCAACATGGTGAAACCCC
ATCTCTACTAAAAATACAGAAATTAGCCGGTCATGGTGGTGGACACCTGTAATCCCAGCTACTCAGGTG
GCTAAGGCAGGAGAATCACTTCAGCCCGGGAGGTGGAGGTTGCAGTGAGCCAAGATCATACCACGGCAL
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TCCAGCCTGGGTGACAGTGAGACTGTGGCTCAAARAAAARAAAANANANAGGAAAATGAAACTAGGAAAG
GTTTCTTAAAGTCTGAGATATATTTGCTAGATTTCTAAAGAATGTGTTCTAAAACAGCAGAAGATTTTC
AAGAACCGGTTTCCAAAGACAGTCTTCTAATTCCTCATTAGTAATAAGTAAAATGTTTATTGTTGTAGC
TCTGGTATATAATCCATTCCTCTTAAAATATAAGACCTCTGGCATGAATATTTCATATCTATAAAATGA
CAGATCCCACCAGGAAGGAAGCTGTTGCTTTCTTTGAGCTGATTTTTTTCCTTTGCTCCCTGTTGCTGA
AACCATACAGCTTCATAAATAATTTTGCTTGCTGAAGGAAGAAAAAGTGTTTTTCATAAACCCATTATC
CAGGACTGTTTATAGCTGTTGGAAGGACTAGGTCTTCCCTAGCCCCCCCAGTGTGCAAGGGCAGTGAAG
ACTTGATTGTACAAAATACGTTTTGTAAATGTTGTGCTGTTAACACTGCAAATAAACTTGGTAGCAAAC
A

HUMAN BRCA2 POLYNUCLEOTIDE SEQUENCE (SEQ ID NO: 11)

GGTGGCGCGAGCTTCTGAAACTAGGCGGCAGAGGCGEGAGCCGCTGTGGCACTGCTGCGCCTCTGCTGCG
CCTCGGGTGTCTTTTGCGGCGGTGGGTCGCCGCCGGGAGAAGCGTGAGGEGACAGATTTGTGACCGGCG
CGGTTTTTGTCAGCTTACTCCGGCCAAAAAAGAACTGCACCTCTGGAGCGGACTTATTTACCAAGCATT
GGAGGAATATCGTAGGTAAAAATGCCTATTGGATCCAAAGAGAGGCCAACATTTTTTGAAATTTTTAAG
ACACGCTGCAACAAAGCAGATTTAGGACCAATAAGTCTTAATTGGTTTGAAGAACTTTCTTCAGAAGCT
CCACCCTATAATTCTGAACCTGCAGAAGAATCTGAACATAAAAACAACAATTACGAACCAAACCTATTT
AAAACTCCACAAAGGAAACCATCTTATAATCAGCTGGCTTCAACTCCAATAATATTCAAAGAGCAAGGG
CTGACTCTGCCGCTGTACCAATCTCCTGTAAAAGAATTAGATAAATTCAAATTAGACTTAGGAAGGAAT
GTTCCCAATAGTAGACATAAAAGTCTTCGCACAGTGAAAACTAAAATGGATCAAGCAGATGATGTTTCC
TGTCCACTTCTAAATTCTTGTCTTAGTGAAAGTCCTGTTGTTCTACAATGTACACATGTAACACCACAA
AGAGATAAGTCAGTGGTATGTGGGAGTTTGTTTCATACACCAAAGTTTGTGAAGGGTCGTCAGACACCA
AAACATATTTCTGAAAGTCTAGGAGCTGAGGTGGATCCTCGATATGTCTTGCGTCAAGTTCTTTAGCTACA
CCACCCACCCTTAGTTCTACTGTGCTCATAGTCAGAAATGAAGAAGCATCTGAAACTGTATTTCCTCAT
GATACTACTGCTAATGTGAAAAGCTATTTTTCCAATCATGATGAAAGTCTGAAGAARAATGATAGATTT
ATCGCTTCTGTGACAGACAGTGAAAACACAAATCAAAGAGAAGCTGCAAGTCATGCATTTGGAAAAACA
TCAGGGAATTCATTTAAAGTAAATAGCTGCAAAGACCACATTGGAAAGTCAATGCCAAATGTCCTAGAA
GATGAAGTATATGAAACAGTTGTAGATACCTCTGAAGAAGATAGTTTTTCATTATGTTTTTCTAAATGT
AGAACAAAAAATCTACAAAAAGTAAGAACTAGCAAGACTAGGAAAAAAATTTTCCATGAAGCAAACGCT
GATGAATGTGAAAAATCTAAAAACCAAGTGAAAGAAAAATACTCATTTGTATCTGAAGTGGAACCAAAT
GATACTGATCCATTAGATTCAAATGTAGCACATCAGAAGCCCTTTCGAGAGTGGAAGTGACAAAATCTCC
AAGGAAGTTGTACCGTCTTTGGCCTGTGAATGGTCTCAACTAACCCTTTCAGGTCTAAATGGAGCCCAG
ATGGAGAAAATACCCCTATTGCATATTTCTTCATGTGACCAAAATATTTCAGAAAAAGACCTATTAGAC
ACAGAGAACAAAAGAAAGAAAGATTTTCTTACTTCAGAGAATTCTTTGCCACGTATTTCTAGCCTACCA
AAATCAGAGAAGCCATTAAATGAGGAAACAGTGGTAAATAAGAGAGATGAAGAGCAGCATCTTGAATCT
CATACAGACTGCATTCTTGCAGTAAAGCAGGCAATATCTGGAACTTCTCCAGTGGCTTCTTCATTTCAG
GGTATCAAAAAGTCTATATTCAGAATAAGAGAATCACCTAAAGAGACTTTCAATGCAAGTTTTTCAGGT
CATATGACTGATCCAAACTTTAAAAAAGAAACTGAAGCCTCTGAAAGTGGACTGGAAATACATACTGTT
TGCTCACAGAAGGAGGACTCCTTATGTCCAAATTTAATTGATAATGGAAGCTGGCCAGCCACCACCACA
CAGAATTCTGTAGCTTTGAAGAATGCAGGTTTAATATCCACTTTGAAAAAGAAAACAAATAAGTTTATT
TATGCTATACATGATGAAACATTTTATAAAGGAAAAANAATACCGAAAGACCAAAAATCAGAACTAATT
AACTGTTCAGCCCAGTTTGAAGCAAATGCTTTTGAAGCACCACTTACATTTGCAAATGCTGATTCAGGT
TTATTGCATTCTTCTGTGAAAAGAAGCTGTTCACAGAATCGATTCTGAAGAACCAACTTTGTCCTTAACT
AGCTCTTTTGGGACAATTCTGAGGAAATGTTCTAGAAATGAAACATGTTCTAATAATACAGTAATCTCT
CAGGATCTTGATTATAAAGAAGCAAAATGTAATAAGGAAAAACTACAGTTATTTATTACCCCAGAAGCT
GATTCTCTGTCATGCCTGCAGGAAGGACAGTGTGAAAATGATCCAAAAAGCAAAAAAGTTTCAGATATA
AAAGAAGAGGTCTITGGCTGCAGCATGTCACCCAGTACAACATTCAAAAGTGGAATACAGTGATACTGAC
TTTCAATCCCAGAAAAGTCTTTTATATGATCATGAAAATGCCAGCACTCTTATTTTAACTCCTACTTCC
AAGGATGTTCTGTCAAACCTAGTCATGATTTCTAGAGGCAAAGAATCATACAAAATGTCAGACAAGCTC
AAAGGTAACAATTATGAATCTGATGTTGAATTAACCAAAAATATTCCCATGGAAAAGAATCAAGATGTA
TGTGCTTTAAATGAAAATTATAAAAACGTTGAGCTGTTGCCACCTGAAAAATACATGAGAGTAGCATCA
CCTTCAAGAAAGGTACAATTCAACCAAAACACAAATCTAAGAGTAATCCAAAAAAATCAAGAAGAAACT
ACTTCAATTTCAAAAATAACTGTCAATCCAGACTCTGAAGAACTTTTCTCAGACAATGAGAATAATTTT
GTCTTCCAAGTAGCTAATGAAAGGAATAATCTTGCTTTAGGAAATACTAAGGAACTTCATGAAACAGAL
TTGACTTGTGTAAACGAACCCATTTTCAAGAACTCTACCATGGTTTTATATGGAGACACAGGTGATARA
CAAGCAACCCAAGTGTCAATTAAARAAAGATTTGGTTTATGTTCTTGCAGAGGAGAACAAAAATAGTGTA
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AAGCAGCATATAAAAATGACTCTAGGTCAAGATTTAAAATCGGACATCTCCTTGAATATAGATAAAATA
CCAGAAAAAAATAATGATTACATGAACAAATGGGCAGGACTCTTAGEGTCCAATTTCAAATCACAGTTTT
GGAGGTAGCTTCAGAACAGCTTCAAATAAGGAAATCAAGCTCTCTGAACATAACATTAAGAAGAGCAAA
ATGTTCTTCAAAGATATTGAAGAACAATATCCTACTAGTTTAGCTTGTGTTGAAATTGTAAATACCTTG
GCATTAGATAATCAAAAGAAACTGAGCAAGCCTCAGTCAATTAATACTGTATCTGCACATTTACAGAGT
AGTGTAGTTGTTTCTGATTGTAAAAATAGTCATATAACCCCTCAGATGTTATTTTCCAAGCAGGATTTT
AATTCAAACCATAATTTAACACCTAGCCAAAAGGCAGAAATTACAGAACTTTCTACTATATTAGAAGAA
TCAGGAAGTCAGTTTGAATTTACTCAGTTTAGAAAACCAAGCTACATATTGCAGAAGAGTACATTTGAA
GTGCCTGAAAACCAGATGACTATCTTAAAGACCACTTCTGAGGAATGCAGAGATGCTGATCTTCATGTC
ATAATGAATGCCCCATCGATTGGTCAGGTAGACAGCAGCAAGCAATTTGAAGGTACAGTTGAAATTAAA
CGGAAGTTTGCTGGCCTGTTGAAAAATGACTGTAACAAAAGTGCTTCTGGTTATTTAACAGATGAAAAT
GAAGTGGGGTTTAGGCGCTTTTATTCTGCTCATGGCACAAAACTGAATGTTTCTACTGAAGCTCTGCAA
AAAGCTGTGAAACTGTTTAGTGATATTGAGAATATTAGTGAGGAAACTTCTGCAGAGGTACATCCAATA
AGTTTATCTTCAAGTAAATGTCATGATTCTGTTGTTTCAATGTTTAAGATAGAAAATCATAATGATAAA
ACTGTAAGTGAAAAAAATAATAAATGCCAACTGATATTACAAAATAATATTGARATCGACTACTGGCACT
TTTGTTGAAGAAATTACTGAAAATTACAAGAGAAATACTGAAAATGAAGATAACAAATATACTGCTGCC
AGTAGAAATTCTCATAACTTAGAATTTGATGGCAGTGATTCAAGTAAAAATGATACTGTTTGTATTCAT
AARGATGAAACGGACTTGCTATTTACTGATCAGCACAACATATGTCTTAAATTATCTGGCCAGTTTATG
AAGGAGGGAAACACTCAGATTAAAGAAGATTTGTCAGATTTAACTTTTTTGGAAGTTGCGAAAGCTCAA
GAAGCATGTCATGGTAATACTTCAAATAAAGAACAGTTAACTGCTACTAAAACGGAGCAAAATATAAAR
GATTTTGAGACTTCTGATACATTTTTTCAGACTGCAAGTGCGCGAAAAATATTAGTGTCGCCAAAGAGTCA
TTTAATAAAATTGTAAATTTCTTTGATCAGAAACCAGAAGAATTGCATAACTTTTCCTTAAATTCTGAA
TTACATTCTGACATAAGAAAGAACAAAATGCGACATTCTAAGTTATGAGGAAACAGACATAGTTAAACAC
ADAATACTGAAAGAAAGTGTCCCAGTTGGTACTGGAAATCAACTAGTGACCTTCCAGGGACAACCCGAA
CGTGATGAAAAGATCAAAGAACCTACTCTGTTCGGGTTTTCATACAGCTAGCGGGAAAAAAGTTAAAATT
GCAAAGGAATCTTTGGACAAAGTGAARAACCTTTTTGATGAAARAGAGCAAGGTACTAGTGAAATCACC
AGTTTTAGCCATCAATGGGCARAAGACCCTAAAGTACAGAGAGGCCTGTAAAGACCTTGAATTAGCATGT
GAGACCATTGAGATCACAGCTGCCCCAAAGTGTAAAGAAATGCAGAATTCTCTCAATAATGATAAAAAC
CTTGTTTCTATTGAGACTGTGETGCCACCTAAGCTCTTAAGTGATAATTTATGTAGACAAACTGAAAAT
CTCAAAACATCAARAAGTATCTTTTTGAAAGTTAAAGTACATGAAAATGTAGAAAAAGAAACAGCARAA
AGTCCTGCAACTTGTTACACAAATCAGTCCCCTTATTCAGTCATTGAAAATTCAGCCTTAGCTTTTTAC
ACAAGTTGTAGTAGAAAAACTTCTGTGAGTCAGACTTCATTACTTGAAGCAAAAAAATGGCTTAGAGAA
GGAATATTTGATGGTCAACCAGAAAGAATAAATACTGCAGATTATGTAGGAAATTATTTGTATGAAAAT
AATTCAAACAGTACTATAGCTGAAAATGACAARAATCATCTCTCCGAARAACAAGATACTTATTTAAGT
AACAGTAGCATGTCTAACAGCTATTCCTACCATTCTGATGAGGTATATAATGATTCAGGATATCTCTCA
AAAAATAAACTTGATTCTGGTATTGAGCCAGTATTGAAGAATGTTGAAGATCAARAARAACACTAGTTTT
TCCAAAGTAATATCCAATGTAAAAGATGCAAATGCATACCCACAAACTGTARATGAAGATATTTGCGTT
GAGGAACTTGTGACTAGCTCTTCACCCTGCAAAAATAAARATGCAGCCATTAAATTGTCCATATCTAAT
AGTAATAATTTTGAGGTAGGGCCACCTGCATTTAGGATAGCCAGTGGTAAAATCGTTTGTGTTTCACAT
GAAACAATTAAAAAAGTGAAAGACATATTTACAGACAGTTTCAGTAAAGTAATTAAGGAAAACAACGAG
AATAAATCAAAAATTTGCCAAACGARAATTATGGCAGGTTGTTACGAGGCATTGCGATGATTCAGAGGAT
ATTCTTCATAACTCTCTAGATAATGATGAATGTAGCACGCATTCACATAAGGTTTTTGCTGACATTCAG
AGTGAAGARAATTTTACAACATAACCAAAATATGTCTGGATTGGAGAAAGTTTCTAAAATATCACCTTGT
GATGTTAGTTTGGAAACTTCAGATATATGTAAATGTAGTATAGGGAAGCTTCATAAGTCAGTCTCATCT
GCAAATACTTGTGGGATTTTTAGCACAGCAAGTGCGAAAATCTGTCCAGGTATCAGATGCTTCATTACAA
AACGCAAGACAAGTGTTTTCTGAAATAGAAGATAGTACCAAGCAAGTCTTTTCCAAAGTATTGTTTAAA
AGTAACGAACATTCAGACCAGCTCACAAGAGAAGAAAATACTGCTATACGTACTCCAGAACATTTAATA
TCCCAAAAAGGCTTTTCATATAATGTGGTAAATTCATCTGCTTTCTCTGCGATTTAGTACAGCAAGTGGA
AAGCAAGTTTCCATTTTAGAAAGTTCCTTACACRAAGTTAAGGGAGTGTTAGAGGAATTTGATTTAATC
AGAACTGAGCATAGTCTTCACTATTCACCTACGTCTAGACAAAATGTATCAAAAATACTTCCTCGTGTT
GATAAGAGAAACCCAGAGCACTGTGTAAACTCAGAAATGGAAAAAACCTGCAGTAAAGAATTTAAATTA
TCAAATAACTTAAATGTTGAAGGTGGTTCTTCAGAARATAATCACTCTATTAAAGTTTCTCCATATCTC
TCTCAATTTCAACAAGACAAACAACAGTTGGTATTAGGAACCAAAGTCTCACTTGTTGAGAACATTCAT
GTTTTGGGAAAAGAACAGGCTTCACCTAAAAACGTAARAATGGAAATTGGTAAAACTGAAACTTTTTCT
GATGTTCCTGTGAAAACAAATATAGAAGTTTGTTCTACTTACTCCAAAGATTCAGAARACTACTTTGAA
ACAGAAGCAGTAGAAATTGCTAAAGCTTTTATGGAAGATGATGAACTGACAGATTCTAAACTGCCAAGT
CATGCCACACATTCTCTTTTTACATGTCCCGAAAATGAGGAAATGGTTTTGTCARAATTCAAGAATTGGA
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AAAAGAAGAGGAGAGCCCCTTATCTTAGTGGGAGAACCCTCAATCAAAAGAAACTTATTAAATGAATTT
GACAGGATAATAGAAAATCAAGAAAAATCCTTAAAGGCTTCAAAAAGCACTCCAGATGGCACAATAAAA
GATCGAAGATTGTTTATGCATCATGTTTCTTTAGAGCCCATTACCTGTGTACCCTTTCGCACAACTAAG
GAACGTCAAGAGATACAGAATCCAAATTTTACCGCACCTGGTCAAGAATTTCTGTCTAAATCTCATTTG
TATGAACATCTGACTTTGGAAAAATCTTCAAGCAATTTAGCAGTTTCAGGACATCCATTTTATCAAGTT
TCTGCTACAAGAAATGAAAAAATGAGACACTTGATTACTACAGGCAGACCAACCAAAGTCTTTGTTCCA
CCTTTTAAAACTAAATCACATTTTCACAGAGTTGAACAGTGTGTTAGGAATATTAACTTGGAGGAAAAC
AGACAAAAGCAAAACATTGATGGACATGGCTCTGATGATAGTAAAAATAAGATTAATGACAATGAGATT
CATCAGTTTAACAAAAACAACTCCAATCAAGCAGCAGCTGTAACTTTCACAAAGTGTGAAGAAGAACCT
TTAGATTTAATTACAAGTCTTCAGAATGCCAGAGATATACAGGATATGCGAATTAAGAAGAAACAAAGG
CAACGCGTCTTTCCACAGCCAGGCAGTCTGTATCTTGCAAAAACATCCACTCTGCCTCGAATCTCTCTG
ANAGCAGCAGTAGGAGGCCAAGTTCCCTCTGCGTGTTCTCATAAACAGCTGTATACGTATGGCGTTTCT
AAACATTGCATAAAAATTAACAGCAAAAATGCAGAGTCTTTTCAGTTTCACACTGAAGATTATTTTGGT
AAGGAAAGTTTATGGACTGGAAAAGGCGAATACAGTTGCGCTGATGGTGGATGGCTCATACCCTCCAATGAT
GGAAAGGCTGGAAAAGAAGAATTTTATAGGGCTCTGTGTGACACTCCAGGTGTGGATCCAAAGCTTATT
TCTAGAATTTGGGTTTATAATCACTATAGATGCGATCATATGGAAACTGGCAGCTATGGAATGTGCCTTT
CCTAAGGAATTTGCTAATAGATGCCTAAGCCCAGAAAGGGTGCTTCTTCAACTAAAATACAGATATGAT
ACGGAAATTGATAGAAGCAGAAGATCGGCTATAAAAAAGATAATGGAAAGGGATGACACAGCTGCAAAA
ACACTTGTTCTCTGTGTTTCTGACATAATTTCATTGAGCGCAAATATATCTGAAACTTCTAGCAATAAA
ACTAGTAGTGCAGATACCCAAAAAGTGGCCATTATTCGAACTTACAGATGGGTGGTATGCTGTTAAGGCC
CAGTTAGATCCTCCCCTCTTAGCTGTCTTAAAGAATGGCAGACTGACAGTTGGTCAGAAGATTATTCTT
CATGGAGCAGAACTGGTGGGCTCTCCTCGATGCCTGTACACCTCTTGAAGCCCCAGAATCTCTTATGTTA
AAGATTTCTGCTAACAGTACTCGGCCTGCTCGCTGGTATACCAAACTTGGATTCTTTCCTGACCCTAGA
CCTTTTCCTCTGCCCTTATCATCGCTTTTCAGTGATGGAGGAAATGTTGGTTGTGTTGATGTAATTATT
CAAAGAGCATACCCTATACAGTGGATGGAGAAGACATCATCTGGATTATACATATTTCGCAATGAAAGA
GAGGAAGAAAAGGAAGCAGCAAAATATGTGGAGGCCCAACAAAAGAGACTAGAAGCCTTATTCACTAAA
ATTCAGGAGGAATTTGAAGAACATGAAGAAAACACAACAAAACCATATTTACCATCACGTGCACTAACA
AGACAGCAAGTTCGTGCTTTGCAAGATGGTGCAGAGCTTTATGAAGCAGTGAAGAATGCAGCAGACCCA
GCTTACCTTGAGGGTTATTTCAGTGAAGAGCAGTTAAGAGCCTTGAATAATCACAGGCAAATGTTGAAT
GATAAGAAACAAGCTCAGATCCAGTTGGAAATTAGGAAGGCCATGCGAATCTGCTGAACAAAAGGAACAA
GGTTTATCAAGGGATGTCACAACCGTGTGGAAGTTGCGTATTGTAAGCTATTCAAAAAAAGAAAAAGAT
TCAGTTATACTGAGTATTTGGCGTCCATCATCAGATTTATATTCTCTGTTAACAGAAGGAARAGAGATAC
AGAATTTATCATCTTGCAACTTCAAAATCTAAAAGTAAATCTGAAAGAGCTAACATACAGTTAGCAGCG
ACAAAAAANACTCAGTATCAACAACTACCGGTTTCAGATGAAATTTTATTTCAGATTTACCAGCCACGG
GAGCCCCTTCACTTCAGCAAATTTTTAGATCCAGACTTTCAGCCATCTTGTTCTGAGGTGGACCTAATA
GGATTTGTCGTTTCTGTTGTGAAAAAAACAGGACTTGCCCCTTTCGTCTATTTGTCAGACGAATGETTAC
AATTTACTGGCAATAAAGTTTTGCGATAGACCTTAATGAGGACATTATTAAGCCTCATATGTTAATTGCT
GCAAGCAACCTCCAGTGGCGACCAGAATCCAAATCAGGCCTTCTTACTTTATTTGCTGGAGATTTTTCT
GTGTTTTCTGCTAGTCCAAAAGAGGGCCACTTTCAAGAGACATTCAACAAAATGAAAAATACTGTTGAG
AATATTGACATACTTTGCAATGAAGCAGAAAACAAGCTTATGCATATACTGCATGCAAATGATCCCAAG
TGGTCCACCCCAACTAAAGACTGTACTTCAGGGCCGTACACTGCTCAAATCATTCCTGGTACAGGAAAC
AAGCTTCTGATGTCTTCTCCTAATTGTGAGATATATTATCAAAGTCCTTTATCACTTTGTATGGCCAAA
AGGAAGTCTGTTTCCACACCTGTCTCAGCCCAGATGACTTCAAAGTCTTGTAAAGGGGAGAAAGAGATT
GATGACCAAAAGAACTGCAAAAAGAGAAGAGCCTTGGATTTCTTGAGTAGACTGCCTTTACCTCCACCT
GTTAGTCCCATTTGTACATTTGTTTCTCCGGCTGCACAGAAGGCATTTCAGCCACCAAGGAGTTGTGGC
ACCAAATACGAAACACCCATAAAGAAAAAAGAACTGAATTCTCCTCAGATGACTCCATTTAAAAAATTC
AATGAAATTTCTCTTTTGGAAAGTAATTCAATAGCTGACGAAGAACTTGCATTGATAAATACCCAAGCT
CTTTTGTCTGGTTCAACAGGAGAAAAACAATTTATATCTGTCAGTGAATCCACTAGGACTGCTCCCACC
AGTTCAGAAGATTATCTCAGACTGAAACGACGTTGTACTACATCTCTGATCAAAGAACAGGAGAGTTCC
CAGGCCAGTACGGAAGAATGTGAGAAAAATAAGCAGGACACAATTACAACTAAAAAATATATCTAAGCA
TTTGCAARAGGCGACAATAAATTATTGACGCTTAACCTTTCCAGTTTATAAGACTGGAATATAATTTCAA
ACCACACATTAGTACTTATGTTGCACAATGAGAAAAGAAATTAGTTTCAAATTTACCTCAGCGTTTGTG
TATCGGGCAAAAATCGTTTTGCCCGATTCCGTATTGCGTATACTTTTGCTTCAGTTGCATATCTTAAAAC
TAAATGTAATTTATTAACTAATCAAGAAAAACATCTTTGGCTGAGCTCGETGGCTCATGCCTGTAATCC
CAACACTTTGAGAAGCTGAGGTGGGAGCGAGTGCTTGAGGCCAGGAGTTCAAGACCAGCCTGGGCAACAT
AGGGAGACCCCCATCTTTACGAAGAAAAAAAAAAAGGGGAAAAGAARATCTTTTAAATCTTTGGATTTG
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ATCACTACAAGTATTATTTTACAATCAACAAAATGGTCATCCAAACTCAAACTTGAGAAAATATCTTGC
TTTCAAATTGACACTA

HUMAN P-CADHERIN POLYNUCLEOTIDE SEQUENCE (SEQ ID NO: 12)

GGCTAGCGCGGGAGGTGGAGAAAGAGGCTTGGGCGECCCCGCTGTAGCCGCETETCGGGAGGACGCACGE
GCCTGCTTCAAAGCTTTGGGATAACAGCGCCTCCGGCEGATAATGAATGCAGAGCCTCCGTTTTCAGTC
GACTTCAGATGTGTCTCCACTTTTTTCCGCTGTAGCCGCAAGGCAAGGAAACATTTCTCTTCCCGTACT
GAGGAGGCTGAGGAGTGCACTGGGTGTTCTTTTCTCCTCTAACCCAGAACTGCGAGACAGAGGCTGAGT
CCCTGTAAAGAACAGCTCCAGAAAAGCCAGGAGAGCGCAGEGAGGGCATCCGGEAGGCCAGGAGGGGTTC
GCTGGGGCCTCAACCGCACCCACATCGGTCCCACCTGCGAGGGGGCGGGACCTCGTGGCGCTGGACCAA
TCAGCACCCACCTGCGCTCACCTGGCCTCCTCCCGCTEECTCCCGEGGGGCTGCCGETGCTCAAAGGGGCA
AGAGCTGAGCGGAACACCGGCCCGCCGETCGCEECAGCTGCTTCACCCCTCTCTCTGCAGCCATGGGGCT
CCCTCETGGACCTCTCGCGTCTCTCCTCCTTCTCCAGGTTTGCTGGCTGCAGTGCGCGGCCTCCGAGCC
GTGCCGEGCGGTCTTCAGGGAGGCTGAAGTGACCTTCGGAGGCGCCAGGCGCGGAGCAGGAGCCCGGCCA
GGCGCTGGGGAAAGTATTCATGGGCTGCCCTGGGCAAGAGCCAGCTCTGTTTAGCACTGATAATGATGA
CTTCACTGTGCGGAATGGCGAGACAGTCCAGGAAAGAAGGTCACTGAAGGAAAGGAATCCATTGAAGAT
CTTCCCATCCAAACGTATCTTACGAAGACACAAGAGAGATTGGGTGCGTTGCTCCAATATCTGTCCCTGA
AAATGGCAAGGGTCCCTTCCCCCAGAGACTGAATCAGCTCAAGTCTAATARAGATAGAGACACCAAGAT
TTTCTACAGCATCACGGGGCCGGGGGCAGACAGCCCCCCTGAGGEGTGTCTTCGCTGTAGAGAAGGAGAC
AGGCTGGTTGTTGTTGAATAAGCCACTGCGACCGGGAGCGAGATTGCCAAGTATGAGCTCTTTGGCCACGC
TGTGTCAGAGAATGGTGCCTCAGTGGAGGACCCCATGAACATCTCCATCATAGTGACCGACCAGAATGA
CCACAAGCCCAAGTTTACCCAGGACACCTTCCGAGGGAGTGTCTTAGAGGGAGTCCTACCAGGTACTTC
TGTGATGCAGATGACAGCCACAGATGAGGATGATGCCATCTACACCTACAATGGGGTGGTTGCTTACTC
CATCCATAGCCAAGAACCAAAGGACCCACACGACCTCATGTTCACAATTCACCGGAGCACAGGCACCAT
CAGCGTCATCTCCAGTGGCCTGGACCGGGAARAAGTCCCTGAGTACACACTGACCATCCAGGCCACAGA
CATGGATGGGGACGGCTCCACCACCACGGCAGTGGCAGTAGTGCGAGATCCTTGATGCCAATGACAATGC
TCCCATGTTTGACCCCCAGAAGTACGAGGCCCATGTGCCTGAGAATGCAGTGGGCCATGAGGTGCAGAG
GCTGACGGT CACTGATCTGGACGCCCCCAACTCACCAGCGTGGCGTGCCACCTACCTTATCATGGGCGG
TGACGACGGGGACCATTTTACCATCACCACCCACCCTGAGAGCAACCAGGGCATCCTGACAACCAGGAA
GEETTTGGATTTTGAGCGCCAAAAACCAGCACACCCTETACGTTGAAGTGACCAACGAGGCCCCTTTTGT
GCTGAAGCT CCCAACCTCCACAGCCACCATAGTGGTCCACGTGGAGGATGTGAATGAGGCACCTGTGTT
TGTCCCACCCTCCAAAGTCGTTGAGGTCCAGGAGGGCATCCCCACTGGGGAGCCTGTGTGTGTCTACAC
TGCAGAAGACCCTGACAAGGAGAATCAAAAGATCAGCTACCGCATCCTGAGAGACCCAGCAGGGTGGCT
AGCCATGGACCCAGACAGTGGGCAGGTCACAGCTGTGGGCACCCTCGACCGTCGAGGATGAGCAGTTTGT
GAGGAACAACATCTATGAAGTCATGGTCTTGGCCATGCGACAATGGAAGCCCTCCCACCACTGGCACGGG
AACCCTTCTGCTAACACTGATTGATGTCAACGACCATGGCCCAGTCCCTGAGCCCCGTCAGATCACCAT
CTGCAACCAAAGCCCTGTGCGCCAGGTGCTGAACATCACGGACAAGGACCTGTCTCCCCACACCTCCCC
TTTCCAGGCCCAGCTCACAGATGACTCAGACATCTACTGCGACGGCAGAGGTCAACGAGGAAGGTGACAC
AGTGGTCTTGTCCCTGAAGAAGTTCCTGAAGCAGGATACATATGACGTGCACCTTTCTCTGTCTGACCA
TGGCAACAAAGAGCAGCTGACGGTGATCAGGGCCACTGTGTGCGACTGCCATGGCCATGTCGAAACCTG
CCCTGGACCCTGGAAAGGAGGTTTCATCCTCCCTGTGCTGEGGECTGTCCTGGCTCTGCTETTCCTCCT
GCTGGTGCTGCTTTITGTTGGTGAGAAAGAAGCGGAAGATCAAGGAGCCCCTCCTACTCCCAGAAGATGA
CACCCGTGACAACGTCTTCTACTATGGCGAAGAGGGGGGTGGCGAAGAGGACCAGGACTATGACATCAL
CCAGCTCCACCGAGGTCTGGAGGCCAGGCCGGAGETCETTCTCCGCAATGACGTGGECACCAACCATCAT
CCCGACACCCATGTACCGTCCTAGGCCAGCCAACCCAGATGAAATCGGCAACTTTATAATTGAGAACCT
GAAGGCGGCTAACACAGACCCCACAGCCCCGCCCTACGACACCCTCTTGGTGTTCCGACTATGAGGGCAG
CGGCTCCGACGCCECGTCCCTGAGCTCCCTCACCTCCTCCGCCTCCCGACCAAGACCAAGATTACGATTA
TCTGAACGAGTGGGGCAGCCGCTTCAAGAAGCTGGCAGACATGTACGGTCGGCEGGGGAGGACGACTAGGC
GGCCTGCCTGCAGGGCTGGGGACCAAACGTCAGGCCACAGAGCATCTCCAAGGGGTCTCAGTTCCCCCT
TCAGCTGAGGACTTCGGAGCTTGTCAGGAAGTGGCCGTAGCAACTTGECGGAGACAGGCTATGAGTCTG
ACGTTAGAGTGGTTGCTTCCTTAGCCTTTCAGGATGGAGGAATGTGGGCAGTTTGACTTCAGCACTGAA
AACCTCTCCACCTGGGCCAGGGTTGCCTCAGAGGCCAAGTTTCCAGAAGCCTCTTACCTGCCGTAARAAT
GCTCAACCCTGTGTCCTGGGCCTGGEGCCTGCTGTGACTGACCTACAGTGEGACTTTCTCTCTGGAATGGA
ACCTTCTTAGGCCTCCTGGTGCAACTTAATTTTTTTTTTTAATGCTATCTTCAAAACGTTAGAGAAAGT
TCTTCAAAAGTGCAGCCCAGAGCTGCTGGGCCCACTGGCCGTCCTGCATTTCTGGTTTCCAGACCCCAA
TGCCTCCCATTCGGATGGATCTCTGCGTTTTTATACTGAGTGTGCCTAGGTTGCCCCTTATTTTTTATT
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TTCCCTGTTGCGTTGCTATAGATGAAGGGTGAGGACAATCGTGTATATGTACTAGAACTTTTTTATTAA
AGAAACTTTTCCC

TABLE 2: Distribution of tumor subtypes in three bteast cancer cohotts actoss

groups defined solely by ESR1 level

ESR1, ERBB2, and GRB7 values were downloaded for each tumor. We defined
HER-2 amplified tumors as those that had high expression levels of both ERBB2 and
GRB7. Because we did not use ESR1 exptession levels to define HER-2 or BRCA1
tumors, they ate not included in these tables. The remaining tumors were divided into
tour groups based on the level of ESR1, where thresholds were determined relative to
each data set, and the number of samples in each of the subtypes defined by the study
authors was counted. For each study, 100% of those tumors that were identified as
either “Basal” or ““Basal 1” fell into the lowest ESR1 range. In the Setlie classified data,
over 90% of the T.uminal A tumors are found in top two ESR1 groups. The largest
group of “Unknown” or non-classified tumors consistently fell in the middle ranges of

ESR1 expression.

Serlie classification of set of 84 sporadic tumors without ERBB2 ampliﬁcationb invan’t Veer
data.

Group” Luminal A Luminal B  Basal

Total

N=84
118
19
26

N=25 N=12 N=20
ESR19.2 17 1
0.2ESR1=9 6 3
0FESR1=0.5 2 6
ESR1<-0.5 0 2

0
0

Serlie classification of set of 97 sporadic without ERBB2 amplification and 6 non-carcinomas® .

Group” Luminal A Luminal B Basal Normal Unknown ERBB2° Total
N=27 N=9 N=19 N=10 N=37 N=1 N=103
ESR1:4.9 10 0 0 6 16
19ESR1I= 15 0 0 8 23
13ESR1=1.5 2 7 8 13 30
ESRI1<-1.5 0 2 2 9 29
Unknown 0 0 0 1 5
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Sortiriou classification of 85 sporadic tumors without ERBB2 ampliﬁcationd.
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Group® Luminal 1 Luminal 2 Luminal 3 Basal1 Basal2 ERBB2° Total
N=18 N=20 N=22 N=14 N=7 N=4 N=85
ESR122.7 6 5 2 0 0 0 13
2 7ESR13.25 8 9 13 0 1 0 31
1.252ESR1=0.2 4 6 5 0 1 1 17
ESR1<-0.3 0 0 2 i s 3 24

“ Grouping in these tables is such that the first group at the upper left of the charts (shaded black) as
strong ESR1 positive, with the second group below it as moderate, the third group as weak positive,
and the fourth group as ESR1 negative. Finally, groups with “Unknown” or non-classified tumors are
listed as such.

b yan’t Veer data: 78 training samples + 19 test samples — 14 ERBB2 amplified, ratio values are logy.
“Serlie data: 115 tumors + 7 non malignant tissues — 18 ERBB2 amplified, ratio values are log,,

4 Sortiriou data: 99 tumors — 14 ERBB2 amplified, ratio values are log,,

¢ Distribution for tumors classified as ERBB2 by the study authors, but not amplified for ERBB2
according to our criteria.

TABLE 3: Prognosis of 97 Sporadic Tumots by Subtype in the van’t Veer Study.

The 97 patients with sporadic tumors in this cohort had mnvasive breast tumors
less than 5 cm (T'1 or T2), no axillary metastases (INO) and were diagnosed before the age
of 55 yeats. Five patients received adjuvant systemic therapy. Follow-up time in the
study was at least 5 yeats. These 97 samples include the 78 used for a training set and
the 19 tumors used for testing their prognosis classified. ESR1 negative and ERBB2
positive subgroups were associated with the poorest prognosis (69% and 60%
respectively). The ESR1 weakly positive subtype has the best prognosis (68%), and there

is a trend toward wotse prognosis with increasing ESR1 levels

Good Prognosis® Poor Prognosis®
Group | Tumor Group® # % (Group) | # Samples | % (Group) Total
Samples
ESR1 Strong Positive 12 57% 9 42% 21
ESR1 Mod Positive 12 63% 7 36% 19
ESR1 Weak Positive 13 68% 6 31% 19
ESR1 Negative 7 30% 16 69% .1 23
ERBB2+ 6 40% 9 - 60% o 15
Total (prognosis) 50 47 97

* Good prognosis is defined as no distant metastasis in > 5 years
b Poor prognosis is defined as distant metastasis in < 5 years
¢ Tumor groups are defined as described as above.
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CLAIMS:

1. A method of examining a test biological sample comptising 2 human breast cell for
evidence of altered cell growth that is indicative of a breast cancer, the method comptising
evaluating the levels of orphan receptor tyrosine kinase (ROR1) polynucleotides that
encode the ROR1 polypeptide shown in SEQ ID NO: 2 in the biological sample, wherein
an increase in the levels of the ROR1 polynucleotides in the test sample relative to a
normal breast tissue sample provide evidence of altered cell growth that is indicative of a
breast cancer; and wherein the levels of the ROR1 polynucleotides in the cell are evaluated
by contacting the sample with 2 ROR! complementary polynucleotide that hybridizes to
a ROR1 nucleotide sequence shown in SEQ ID NO: 1, or a complement thereof, and

v evaluating the presence of a hybridization complex formed by the hybridization of the

ROR1 complementary polynucleotide with the ROR1 polynucleotides in the test
biological sample.

2. The method of claim 1, whetein the ROR1 complementary polynucleotide is

labelled with a detectable market.

3. The method of claim 1, wherein the presence of the hybridization complex is

evaluated by Northern analysis.

4, The method of claim 1, wherein the ROR1 complementary polynucleotide

comprises a primer for use in a polymerase chain reaction.

5. The method of claim 1, wherein the presence of a hybridization complex is

evaluated by polymerase chain reaction.

6. The method of claim 1, wherein the ROR1 polynucleotides that are examined in
the test sample are mRINA.
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7. The method of claim 1, further compzising examining the exptession of Her-2
(SEQ ID NO: 3), EGFR (SEQ ID NO: 4), VEGF (SEQ ID NO: 5), FMS-like tyrosine
kinase (SEQ ID NO: 6), MYC (SEQ ID NO: 7), urokinase plasminogen activator (SEQ
ID NO: 8), plasminogen activator inhibitor (SEQ ID NO: 9), BRCA1 (SEQ ID NO: 10)
or BRCA2 (SEQ ID NO: 11) polynucleotides in the test biological sample.

8. ‘The method of claim 1, whetein the breast cancer is of the basal subtype.

9. The method of claim 1, wherein the breast cancer is of the BRCA 1 subtype.

10. A method of examining a test biological sample comprising a human breast cell for
evidence of altered cell growth that is indicative of a breast cancer, the method comptising
evaluating the levels of orphan receptor tyrosine kinase (ROR1) polypeptides having the
sequence shown in SEQ ID NO: 2 in the biological sample, whetein an increase in the
levels of the ROR1 polypeptides in the test sample relative to a normal breast tissue
sample provide evidence of altered cell growth that is indicative of a breast cancer; and
wherein the levels of the ROR1 polypeptides in the cell are evaluated by contacting the
sample with an antibody that immunospecifically binds to a ROR1 polypeptide sequence
shown in SEQ ID NO: 2 and evaluating the presence of a complex formed by the
binding of the antibody with the ROR1 polypeptides in the sample.

11. The method of claim 10, wherein the presence of a complex is evaluated by a
method selected from the group consisting of ELISA analysis, Western analysis and

immunohistochemistty.
12.  The method of claim 10, wherein the antibody that immunospecifically binds to a

ROR1 polypeptide sequence shown in SEQ ID NO: 2 is labelled with a detectable

matker.
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13. The method of claim 10, further comptising examining the expression of Het-2
(SEQ ID NO: 3), EGFR (SEQ ID NO: 4), VEGF (SEQ ID NO: 5), FMS-like tyrosine
kinase (SEQ ID NO: 6), MYC (SEQ ID NO: 7), utokinase plasminogen activator (SEQ
ID NO: 8), plasminogen activator inhibitor (SEQ ID INO: 9), BRCA1 (SEQ ID NO: 10)
or BRCA2 (SEQ ID NO: 11) mRNA in the test biological sample.

| 14. The method of claim 10, wherein the breast canicer is of the basal subtype.

15. The method of claim 10, wherein the breast canicer is of the BRCA 1 subtype.

16. A method of examining a test human cell for evidence of a chromosomal
abnormality that is indicative of a human cancer, the method comprising:

comparing orphan receptor tyrosine kinase (ROR1) polynucleotide sequences
from band p31 of chtomosome 1 in a normal cell to ROR1 polynucleotide sequences
from band p31 of chromosome 1, band p31 on chromosome 1 in the test human cell to
identify an amplification or an alteration of the ROR1 polynucleotide sequences in the test
human cell, whetein an amplification or an alteraton of the RORI polynucleotide
sequences in the test human cell provides evidence of a chromosomal abnormality that is
indicative of a human cancer; and

wherein chromosome 1, band p31 in the test human cell is evaluated by contacting
the ROR1 polynucleotide sequences in the test human cell sample with a ROR1
complementary polynucleotide that specifically hybridizes to a ROR1 nucleotide
sequence shown in SEQ ID NO: 1, or a complement thereof, and evaluating the
presence of a hybridization complex formed by the hybridization of the RORI1
complementary polynucleotide with the ROR1 polynucleotide sequences in the test

human cell.

17. The method of claim 16, wherein the presence of the hybridization complex is

evaluated by Northern analysis, Southern analysis or polymerase chain reaction analysis.
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18. The method of claim 16, wherein the cancet is breast cancer.

19. The method of claim 18, wherein the breast cancer is of the basal subtype.

20. The method of claim 18, wherein the breast cancer is of the BRCA 1 subtype.

21. A kit comprising:

a container, a label on said containet, and a composition contained within said
container;

wherein the composition includes a ROR1 specific antibody and/or a
polynucleotide that hybridizes to a complement of the ROR1 polynucleotide shown in
SEQ ID NO: 1 under stringent conditions, the label on said container indicates that the
composition can be used to evaluate the presence of ROR1 protein, RNA or DNA in at
least one type of mammalian cell, and instructions for using the ROR1 antibody and/or
polynucleotide for evaluating the presence of ROR1 protein, RNA or DNA in at least

one type of mammalian cell.
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GAGCTGEGAGCAGCCECCACCECCECCGCCEAGGGAGCCCCGGEACEGCAGCCCCTGGGCGCAGGGTGCGCT
GTTCTCGGAGTCCGACCCAGGECGACTCACGCCCACTEGGTGCGACCCGGACAGCCTGGGACTGACCCGCCG
GCCCAGGCGAGGCTGCAGCCAGAGGGCTCGGAAGGEATCGCECTCGCCGGCATCCAGAGGCGGCCAGGCGGA
GGCCAGGGAGCAGGTTAGAGGGACAAAGAGCTTTGCAGACGTCCCCGGCEGTCCTGCGAGCGCCAGCGGCCG
GGACGAGGCGGCCGGEGAGCCCGEEGARGAGCCCGTGCGATEGTTCTGCGCEGCGGCCTGGGAGCCGCCGCCGCCE
CCGCCT CAGCGAGAGGAGGAATGCACCEECCECGCCECCGCGEEGACGCGCCCGCCGCTCCTGGCGCTGCTG
GCCECECTECTGCTEEGCCGCACGCGGEECTGCTGCCCAAGAAACAGAGCTGTCAGTCAGTGCTGAATTAGT
GCCTACCTCATCATGGAACATCTCAAGTGAACTCAACAAAGATTCTTACCTGACCCTTGATGAACCAATGA
ATAACATCACCACGTCTCTGGGCCAGACAGCAGAACTGCACTGCARAGTCTCTGGGARTCCACCTCCCACC
ATCCGCTGGTTCAAAAATGATGCTCCTGTGGTCCAGGAGCCCCGGAGGCTCTCCTTTCGGTCCACCATCTA
TGGCTCTCGGCTGCGGATTAGAAACCTCGACACCACAGACACAGGCTACTTCCAGTGCGTGGCAACAAACG
GCAAGCGAGGTCGGTTTCTTCCACTGGAGTCTTGTTTGTCAAGTTTGGCCCCCCTCCCACTGCAAGTCCAGGA
TACTCAGATGAGTATGAAGAAGATGGATTCTGTCAGCCATACAGAGGGATTGCATGTGCAAGATTTATTGG
CAACCGCACCGTCTATATGGAGTCTTTGCACATGCAAGGGGAARATAGAARATCAGATCACAGCTGCCTTCA
CTATGATTGGCACTTCCAGTCACTTATCTGATAAGTGTTCTCAGTTCGCCATTCCTTCCCTGTGCCACTAT
GCCTTCCCGTACTGCGATGARACTTCATCCGTCCCAAAGCCCCGTGACTTGTGT CGCGATGAATGTGAAAT
CCTGGAGAATGTCCTGTGTCAAACAGAGTACATTTTTGCAAGATCAAATCCCATGATTCTGATGAGGCTGA
AACTGC CAAACTGTGAAGATCTCCCCCAGCCAGAGAGCCCAGAAGCTGCGAACTGTATCCGGATTGGAATT
CCCATGGCAGATCCTATARATAAAAATCACAAGTGTTATAACAGCACAGCTGTGGACTACCGGGGGACCGT
CAGTGTGACCAAATCAGGGCGCCAGTGCCAGCCATGGAATTCCCAGTATCCCCACACACACACTTTCACCG
CCCTTCGTTTCCCAGAGCTGAATGGAGGCCATTCCTACTGCCGCAACCCAGGGAATCAAAAGGAAGCTCCC
TEETCGCTTCACCTTGGATGAAAACTTTAAGTCTGATCTGTGTGACATCCCAGCT TGCGATTCAAAGGATTC
CAAGGAGAAGAATAAARTGGAAATCCTGTACATACTAGTGCCAAGTGTGGCCAT TCCCCTGGCCATTGCTT
TACTCTTCTTCTTCATTTGCGTCTGTCGGAATAACCAGAAGTCATCGTCGGCACCAGTCCAGAGGCAACCA
AAACACGTCAGAGGTCAAAATGTGGAGATGTCAATGCTGAATGCATATAAACCCAAGAGCAAGGCTAAAGA
GCTACCTCTTTCTGCTGTACGCTTTATGGAAGAATTGGGTGAGTGTGCCTTTGGAAARATCTATAAAGGCC
ATCTCTATCTCCCAGGCATGGACCATGCTCAGCTGGTTGCTATCAAGACCTTGAAAGACTATAACAACCCC
CAGCARATGGATGGAATTTCAACAAGAAGCCTCCCTAATCGGCAGAACTGCACCACCCCAATATTGTCTGCCT
TCTAGESTGCCGTCACTCAGGAACAACCTGTGTGCATGCTTTTTGAGTATATTAATCAGGGGGATCTCCATG
AGTTCCTCATCATGAGATCCCCACACTCTGATGTTGGCTGCAGCAGTGATGAAGATGGGACTGTGAAATCC
AGCCTGGACCACGGAGATTTTCTGCACATTGCAATTCAGATTGCAGCTGGCATGGAATACCTGTCTAGTCA
CTTCTT TGTCCACAAGGACCTTGCAGCTCGCAATATTTTAATCGGAGAGCAACT TCATGTAAAGATTTCAG
ACTTGGESGGCTTTCCAGAGAAATTTACTCCGCTGATTACTACAGGGTCCAGAGTAAGTCCTTGCTGCCCATT
CGCTGGATGCCCCCTGARGCCATCATGTATGGCAAATTCTCTTCTGATTCAGATATCTGGTCCTTTGGGGT
TGTCT T GTGGCGAGATTTTCAGTTTTGGACTCCAGCCATATTATGGATTCAGTAARCCAGGAAGTGATTGAGA
TGGTGAGAAAACGGCAGCTCTTACCATGCTCTGAAGACTGCCCACCCAGAATGTACAGCCTCATGACAGAG
TGCTCGAATGAGATTCCTTCTAGGAGACCAAGATTTARAGATATTCACGTCCGGCTTCGGTCCTGGGAGGG
ACTCTCAAGTCACACAAGCTCTACTACTCCTTCAGGGGGAAATGCCACCACACAGACAACCTCCCTCAGTG
CCAGCCCAGTGAGTAATCTCAGTAACCCCAGATATCCTAATTACATGTTCCCGAGCCAGGGTATTACACCA
CAGGGCCAGATTGCTGGTTTCATTGGCCCGCCAATACCTCAGAACCAGCGATTCATTCCCATCAATGGATA
CCCAATACCTCCTGGATATGCAGCGTTTCCAGCTGCCCACTACCAGCCAACAGGTCCTCCCAGAGTGATTC
AGCACTGCCCACCTCCCAAGAGTCGGTCCCCAAGCAGTGCCAGTGGGTCGACTAGCACTGGCCATGTGACT
AGCTTGCCCTCATCAGGATCCAATCAGCGAAGCAAATATTCCTTTACTACCACACATGTCAATTCCAAATCA
TCCTCGGTGCGAATGGETATCACCGTTTTTGGCAACAAATCTCAAAAACCCTACARAATTGACTCAAAGCAAG
CATCTTTACTAGGAGACGCCAATATTCATGGACACACCCAATCTATGATTTCTGCAGAACTGTAAAATGCA
CAACTTTTGTAAATGTGGTATACAGGACAARACTAGACGGCCGTAGAARAGATTTATATTCAAATGTTTTTA
TTAAAGTAAGGTTCTCATTTAGCAGACATCGCAACAAGTACCTTCTGTCGAAGT T TCACTGTGTCTTACCAA
GCAGGACAGACACTCGGCCAG (SEQ ID NO: 1)

FIG. 1A
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MHRPRRRGTRPPLLALLAALL:LAARGAAARQETELSVSAELVPTSSWNISSELNKDSYLTLDE PMNNITTSL
GOQTAELHCKVSGNPPPTIRWEF KNDAPVVQEPRRLSFRSTIYGSRLRIRNLDTTDTGYFQCVATNGKEVVSS
TGVLFVKFGPPPTASPGYSDE YEEDGFCQPYRGIACARFIGNRTVYMESLHMQGEIENQITAAFTMIGTSS
HLSDKCSQFAIPSLCHYAFPY CDETSSVPKPRDLCRDECEILENVLCQTEYIFARSNPMILMRLKLPNCED
LPQPESPEAANCIRIGIPMAD PINKNHKCYNSTGVDYRGTVSVTKSGRQCQPWNSQYPHTHT FTALRFPEL
NGGHSYCRNPGNQKEAPWCFTLDENFKSDLCDIPACDSKDSKEKNKMEILYILVPSVAIPLA IALLFFFIC
VCRNNQKSSSAPVQRQPKHVR GONVEMSMLNAYKPKSKAKELPLSAVRFMEELGECAFGKIY KGHLYLPGM
DHAQLVAIKTLKDYNNPQOWMEFQQEASLMAELHHPNIVCLLGAVTQEQPVCMLFEYINQGDLHEFLIMRS
PHSDVGCSSDEDGTVKSSLDHGDFLHIAIQIAAGMEYLSSHFFVHKDLAARNILIGEQLHVK ISDLGLSRE
IYSADYYRVQSKSLLPIRWMP PEAIMYGKFSSDSDIWSFGVVLWEIFSFGLQPYYGFSNQEV TEMVRKRQL
LPCSEDCPPRMYSLMTECWNE IPSRRPRFKDIHVRLRSWEGLSSHTSSTTPSGGNATTQTTS LSASPVSNL
SNPRYPNYMFPSQGITPQGQI AGFIGPPIPONQRFIPINGYPIPPGYAAFPAAHYQPTGPPRVIQHCPPPK
SRSPSSASGSTSTGHVTSLPS SGSNQEANIPLLPHMSIPNHPGGMGITVFGNKSQKPYKIDS KQASLLGDA
NIHGHTESMISAEL (SEQ ID NO: 2)

FIG. 1B
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* Poor prognosis
metastasis within 5 years

Log 10 ESR1 intensity ratio
FIG. 4B
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SEQUENCE LISTING

PCT/US2005/011425

<110> The Regents of the University of California
Denmis J. Slamon
Cindy A. Wilson

Judy

Dering

<120> ORPHAN RECEPTOR TYROSINE KINASE AS A
TARGET IN BREAST CANCER

<130> 30448120WOUL

<150> 60/559,762

<151> 2004 -

<160> 12

04-06

<170> Fast SEQ for Windows Version 4.0

<210> 1
<211> 3358
<212> DNA
<213> Homo

<400> 1
gagctggagc
cagggtgegc
acagcctggg
cgcgectegeg
gagctttgca
agcccgggaa
tcagcgagag
ctgctggeecg
gtcagtgctg
tcttacctga
gaactgcactc
gctectgtagg
ctgcggatta
ggcaaggagg
gcaagtccag
attgcatgtg
ggggaaatag
1020
tectgataagte
1080
gatgaaacttc
1140
gagaatgtecc
1200
aggctgaaac
1260

sapiens

agccgccacc
tgttctcgga
actgacccgce
gcatccagag
gacgtccceg
gagcecegtgg
gaggaatgca
cgetgetget
aattagtgcce
ceccttgatga
gcaaagtctce
tccaggagcec
gaaacctcga
tggtttctte
gatactcaga
caagatttat
aaaatcagat

gttctcagtt
catccgtcce
tgtgtcaaac

tgccaaactg

gccgecgecg
gtccgaccca
cggeccaggce
gcggcecaggce
gcgtecctgeg
atgttctgeg
ccggecgege

ggccgcacgce

tacctcatca
accaatgaat
tgggaatcca
ccggaggcete
caccacagac
cactggagtc
tgagtatgaa
tggcaaccgce
cacagctgcecce

cgccattcet
aaagccecgt
agagtacatt

tgaagatctc

agggagcccce
gggcgactca
gaggctgcag
ggaggcgagyg
agcgccageg
cgcggectgg
cgeccgeggga
ggggctgcetg
tggaacatct
aacatcacca
ccteccacca
tcettteggt
acaggctact
ttgtttgtceca
gaagatggat
accgtctata
ttcactatga

tcectgtgece
gacttgtgtce
tttgcaagat

ccccageccag

gggacggcag
cgcecactgg

ccagagggct
gagcaggtta
geegggacga
gagccgeaoge
cgcgeccgec
cccaagaaac
caagtgaact
cgtetectggg
tcegetggtt
ccaccatcta
tccagtgegt
agtttggccc
tctgtcagec
tggagtcttt
ttggcacttc

actatgcctt
gcgatgaatg
caaatcccat

agagcccaga

cceectgggceg
tgcgacccgg
gggaagggat
gagggacaaa
ggcggccggyg
cgececgecgec
gctecectggeg
agagctgtceca
caacaaagat
ccagacagca
caaaaatgat
tggctetegg
ggcaacaaac
ccctececact
atacagaggg
gcacatgcaa
cagtcactta

ccegtactge
tgaaatcctg
gattctgatg

agctgcgaac

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
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tgtatccgga
1320
agcacaggtg
1380
ccatggaatt
1440
aatggaggcc
1500
accttggatg
1560
tccaaggaga
1620
ctggccattg
1680
tcggcaccag
1740
ctgaatgcat
1800
atggaagaat
1860
ggcatggacc
1920
caatggatgg
1980
gtctgectte
2040
aatcaggggg
2100
agcagtgatg
2160
gcaattcaga
2220
cttgcagcte
2280
ctttcecagag
2340
attcgctgga
2400
tggtcetttg
2460
ttcagtaacc
2520
gactgeccac
2580
agaccaagat
2640
acaagctcta
2700
agcccagtga
2760
attacaccac
2820

ttggaattcc
tggact accg
cccagtatcce
attcctactg
aaaact ttaa
agaataaaat
ctttactctt
tccagaggcea
ataaacccaa
tgggtgagtg
atgctcaget
aatttcaaca
taggtgccgt
atcteccatga
aagatgggac
ttgcagctgg
gcaatatttt
aaatttactc
tgcceccctga
gggttgtctt
aggaagtgat
ccagaatgta
ttaaagatat
ctactcctte
gtaatctcag

agggccagat

catggcagat
ggggaccgtce
ccacacacac
ccgcaacccea
gtctgatctg
ggaaatcctg
cttectteatt
accaaaacac
gagcaaggct
tgcctttgga
ggttgctatce
agaagcctcc
cactcaggaa
gttcctcatce
tgtgaaatcc
catggaatac
aatcggagag
cgctgattac
agccatcatg
gtgggagatt
tgagatggtg
cagcctcatg
tcacgtecegg
agggggaaat
taaccccaga

tgctggtttce

cctataaata
agtgtgacca
actttecaccg
gggaatcaaa
tgtgacatcce
tacatactag
tgcgtectgte
gtcagaggtc
aaagagctac
aaaatctata
aagaccttga
ctaatggcag
caacctgtgt
atgagatccce
agcctggacc
ctgtctagte
caacttcatg
tacagggtce
tatggcaaat
ttcagttttg
agaaaacggc
acagagtgct
ctteggtect
gccaccacac
tatcctaatt

attggcecege

PCT/US2005/011425

aaaatcacaa
aatcagggcg
ccettegttt
aggaagctcc
cagcttgega
tgccaagtgt
ggaataacca
aaaatgtgga
ctetttetge
aaggccatct
aagactataa
aactgcacca
gcatgcetttt
cacactctga
acggagattt
acttctttgt
taaagatttc
agagtaagtc
tctcttcotga
gactccagcece
agctcttacce
ggaatgagat
gggagggact
agacaacctc
acatgttccc

caatacctca

gtgttataac
ccagtgccag
cccagagctg
ctggtgcttc
ttcaaaggat
ggccattceccc
gaagtcatcg
gatgtcaatg
tgtacgcttt
ctatctccecea
caacccccag
ccccaatatt
tgagtatatt
tgttggctgce
tctgcacatt
ccacaaggac
agacttgggg
cttgectgecce
ttcagatatc
atattatgga
atgctctgaa
tecttetktagg
ctcaagtcac
cctecagtgece
gagccagggt

gaaccagcga
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ttcattccca tcaatggata cccaatacct cctggatatg cagegtttec agctgeccac
f:g.cs.:gagccaa caggtcctee cagagtgatt cagcactgec cacctcccaa gagtceggtec
2iiggcagtg ccagtgggtc gactagcact ggccatgtga ctagcttgcce ctcatcagga
ico:ggatcagg aagcaaatat tcctttacta ccacacatgt caattccaaa tcatcctggt
;g:gtgggta tcaccgtttt tggcaacaaa tctcaaaaac cctacaaaat tgactcaaag
<3::1§gcatctt tactaggaga cgccaatatt catggacaca ccgaatctat gatttctgea
;:aL.ch:tgtaaa atgcacaact tttgtaaatg tggtatacag gacaaactag acggccgtag
iiiggattta tattcaaatg tttttattaa agtaaggttc tcatttagca gacatcgcaa
iiggtacctt ctgtgaagtt tcactgbtgtc ttaccaagca ggacagacac tcggccag
3358

<210> 2

<211l> 937

<212> PRT

<213> Homo sapiens

<400> 2
Met His Arg Pro Arg Arg Arg G1ly Thr Arg Pro Pro Leu Leu Ala Leu
1 5 10 15
Leu Ala Ala Leu Leu Leu Ala Ada Arg Gly Ala Ala Ala Gln Glu Thr
20 25 30
Glu Leu Ser Val Ser Ala Glu Leu Val Pro Thr Ser Ser Trp Asn Ile
35 40 45
Ser Ser Glu Leu Asn Lys Asp Ser Tyr Leu Thr Leu Asp Glu Pro Met
50 55 60
Asn Asn Ile Thr Thr Ser Leu G1y Gln Thr Ala Glu Leu His Cys Lys
65 70 75 80
Val Ser Gly Asn Pro Pro Pro Thr Ile Arg Trp Phe Lys Asn Asp Ala
85 90 95
Pro Val Val Gln Glu Pro Arg Axg Leu Ser Phe Arg Ser Thr Ile Tyr
100 105 110
Gly Ser Arg Leu Arg Ile Arg Asn Leu Asp Thr Thr Asp Thr Gly Tyr
115 120 125
Phe Gln Cys Val Ala Thr Asn G1ly Lys Glu Val Val Ser Ser Thr Gly
130 135 140
Val Leu Phe Val Lys Phe Gly Pxo Pro Pro Thr Ala Ser Pro Gly Tyr
145 150 155 160
Ser Asp Glu Tyr Glu Glu Asp G1ly Phe Cys Gln Pro Tyr Arg Gly Ile
165 170 175
Ala Cys Ala Arg Phe Tle Gly Asn Arg Thr Val Tyr Met Glu Ser Leu
180 185 190
His Met Gln Gly Glu Ile Glu Asn Gln Ile Thr Ala Ala Phe Thr Met
195 200 205
Ile Gly Thr Ser Ser His Leu Ser Asp Lys Cys Ser Gln Phe Ala Ile
210 215 220
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Pro Ser Leu Cys His Tyr Ala Phe Pro Tyr Cys Asp Glu Thr Ser Ser
225 230 235 240
Val Pro Lys Pro Arg Asp Leu Cys Arg Asp Glu Cys Glu Ile Leu Glu
245 250 255
Asn Val Leu Cys Gln Thr Glu Tyr Ile Phe Ala Arg Ser Asn Pro Met
260 265 270
Ile Leu Met Arg Leu Lys Leu Pro Asn Cys Glu Asp Leu Pro Gln Pro
275 280 285
Glu Ser Pro Glu Ala Ala Asn Cys Ile Arg Ile Gly Ile Pro Met Ala
290 295 300
Asp Pro Ile Asn Lys Asn His Lys Cys Tyr Asn Ser Thr Gly Val Asp
305 310 315 320
Tyr Arg Gly Thr Val Ser Val Thr Lys Ser Gly Arg Gln Cys Gln Pro
325 330 335
Trp Asn Ser @ln Tyr Pro His Thr His Thr Phe Thr Ala Leu Arg Phe
340 345 350
Pro Glu Leu Asn Gly Gly His Ser Tyr Cys Arg Asn Pro Gly Asn Gln
355 360 365
Lys Glu Ala Pro Trp Cys Phe Thr Leu Asp Glu Asn Phe Lys Ser Asp
370 375 380
Leu Cys Asp Ile Pro Ala Cys Asp Ser Lys Asp Ser Lys Glu Lys Asn
385 390 395 400
Lys Met Glu Ile Leu Tyr Ile Leu Val Pro Ser Val Ala Ile Pro Leu
405 410 415
Ala Ile Ala Leu Leu Phe Phe Phe Ile Cys Val Cys Arg Asn Asn Gln
420 425 430
Lys Ser Ser Ser Ala Pro Val Gln Arg Gln Pro Lys His Val Arg Gly
435 440 445
Gln Asn Val Glu Met Ser Met Leu Asn Ala Tyr Lys Pro Lys Ser Lys
450 455 460
Ala Lys Glu Leu Pro Leu Ser Ala Val Arg Phe Met Glu Glu Leu Gly
465 470 475 480
Glu Cys Ala Phe Gly Lys Ile Tyr Lys Gly His Leu Tyr Leu Pro Gly
485 490 495
Met Asp His Ala Gln Leu Val Ala Ile Lys Thr Leu Lys Asp Tyr Asn
500 505 510
Asn Pro Gln Gln Trp Met Glu Phe Gln Gln Glu Ala Ser Leu Met Ala
515 520 525
Glu Leu His His Pro Asn Ile Val Cys Leu Leu Gly Ala Val Thr Gln
530 535 540
Glu Gln Pro Val Cys Met Leu Phe Glu Tyr Ile Asn Gln Gly Asp Leu
545 550 555 560
His Glu Phe Leu Ile Met Arg Ser Pro His Ser Asp Val Gly Cys Ser
565 570 575
Ser Asp Glu Asp Gly Thr Val Lys Ser Ser Leu Asp His Gly Asp Phe
580 585 590
Leu His Ile Ala Ile Gln Ile Ala Ala Gly Met Glu Tyr Leu Ser Ser
595 600 605
His Phe Phe Val His Lys Asp Leu Ala Ala Arg Asn Ile Leu Ile Gly
610 615 620
Glu Gln Leu His Val Lys Ile Ser Asp Leu Gly Leu Ser Arg Glu Ile
625 630 635 640
Tyr Ser Ala Asp Tyr Tyr Arg Val Gln Ser Lys Ser Leu Leu Pro Ile
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Arg
Ser
Gly
Val
705
Met
Pro
Ser
Gln
Arg
785
Gln
Ile
Ala
Pro
Thr
865
Asn
Met

Asp

Thx

Trp
Asp
Leu
690
Arg
Tyr
Arg
Ser
Thr
770
Tyr
Ile
Pro
Ala
Pro
850
Gly
Ile
Gly

Ser

Glu
930

Met
Ile
675
Gln
Lys
Ser
Phe
His
755
Thr
Pro
Ala
Ile
His

835
Pro

Pro
Ile
Lys

915
Ser

Pro
660
Trp
Pro
Arg
Leu
Lys
740
Thr
Ser
Asn
Gly
Asn
820
Tyx
Lys
Val
Leu
Thr
900
Gln

Met

645
Pro

Ser
Tyr
Gln
Met
725
Asp
Ser
Leu
Tyr
Phe
805
Gly
Gln
Ser
Thr
Leu
885
vVal

Ala

Ile

Glu
Phe
Tyr
Leu
710
Thr
Ile
Ser
Ser
Met

790
Ile

Tyr
Pro
Arg
Ser
870
Pro
Phe

Ser

Ser

Ala
Gly
Gly
695
Leu
Glu
His
Thr
Ala
775
Phe
Gly
Pro
Thr
Ser
855
Leu
His
Gly

Leu

Ala
935

Ile
Val
680
Phe
Pro
Cys
Val
Thr
760
Ser
Pro
Pro
Ile
Gly
840
Pro
Pro
Met
Asn
Leu

920
Glu

Met
665
Val
Ser
Cys
Trp
Arg
745
Pro
Pro
Ser
Pro
Pro
825
Pro
Sexr
Ser
Ser
Lys
205
Gly

Leu

650
Tyr

Leu
Asn
Ser
Agn
730
Leu
Ser
Val
Gln
Ile
810
Pro
Pro
Ser
Ser
Ile
890

Ser

Asp

Gly
Trp
Gln
Glu
715
Glu
Arg
Gly
Ser
Gly
795
Pro
Gly
Arg
Ala
Gly
875
Pro

Gln

Ala

Lys
Glu

Glu
700

Asp
Ile
Sexr
Gly
Asm
780
Ile
Gl
Tyx
vVal
Sex
860
Sex-
Asm

Lys

Asm

Phe
Ile
685
Val
Cys
Pro
Trp
Asn
765
Leu
Thr
Asn
Ala
Ile
845
Gly
Asn
His
Pro

Ile
925

PCT/US2005/011425

Ser
670
Phe
Ile
Pro
Ser
Glu
750
Ala
Ser
Pro
Gln
Ala
830
Gln
Ser
Gln
Pro
Tyr

9210
His

<210> 3

<211> 3765
<212> DNA
<213> Homo

<400> 3

atggagctgg
gcgagecaccece
acccacctgg
gaactcacct
cagggctacg
attgtgcgag
gacccgctga
cagcttcgaa

sapilens

cggecttgtg
aagtgtgcac
acatgctceeg
acctgecceccac
tgctcatecge
gcacccagcet
acaataccac
gcctcacaga

cegetggggy
cggcacagac
ccacctetac
caatgccagc
tcacaaccaa
ctttgaggac
ccectgteaca
gatcttgaaa

ctcectecteg
atgaagctgce
cagggctgec
ctgtcecttec
gtgaggcagg
aactatgccce
ggggcctcec
ggaggggtet

ccctettgece
ggctcectge
aggtggtgca
tgcaggatat
tcccactgea
tggceccecgtget
caggaggcct
tgatccagceg

655
Ser Asp

Ser Phe

Glu Met

Pro Arg
720
Arg Arg
735
Gly Leu

Thr Thr

Asn Pro

Gln Gly
800
Arg Phe
815
Phe Pro
Cys

Thr Ser
Ala
880
Gly

Glu

Gly
895
Lys Ile

Gly

ccccggagec
cagtceccgag
gggaaacctg
ccaggaggtg
gaggctgegyg
agacaatgga
gegggagetg
gaaccceceag

60

120
180
240
300
360
420
480
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ctectgetacce
ctcacactga
ggctececeget
gceggtgget
gctgcegget
agtggcatct
tccatgccca
tacaactacc
gaggtgacag
1020
gtgtgctatg
1080
atccaggagt
1140
tttgatgggg
1200
gagactctgg
1260
gacctcageg
1320
tactcgectga
1380
ctgggcagtg
1440
ccctgggacce
1500
gaggacgagt
1560
tggggtccag
1620
gtggaggaat
1680
ttgeegtgece
1740
gctgaccagt
1800
cccageggtg
1860
ggcgcatgec
1920
ggctgecceg
1980
attctgetgg
2040
aagatcecgga
2100
acacctagcg
2160
aggaaggtga
2220

cctgatgggg
2280

aggacacgat
tagacaccaa

gctggggaga
gtgcecegetg

gcacgggccce
gtgagctgca
atcccgaggg
tttctacgga
cagaggatgg
gtctgggecat
ttgctggetyg
acccagccte
aagagatcac
tcttccagaa
ccetgcaagg
gactggccct
agctcttteg
gtgtgggega
ggcccaccca
gccgagtact
accctgagtg
gtgtggcctg
tgaaacctga
agccttgecce
ccgagcagag
tcgtggtett
agtacacgat
gagcgatgcce
aggtgcttgg

agaatgtgaa

tttgtggaag
ccgetetegg
gagttctgag

caaggggcca
caagcactct

ctgcccagece
ccggtataca
cgtgggatcce
aacacagcgg
ggagcacttg
caagaagatc
caacactgcce
aggttaccta
cctgcaagta
gctgggecate
catccaccat
gaacccgcac
gggectggece
gtgtgtcaac
gcaggggcte
tcagccccag
tgcccactat
cctetecetac

catcaactgce
agccageccct
gggggtggte
gcggagactg
caaccaggcyg
atctggceget

aattccagtg

gacatcttee
gcetgecace
gattgtcaga
ctgcccactg
gactgcectgg
ctggtcacct
tteggegeca
tgcacccteg
tgtgagaagt
cgagaggtga
tttgggagcce
ccgctecage

tacatctcag
atcecggggac
agctggctgg
aacacccacc
caagctctge
tgccaccage
tgcagccagt
cccagggagt
aatggctcag
aaggaccctc
atgcccatcet
acccactcct
ctgacgtcca
tttgggatcc
ctgcaggaaa
cagatgcgga
tttggcacag

gccatcaaag

PCT/US2005/011425

acaagaacaa
cctgttctec

gectgacge g
actgctgceca
cctgectceca
acaacacaga
gctgtgtga. c
tctgececece t
gcagcaagc c
gggcagtta c
tggcattte t
cagagcagct
catggccgg a
gaattctgec a
ggctgeget ¢
tctgettegt
tccacactgc
tgtgecgececag
tcettegggg
atgtgaatgc
tgacctgtt t
ccttetgegt
ggaagtttcc
gtgtggacct
tcgtectetgce
tcatcaageg
cggagctggt
tcctgaaaga

tctacaaggg

tgttgaggga

ccagctggcet
gatgtgtaag
cactgtctgt
tgagcagtgt
cttcaaccac
cacgtttgag
tgcetgtece
gcacaaccaa
ctgtgeeccga
cagtgccaat
gccggagagce
ccaagtgttt
cagcctgect
caatggegece
actgagggaa
gcacacggtg
caaccggcca
agggcactgce
ccaggagtge
caggcactgt
tggaccggag
ggccegetge
agatgaggag
ggatgacaag
ggtggttggce
acggcagcag
ggagccgetg
gacggagctg

catctggatce

aaacacatcc

540
600
660
720
780
840
900
960
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cccaaagcca
2340
tatgtctece
2400
atgccctatg
2460
gacctgetga
2520
ctcgtacaca
2580
attacagact
2640
gggggcaagg
2700
caccagagtg
2760
aaaccttacg
2820
ctgcccecage
2880
attgactctyg
2940
agggacccce
3000
gacagcacct
3060
gaggagtatc
3120

ggcatggtcce
3180

ctagggetgg
3240
gctggctecg
3300
ctececacac
3360
ccctectgaga
3420
aaccagccag
3480
cgacctgcectg
3540
gtcaaagacg
3600
ggaggagctg
3660
tattactggg
3720
cctacggecag
3765

<210> 4
<211l> 1570

acaaagaaat
geecttctggg
gctgeetett
actggtgtat
gggacttggce
tecgggctgge
tgcccatcaa
atgtgtggag
atgggatcce
ccecceccatetg
aatgtcggcece
agcgctttgt
tctaccgete
tggtacccca
accacaggca
agccctetga
atgtatttga
atgaccccag
ctgatggcta
atgttcggcece
gtgccactcet
tttttgcecett
ccectecagece
accaggaccc

agaacccaga

cttagacgaa
catctgectg
agaccatgtc
gcagattgce
cgctcggaac
teggetgetg
gtggatggcg
ttatggtgtg
agcccgggag
caccattgat
aagattccgg
ggtcatccag
actgctggag
gcagggcttce
ccgeagcetceca
agaggaggcc
tggtgacctg
ccctectacag
cgttgeccce
ccagccccect
ggaaagggcc
tgggggtgcce
ccaccctect
accagagcgg

gtacctgggt

gcatacgtga
acatccacgg
cgggaaaacc
aaggggatga
gtgctggtca
gacattgacg
ctggagtcca
actgtgtggg
atcecectgacc
gtctacatga
gagttggtgt
aatgaggact
gacgatgaca
ttctgtccag
tctaccagga
cccaggtcetce
ggaatggggg
cggtacagtg
ctgacctgceca
tcgecccgag
aagactctct
gtggagaacc
cctgecttea
ggggctccac

ctggacgtge

PCT/US2005/011425

tggetggtgt
tgcagcectggt
gcggacgect
gctacctgga
agagtcccaa
agacagagta
ttcteegecg
agctgatgac
tgctggaaaa
tcatggtcaa
ctgaattctc
tgggcccage
tgggggacct
accctgececcece
gtggcggtgg
cactggcacc
cagccaaggg
aggaccccac
gcccccagcece
agggccctet
ccccagggaa
ccgagtactt
gcccagecett
ccagcacctt

cagtg

gggctcccca
gacacagctt
gggctcccag
ggatgtgcgg
ccatgtcaaa
ccatgcagat
gcggttcacce
ttttggggce
gggggagcgg
atgttggatg
ccgcatggcce
cagtcccttg
ggtggatgct
gggcgctggg
ggacctgaca
ctccgaaggg
gctgcaaagc
agtacccctg
tgaatatgtg
gcctgetgece
gaatggggtc
gacaccccag
cgacaacctc

caaagggaca
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<212> DNA
<213> Homo

<400> 4
cecggegeage
cgaggcggcece
gccacctegt
acggcccecct
agcgatgcga
ccecggegagt
gcagttgggce
ggtggtcctt
aaagaccatc
tecctttggaa
agcagtctta
tttacaggaa
ggagagcatc
ctteccagaac
ctggagtgca
ctecegggege
ctgcacaggce
1020
gtgcaaggac
1080
gaaccccgag
1140
tgtggtgaca
1200
ggaagacggc
1260
aataggtatt
1320
caaaaactgce
1380
ctectteaca
1440
ggaaatcaca
1500
agagagaact
1560
ttaccgttaa
1570

<210> 5

<211> 3155
<212> DNA
<213> Homo

<400> 5

aagagctcca
gcgagcagceg
gcgeggegtyg
cagacagaca

sapiens

geggcegceag
ggagtcccga
cggegtecge
gactcecgtece
ccctecggga
cgggctcetgg
acttttgaag
gggaatttgg
caggaggtgg
aacctgcaga
tctaactatg
atcctgeatg
cagtggcggg
cacctgggca
ggagaggaga
tgcegtggea
cccecgggaga

acctgeccecece
ggcaaataca
gatcacgget
gtccgcaagt
ggtgaattta
acctccatca
catactccte
ggtttgagct

tttegacata

sapiens

gagagaagtc
aaagcgacag
agccctecece
ccgcccceag

cagcctecge
gctagcceceg
ccgagtecce
agtattgatc
cggcegggge
aggaaaagaa
atcattttct
aaattaccta
ctggttatgt
tcatcagagg
atgcaaataa
gcgcegtgeg
acatagtcag
gctgccaaaa
actgccagaa
agtcccccag
gcgactgect

cactcatgct
gctttggtge
cgtgegtecg
gtaagaagtg
aagactcact
gtggcgatct
ctectggatcec
gaattatcac

tttectgtte

gaggaagaga
gggcaaagtg
cttgggatcc
ceccagttac

ccecececgeacyg
gcggccgeceg
gecetegecge
gggagagccg
agcgctcectg
agtttgccaa
cagcctccag
tgtgcagagg
cctecattgcece
aaatatgtac
aaccggactg
gttcagcaac
cagtgacttt
gtgtgatcca
actgaccaaa
tgactgcetgce
ggtctgeege

ctacaacccc
cacctgegtg
agcctgtggg
cgaagggcct
ctccataaat
ccacatcctg
acaggaactg
atgaatataa

ccttggaata

gagacggggt
agtgacctge
cgcagctgac
cacctcectec

PCT/US2005/011425

gtgtgagegce
ccgeecagac
caacgccaca
gagcgagcetc
gcgetgetgg
ggcacgagta
aggatgttca
aattatgatc
ctcaacacag
tacgaaaatt
aaggagctgce
aaccctgecee
ctcagcaaca
agctgtccea
atcatctgtg
cacaaccagt
aaattccgag

accacgtacc
aagaagtgtc
gccgacagcet
tgccgcaaag
gctacgaata
ccggtggeat
gatattctga
atgggaaatc

aaaacatttc

cagagagagc
ttttgggggt
cagtcgeget
ccggeecggeg

ccgecgegge
cggacgacag
accaccgcgce
tteggggagce
ctgegetetg
acaagctcac
ataactgtga
tttececttett
tggagcgaat
cctatgectt
ccatgagaaa
tgtgcaatgt
tgtegatgga
atgggagctg
cccagcagtg
gtgctgecagg
acgaagccac

agatggatgt
cccgtaatta
atgagatgga
tgtgtaacgg
ttaaacactt
ttaggggtga
aaaccgtaaa
agtgttttag

ttctgaaatt

gcgcgggegt
gaccgcegga
gacggacaga
gcggacagtg

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
260

60

120
180
240
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gacgcggcegyg
gtecggagetce
ggaggagccg
tcgggceggg
agggggccge
gtagtgecgecag
gaggaagagt
gagggacgcyg
gggtgcattg
cacccatgge
atcagcgcag
atgagatcga
ccaatgacga
1020
tgeggatcaa
1080
aatgtgaatg
1140
cagagcggag
1200
acacacacte
1260
acaagccgag
1320
gatctctctc
1380
cacaccatca
1440
gactctgege
1500
gggtgaccca
1560
aatcaccgag
1620
ccacatacat
1680
ttatatatat
1740
cttcactgga
1800
atcctgacag
1860
tggtggggce
1920
atatgaccca
1980
aggtcagacg
2040
ggagtttggg
2100
cgcatctege
2160

cgagccgegg
gcggegtege
tggtcegege
aggagccgca
agtggcgact
acagtgctcc
agctecgecga
agccgegcegce
gagccttgcce

agaaggagga
ctactgccat
gtacatctte

gggcctggag

acctcaccaa
cagaccaaag
aaagcatttg
gcgttgcaag
gcggtgagece
caggaaagac
ccatcgacag
agagcacttt
gcacggtececce
cccggaagat
acatttatat
aaaatatata
tgtatttgac
ggaagaggag
agggtectct
gttttgggaa
gacagaaaga
gagcttcagg

ccccagggge

gcaggggcecyg
actgaaactt

gggggaagcc
gccggaggag
cggcgctecgg
agcgcgegeg
ggcgcecgagyg
cccggteggg
ttgctgetet
gggcagaatc
ccaatcgaga
aagccatcct
tgtgtgecceccea
ggccagcaca
aaagatagag
tttgtacaag
gcgaggcage
gggcaggagg
tgatacagaa
aacagtcctt
gggtccggag
tcttggaatt
tagagagttt
atatatatat
tattecttttt
tgetgtggac
gagatgagag
cceetgecea
caccgacaaa
caaatcacag

acattgctgt

actgcctgga

gagcccgecc
ttegtecaac
gagccgagceg
ggggaggagg

aagccgggcet
cteceeccagee

agagcgggcece
cctecgaaac
acctccacca
atcacgaagt
ccetggtgga
gtgtgccccet
ctgaggagtc
taggagagat
caagacaaga
atccgcagac
ttgagttaaa
aaggagcctc
cgatcgatac
aatccagaaa
ggcgagactc
ggattcgcca
tatttctggg
tatatatata
ttaaattaac
ttgagttggg
actctggcat
agaatgtgca
cccagecctg
gttececgggat
gctttgggga

agattcagga
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ccggaggcgyg
ttectgggetg
gagccgcegag
aagaagagaa
catggacggg

ctggcecegge
gccccacagce
catgaacttt
tgccaagtgg
ggtgaagttc
catcttccag
gatgecgatgce
caacatcacc
gagcttecta
aaatccctgt
gtgtaaatgt
cgaacgtact
ccteagggtt
agaaaccacg
cctgaaatga
cggcggaage
ttttattttt
attcctgtag
taaaaataaa
agtgctaatg
aggggaatgt
gatctttttt
aggccagggc
gecgctgagec
gaggacaccg

ttcectecac

gcetgggegyg

ggtggagggg
ttectegettce

aagtgctage
ggaagaggag
tgaggcggcyg
ctecgggecgg
ccgagccgga
ctgctgtcett
tcececaggetg
atggatgtct
gagtaccctg
gggggctgcet
atgcagatta
cagcacaaca
gggeccttgcet
tcctgcaaaa
tgcagatgtg
tcgggaacca
ctgececgcecac
aggaagagga
attceecggge
cttgectgeta
acacacccac
tatctctatt
ttattggtgt
teccactcag
ttgtcccact
atgggggcaa
tctectacccce
gctctgacca

atgctgcacg

ccttegetta

300
360
420
480
540
600
660
720
780
840
900
960
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ctctcacctg
2220
gacacattgt
2280
tctteetget
2340
accactagtt
2400
ccatcccectg
2460
gcccattgtg
2520
ctttttaatt
2580
tcttggttaa
2640
cttatttgta
2700
gtgacagtca
2760
tcececgatece
2820
acatactata
2880
tgtatatatg
2940
aaacaagaaa
3000
ttgttatcat
3060
taacatcacg
3120
tttaaacaac
3155

<210> 6

<211> 3475
<212> DNA
<213> Homo

<400> 6

cgaggcggca
ccggegttgg
tttgggacta
aacaatgatt
gacctcgggt
gaagtggatg
tecetgtetet
aacagaggag
ctacttttta
aataccctgce
ctggtctgca
cagggggaaa

cttctgagtt
tggaagaagc
ccecettectg
ctgtcececcee
gtecctteccet
gaggcagaga
agaaattaga
tatttaattt
ccggtttttg
ctagcttatc
cetggetece
tatatattgg
tgatcectgaa
aaatagagaa
ttatttattg
tctttgtctc

gacaaagaaa

sapiens

tecegaggget
cgecgegacgce
ttacaaatca
catcagtggg
gtgegttgag
tatctgcecttce
gggtctttaa
ttgtttccat
ttcagagtga
tttacacatt
tatctgagag
gctgtaaaga

gceccaggagy
agcccatgac
gggtgcagce
aggaaacctg
tcecctteecg
aaagagaaag
acagttaatt
caactattta
tatataaaat
ttgaacagat
cagcacacat
gcaacttgta
aaaataaaca
ttctacatac
gtgctactgt
tagtgcagtt

tacagatata

gggccggcege
gggcaccgtg
agatctgecct
gaagtcatca
accccagagce
catcacactg
gcacagctce
ggtcattttg
agctaccaat
aagaagacct
cgttccagag
agaaagtcca

ccactggcag
agcgcccectt
taaaaggacc
gttgtgtgtg
aggcacagag
tgttttatat
taattaaaga
tgagatgtat
tcatgtttcc
atttaatttt
tcctttgaaa
tttgtgtgta
tegetattet
taaatctcte
ttatccgtaa
tttcgagata

tctta

cctgggggac
ccgetgeteg
gtgatcaagt
tcatatccca
tcagggacag
caagtgctgg
ctgaattgec
aaaatgacag
tacacaatat
tactttagaa
ccgatcgtgg
gctgttgtta
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atgtccegge
cctgggactce
tatgtcctca
tgtgagtggt
agacagggca
acggtactta
gtagggtttt
cttttgetet
aatctctctce
gctaacactce
gagggtttca
tatatatata
gttttttata
tcctttttta
taattgtggg

ttecgtagta

ccecgggetcee
ttgttttttce
gtgttttaat
tggtatcaga
tgtacgaagc
tcgatgceccc
agccacattt
aaacccaagc
tgtttacagt
aaatggaaaa
aatgggtgct
aaaaggagga

gaagagaaga
gccctecatcee
caccattgaa
tgaccttect
ggatccacgt
tttaatatce
ttttcagtat
ctcttgetet
tcectgateg
agctctgece
atatacatct
tatatgttta
tgttcaaacc
attttaatat
gaaaagatat

catatttatt

ggaggccatg
tgcaatgata
caatcataag
atcceceggaa
tgecegetgtg
agggaacatt
tgatttacaa
tggagaatac
gagtataaga
ccaggacgcece
ttgcgattca
aaaagtgett

60

120
180
240
300
360
420
480
540
600
660
720
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catgaattat
accaggctgt
cttaaagtag
gggctcacct
acctattcaa
1020
agaaacgaca
1080
gttaccatcg
1140
gaccaatatg
1200
acgtggacct
1260
agcatatcca
1320
aatgatgatg
1380
ctcgcagaag
1440
tggacctgga
1500
gtctggaata
1560
aacatgagtg
1620
acatcttgtg
1680
atctcattct
1740
atttgtcaca
1800
accggcteccet
1860
aaatgggagt
1920
ggaaaagtga
1980
gcegtcaaaa
2040
ctcaagatga
2100
acactgtcag
2160
tatctaagaa
2220
aatttcagtt
2280
gaagttcaga
2340
tctgaagatg
2400

ttgggacgga
tcacaataga

gggaaccctt
gggaattaga
caaacagaac
ccggatacta
taggaaaggg
aagagttttg
tctectegaaa
agttttgcaa
cccaatttac
catcggcaag
agaagtgttc
gaaaggctaa
aagccataaa
agacgatcct
atgcaacaat
agtacaaaaa
cagataatga
ttccaagaga
tgaacgcaac
tgctgaaaga
tgacccagcet
gaccaattta
gtaaaagaga
tttaccccac
tacacccgga

aaattgaata

cataaggtge
tctaaatcaa
atggataagg
aaacaaagca
tatgatacgg
cacttgttcc
atttataaat
tttttctgte
atcatttecct
tcataagcac
caaaatgttc
tcaggcgtcece
agacaagtct
cagaaaagtg
agggttecectg
tttaaactct
tggtgtttgt
gcaatttagg
gtacttctac
aaatttagag
agcttatgga
aaaagcagac
gggaagccac
cttgattttt
aaaatttcac
tttccaatca

ctcggatcaa

tgaaaaccaa

tgtgccagaa
actcctcaga
tgcaaagctg
ctcgaggagg
attctgtttg
tettcaaage
gctaccaatt
aggtttaaag
tgtgagcaaa
cagccaggag
acgctgaata
tgtttectegg
cccaactgceca
tttggacagt
gtcaagtgct
ccaggcccect
ctecctcettea
tatgaaagcce
gttgatttca
tttgggaagg
attagcaaaa
agctctgaaa
gagaatattg
gaatactgtt
aggacttgga
catccaaatt

atctcagggce

aaaaggctgg
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atgaactggg
ccacattgcece
ttcatgtgaa
gcaactactt
cttttgtatc
atcccagtceca
caagtéaaga
cctacccaca
agggtcttga
aatatatatt
taagaaggaa
atggataccc
cagaagagat
gggtgtcgag
gtgcatacaa
tcccttteat
ttgtegtttt
agctacagat
gagaatatga
tactaggatc
caggagtctc
gagaggcact
tgaacctgct
gctatggtga
cagagatttt
ccagecatgee

ttecatgggaa

aagaagagga

cagggaatgc 780
acaattattt 840
ccatggatte 900
tgagatgagt 960

atcagtggca
atcagctttg
ttatgaaatt
aatcagatgt
taacggatac
ccatgecagaa
acctcaagtg
attaccatct
cacagaagga
cagtactcta
ttceettgge
ccaagacaac
aaccctgcecta
ggtacaggtyg
atatgatctc
aggtgctttt
aatccaggtt
catgtcagaa
gggggcgtge
tetteteaac
caaggaacac
tggttcaaga
ttcatttcac

ggacttgaat
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gtgcttacat
2460
ctggaattta
2520
gggaaagtgg
2580
tatgttgtca
2640
gaaggcatct
2700
ttctecacttg
2760
attcaaaatg
2820
atgcaatcct
2880
tttttaggat
2940
gtttcggaat
3000
gggctactct
3060
acttcatecce
3120
cactaaaaga
3180
gaegtttactc
3240
gaggagctga
3300
gcttgagtga
3360
attttgctaa
3420
tttttcagcet
3475

<210> 7

<211l> 1601
<212> DNA
<213> Homo

<400> 7

aagtgctggg
ataattttgt
tggtaattga
agaggaggaa
tcctggcaaa
cagcccactg
tcecctecact
cctgagacag
gaatgtcaag
gagetttttt

ttgaagatct
agtcgtgtgt
tgaagatatg
ggggcaatgc
acaccattaa
gtgtgaatcc
gatttaaaat
gctgggettt
gtcagctggc
gtcctcacac
ctcegecaggce
tccacctatce
aaatctatta
ttgttttcaa
taatgaactt
attgtgtacc
ggagaagcta

atttagtgat

sapiens

attacaggtg
ccagagacct
ttattttaat
caagaagatg
aggtcagagt
gtcctcaaga
cggaaggact
atcagcaaca
aggcgaacac
gcecctgegtg

tctttgettt
tcacagagac
tgactttgga
ccgtctgect
gagtgatgtc
ttacccetgge
ggatcagcca
tgactcaagg
agatgcagaa
ctaccaaaac
tcaggtecgaa
cctaacaggce
tcaactgctg
agggactttt
tattggagca
tgaagtacag
atatgatttt

atattttatg

tgagccaggg
ttctaacgta
gtaaccttgc
aggaagaaat
ctggatcacc
ggtgccacgt
atcctgetgce
accgaaaatg
acaacgtctt
accagatccc

gcatatcaag
ctggecgeca
ttggctcgag
gtaaaatgga
tggtcatatg
attccggttg
ttttatgcta
aaacggccat
gaagcgatgt
aggcgacctt
gattcgtaga
tgtagattac
cttcaccaga
gtaaaatcaa
ttgatctgeca
tatattcttg

ttaagtctat

ggtgggaata

caccaggctt
ttcatgeccett
taaaggagtg
cgatgttgtt
ttctgetgga
ctccacacat
caagagggtc
caccagcccce
ggagcgccag
ggagttggaa
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ttgccaaagg
ggaacgtgct
atatcatgag
tggcccccga
gaatattact
atgctaactt
cagaagaaat
ccttccctaa
atcagaatgt
tcagcagaga
ggaacaattt
caaaacaaga
cttttctceta
atcatcctgt
tccaaggect
taaatacata
gttttaaaat

aaatttctac

agatgtggct
gtatttgtac
atttctattt
tctgtggaaa
ggccacagca
cagcacaact
aagttggaca
aggtcctcgg
aggaggaacg
aacaatgaaa

aatggaattt
tgtcacccac
tgattccaac
aagcctgttt
gtgggaaatc
ctacaaactg
atacattata
tttgactteg
ggatggccgt
gatggatttg
agttttaagg
ttaatttcat
gaagccgtcet
cacaaggcag
tctecaggecg
aaacaaaagc
aatatgtaaa

tacag

ctttggggag
agcattaatc

cctttcttaa
agaggcaggc
aacctcctea
acgcagcgcce
gtgtcagagt
acaccgagga
agctaaaacg
aggcccccaa

60

120
180
240
300
360
420
480
540
600
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ggtagttatc
gctecatttet
acagctacgg
tgtcctgage
cttggctgag
ttgggcataa
tttaagaatt
1020
attaaatgta
1080
tatatagtac
1140
tgctttttaa
1200
tatcattgag
1260
accaccatcc
1320
agagttttcc
1380
ctaagatgct
1440
aaggcaggtg
1500
aagtacacaa
1560
ttactttagt
1601

<210> 8

<211> 2320
<212> DNA
<213> Homo

<400> 8
cccgggccag
gagcecgecegt
tetgegtect
actgtgactg
ggtgcaactg
gctatgaggg
cctgectgece
atgctcettcea
gaccctggtg
actgegecaga
aaaagactct
agccctggtt
gaggcagcect
caaagaagga
gggagatgaa
ttgctcacca
agccatcccg
1020

cttaaaaaag
gaagaggact
aactcttgtg
aatcacctat
tcttgagact
aagaactttt
gtttttaaaa

aataacttta
ctagtattat
agttgatttt
ccaaatctta
ctgtttgttt
tctgttgaaa
tcetggagac
agaaggtgag
agaggcataa

taaccagtgc

sapilens

ggtccacctg
ctagcgcccece
ggtcgtgage
tctaaatgga
cccaaadgaaa
gaatggtcac
ctggaactct
gctgggectg
ctatgtgcag
tggaaaaaag
gaggccceege
tgcggccate
catcagccct
ggactacatc
gtttgaggtg
caacgacatt
gactatacag

ccacagcata
tgttgcggaa
cgtaaggaaa
gaacttgttt
gaaagattta
ttatgcttac
aattttaaga

ataaaacgtt
aggtactata
tttectattgt
agttgtgaat
tcatcaattg

tgggtctggg

tatgataaca
aggtaggcaa

ggactgggga

cagtcccectg

teccecegeage
gacctcgcca
gactccaaag
ggaacatgtg
ttcggaggge
ttttaccgag
gccactgtcc
gggaaacata
gtgggcctaa
cecctectete
tttaagatta
tacaggaggc
tgctgggtga
gtctacctgg
gaaaacctca
gcettgetga
accatctgcc

catcectgtece
acgacgagaa
agtaaggaaa
caaatgcatg
gccataatgt
catctttttt
tttacacaat

tatagcagtt
aaccctaatt
ttttagaaaa
gttttgttte
ccecettecaga
ggccttaagg
gccgaagttg
aggagataca

gttgggagga

ctcactccaa

gccggcectege
ccatgagagc
gcagcaatga
tgtccaacaa
agcactgtga
gaaaggccag
ttcagcaaac
attactgcag
agccgettgt
ctccagaaga
ttgggggaga

accggggggy
tcagcgceccac

gtcgctcaag
tcctacacaa
agatccgttce
tgccctegat
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gtccaagcag
cagttgaaac
acgattcctt
atcaaatgca
aaactgcctc
ttttctttaa
gtttctetgt

acacagaatt
ttttttattt
aataaaataa

gtttcttece

gggtggtcett
tctttaagtt
acagttagaa

agaggtcaaa

aggtgaggaa

a

gccctectge
cctgetggeg
acttcatcaa
gtacttetece
aatagataag
cactgacacc
gtaccatgcc
gaacccagac
ccaagagtgce
attaaaattt
attcaccacc
ctctgtcacc
acactgcttc
gcttaactece
ggactacagc

caaggagggc
gtataacgat

aggagcaaaa
acaaacttga
ctaacagaaa
acctcacaac
aaattggact
cagatttgta
aaatattgcc

tcaatcctag
aagtacattt
ctggcaaata
ccteecaacce
aagaaaggca

cttggaggtt

ggaatggcag
ggtagcagtt

gaaactcctg

cgcagccacce
cgcctgette
gttccatega
aacattcact
tcaaaaacct
atgggccgge
cacagatctg
aaccggagge
atggtgcatg
cagtgtggcc
atcgagaacc
tacgtgtgtg
attgattacc
aacacgcaag
gctgacacgce
aggtgtgcge
ccccagtttg

660
720
780
840
900
960

60

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
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gcacaagctg tgagatcact ggctttggaa aagagaattc taccgactat ctctatccgg
igiggctgaa aatgactgtt gtgaagctga tttcccaccg ggagtgtcag cagccccact
iiigcggctc tgaagtcace accaaaatge tgtgtgctge tgacccacag tggaaaacag
iiggctgcca gggagactca gggggacccce tegtectgttce cctecaagge cgecatgactt
i;ggtggaat tgtgagctgg ggccgtggat gtgccctgaa ggacaagcca ggegtctaca
i;igagtctc acacttctta ccctggatcc gcagtcacac caaggaagag aatggcectgg
izigctgagg gtcecccaggg aggaaacggg caccacccgce tttettgetg gttgtceattt
ti:gagtaga gtcatctcca tcagctgtaa gaagagactg ggaagatagg ctctgcacag
;:ggatttgc ctgtgccacc caccagggtg aacgacaata gctttaccct caggcatagg
iiggggtgct ggctgecccag acccetcectgg ccaggatgga ggggtggtcece tgactcaaca
igigactgac cagcaacttg tctttttctg gactgaagcc tgcaggagtt aaaaagggca
;gggatctcc tgtgcatggg tgaagggaga gccagctcce ccgacggtgg gcatttgtga
;;igcatggt tgagaaatga ataatttccc aattaggaag tgtaacagct gaggtctcett
;zgggagctt agccaatgtg ggagcagecgg tttggggage agagacacta acgacttcag
;ggggggctc tgatattcca tgaatgtatc aggaaatata tatgtgtgtg tatgtttgca
zzzgtgtgtg tgggctgtga gtgtaagtgt gagtaagagc tggtgtctga ttgttaagtc
izzgtatttc cttaaactgt gtggactgtg atgccacaca gagtggtctt tctggagagg
Egigaggtca ctecctgggge ctettgggte ccccacgtga cagtgecctgg gaatgtatta
iigggcagca tgacctgtga ccagcactgt ctcagtttca ctttcacata gatgtcccett
iiigggccag ttatecectte cttttagecet agttcatcca atcctcactg ggtggggtga
;éigcactcc ttacactgaa tatttatatt tcactatttt tatttatatt tttgtaattt
ii:gtaaaag tgatcaataa aatgtgattt ttctgatgaa
2320
<210> 9
<211> 2876
<212> DNA
<213> Homo sapiens
<400> 9
gaattcctgce agctcagcag ccgccgecag agcaggacga accgccaatc gcaaggcacce 60
tctgagaact tcaggatgca gatgtctcca geccctecacet gectagtcoct gggectggec 120
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cttgtctttg
tcagactteg
gttttectcac
gaaacccagce
ccegecctece
accacagacg
ttcttcagge
agattcatca
gggaaaggag
ggccagtgga
gacggcagca
ttcaccacge
ctcagcatgt
attctgagtg
ctggttcetge
1020
ctgggaatga
1080
gagcctctece
1140
acggtggect
1200
atcatggaca
1260
atgggccaag
1320
gagatgcatc
1380
tgaaggaaga
1440
accttggcect
1500
gggagagaag
1560
ggaccatctg
1620
ttceccactga
1680
ggtagaaact
1740
gaggaggctg
1800
ctgtggcact
1860
cccatcatgt
1920
gggttatttt
1980
atttttatag
2040

tecttggtggg
2100

gtgaagggtc
gggtgagggt
cctatggggt
agcagattca
ggcatctgta
cgatcttegt
tgttecggag
tcaatgactyg
ccgtggacca
agactccctt
ctgtctetgt
ccgatggecceca
tecattgcetge
cccageteat
ccaagttcete
ccgacatgtt
acgtcgcgea
cctcatccac
gacccttect
tgatggaacc
gggaaagaag
gaagacattt
ctccecttggag

tttgaagcac
gggcacctgce
ggccctttge
atttctgttce
gtgacaggcc
ggccaccect
ggcccaacte
ggagtgtagg
gaatagagga

gaggggtgta

tgctgtgcac
gtttcagcag

ggccteggtyg
agcagctatg
caaggagctc
ccagecgggat

cacggtcaag
ggtgaagaca
gctgacacgg
ccecgactece
gcccatgatg
ttactacgac
cccttatgaa
cageccactgg
cctggagact
cagacagttt
ggcgctgcag
agctgtcata
ctttgtggtc
ctgaccctgg
aaactccgaa
gcecttttgtt
gacctttagg
aactccctta
ttccaccegt
aggatggaac
cagtcacatt
aaaggccagt
ccecagtaca
tcectggectg
tgacttgttt

agaaatgtca

cctaaatatt

catceccccat
gtggcgcagg
ttggccatge
ggattcaaga
atggggccat
ctgaagctgg
caagtggact
cacacaaaag

ctggtgetgg
agcacccacc
gctcagacca
atcctggaac
aaagaggtgc
aaaggcaaca
gaagtcgacce
caggctgact
aaagtgaaga
gtctcagccecce
cggcacaacc
ggaaagacgc
gaaaagaatt
aaaagatggt
tcaaactccce
aggtctccaa
ctctectgece
tacggggcectt
gccatcactc
ggaagaaaca
ggggtgctge
gccatctcece
actcattgaa
gatgcgtgcece

tatcatatcc
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cctacgtggce
cctccaagga
tccagetgac
ttgatgacaa
ggaacaagga
tccagggett
tttcagaggt
gtatgatcag
tgaatgcccect
gccgectcett
acaagttcaa
tgccctacca
ctctctetge
tgaccaggct
tcaggaagcc
tcacgagtct
tcgaggtgaa
gcatggececce
ccacaggaac
cttecatctgg
ttagtgttaa
aaaccagatc
tagtctccecac
accagacggt
actcgggtct
acaggagctt
ttgtactgcece
ccettteate
aggtggcaga
tcceccagaaa
gcagatttcet

cagctcttca

ttgeccttga

ccacctggece
ccgcaacgtg
aacaggagga
gggcatggec
tgagatcage
catgccccac
ggagagagcc
caacttgctt
ctacttcaac
ccacaaatca
ctatactgag

cggggacacc
cctcaccaac

gceecgecte
cctagagaac
ttcagaccaa
cgagagtggce
cgaggagatc
agtcctttte
gacaaaactg
tgactcttte
tgtcteccaag
ctgagaccct
gacgcctgeg
gcagacctgg
ttgtgtgcecet
tgccaccgeg
tcagagtcca
gtgaatgtec
cagtgtgcat
gcttcetttt
ccececcaate

gtgcttgtta

180
240
300
360
420
480
540
600
660
720
780
840
900
960
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gagagaaaga
2160
gtggtctgtg
2220
acatccagceg
2280
ccgcgeecce
2340
ccttcagggg
2400
ttccaatgtg
2460
cagaacttte
2520
catttccgge
2580
ggcagctcgg
2640
ggcacaaaga
2700
ggagttcaag
2760
ttttaaatat
2820
accaatttat
2876

<210>
<211>
<212>
<213>

10
7108
DNA
Homo

<400> 10
aaaactgcga
gggtttctca
agttcattgg
gtcattaatg
cctgtctceca
cagaagaaag
caagaaagta
cagcttgaca
tctectgaac
gccaaaagac
gtccaactct
caaaagacgt
gcaacttatt
gatgaaatca
acaaatactg
gctgagaggce
tgtggcacaa
1020
aaagacagaa
1080

gaactactaa
tcacecgtatce
tgacggagcc
cgcgecccte
atcaaaagga
ttcaatagat
cccaattaca
tgetgtgtgt
attcaactac
tggatgtaat
accagcctgg

acttaaatat

gggagaattg

sapiens

ctgegeggeg
gataactggg
aacagaaaga
ctatgcagaa
caaagtgtga
ggccttcaca
cgagatttag
caggtttgga
atctaaaaga
ttctacagag
ctaaccttgg
ctgtctacat
gcagtgtggg
gtttggattc
aacatcatca
atccagaaaa
atactcatgc

tgaatgtaga

ggaaaataat
tcaggaagtc
cacactgcca

tttttccect
cggagtgggg
ttaggagcag
gggtgactca
gagcagtgga
cttagataat
gcactttggg
gcaacatacc
atatttctaa

cacacagatg

tgagctcget
ccecectgeget
aatggattta
aatcttagag
ccacatattt
gtgtccttta
tcaacttgtt
gtatgcaaac
tgaagtttct
tgaacccgaa
aactgtgaga
tgaattggga
agatcaagaa
tgcaaaaaag
acccagtaat
gtatcagggt
cagctcatta

aaaggctgaa

attatttaaa
cagccacttg
ccttgtggece

tgatggaaat
ggacagagac
aaatgcaagg
cagccgcatt
cacgtgaggg
atttctgaaa

aggccaaggc

aagaccccceg
tatctttaaa

tgaaatgaat

gagacttcct
caggaggcect
tctgectette
tgtccecatct
tgcaaatttt
tgtaagaatg
gaagagctat
agctataatt
atcatccaaa
aatccttect
actctgagga
tctgattett
ttgttacaaa
gctgecttgtyg
aatgatttga
agttetgttt
cagcatgaga

ttctgtaata
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ctcgetecta
actggcacac
gcectgagacce
tgaccataca
tcagatgagg
ggctgcatga
ggtgactcac

gggggtgggt

acctaccagc

gggaggattg

tctectttaaa
tatatatata

gtaatctaat

ggaccccgca
tcaccctetg
gcgttgaaga
gtctggagtt
gcatgctgaa
atataaccaa
tgaaaatcat
ttgcaaaaaa
gtatgggcta
tgcaggaaac
caaagcagcg
ctgaagatac
tecacccctcea
aattttctga
acaccactga
caaacttgca
acagcagttt

aaagcaaaca

gtgtttettt
acccctecegg
ctegecgeccece
atttcatcet
acagagtggt
cctaccagga
ttcaatgtgt
gagagagaca
cagagggtag
cttgagccca
aatatatata
tattttaaag

agaagc

ccaggctgtg
ctetgggtaa
agtacaaaat
gatcaaggaa
acttctcaac
aaggagccta
ttgtgetttt
ggaaaataac
cagaaaccgt
cagtctcagt
gatacaacct
cgttaataag
aggaaccadgg
gacggatgta
gaagcgtgcea
tgtggagcca
attactcact

gcctggetta
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gcaaggagcc
1140
cccagcacag
1200
aataagcaga
1260
acactaaata
1320
ggttctgatg
1380
gacgttctaa
1440
agtgatcctc
1500
agtaatattg
1560
ttaagccatg
1620
caagagcgtce
1680
cctgaggatt
1740
cagggaacta
1800
gagaataaaa
1860
ctcgaaaaag
1920
atggaactcg
1980
aagtcttcta
2040
cctaattgta
2100
aagtacaacc
2160
cctgecaactg
2220
agcgatactt
2280
aataccagtg
2340
aaactagaaa
2400
ggagaaaggyg
2460
ggtactgatt
2520
gcaaaaacag
2580
ctaattcatg
2640

aacataacag
aaaaaaaggt
aactgccatg
gcagcattca
actcacatga
atgaggtaga
atgaggecttt
aagacaaaat
taactgaaaa
ccctcacaaa
ttatcaagaa
accaaacgga
caaaaggtga
aatctgettt
aattaaatat
ccaggcatat
ctgaattgca
aaatgccagt
gagccaagaa
teccagaget
aacttaaaga
cagttaaagt
ttttgcaaac
atggcactca
aaccaaataa

gttgttccaa

atgggctgga

agatctgaat
ctcagagaat
gaaagttaat
tggggagtcet
tgaatattct
aatatgtaaa
atttgggaaa
tctaattata
taaattaaag
agcagatttg
gcagaatggt
ttctattcag
caaaacgaaa
ccacaattca
tcatgecgett
aattgatagt
caggcacagc
gagtaacaag
gaagttaaca
atttgtcaat
gtctaataat
tgaaagatct
ggaaagtatc
atgtgtgagt

agataataga

agtaaggaaa
gctgatcccce
cctagagata
gagtggtttt
gaatcaaatg
ggttcticag
agtgaaagag
acctatcgga
ggagcatttg
cgtaaaagga
gcagttcaaa
caagtgatga
aatgagaaaa
gctgaaccta
aaagcaccta
gaactagtag
tgttctagca
agaaacctac
ccaaatgaac
aatgcacctg
cctagectte
gctgaagacc
gtagagagta
tegttactgg
cagtgtgcag

aatgacacag
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catgtaatga
tgtgtgagag
ctgaagatgt
ccagaagtga
ccaaagtagce
agaaaataga
ttcactccaa
agaaggcaag
ttactgagcc
gacctacatc
agactcctga
atattactaa
atcctaaccc
taagcagcag
aaaagaatag
tcagtagaaa
gtgaagagat
aactcatgga
agacaagtaa
gttettttac
caagagaaga
ccaaagatct
gcagtatttc
aagttagcac
catttgaaaa

aaggctttaa

taggcggact
aaaagaatgg
teccttggata
tgaactgtta
tgatgtattg
cttactggece
atcagtagag
cctceccaac
acagataata
aggcctteat
aatgataaat
tagtggtcat
aatagaatca
tataagcaat
gctgaggagyg
tctaagccca
aaagaaaaaa
aggtaaagaa
aagacatgac
taagtgttca
aaaagaagag
catgttaagt
attggtacct
tetagggaag
ccccaaggga

gtatccattg
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ggacatgaag
2700
gctcagtatt
2760
aatccaggaa
2820
aaacaaagtc
2880
gagtctaata
2940
cagaaagata
3000
ctatcatctce
3060
ttacaaaacc
3120
tgtaagaaaa
3180
atgggaaatg
3240
aatgttttta
3300
gtgggctcca
3360
agaaacagag
3420
tataaacaaa
3480
gaagaagtag
3540
gaacagccta
3600
ttagatgatg
3660
tctgectgttt
3720
acccatacac
3780
gagaacttat
3840
gtaaacaata
3900
aagaacacag
3960
gtaatattgg
4020
agcttgtttt
4080
gatecctttet
4140
ggtctgagtg
4200

ttaaccacag
tgcagaatac
atgcagaaga
caaaagtcac
tcaagcctgt
agccagttga
agttcagagg
catatcgtat
atctgctaga
agaacattcc
aagaagccag
gtattaatga
ggccaaaatt
gtcttcctgg
ttcagactgt
tgggaagtag
gtgaaataaa
ttagcaaaag
atttggctca
ctagtgagga
taccttctca
aggagaattt
caaaggcatc
cttcacagtg
tgattggttce

acaaggaatt

tcgggaaaca
attcaaggtt
ggaatgtgca
ttttgaatgt
acagacagtt
taatgccaaa
caacgaaact
accaccactt
ggaaaacttt
aagtacagtg
ctcaagcaat
aataggttcc
gaatgctatg
aagtaattgt
taatacagat
tcatgcatct
ggaagatact
cgtccagaaa
gggttaccga
tgaagagctt
gtctactagg
attatcattg
tcaggaacat
cagtgaattg
ttccaaacaa

ggtttcagat

agcatagaaa
tcaaagcgcc
acattetcetg
gaacaaaagg
aatatcactg
tgtagtatca
ggactcatta
tttcccatca
gaggaacatt
agcacaatta
attaatgaag
agtgatgaaa
cttagattag
aagcatcctg
ttctecteecat
caggtttgtt
agttttgctg
ggagagctta
agaggggcca
ccctgettee
catagcaccg
aagaatagct
caccttagtg
gaagacttga
atgaggcatc

gatgaagaaa
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tggaagaaag
agtcatttgc
cccactctgg
aagaaaatca
caggctttcc
aaggaggctc
ctccaaataa
agtcatttgt
caatgtcacc
gccgtaataa
taggttccag
acattcaagc
gggttttgca
aaataaaaaa
atctgatttce
ctgagacacc
aaaatgacat
gcaggagtce
agaaattaga
aacacttgtt
ttgctaccga
taaatgactg
aggaaacaaa
ctgcaaatac
agtctgaaag

gaggaacggg

tgaacttgat
tcegttttea
gtccttaaag
aggaaagaat
tgtggttggt
taggttttgt
acatggactt
taaaactaaa
tgaaagagaa
cattagagaa
tactaatgaa
agaactaggt
acctgaggtc
gcaagaatat
agataactta
tgatgacctg
taaggaaagt
tagcccttte
gtcctcagaa
atttggtaaa
gtgtctgtct
cagtaaccag
atgttctgcet
aaacacccag
ccagggagtt

cttggaagaa
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aataatcaag
4260
agtgaaacaa
4320
actcagcaga
4380
ctagaagctg
4440
agtgactctt
4500
gtattaactt
4560
gctgacaagt
4620
gaaaggtcat
4680
tctgggagtce
4740
gtggaggagc
4800
ccaaggcaag
4860
gaccctgaat
4920
ccatcttcaa
4980
ccagetgetg
5040
agggagaagc
5100
gtgtctggece
5160
atcactttaa
5220
gagtttgtgt
5280
gttagctatt
5340
tttgaagtca
5400
gaatcccagg
5460
aacatgccca
5520
gagctttcat
5580
gcctggacag
5640
acccgagagt
5700
ctgatacccc
5760

aagagcaaag
gcgtctctga
gggataccat
tgttagaaca
ctgececttga
cacagaaaag
ttgaggtgtc
cccettctaa
ttcagaatag
aacagctgga
atctagaggg
ctgatcctte
cctetgeatt
ctcatactac
cagaattgac
tgaccccaga
ctaatctaat
gtgaacggac
tctgggtgac
gaggagatgt
acagaaagat
cagatcaact
cattcaccct
aggacaatgg
gggtgttgga

agatccccca

catggattca
agactgctca
gcaacataac
gcatgggagc
ggacctgcga
tagtgaatac
tgcagatagt
atgeccatca
aaactaccca
agagtctggg
aaccccttac
tgaagacaga
gaaagttccce
tgatactgct
agcttcaaca
agaatttatg
tactgaagag
actgaaatat
ccagtctatt
ggtcaatgga
cttecaggggg
ggaatggatg
tggcacaggt
ctteccatgea
cagtgtagca

cagccactac

aacttaggtg
gggctatcct
ctgataaagc
cagccttcta
aatccagaac
cctataagcec
tctaccagta
ttagatgata
tctcaagagg
ccacacgatt
ctggaatctg
gccccagagt
caattgaaag
gggtataatg
gaaagggtca
ctcgtgtaca
actactcatg
tttctaggaa
aaagaaagaa
agaaaccacc
ctagaaatct
gtacagctgt
gtccacccaa
attgggcaga
ctctaccagt

tgactgcagce
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aagcagcatc
ctcagagtga
tccagcagga
acagctaccce
aaagcacatc
agaatccaga
aaaataaaga
ggtggtacat
agctcattaa
tgacggaaac
gaatcagcct
cagctegtgt
ttgcagaatc
caatggaaga
acaaaagaat
agtttgccag
ttgttatgaa
ttgcgggagg
aaatgctgaa
aaggtccaaa
gttgetatgg
gtggtgctte
ttgtggttgt
tgtgtgaggce
gccaggagcet

cagccacagg

tgggtgtgag
cattttaacc
aatggctgaa
ttccatecata
agaaaaagca
aggcctttet
accaggagtyg
gcacagttgce
ggttgttgat
atcttacttg
cttectetgat
tggcaacata
tgceccagagt
aagtgtgagc
gtccatggtg
aaaacaccac
aacagatgct
aaaatgggta
tgagcatgat
gcgagcaaga
gcccttecace
tgtggtgaag
gcagccagat
acctgtggtg
ggacacctac

tacagagccce
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aggaccccaa
5820
ttcagtcctt
5880
tctggctatg
5940
atgagcacaa
6000
ccaattgagce
6060
gttggcttag
6120
agtttacttc
6180
gagagtgcett
6240
atgttggagt
6300
cttgaaacct
6360
ggcagatcac
6420
tctactaaaa
6480
caggtggcta
6540
atcataccac
6600
aaaaggaaaa
6660
aaagaatgtg
6720
taattcctca
6780
cctcttaaaa
6840
ccaggaagga
6900
aaccatacag
6960
cccattatcc
7020
tgtgcaaggg
7080
acactgcaaa
7108

<210> 11

<211> 10987

<212> DNA
<213> Homo

gaatgagctt
ctactgtcct
caagggtccc
aattatggta
aagatgctga
ggctggaagce
tctaaaaccc
gggatcgatt
ggaacattgg
gggcatggtyg
tggaggtcag
atacagaaat
aggcaggaga
ggcactccag
tgaaactagg
ttctaaaaca
ttagtaataa
tataagacct
agctgttgct
cttcataaat
aggactgttf
cagtgaagac

taaacttggt

sapiens

acaaagtggc
ggctactaaa
ttaaagattt
atttttcacc
ttcattattt
acagagtggce
tgtgttcaca
atgtgactta
ggaggaaatt
gctcacgcect
gagttcgaaa
tagcecggtea
atcacttcag
cctgggtgac
aaaggtttct
gcagaagatt
gtaaaatgtt
ctggcatgaa
ttectttgagg
aattttgctt
atagctgttg
ttgattgtac

agcaaaca

ctttccagge
tattttatgt
tetgettgaa
tgagaagatt
atcagccecta
ttggcctcaa
aaggcagaga
aagtcagaat
ctgaggcagg
gtaatcccag
ccagcctgge
tggtggtgga
ccegggaggt
agtgagactg
taaagtctga
ttcaagaacc
tattgttgta
tatttcatat
tgattttttt
gctgaaggaa
gaaggactag

aaaatacgtt
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cctgggaget
acatcagcct
gtcteccttg
ttaaaaccat
ttctttetat
gagaatagct
gtcagaccct
agtcecttggg
tattagaaat
cactttggga
caacatggtg
cacctgtaat
ggaggttgca
tggctcaaaa
gatatatttg
ggtttccaaa
gctectggtat
ctataaaatg
cctttgetcee
gaaaaagtgt
gtcttececta

ttgtaaatgt

ccteteactce
gaaaaggact
gaaatctgee
ttaaacgcca
tcaggctgtt
ggtttcecta
tcaatggaag
cagttctcaa
gaaaaggaaa
ggccaaggtg
aaacccecatc
cccagctact
gtgagccaag
aaaaaaaaaa
ctagatttet
gacagtctte
ataatccatt
acagatccca
ctgttgctga
ttttcataaa
gccecccccag

tgtgctgtta
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<400> 11
ggtggcgega
tctgetgege
acagatttgt
ctggagcgga
tccaaagaga
ggaccaataa
gaacctgcag
ccacaaagga
gggctgactce
ttaggaagga
gatcaagcag
gttectacaat
tttcatacac
ggagctgagg
agttctactg
actactgcta
agatttatcg
1020
ggatttggaa
1080
aagtcaatgc
1140
gaagatagtt
1200
actagcaaga
1260
aaaaaccaag
1320
ccattagatt
1380
aaggaagttg
1440
ggagcccaga
1500
gaaaaagacc
1560
tetttgecac
1620
gtaaataaga
1680
aagcaggcaa
1740
atattcagaa
1800
actgatccaa
1860
gtttgetcac
1920
gccaccacca
1980

gettcectgaaa
ctecgggtgtce
gaccggcgcg

cttatttacc
ggccaacatt
gtettaattg
aagaatctga
aaccatctta
tgecgetgta
atgttcccaa
atgatgtttc
gtacacatgt
caaagtttgt
tggatcctga
tgctcatagt
atgtgaaaag
ctteotgtgac
aaacatcagg
caaatgtcct
tttcattatg
ctaggaaaaa
tgaaagaaaa
caaatgtagc
taccgtcecttt
tggagaaaat
tattagacac
gtatttctag
gagatgaaga
tatctggaac
taagagaatc
actttaaaaa

agaaggagga

cacagaattc

ctaggcggea
ttttgecggeg
gtttttgtca
aagcattgga
ttttgaaatt
gtttgaagaa
acataaaaac
taatcagctg
ccaatctect
tagtagacat
ctgtccactt
aacaccacaa

gaagggtcgt
tatgtcttgg
cagaaatgaa
ctatttttcce
agacagtgaa
gaattcattt
agaagatgaa
tttttctaaa
aattttecat
atactcattt
acatcagaag
ggcctgtgaa
acccctattg
agagaacaaa
cctaccaaaa
gcagcatctt
ttctecagtg
acctaaagag
agaaactgaa

ctccttatgt

tgtagectttg

gaggcggagce
gtgggtegece
gcttactcceg
ggaatatcgt
tttaagacac
ctttecttcag
aacaattacg
gcttcaactce
gtaaaagaat
aaaagtcttce
ctaaattctt
agagataagt
cagacaccaa
tcaagttctt
gaagcatctg
aatcatgatg
aacacaaatc
aaagtaaata
gtatatgaaa
tgtagaacaa
gaagcaaacg
gtatctgaag
ccctttgaga
tggtctcaac
catatttctt
agaaagaaag
tcagagaagc
gaatctcata
gcttetteat
actttcaatg
gcctctgaaa

ccaaatttaa

aagaatgcag
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cgctgtggea
gccgggagaa

gccaaaaaag
aggtaaaaat
gctgcaacaa
aagctccacc
aaccaaacct
caataatatt
tagataaatt
gcacagtgaa
gtcttagtga
cagtggtatg
aacatattte
tagctacacc
aaactgtatt
aaagtctgaa
aaagagaagc
gctgcaaaga
cagttgtaga
aaaatctaca
ctgatgaatg
tggaaccaaa
gtggaagtga
taaccctttce
catgtgacca
attttcttac
cattaaatga
cagactgcat
ttcagggtat
caagtttttc
gtggactgga
ttgataatgg

gtttaatatc

ctgctgegee
gcgtgagggg
aactgcacct
gcctattgga
agcagattta
ctataattct
atttaaaact
caaagagcaa
caaattagac
aactaaaatg
aagtcctgtt

tgggagtttg
tgaaagtcta
acccacccectt
tcctecatgat
gaaaaatgat
tgcaagtcat
ccacattgga
tacctetgaa
aaaagtaaga
tgaaaaatct
tgatactgat
caaaatctcc
aggtctaaat
aaatatttca
ttcagagaat
ggaaacagtg
tcttgecagta
caaaaagtct
aggtcatatg
aatacatact

aagctggcca

cactttgaaa
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aagaaaacaa
2040
ataccgaaag
2100
tttgaagcac
2160
agaagctgtt
2220
acaattctga
2280
gatcttgatt
2340
gaagctgatt
2400
aaagtttcag
2460
aaagtggaat
2520
aatgeccagea
2580
atttctagag
2640
tctgatgttg
2700
aatgaaaatt
2760
ccttecaagaa
2820
gaagaaacta
2880
gacaatgaga
2940
aatactaagg
3000
tctaccatgg
3060
aaagatttgg
3120
atgactctag
3180
aaaaataatg
3240
tttggaggta
3300
aagaagagca
3360
gttgaaattg
3420
attaatactg
3480
catataaccc
3540

ataagtttat

accaaaaatc
cacttacatt
cacagaatga
ggaaatgttc
at aaagaagc
ctctgtecatg
at ataaaaga
acagtgatac
ctettatttt
gcaaagaatc
aattaaccaa
ataaaaacgt
aggtacaatt
cttcaatttc
ataattttgt
aacttcatga
ttttatatgg
tttatgttct
gtcaagattt
attacatgaa
gcttecagaac
aaatgttctt
taaatacctt
tatctgcaca

ctcagatgtt

ttatgctata
agaactaatt
tgcaaatgct
ttctgaagaa
tagaaatgaa
aaaatgtaat
cctgecaggaa
agaggtcttg
tgactttcaa
aactcctact
atacaaaatg
aaatattccc
tgagctgttg
caaccaaaac
aaaaataact
cttccaagta
aacagacttg
agacacaggt
tgcagaggag
aaaatcggac
caaatgggca
agcttcaaat
caaagatatt
ggcattagat
tttacagagt

attttccaag

catgatgaaa
aactgttcag
gattcaggtt
ccaactttgt
acatgttcta
aaggaaaaac
ggacagtgtg
gctgcagceat
tcccagaaaa
tccaaggatg
tcagacaagc
atggaaaaga
ccacctgaaa
acaaatctaa
gtcaatccag
gctaatgaaa
acttgtgtaa
gataaacaag
aacaaaaata
atctccttga
ggactcttag
aaggaaatca
gaagaacaat
aatcaaaaga
agtgtagttg

caggatttta
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cattttataa
cccagtttga
tattgecattce
ccttaactag
ataatacagt
tacagttatt
aaaatgatcce
gtcacccagt
gtcttttata
ttetgtcaaa
tcaaaggtaa
atcaagatgt
aatacatgag
gagtaatcca
actctgaaga
ggaataatct
acgaacccat
caacccaagt
gtgtaaagca
atatagataa
gtccaatttce
agctctctga
atcctactag
aactgagcaa
tttctgattg

attcaaacca

aggaaaaaaa
agcaaatgct
ttectgtgaaa
ctcttttggg
aatctctcecag
tattacccca
aaaaagcaaa
acaacattca
tgatcatgaa
cctagtcatg
caattatgaa
atgtgcttta
agtagcatca
aaaaaatcaa
acttttctca
tgctttagga
tttcaagaac
gtcaattaaa
gcatataaaa
aataccagaa
aaatcacagt
acataacatt
tttagecttgt
gcctcagtcea
taaaaatagt

taatttaaca
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cctagccaaa
3600
tttgaattta
3660
cctgaaaacc
3720
catgtcataa
3780
acagttgaaa
3840
tctggttatt
3900
acaaaactga
3960
gagaatatta
4020
tgtcatgatt
4080
gaaaaaaata
4140
tttgttgaag
4200
actgctgeca
4260
gatactgttt
4320
tgtettaaat
4380
tcagatttaa
4440
aataaagaac
4500
gatacatttt
4560
aaaattgtaa
4620
gaattacatt
4680
atagttaaac
4740
accttccagg
4800
catacagcta
4860
ctttttgatg
4920
aagaccctaa
4980
atcacagctg
5040
gtttctattg
5100

aggcagaaat
ctcagtttag
agatgactat
tgaatgcceccce
ttaaacggaa
taacagatga
atgtttctac
gtgaggaaac
ctgttgtttc
ataaatgcca
aaattactga
gtagaaattc
gtattcataa
tatctggcca
cttttttgga
agttaactgc
ttcagactgce
atttctttga
ctgacataag
acaaaatact
gacaacccga
gcgggaaaaa
aaaaagagca
agtacagaga
ccccaaagtg

agactgtggt

tacagaactt
aaaaccaagc
cttaaagacc
atcgattggt
gtttgetgge
aaatgaagtg
tgaagctctg
ttctgcagag
aatgtttaag
actgatatta
aaattacaag
tcataactta
agatgaaacg
gtttatgaag
agttgcgaaa
tactaaaacg
aagtgggaaa
tcagaaacca
aaagaacaaa
gaaagaaagt
acgtgatgaa
agttaaaatt
aggtactagt
ggcctgtaaa
taaagaaatg

gccacctaag

tctactatat
tacatattgc
acttctgagg
caggtagaca
ctgttgaaaa
gggtttaggg
caaaaagctg
gtacatccaa
atagaaaatc
caaaataata
agaaatactg
gaatttgatg
gacttgctat
gagggaaaca
gctcaagaag
gagcaaaata
aatattagtg
gaagaattgce
atggacattc
gtcccagttg
aagatcaaag
gcaaaggaat
gaaatcacca
gaccttgaat
cagaattctc

ctcttaagtyg
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tagaagaatc
agaagagtac
aatgcagaga
gcagcaagca
atgactgtaa
gcttttatte
tgaaactgtt
taagtttatc
ataatgataa
ttgaaatgac
aaaatgaaga
gcagtgattc
ttactgatca
ctcagattaa
catgtcatgg
taaaagattt
tcgeccaaaga
ataacttttce
taagttatga
gtactggaaa
aacctactct
ctttggacaa
gttttagceca
tagcatgtga
tcaataatga

ataatttatg

aggaagtcag
atttgaagtg
tgctgatcectt
atttgaaggt
caaaagtget
tgctecatgge
tagtgatatt
ttcaagtaaa
aactgtaagt
tactggcact
taacaaatat
aagtaaaaat
gcacaacata
agaagatttg
taatacttca
tgagacttct
gtcatttaat
cttaaattct
ggaaacagac
tcaactagtg
gttgggtttt
agtgaaaaac
tcaatgggca
gaccattgag
taaaaacctt

tagacaaact



WO 2005/100605

gaaaatctca
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5220
gaaaattcag
5280
tcattacttg
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ataaatactg
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5520
aaaaataaac
5580
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5640
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5700
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gtgttgataa

aagaatttaa

aagtatcttt
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ttacacaagt
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ttccaaagta
tgctatacgt
ttcatctget
ttcettacac
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attatcaaat

ttgaaagtta
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tgtagtagaa
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ttgtatgaaa
aaacaagata
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aaagatgcaa
actagctett
aataattttg
tcacatgaaa
aaggaaaaca
gaggcattgg
acgcattcac
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ttctectggat
aaagttaagg
tcacctacgt
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aacttaaatg
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ttcttcagaa
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9540
ttttggatag
9600
ctecagtgge
9660
gtgttttctg
9720
actgttgaga
9780

gaagatcggc
tctgtgttte
ctagtagtgc
ttaaggccca
gtcagaagat
ttgaagccecc
ggtataccaa
ttttcagtga
tacagtggat
aaaaggaagc
aaattcagga
gtgcactaac
tgaagaatgc
ccttgaataa
ttaggaaggc
ccgtgtggaa
gtatttggeg
tttatcatct
cagcgacaaa
tttaccagcec
cttgttetga
ccectttegt
accttaatga
gaccagaatc
ctagtccaaa

atattgacat

tataaaaaag
tgacataatt
agatacccaa
gttagatcct
tattcttcat
agaatctctt
acttggattc
tggaggaaat
ggagaagaca
agcaaaatat
ggaatttgaa
aagacagcaa
agcagaccca
tcacaggcaa
catggaatct
gttgcgtatt
tccatcatca
tgcaacttca
aaaaactcag
acgggagccec
ggtégaccta
ctatttgtca
ggacattatt
caaatcaggce

agagggceac

actttgcaat

ataatggaaa
tcattgagcg
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ccectettag
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atgttaaaga
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gctgaacaaa
gtaagctatt
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aaatctaaaa
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cttcacttca
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aagcctcata
cttcttactt
tttcaagaga

gaagcagaaa
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ctgtcttaaa
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ctagaccttt
ttgatgtaat
tatacatatt
aacaaaagag
aaaacacaac
tgcaagatgg
agggttattt
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caaaaaaaga
ctctgttaac
gtaaatctga
taccggtttce
gcaaattttt
tegtttetgt
acaatttact
tgttaattgce
tatttgctgg
cattcaacaa

acaagcttat

agctgcaaaa
tgaaacttct
tacagatggg
gaatggcaga
tcetgatgee
cagtactcgg
tectetgece
tattcaaaga
tecgcaatgaa
actagaagcc
aaaaccatat
tgcagagcett
cagtgaagag
agctcagatc
tttatcaagg
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aagagctaac
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catgcaaatg
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gctcaaatca
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tattatcaaa
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tcagcccaga
10020
tgcaaaaaga
10080
cccatttgta
10140
ggcaccaaat
10200
tttaaaaaat
10260
gcattgataa
10320
gtcagtgaat
10380
cgttgtacta
10440
gagaaaaata
10500
acaataaatt
10560
acacattagt
10620
tttgtgtatc
10680
tgcatatctt
10740
ctecggtggcet
10800
aggccaggag
10860
aaaaaaaagg
10920
ttacaatcaa
10980
gacacta
10987

<210>
<211>
<212>
<213>

12
3670
DNA
Homo

<400> 12

atcccaagtg
ttcetggtac
gtcectttate
tgacttcaaa
gaagagcctt
catttgtttc
acgaaacacc
tcaatgaaat
atacccaagc
ccactaggac
catctctgat
agcaggacac
attgacgctt
acttatgttg
gggcaaaaat
aaaactaaat
catgcctgta
ttcaagacca
ggaaaagaaa

caaaatggtc

sapiens

gtccacccea
aggaaacaag
actttgtatg
gtcttgtaaa
ggatttettg
tceggetgea
cataaagaaa
ttctettttg
tcttttgtcet
tgctcccace
caaagaacag
aattacaact
aacctttcca
cacaatgaga
cgttttgecce
gtaatttatt
atcccaacac
gcectgggcaa
atcttttaaa

atccaaactc

actaaagact
cttectgatgt
gccaaaagga
ggggagaaag
agtagactgc
cagaaggcat
aaagaactga
gaaagtaatt
ggttcaacag
agttcagaag
gagagttccce
aaaaaatata
gtttataaga
aaagaaatta
gattccgtat
aactaatcaa
tttgagaagc
catagggaga
tctttggatt

aaacttgaga
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gtacttcagg
cttctectaa
agtetgttte
agattgatga
ctttacctce
ttcagccacc
attctcctea
caatagctga
gagaaaaaca
attatctcag
aggccagtac
tctaagcatt
ctggaatata
gtttcaaatt
tggtatactt
gaaaaacatc
tgaggtggga
cccecatett
tgatcactac

aaatatcttg

gccegtacact
ttgtgagata
cacacctgtc
ccaaaagaac
acctgttagt
aaggagttgt
gatgactcca
cgaagaactt
atttatatct
actgaaacga
ggaagaatgt
tgcaaaggcg
atttcaaacc
tacctcageg
ttgcttecagt
tttggctgag
ggagtgcttg
tacgaagaaa
aagtattatt

ctttcaaatt

ggctagcgeg ggaggtggag aaagaggctt gggcggecce getgtagecg cgtgtgggag 60
gacgcacggg cctgcttcaa agetttggga taacagecgcece tcegggggat aatgaatgeg 120
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gagcctecegt
gcaaggaaac
ctcctctaac
agccaggaga
gcacccacat
cccacctgeg
gcaagagctg
agccatgggg
gcagtgcgeg
ggcgggagge
tgggcaagag
gacagtccag
acgtatctta
tggcaagggt
caagattttc
1020
tgtagagaag
1080
caagtatgag
1140
gaacatctcc
1200
cttcecgaggg
1260
cacagatgag
1320
ccaagaacca
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cagcgtcatc
1440
ggccacagac
1500
tgatgccaat
1560
gaatgcagtg
1620
accagcgtgg
1680
caccacccac
1740
ggccaaaaac
1800
gctceccaacc
1860
gtttgtccca
1920
gtgtgtctac
1980
gagagaccca
2040
caccctcgac
2100

tttcagtcga
atttectette
ccagaactge

gcgcaggagyg
cggtcccacc
ctcacctgge
agcggaacac
ctcectegtg
gcctecgage
gcggagcagg

ccagctctgt
gaaagaaggt
cgaagacaca
ccecttececcecece
tacagcatca
gagacaggct
ctetttggce
atcatagtga
agtgtcttag
gatgatgcca
aaggacccac
tccagtggcce
atggatggag

gacaatgctc
ggccatgagg
cgtgccacct
cctgagagca
cagcacaccc
tccacagcca
ccectecaaag
actgcagaag
gcagggtgge

cgtgaggatg

cttcagatgt
ccgtactgag
gagacagagg
gcatccggga

tgcgaggggyg
cteectecege

cggcecegecg
gacctctege

cgtgeeggge
agcccggeca
ttagcactga
cactgaagga
agagagattg
agagactgaa
¢cggggcceggy

ggttgttgtt
acgctgtgte
ccgaccagaa
agggagtcct
tctacaccta
acgacctcat
tggaccggga
acggctccac
ccatgtttga
tgcagaggct
accttatcat
accagggcat
tgtacgttga
ccatagtggt
tcgttgaggt
accctgacaa
tagccatgga

agcagtttgt

gtctccactt

gaggctgagg
ctgagtccecct

ggccaggagg
cgggacctcg
tggctecegg
tcgeggeage
gtctctecte
ggtcttcagg

ggcgcetgggg
taatgatgac
aaggaatcca

ggtggttget
tecagctcaag
ggcagacagc
gaataagcca
agagaatggt
tgaccacaag
accaggtact
caatggggtg
gttcacaatt
aaaagtccct
caccacggca
cccccagaag
gacggtcact
gggcggtgac
cctgacaacc
agtgaccaac
ccacgtggag
ccaggagggce
ggagaatcaa
cccagacagt

gaggaacaac
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tttteecgetg
agtgcactgg
gtaaagaaca
ggttegetgg
tggcgctgga
gggctgeggt
tgcttcaccce
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gaggctgaag
aaagtattca
ttecactgtge
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aggaagggtt

gaggcccett
gatgtgaatg
atcceccactg
aagatcagct

gggcaggtca

atctatgaag

tagccgecaag
gtgttctttt
gctccagaaa
ggcctcaacc
ccaatcagca
gctcaaaggyg
ctectetetge
tttgetggcet
tgaccttgga
tgggctgece
ggaatggcga

tccecatccaa
tcecetgaaaa
atagagacac
gtgtcttege
aggagattge
aggaccccat
cccaggacac
agatgacagc
ccatccatag
caggcaccat
tgaccatcca
tggagatcct
atgtgcctga
ccecccaacte
attttaccat
tggattttga
ttgtgctgaa
aggcacctgt
gggagcctgt
accgeatcct
cagctgtggg

tcatggtctt

180
240
300
360
420
480
540
600
660
720
780
840
900
960
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acatcacgga
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cggaggtggt
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tttcaggatg
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tagagaaagt
tctggtttcee
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ggaéaatcgt

tggcacggga
gccecegteag
caaggacctg
ctactggacg
cctgaagcag
gctgacggtyg
accctggaaa
cctgetggtg
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ggaccaggac
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