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(57) ABSTRACT 

The invention relates to nucleic acid molecules and proteins 
associated with breast cancer. Compositions, kits, and meth 
ods for detecting, characterizing, preventing, and treating 
human breast cancers are provided. 
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COMPOSITIONS, KITS, AND METHODS FOR 
IDENTIFICATION, ASSESSMENT, 

PREVENTION, AND THERAPY OF BREAST 
CANCER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 10/855,588, filed on May 26, 2004, the 
entire contents of which are expressly incorporated herein by 
reference. This application also claims the benefit of U.S. 
Provisional Application No. 60/474.281, filed May 29, 2003, 
and U.S. Provisional Application No. 60/555,557, filed Mar. 
23, 2004, the entire contents of each of which are expressly 
incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The field of the invention is breast cancer, including 
diagnosis, characterization, management, and therapy of 
breast cancer. 

BACKGROUND OF THE INVENTION 

0003. The increased number of cancer cases reported in 
the United States, and, indeed, around the world, is a major 
concern. Currently there are only a handful of treatments 
available for specific types of cancer, and these provide no 
absolute guarantee of Success. In order to be most effective, 
these treatments require not only an early detection of the 
malignancy, but a reliable assessment of the severity of the 
malignancy. 
0004. The incidence of breast cancer, a leading cause of 
death in women, has been gradually increasing in the United 
States over the last thirty years. In 1997, it was estimated that 
181,000 new cases were reported in the U.S., and that 44,000 
people would die of breast cancer (Parker et al., 1997, CA 
Cancer J. Clin. 47:5-27; Chu et al., 1996, J. Nat. Cancer Inst. 
88: 1571-1579). While the pathogenesis of breast cancer is 
unclear, transformation of normal breast epithelium to a 
malignant phenotype may be the result of genetic factors, 
especially in women under 30 (Mild et al., 1994, Science, 
266:66-71). The discovery and characterization of BRCA1 
and BRCA2 has recently expanded our knowledge of genetic 
factors which can contribute to familial breast cancer. Germ 
line mutations within these two loci are associated with a 50 
to 85% lifetime risk of breast and/or ovarian cancer (Casey, 
1997, Curr. Opin. Oncol.9:88-93; Marcus et al., 1996, Can 
cer 77:697-709). However, it is likely that other, non-genetic 
factors also have a significant effect on the etiology of the 
disease. Regardless of its origin, breast cancer morbidity and 
mortality increases significantly if it is not detected early in its 
progression. Thus, considerable effort has focused on the 
early detection of cellular transformation and tumor forma 
tion in breast tissue. 
0005. Currently, the principal manner of identifying breast 
cancer is through detection of the presence of dense tumorous 
tissue. This may be accomplished to varying degrees of effec 
tiveness by direct examination of the outside of the breast, or 
through mammography or other X-ray imaging methods (Ja 
toi, 1999, Am. J. Surg. 177:518-524). The latter approach is 
not without considerable cost, however. Every time a mam 
mogram is taken, the patient incurs a small risk of having a 
breast tumor induced by the ionizing properties of the radia 
tion used during the test. In addition, the process is expensive 
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and the Subjective interpretations of a technician can lead to 
imprecision, e.g., one study showed major clinical disagree 
ments for about one-third of a set of mammograms that were 
interpreted individually by a Surveyed group of radiologists. 
Moreover, many women find that undergoing a mammogram 
is a painful experience. Accordingly, the National Cancer 
Institute has not recommended mammograms for women 
under fifty years of age, since this group is not as likely to 
develop breast cancers as are older women. It is compelling to 
note, however, that while only about 22% of breast cancers 
occur in women under fifty, data Suggests that breast cancer is 
more aggressive in pre-menopausal women. 
0006. It would therefore be beneficial to provide specific 
methods and reagents for the diagnosis, staging, prognosis, 
monitoring, and treatment of diseases associated with breast 
cancer, or to indicate a predisposition to such for preventative 
CaSUS. 

SUMMARY OF THE INVENTION 

0007. The invention relates to cancer markers (hereinafter 
“markers' or “markers of the inventions'), which are listed in 
Table 1 and Table 2. The invention provides nucleic acids and 
proteins that are encoded by or correspond to the markers 
(hereinafter “marker nucleic acids' and “marker proteins.” 
respectively). The invention further provides antibodies, anti 
body derivatives and antibody fragments which bind specifi 
cally with Such marker proteins and/or fragments of the 
marker proteins. 
0008. The invention also relates to various methods, 
reagents and kits for diagnosing, staging, prognosing, moni 
toring and treating breast cancer. In one embodiment, the 
invention provides a diagnostic method of assessing whether 
a patient has breast cancer or has higher than normal risk for 
developing breast cancer, comprising comparing the level of 
expression of at least one marker of the invention in a patient 
sample and the normal level of expression of the marker or 
markers in a control, e.g., a sample from a patient without 
breast cancer. Elevated expression of the marker or markers in 
the patient sample can be indicative of a patient having or at 
risk for developing breast cancer. 
0009. In another embodiment, the invention provides a 
diagnostic method of assessing whether a patient has an 
aggressive breast tumor or is likely to develop an aggressive 
breast tumor, comprising comparing the level of expression 
of at least one marker of the invention in a patient sample and 
the level of expression of the marker in a sample from a 
control Subject having an indolent breast tumor or no breast 
tumor. Elevated expression of the marker can be indicative of 
aggressive breast cancer. 
0010 Thus, the methods of the present invention can be of 
use in identifying patients having an enhanced risk of devel 
oping breast cancer (e.g., patients having a familial history of 
breast cancer, patients identified as having a mutant onco 
gene). The methods are also useful diagnostics for assessing 
whether a patient has an aggressive breast cancer or is likely 
to develop an aggressive breast tumor. 
0011. The methods of the present invention may be useful 
in predicting the specific stage of breast cancer, as well as in 
assessing whether the cancer has metastasized (e.g., metasta 
sis to the lymph nodes). Still further, the methods of the 
present invention are also useful in predicting the clinical 
outcome for a patient with breast cancer, or for a patient who 
has undergone therapy to eradicate breast cancer. Addition 
ally, the methods of the present invention are also useful in 
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assessing the efficacy of treatment of a breast cancer patient 
(e.g., the efficacy of chemotherapy). 
0012. According to the invention, the markers are selected 
such that the positive predictive value of the methods of the 
invention is at least about 10%, preferably about 25%, more 
preferably about 50% and most preferably about 90%. Also 
preferred are embodiments of the method wherein the marker 
is over-expressed by at least five-fold in at least about 15% of 
breast cancer patients (including, e.g., stage 0 breast cancer 
patients, stage Ibreast cancer patients, stage IIA breast cancer 
patients, stage IIB breast cancer patients, stage IIIA breast 
cancer patients, stage IIIB breast cancer patients, stage IV 
breast cancer patients, grade I breast cancer patients, grade II 
breast cancer patients, grade III breast cancer patients, malig 
nant breast cancer patients, ductal carcinoma breast cancer 
patients, and lobular carcinoma breast cancer patients, and 
any other types of cancers, malignancies and transformations 
associated with the breast) as compared to normal non-breast 
cancer patients. 
0013 In one aspect, a diagnostic method of assessing 
whether a patient is afflicted with breast cancer (e.g., new 
detection 'screening.” detection of recurrence, reflex testing) 
is provided. Such method comprises comparing the level of 
expression of at least one marker listed in Table 1 in a sample 
from the patient, and the level of expression of the marker or 
markers in a control Subject not having breast cancer. A sig 
nificantly higher level of expression of the marker in the 
patient sample, as compared to the level in the control Subject, 
is an indication that the patient is afflicted with breast cancer. 
0014. The invention additionally provides a diagnostic 
method for assessing whether a patient is afflicted with an 
aggressive breast cancer, comprising the steps of 
0015 determining the level of expression of at least one 
marker in a patient sample, wherein the marker is selected 
from the group consisting of the markers listed in Table 2: 
0016 determining the level of expression of the marker or 
markers in a sample from a control Subject having an indolent 
breast tumor or no breast tumor; and 
0017 comparing the level of expression of the marker in 
the patient sample and in the sample from a control Subject. A 
significantly higher level of expression of the marker or mark 
ers in the patient sample, as compared to the level in the 
sample from the control Subject, is an indication that the 
patient has an aggressive breast cancer or is likely to develop 
an aggressive breast tumor. No difference in expression 
between the patient sample and the control sample, or a 
significantly lower level of expression in the patient sample, 
as compared to the control level, indicates that the patient has 
an indolent breast cancer. 
0018. The invention further provides a diagnostic method 
of assessing whether a patient is afflicted with a breast cancer 
which has metastasized or is likely to metastasize, the method 
comprising comparing the level of expression of at least one 
marker listed in Table 2 in a sample from the patient, and the 
level of expression of the marker or markers in a sample from 
a control Subject having a non-metastasized breast tumor or 
no breast tumor. A significantly higher level of expression in 
the patient sample as compared to the level in the sample from 
the control Subject is an indication that the breast cancer has 
metastasized or is likely to metastasize. 
0019. In another embodiment, the present invention 
includes a method for determining whether a patient has 
breast cancer that has metastasized to lymph nodes, or is 
likely to metastasize to lymph nodes, the method comprising 
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comparing the level of expression of a marker listed in Table 
2 in a sample from the patient, and the level of expression in 
a sample from a control Subject having a non-metastasized 
breast tumor or no breast tumor. A significantly higher level of 
expression in the patient sample as compared to the level in 
the sample from the control Subject, is an indication that the 
patient is afflicted with metastatic breast cancer that has 
metastasized to lymph nodes, or is likely to metastasize to 
lymph nodes. 
0020. The invention also provides a method for predicting 
the clinical outcome of a breast cancer patient, comprising 
comparing the level of expression of at least one marker listed 
in Table 2 in a sample from the patient and the level of 
expression of the marker or markers in a sample for a control 
Subject having a good clinical outcome (e.g., a former breast 
cancer patient having greater than five years of disease free 
survival level). A significantly higher level of expression in 
the patient sample as compared to the expression level in the 
sample from the control Subject is an indication that the 
patient has a poor outcome (e.g., less than three years of 
disease free survival). 
0021. The invention also provides methods for assessing 
the efficacy of a therapy for inhibiting breast cancer in a 
patient. Such methods comprise comparing expression of at 
least one marker of the invention in a first sample obtained 
from the patient prior to providing at least a portion of the 
therapy to the patient, and expression of the marker or mark 
ers in a second sample obtained from the patient following 
provision of the portion of the therapy. A significantly lower 
level of expression of the marker or markers in the second 
sample relative to that in the first sample is an indication that 
the therapy is efficacious for inhibiting breast cancer in the 
patient. 
0022. It will be appreciated that in these methods the 
“therapy may be any therapy for treating breast cancer 
including, but not limited to, chemotherapy, radiation 
therapy, Surgical removal of tumor tissue, gene therapy and 
biologic therapy, such as the administering of antibodies and 
chemokines. Thus, the methods of the invention may be used 
to evaluate a patient before, during and after therapy, for 
example, to evaluate the reduction in tumor burden. 
0023. In a preferred embodiment, the methods are directed 
to therapy using a chemical or biologic agent. These methods 
comprise comparing expression of at least one marker of the 
invention in a first sample obtained from the patient and 
maintained in the presence of the chemical or biologic agent, 
and expression of the marker in a second sample obtained 
from the patient and maintained in the absence of the agent. A 
significantly lower level of expression of the marker or mark 
ers in the second sample relative to that in the first sample is 
an indication that the agent is efficacious for inhibiting breast 
cancer, in the patient. In certain embodiments, the first and 
second samples can be portions of a single sample obtained 
from the patient, orportions of pooled samples obtained from 
the patient. 
0024. The invention additionally provides a monitoring 
method for assessing progression of breast cancerina patient, 
the method comprising: 
0025 detecting in a sample from the patient at a first time 
point, the expression of at least one marker of the invention; 
0026 repeating the detection of expression step at a sub 
sequent time point in time; and 
0027 comparing the level of expression detected in the 

first and second detection steps, thereby monitoring the pro 
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gression of breast cancer in the patient. A significantly higher 
level of expression of the marker in the sample at the subse 
quent time point from that of the sample at the first time point 
is an indication that the breast cancer has progressed in the 
patient, whereas a significantly lower level of expression is an 
indication that the breast cancer has regressed. In one 
embodiment, the patient has undergone Surgery to remove a 
tumor between the first point in time and the Subsequent point 
in time. 
0028. The invention moreover provides a test method for 
selecting a candidate composition for inhibiting breast cancer 
in a patient. This method comprises the steps of 
0029 obtaining a sample comprising cancer cells from the 
patient; 
0030 separately maintaining at least one sample compris 
ing cancer cells from the patient in the presence of at least one 
test composition; 
0031 comparing expression of at least one marker of the 
invention in each of the aliquots; and 
0032 selecting a test composition as a candidate compo 
sition for inhibition of breast cancer where the composition 
significantly reduces the level of expression of at least one 
marker of the invention in the aliquot containing that test 
composition, relative to the levels of expression of the marker 
in the presence of the other test compositions. 
0033. The invention additionally provides a test method of 
assessing the breast carcinogenic potential of a compound. 
This method comprises the steps of maintaining separate 
aliquots of breast cells in the presence and absence of a 
compound; and comparing expression of a marker of the 
invention in each of the aliquots. A significantly higher level 
of expression of the marker in the aliquot maintained in the 
presence of the compound, relative to that of the aliquot 
maintained in the absence of the compound, is an indication 
that the compound possesses breast carcinogenic potential. 
0034. In addition, the invention further provides a method 
of inhibiting breast cancer in a patient. This method com 
prises the steps of 
0035) obtaining a sample comprising cancer cells from a 
patient; 
0.036 separately maintaining at least one sample compris 
ing cancer cells from a patient in the presence of a test com 
position; 
0037 comparing expression of a marker of the invention 
in each of the aliquots; 
0038 identifying a composition as an inhibitor of breast 
cancer where the composition significantly lowers the level of 
expression of a marker of the invention in the aliquot contain 
ing the composition relative to the levels of expression of the 
marker in the presence of the other compositions; and 
0039 administering to the patient at least one of the com 
positions which are identified as an inhibitor of breast cancer. 
0040. According to the invention, the level of expression 
of a marker of the invention in a sample can be assessed, for 
example, by detecting the presence in the sample of: 
0041 the corresponding marker protein (e.g., a protein 
having any one of the sequences of SEQID NO: 2, SEQID 
NO:4, SEQID NO: 6, SEQID NO: 8, SEQID NO: 10, SEQ 
IDNO: 12, SEQID NO: 14, SEQIDNO:16, SEQID NO:18, 
SEQID NO: 20, SEQ ID NO: 22, SEQID NO: 24, SEQ ID 
NO: 26, SEQID NO: 28, SEQID NO:30, SEQID NO:32, 
SEQID NO:34, SEQ ID NO:36, SEQID NO:38, SEQ ID 
NO: 40, SEQID NO:42, SEQID NO: 44, SEQID NO:46, 
SEQID NO:48, SEQ ID NO:50, SEQID NO:52, SEQ ID 

Mar. 25, 2010 

NO:54, SEQID NO:56, SEQID NO:58, SEQID NO: 60, 
SEQID NO: 62, SEQID NO: 64, SEQID NO: 66, SEQ ID 
NO: 68, SEQID NO: 70, SEQID NO: 72, SEQID NO: 74, 
SEQID NO: 76, SEQ ID NO: 78, SEQID NO:80, SEQ ID 
NO: 82, SEQID NO: 84, SEQID NO: 86, SEQID NO: 88, 
SEQID NO: 90, SEQID NO: 92, SEQID NO: 94, and SEQ 
ID NO: 96) or a fragment of the protein (e.g., by using a 
reagent, such as an antibody, an antibody derivative, an anti 
body fragment or single-chain antibody, which binds specifi 
cally with the protein or protein fragment); 
0042 the corresponding marker nucleic acid (e.g., a nucle 
otide transcript having one of the sequences of the SEQ ID 
NOs (e.g., SEQ ID NO: 1, SEQID NO:3, SEQ ID NO: 5, 
SEQID NO:7, SEQID NO:9, SEQID NO: 11, SEQID NO: 
13, SEQID NO: 15, SEQID NO: 17, SEQID NO: 19, SEQ 
IDNO:21, SEQID NO:23, SEQIDNO:25, SEQID NO:27, 
SEQID NO: 29, SEQ ID NO:31, SEQID NO:33, SEQ ID 
NO:35, SEQID NO:37, SEQID NO:39, SEQID NO:41, 
SEQID NO:43, SEQ ID NO:45, SEQID NO:47, SEQ ID 
NO:49, SEQID NO:51, SEQID NO:53, SEQID NO:55, 
SEQID NO:57, SEQ ID NO. 59, SEQID NO: 61, SEQ ID 
NO: 63, SEQID NO: 65, SEQID NO: 67, SEQID NO: 69, 
SEQID NO: 71, SEQ ID NO: 73, SEQID NO: 75, SEQ ID 
NO: 77, SEQID NO: 79, SEQID NO: 81, SEQID NO: 83, 
SEQID NO: 85, SEQ ID NO: 87, SEQID NO: 89, SEQ ID 
NO: 91, SEQID NO: 93, and SEQID NO: 95), or a comple 
ment thereof), or a fragment of the nucleic acid (e.g., by 
contacting transcribed polynucleotides obtained from the 
sample with a Substrate having affixed thereto one or more 
nucleic acids having the entire or a segment of the sequence of 
any of the SEQID NOS (e.g., SEQID NO: 1, SEQID NO:3, 
SEQID NO:5, SEQID NO: 7, SEQID NO:9, SEQID NO: 
11, SEQID NO: 13, SEQID NO: 15, SEQID NO: 17, SEQ 
IDNO: 19, SEQID NO:21, SEQIDNO:23, SEQID NO:25, 
SEQID NO: 27, SEQ ID NO: 29, SEQID NO:31, SEQ ID 
NO:33, SEQID NO:35, SEQID NO:37, SEQID NO:39, 
SEQID NO:41, SEQ ID NO:43, SEQID NO:45, SEQ ID 
NO:47, SEQID NO:49, SEQID NO:51, SEQID NO:53, 
SEQID NO:55, SEQ ID NO:57, SEQID NO. 59, SEQ ID 
NO: 61, SEQID NO: 63, SEQID NO: 65, SEQID NO: 67, 
SEQID NO: 69, SEQ ID NO: 71, SEQID NO: 73, SEQ ID 
NO: 75, SEQID NO: 77, SEQID NO: 79, SEQID NO: 81, 
SEQID NO: 83, SEQ ID NO: 85, SEQID NO: 87, SEQ ID 
NO: 89, SEQID NO: 91, SEQID NO: 93, and SEQID NO: 
95)), or a complement thereof, or a metabolite which is pro 
duced directly (i.e., catalyzed) or indirectly by the corre 
sponding marker protein. 
0043. According to the invention, any of the aforemen 
tioned methods may be performed using or detecting a plu 
rality (e.g., 2, 3, 5, or 10 or more) of breast cancer markers, 
including a combination of the provided markers of the inven 
tion with additional breast cancer markers known in the art. In 
such methods, the level of expression in the sample of each of 
a plurality of markers, at least one of which is a marker of the 
invention, is compared with the normal level of expression of 
each of the plurality of markers in Samples of the same type 
obtained from control humans not afflicted with breast can 
cer. A significantly altered (i.e., increased or decreased as 
specified in the described methods using a single marker) 
level of expression in the sample of one or more markers of 
the invention, or some combination thereof, relative to that 
marker's corresponding normal or control level, is an indica 
tion that the patient is afflicted with breast cancer. For all of 
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the aforementioned methods, the marker(s) are preferably 
selected such that the positive predictive value of the method 
is at least about 10%. 

0044. In a further aspect, the invention provides an anti 
body, an antibody derivative, or an antibody fragment, which 
binds specifically with a marker protein (e.g., a protein having 
the sequence of any of SEQIDNO: 2, SEQID NO:4, SEQID 
NO: 6, SEQID NO:8, SEQID NO: 10, SEQID NO: 12, SEQ 
IDNO: 14, SEQID NO:16, SEQIDNO: 18, SEQID NO:20, 
SEQID NO: 22, SEQID NO: 24, SEQID NO: 26, SEQ ID 
NO: 28, SEQID NO:30, SEQID NO:32, SEQID NO:34, 
SEQID NO:36, SEQ ID NO:38, SEQID NO:40, SEQ ID 
NO: 42, SEQID NO: 44, SEQID NO: 46, SEQID NO:48, 
SEQID NO:50, SEQ ID NO:52, SEQID NO:54, SEQ ID 
NO:56, SEQID NO:58, SEQID NO: 60, SEQID NO: 62, 
SEQID NO: 64, SEQID NO: 66, SEQID NO: 68, SEQ ID 
NO: 70, SEQID NO: 72, SEQID NO: 74, SEQID NO: 76, 
SEQID NO: 78, SEQ ID NO: 80, SEQID NO: 82, SEQ ID 
NO: 84, SEQID NO: 86, SEQID NO: 88, SEQID NO:90, 
SEQID NO: 92, SEQID NO: 94, and SEQID NO: 96) or a 
fragment of the protein. The invention also provides methods 
for making such antibody, antibody derivative, and antibody 
fragment. Such methods may comprise immunizing a mam 
mal with a protein or peptide comprising the entirety, or a 
segment of 10 or more amino acids, of a marker protein (e.g., 
a protein having the sequence of any of SEQID NO: 2, SEQ 
ID NO: 4, SEQID NO: 6, SEQID NO: 8, SEQID NO: 10, 
SEQID NO: 12, SEQID NO: 14, SEQID NO: 16, SEQ ID 
NO: 18, SEQID NO: 20, SEQID NO:22, SEQID NO:24, 
SEQID NO: 26, SEQ ID NO: 28, SEQID NO:30, SEQ ID 
NO:32, SEQID NO:34, SEQID NO:36, SEQID NO:38, 
SEQID NO:40, SEQID NO: 42, SEQID NO:44, SEQ ID 
NO:46, SEQID NO:48, SEQID NO:50, SEQID NO:52, 
SEQID NO:54, SEQ ID NO:56, SEQID NO:58, SEQ ID 
NO: 60, SEQID NO: 62, SEQID NO: 64, SEQID NO: 66, 
SEQID NO: 68, SEQ ID NO: 70, SEQID NO: 72, SEQ ID 
NO: 74, SEQID NO: 76, SEQID NO: 78, SEQID NO: 80, 
SEQID NO: 82, SEQ ID NO: 84, SEQID NO: 86, SEQ ID 
NO: 88, SEQID NO:90, SEQID NO: 92, SEQID NO: 94, 
and SEQID NO: 96), wherein the protein or peptide may be 
obtained from a cellor by chemical synthesis. The methods of 
the invention also encompass producing monoclonal and 
single-chain antibodies, which would further comprise iso 
lating splenocytes from the immunized mammal, fusing the 
isolated splenocytes with an immortalized cell line to form 
hybridomas, and Screening individual hybridomas for those 
that produce an antibody that binds specifically with a marker 
protein or a fragment of the protein. 
0045. In another aspect, the invention relates to various 
diagnostic and test kits. In one embodiment, the invention 
provides a kit for assessing whether a patient is afflicted with 
a breast tumor. In another aspect, the kit may be used for 
assessing whether a patient is at risk of developing a breast 
tumor. The kit comprises areagent for assessing expression of 
at least one marker of the invention. Yet another embodiment 
provides a kit which may be used for assessing whether a 
patient is afflicted with an aggressive breast tumor. The kit 
comprises a reagent for assessing expression of at least one 
marker of the invention. In another embodiment, the inven 
tion provides a kit for assessing the Suitability of a chemical or 
biologic agent for inhibiting breast cancer in a patient. Such a 
kit comprises reagents for assessing expression of at least one 
marker of the invention, and may also comprise one or more 
of Such agents. In a further embodiment, the invention pro 

Mar. 25, 2010 

vides kits for assessing the presence of breast cancer cells or 
treating breast cancers. Such kits may comprise an antibody, 
an antibody derivative, or an antibody fragment, which binds 
specifically with a marker protein, or a fragment of the pro 
tein. Such kits may also comprise a plurality of antibodies, 
antibody derivatives, or antibody fragments wherein the plu 
rality of Suchantibody agents binds specifically with a marker 
protein, or a fragment of the protein. 
0046. In an additional embodiment, the invention provides 
a kit for assessing the presence of breast cancer cells, wherein 
the kit comprises at least one nucleic acid probe that binds 
specifically with at least one marker nucleic acid or a frag 
ment of the nucleic acid. The kit may further comprise a 
plurality of probes, wherein each of the probes binds specifi 
cally with a marker nucleic acid, or a fragment of the nucleic 
acid. 

0047. In a further aspect, the invention relates to methods 
for treating a patient afflicted with breast cancer or at risk of 
developing breast cancer. Such methods may comprise reduc 
ing the expression and/or interfering with the biological func 
tion of at least one marker of the invention. In one embodi 
ment, the method comprises providing to the patient an 
antisense oligonucleotide or polynucleotide complementary 
to a marker nucleic acid, or a segment thereof. For example, 
an antisense polynucleotide may be provided to the patient 
through the delivery of a vector that expresses an anti-sense 
polynucleotide of a marker nucleic acid or a fragment thereof. 
In another embodiment, the method comprises providing to 
the patient an antibody, an antibody derivative, or antibody 
fragment, which binds specifically with a marker protein or a 
fragment of the protein. In a preferred embodiment, the anti 
body, antibody derivative orantibody fragment binds specifi 
cally with a protein having the sequence of SEQID NO: 2, 
SEQID NO:4, SEQID NO: 6, SEQID NO: 8, SEQID NO: 
10, SEQID NO: 12, SEQID NO: 14, SEQID NO: 16, SEQ 
IDNO: 18, SEQID NO:20, SEQIDNO:22, SEQID NO:24, 
SEQID NO: 26, SEQ ID NO: 28, SEQID NO:30, SEQ ID 
NO:32, SEQID NO:34, SEQID NO:36, SEQID NO:38, 
SEQID NO:40, SEQID NO: 42, SEQID NO:44, SEQ ID 
NO:46, SEQID NO:48, SEQID NO:50, SEQID NO:52, 
SEQID NO:54, SEQ ID NO:56, SEQID NO:58, SEQ ID 
NO: 60, SEQID NO: 62, SEQID NO: 64, SEQID NO: 66, 
SEQID NO: 68, SEQ ID NO: 70, SEQID NO: 72, SEQ ID 
NO: 74, SEQID NO: 76, SEQID NO: 78, SEQID NO: 80, 
SEQID NO: 82, SEQ ID NO: 84, SEQID NO: 86, SEQ ID 
NO: 88, SEQID NO:90, SEQID NO: 92, SEQID NO: 94, 
and SEQID NO: 96, or a fragment of the protein. 
0048. It will be appreciated that the methods and kits of the 
present invention may also include known cancer markers 
including known breast cancer markers. It will further be 
appreciated that the methods and kits may be used to identify 
cancers other than breast cancer. 

0049. In another aspect the invention features nucleic acid 
molecules which encode marker proteins or marker polypep 
tides, e.g., a biologically active portion of the marker protein. 
In a preferred embodiment, the isolated nucleic acid mol 
ecules encode marker polypeptides having the amino acid 
sequence of SEQID NO: 2, SEQID NO: 4, SEQID NO: 6, 
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQID 
NO: 14, SEQID NO: 16, SEQID NO: 18, SEQID NO: 20, 
SEQID NO: 22, SEQID NO: 24, SEQID NO: 26, SEQ ID 
NO: 28, SEQID NO:30, SEQID NO:32, SEQID NO:34, 
SEQID NO:36, SEQ ID NO:38, SEQID NO:40, SEQ ID 
NO: 42, SEQID NO: 44, SEQID NO: 46, SEQID NO:48, 



US 2010/0075325 A1 

SEQID NO:50, SEQ ID NO:52, SEQID NO: 54, SEQ ID 
NO:56, SEQID NO:58, SEQID NO: 60, SEQID NO: 62, 
SEQID NO: 64, SEQID NO: 66, SEQID NO: 68, SEQID 
NO: 70, SEQID NO: 72, SEQID NO: 74, SEQID NO: 76, 
SEQID NO: 78, SEQ ID NO: 80, SEQID NO: 82, SEQID 
NO: 84, SEQID NO: 86, SEQID NO: 88, SEQID NO: 90, 
SEQ ID NO: 92, SEQID NO: 94, and SEQID NO: 96. In 
other embodiments, the invention provides isolated marker 
nucleic acid molecules having the nucleotide sequences 
shown in any one selected from SEQID NO: 1, SEQID NO: 
3, SEQID NO:5, SEQID NO:7, SEQID NO:9, SEQID NO: 
11, SEQID NO: 13, SEQID NO: 15, SEQID NO: 17, SEQ 
IDNO: 19, SEQID NO:21, SEQIDNO:23, SEQID NO:25, 
SEQID NO: 27, SEQ ID NO: 29, SEQID NO:31, SEQID 
NO:33, SEQID NO:35, SEQID NO:37, SEQID NO:39, 
SEQID NO:41, SEQID NO:43, SEQID NO: 45, SEQID 
NO:47, SEQID NO:49, SEQID NO:51, SEQID NO:53, 
SEQID NO:55, SEQ ID NO:57, SEQID NO. 59, SEQ ID 
NO: 61, SEQID NO: 63, SEQID NO: 65, SEQID NO: 67, 
SEQID NO: 69, SEQ ID NO: 71, SEQID NO: 73, SEQID 
NO: 75, SEQ ID NO: 77, SEQID NO: 79, SEQID NO: 81, 
SEQID NO: 83, SEQ ID NO: 85, SEQID NO: 87, SEQ ID 
NO: 89, SEQID NO:91, SEQIDNO: 93, or SEQID NO: 95. 
In still other embodiments, the invention provides nucleic 
acid molecules that are substantially identical (e.g., naturally 
occurring allelic variants) to the nucleotide sequences shown 
in SEQID NO: 1, SEQIDNO:3, SEQID NO:5, SEQID NO: 
7, SEQID NO:9, SEQID NO: 11, SEQID NO: 13, SEQID 
NO: 15, SEQID NO: 17, SEQID NO: 19, SEQID NO: 21, 
SEQID NO. 23, SEQ ID NO: 25, SEQID NO: 27, SEQID 
NO: 29, SEQID NO:31, SEQID NO:33, SEQID NO:35, 
SEQID NO:37, SEQ ID NO:39, SEQID NO:41, SEQ ID 
NO:43, SEQID NO:45, SEQID NO:47, SEQID NO: 49, 
SEQID NO:51, SEQ ID NO:53, SEQID NO:55, SEQID 
NO:57, SEQID NO. 59, SEQID NO: 61, SEQID NO: 63, 
SEQID NO: 65, SEQ ID NO: 67, SEQID NO: 69, SEQID 
NO: 71, SEQID NO: 73, SEQID NO: 75, SEQID NO: 77, 
SEQID NO: 79, SEQ ID NO: 81, SEQID NO: 83, SEQID 
NO: 85, SEQID NO: 87, SEQID NO: 89, SEQID NO: 91, 
SEQID NO: 93, or SEQID NO: 95. In other embodiments, 
the invention provides nucleic acid molecules which hybrid 
ize under stringent hybridization conditions as described 
herein to nucleic acid molecules comprising the nucleotide 
sequence of SEQID NO: 1, SEQID NO:3, SEQID NO: 5, 
SEQID NO:7, SEQID NO:9, SEQID NO: 11, SEQID NO: 
13, SEQID NO:15, SEQID NO: 17, SEQID NO: 19, SEQ 
IDNO:21, SEQID NO:23, SEQIDNO:25, SEQID NO:27, 
SEQID NO: 29, SEQID NO:31, SEQID NO:33, SEQID 
NO:35, SEQID NO:37, SEQID NO:39, SEQID NO:41, 
SEQID NO:43, SEQID NO:45, SEQID NO:47, SEQID 
NO:49, SEQID NO:51, SEQID NO:53, SEQID NO:55, 
SEQID NO:57, SEQ ID NO. 59, SEQID NO: 61, SEQID 
NO: 63, SEQID NO: 65, SEQID NO: 67, SEQID NO: 69, 
SEQID NO: 71, SEQ ID NO: 73, SEQID NO: 75, SEQ ID 
NO: 77, SEQ ID NO: 79, SEQID NO: 81, SEQID NO: 83, 
SEQID NO: 85, SEQ ID NO: 87, SEQID NO: 89, SEQID 
NO: 91, SEQID NO: 93, and SEQID NO: 95, wherein the 
nucleic acid encodes a full length marker protein or an active 
fragment thereof. 
0050. In a related aspect, the invention further provides 
nucleic acid constructs which include marker nucleic acid 
molecules described herein. In certain embodiments, the 
nucleic acid molecules of the invention are operatively linked 
to native or heterologous regulatory sequences. Also included 
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are vectors and host cells containing marker nucleic acid 
molecules of the invention e.g., vectors and host cells suitable 
for producing polypeptides. 
0051. In another related aspect, the invention provides 
nucleic acid fragments suitable as primers or hybridization 
probes for the detection of marker-encoding nucleic acids. 
0052. In still another related aspect, isolated nucleic acid 
molecules that are antisense to a marker encoding nucleic 
acid molecule are provided. 
0053. In other embodiments, the invention provides 
marker polypeptides, e.g., marker polypeptides having the 
amino acid sequences shown in SEQID NO: 2, SEQID NO: 
4, SEQID NO: 6, SEQID NO: 8, SEQID NO: 10, SEQID 
NO: 12, SEQID NO: 14, SEQID NO: 16, SEQID NO: 18, 
SEQID NO: 20, SEQID NO: 22, SEQID NO: 24, SEQID 
NO:26, SEQID NO: 28, SEQID NO:30, SEQID NO:32, 
SEQID NO:34, SEQ ID NO:36, SEQID NO:38, SEQID 
NO:40, SEQID NO:42, SEQID NO:44, SEQID NO:46, 
SEQID NO:48, SEQ ID NO:50, SEQID NO:52, SEQID 
NO:54, SEQID NO:56, SEQID NO:58, SEQID NO: 60, 
SEQID NO: 62, SEQID NO: 64, SEQID NO: 66, SEQID 
NO: 68, SEQID NO: 70, SEQID NO: 72, SEQID NO: 74, 
SEQID NO: 76, SEQ ID NO: 78, SEQID NO: 80, SEQID 
NO: 82, SEQID NO: 84, SEQID NO: 86, SEQID NO: 88, 
SEQID NO:90, SEQID NO: 92, SEQID NO: 94, and SEQ 
ID NO: 96; an amino acid sequence that is substantially 
identical to the amino acid sequences shown in SEQID NO: 
2, SEQIDNO:4, SEQID NO:6, SEQID NO:8, SEQID NO: 
10, SEQID NO: 12, SEQID NO: 14, SEQID NO: 16, SEQ 
IDNO: 18, SEQID NO:20, SEQID NO:22, SEQID NO:24, 
SEQID NO: 26, SEQ ID NO: 28, SEQID NO:30, SEQ ID 
NO:32, SEQID NO:34, SEQID NO:36, SEQID NO:38, 
SEQID NO:40, SEQID NO:42, SEQID NO: 44, SEQID 
NO:46, SEQID NO:48, SEQID NO:50, SEQID NO:52, 
SEQID NO:54, SEQ ID NO:56, SEQID NO:58, SEQID 
NO: 60, SEQID NO: 62, SEQID NO: 64, SEQID NO: 66, 
SEQID NO: 68, SEQ ID NO: 70, SEQID NO: 72, SEQID 
NO: 74, SEQID NO: 76, SEQID NO: 78, SEQID NO: 80, 
SEQID NO: 82, SEQID NO: 84, SEQID NO: 86, SEQID 
NO: 88, SEQID NO:90, SEQID NO: 92, SEQID NO: 94, 
and SEQ ID NO: 96; or amino acid sequences encoded by 
nucleic acid molecules having a nucleotide sequence which 
hybridizes under a stringent hybridization condition as 
described herein to nucleic acid molecules comprising the 
nucleotide sequences of SEQID NO: 1, SEQID NO:3, SEQ 
ID NO. 5, SEQID NO: 7, SEQ ID NO: 9, SEQID NO: 11, 
SEQID NO: 13, SEQ ID NO: 15, SEQID NO: 17, SEQID 
NO: 19, SEQID NO: 21, SEQID NO. 23, SEQID NO: 25, 
SEQID NO: 27, SEQ ID NO: 29, SEQID NO:31, SEQID 
NO:33, SEQID NO:35, SEQID NO:37, SEQID NO:39, 
SEQID NO:41, SEQID NO:43, SEQID NO: 45, SEQID 
NO:47, SEQID NO:49, SEQID NO:51, SEQID NO:53, 
SEQID NO:55, SEQ ID NO:57, SEQID NO. 59, SEQ ID 
NO: 61, SEQID NO: 63, SEQID NO: 65, SEQID NO: 67, 
SEQID NO: 69, SEQ ID NO: 71, SEQID NO: 73, SEQ ID 
NO: 75, SEQID NO: 77, SEQID NO: 79, SEQID NO: 81, 
SEQID NO: 83, SEQ ID NO: 85, SEQID NO: 87, SEQID 
NO: 89, SEQID NO: 91, SEQID NO: 93, and SEQID NO: 
95, wherein the nucleic acid encodes a full length marker 
protein or an active fragment thereof. 
0054. In a related aspect, the invention further provides 
protein or peptide constructs which include polypeptide mol 
ecules described herein. In certain embodiments, the marker 
polypeptides or fragments of the invention are operatively 
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linked to native or heterologous non-marker polypeptide 
sequences to form fusion protein sequences. 
0055. In yet another aspect, the invention features antibod 
ies and antigen-binding fragments thereof, that react with, or 
more preferably specifically or selectively bind marker 
polypeptides. 

DETAILED DESCRIPTION OF THE INVENTION 

0056. The invention relates to newly discovered breast 
cancer markers set forth in Table 1, associated with the can 
cerous state of breast cells. It has been discovered that a 
higher than normal level of expression of any of these markers 
or combination of these markers correlates with breast cancer 
in a patient. Additionally, the invention relates to newly dis 
covered breast cancer markers set forth in Table 2, associated 
with the cancerous state of breast cells. It has been discovered 
that a higher than normal level of expression of any of these 
markers or combination of these markers correlates with 
aggressiveness of breast cancer in a patient. Methods are 
provided for detecting the presence of breast cancer in a 
sample, the absence of breast cancer in a sample, the stage of 
breast cancer, assessing whether a breast cancer has metasta 
sized, predicting the likely clinical outcome of a breast cancer 
patient, and with other characteristics of breast cancer that are 
relevant to prevention, diagnosis, characterization, and 
therapy of breast cancer in a patient. Methods of treating 
breast cancer are also provided. 
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0057 Table 1 lists markers of the invention which are 
over-expressed in breast cancer patient samples compared to 
non-breast cancer patient samples (e.g., non-breast cancer 
patient samples, non-cancerous breast cells, other non-breast 
cancer patient samples). Table 1 lists markers particularly 
useful in screening for the presence of breast cancer ("screen 
ing markers'). Table 2 lists markers of the invention, which 
are over-expressed in poor outcome breast cancer patient 
samples compared to normal samples (e.g., good outcome 
breast cancer patient samples, non-breast cancer patient 
samples, non-cancerous breast cells). Table 2 lists markers 
particularly useful in assessing the stage of the breast cancer 
(“staging markers'). Table 1 and Table 2 provide the sequence 
listing identifiers of the cDNA sequence of a nucleotide tran 
Script and the amino acid sequence of a protein encoded by or 
corresponding to each marker, as well as the location of the 
protein coding sequence within the cDNA sequence. Tables 1 
identifies markers of the invention (SEQID NOS:1-66) and 
Table 2 identifies markers of the invention (SEQ ID NOS: 
67-96), which are designated with a name (“Marker'), the 
name the gene is commonly known by, if applicable (“Gene 
Name”), the Sequence Listing identifier of the cDNA 
sequence of the nucleotide transcript encoded by or corre 
sponding to the marker (“SEQID NO (nts)'), the Sequence 
Listing identifier of the amino acid sequence of the protein 
encoded by the nucleotide transcript (“SEQID NO (AAS)'), 
and the location of the protein coding sequence within the 
cDNA sequence (“CDS”). 

TABLE 1. 

Breast Cancer Screening Markers 

SEQ SEQ 
ID NO ID NO 

Marker Gene Name (nts) (AAS) CDS 

M196A BCMP11: breast cancer membrane protein 11, variant 1 1 2 48 . . . 548 
M725 BCMP11: breast cancer membrane protein 11, variant 2 3 4 49... SO1 
M726 BCMP11: breast cancer membrane protein 11, variant 3 5 6 98 . . . 412 
M727 BCMP11: breast cancer membrane protein 11, variant 4 7 8 49 . . . 465 
M156 CXCL9: chemokine (C-X-C motif) ligand 9 9 10 40 . . . 417 
M419 CXCL10: chemokine (C-X-C motif) ligand 10 11 12 67 . . .363 
M728 DNAJC1: DNAJ (hsp40) homolog, subfamily C, 13 14 244 ... 1152 

member 1, variant 1 
M729 DNAJC1: DNAJ (hsp40) homolog, subfamily C, 15 16 244... 1134 

member 1, variant 2 
M111 DNAJC1: DNAJ (hsp40) homolog, subfamily C, 17 18 108 . . . 1772 

member 1, variant 3 
M428A FLJ22774: hypothetical protein FLJ22774 19 2O 528 . . .3053 
M149A LIV-1: LIV-1 protein, estrogen regulated, variant 1 21 22 282 ... 2549 
M730 LIV-1: LIV-1 protein, estrogen regulated, variant 2 23 24 309 . . . 1751 
M158A MMP11: matrix metalloproteinase 11 (stromelysin 3) 25 26 23 ... 1489 
M165A NPY1R: neuropeptide Y receptor Y1, variant 1 27 28 272 ... 1426 
M731 NPY1R: neuropeptide Y receptor Y1, variant 2 29 30 241 ... 1005 
M732 NPY1R: neuropeptide Y receptor Y1, variant 3 31 32 272 . . . 700 
M235 NY-BR-1: breast cancer antigen NY-BR-1 33 34 1OO ... 4125 
M56A OSF-2: osteoblast specific factor 2 (fasciclin I-like), 35 36 12... 2522 

variant 1 
M733 OSF-2: osteoblast specific factor 2 (fasciclin I-like), 37 38 12... 2438 

variant 2 
M734 OSF-2: osteoblast specific factor 2 (fasciclin I-like), 39 40 12... 2441 

variant 3 
M735 OSF-2: osteoblast specific factor 2 (fasciclin I-like), 41 42 12 . . . 2357 

variant 4 
M491A OSF-2: osteoblast specific factor 2 (fasciclin I-like), 43 44 12... 2351 

variant 5 
M736 OSF-2: osteoblast specific factor 2 (fasciclin I-like), 45 46 12... 2267 

variant 6 
M737 OSF-2: osteoblast specific factor 2 (fasciclin I-like), 47 48 12... 2261 

variant 7 
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TABLE 1-continued 

Breast Cancer Screening Markers 

SEQ SEQ 
ID NO ID NO 

Marker Gene Name (nts) (AAS) CDS 

M738 OSF-2: osteoblast specific factor 2 (fasciclin I-like), 49 50 12 . . . 2177 
variant 8 

M562 PIP: prolactin-induced protein 51 52 37... 477 
M96A SCUBE2: signal peptide, CUB domain, EGF-like 2, 53 S4 81 ... 3077 

variant 1 
M739 SCUBE2: signal peptide, CUB domain, EGF-like 2, 55 56 81 ... 2837 

variant 2 
M740 SCUBE2: signal peptide, CUB domain, EGF-like 2, 57 58 81 ... 2699 

variant 3 
M741 SCUBE2: signal peptide, CUB domain, EGF-like 2, 59 60 81 ... 3164 

variant 4 
M242 TFF 1: trefoil factor 1 (breast cancer, estrogen-inducible 61 62 41 ... 295 

sequence expressed in) 
M716 WFDC2: WAP four-desulfide core domain 2, variant 1 63 64 28 . . . 402 
M717 WFDC2: WAP four-desulfide core domain 2, variant 2 65 66 67 . . . 288 

TABLE 2 

Breast Cancer Staging Markers 

SEQ ID SEQID 
NO NO 

Marker Gene Name (nts) (AAS) CDS 

M672A ASS: argininosuccinate synthetase 67 68 81 ... 1319 
M675A CAB2: hypothetical protein MGC9753 69 70 18 . . .980 
M367 CD24: CD24 antigen (small cell lung carcinoma 71 72 57 . . .299 

cluster 4 antigen) 
MS14 DARPP-32: dopamine and cAMP regulated 73 74 236 ... 742 

phosphoprotein, (PPP1R1B: protein phosphatase 
, regulatory (inhibitor) Subunit 1 B), variant 1 

M708 DARPP-32: dopamine and cAMP regulated 75 76 468... 1082 
phosphoprotein, (PPP1R1B: protein phosphatase 
, regulatory (inhibitor) Subunit 1 B), variant 2 

M709 FACL2: fatty-acid-Coenzyme Aligase, long-chain 77 78 124 . . .2220 
2, variant 1 

M710 FACL2: fatty-acid-Coenzyme Aligase, long-chain 79 8O 188 . . . 2284 
2, variant 2 

M495 GSTP1: glutathione S-transferase pi 81 82 30 . . . 662 
M674 HN1: hematological and neurological expressed 1 83 84 104.568 
M234A MGC14832: hypothetical protein MGC14832 85 86 8 . . .355 
M408 NDRG1: N-myc downstream regulated protein 87 88 111... 1295 
M711 ORMDL3: ORM1-like 3 (S. cerevisiae) 89 90 301 ... 762 
M678A PSMB9: proteasome subunit, beta type, 9 91 92 52. . . 711 
M421A SERHL: kraken-like 93 94 103 ... 1047 
M185A SLPI: secretory leukocyte protease inhibitor 95 96 23... 421 

(antileukoproteinase) 

DEFINITIONS SEQID NO: 1, SEQID NO:3, SEQID NO:5, SEQID NO: 
7, SEQID NO:9, SEQID NO: 11, SEQID NO: 13, SEQID 

0058 As used herein, each of the following terms has the NO: 15, SEQID NO: 17, SEQID NO: 19, SEQID NO: 21, 
meaning associated with it in this section. 
0059. The articles “a” and “an are used herein to refer to 
one or to more than one (i.e., to at least one) of the grammati 
cal object of the article. By way of example, “an element' 
means one element or more than one element. 

0060 A“marker' is a gene whose altered level of expres 
sion in a tissue or cell from its expression level in normal or 
healthy tissue or cell is associated with a disease state, such as 
cancer. A "marker nucleic acid is a nucleic acid (e.g., 
mRNA, cDNA) encoded by or corresponding to a marker of 
the invention. Such marker nucleic acids include DNA (e.g., 
cDNA) comprising the entire or a partial sequence of any of 

SEQID NO. 23, SEQ ID NO: 25, SEQID NO: 27, SEQ ID 
NO: 29, SEQID NO:31, SEQID NO:33, SEQID NO:35, 
SEQID NO:37, SEQ ID NO:39, SEQID NO:41, SEQ ID 
NO:43, SEQID NO:45, SEQID NO:47, SEQID NO: 49, 
SEQID NO:51, SEQ ID NO:53, SEQID NO:55, SEQ ID 
NO:57, SEQID NO. 59, SEQID NO: 61, SEQID NO: 63, 
SEQID NO: 65, SEQ ID NO: 67, SEQID NO: 69, SEQ ID 
NO: 71, SEQID NO: 73, SEQID NO: 75, SEQID NO: 77, 
SEQID NO: 79, SEQ ID NO: 81, SEQID NO: 83, SEQ ID 
NO: 85, SEQID NO: 87, SEQID NO: 89, SEQID NO: 91, 
SEQ ID NO: 93, or SEQ ID NO: 95 or the complement of 
Such a sequence. The marker nucleic acids also include RNA 
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comprising the entire or a partial sequence of any of SEQID 
NO: 1, SEQID NO:3, SEQID NO:5, SEQID NO: 7, SEQ 
ID NO:9, SEQID NO: 11, SEQID NO: 13, SEQID NO:15, 
SEQID NO: 17, SEQ ID NO: 19, SEQID NO: 21, SEQ ID 
NO: 23, SEQID NO: 25, SEQID NO: 27, SEQID NO: 29, 
SEQID NO:31, SEQ ID NO:33, SEQID NO:35, SEQ ID 
NO:37, SEQID NO:39, SEQID NO:41, SEQID NO:43, 
SEQID NO:45, SEQ ID NO:47, SEQID NO:49, SEQ ID 
NO:51, SEQID NO:53, SEQID NO:55, SEQID NO:57, 
SEQID NO. 59, SEQ ID NO: 61, SEQID NO: 63, SEQ ID 
NO: 65, SEQID NO: 67, SEQID NO: 69, SEQID NO: 71, 
SEQID NO: 73, SEQ ID NO: 75, SEQID NO: 77, SEQ ID 
NO: 79, SEQID NO: 81, SEQID NO: 83, SEQID NO: 85, 
SEQID NO: 87, SEQ ID NO: 89, SEQID NO: 91, SEQ ID 
NO: 93, or SEQ ID NO: 95 or the complement of such a 
sequence, wherein all thymidine residues are replaced with 
uridine residues. A “marker protein’ is a protein encoded by 
or corresponding to a marker of the invention. A marker 
protein comprises the entire or a partial sequence of any of 
SEQID NO: 2, SEQID NO:4, SEQID NO: 6, SEQID NO: 
8, SEQID NO: 10, SEQID NO: 12, SEQID NO: 14, SEQID 
NO: 16, SEQID NO: 18, SEQID NO: 20, SEQID NO:22, 
SEQID NO: 24, SEQID NO: 26, SEQID NO: 28, SEQ ID 
NO:30, SEQID NO:32, SEQID NO:34, SEQID NO:36, 
SEQID NO:38, SEQ ID NO:40, SEQID NO:42, SEQ ID 
NO: 44, SEQID NO:46, SEQID NO: 48, SEQID NO:50, 
SEQID NO:52, SEQ ID NO:54, SEQID NO:56, SEQ ID 
NO:58, SEQID NO: 60, SEQID NO: 62, SEQID NO: 64, 
SEQID NO: 66, SEQ ID NO: 68, SEQID NO: 70, SEQ ID 
NO: 72, SEQID NO: 74, SEQID NO: 76, SEQID NO: 78, 
SEQID NO: 80, SEQ ID NO: 82, SEQID NO: 84, SEQ ID 
NO: 86, SEQID NO: 88, SEQID NO:90, SEQID NO: 92, 
SEQIDNO: 94, and SEQID NO:96. The terms “protein’ and 
"polypeptide are used interchangeably. 
0061. A “marker set is a group of more than one marker. 
0062. The term “probe refers to any molecule which is 
capable of selectively binding to a specifically intended target 
molecule, for example, a nucleotide transcript or protein 
encoded by or corresponding to a marker. Probes can be either 
synthesized by one skilled in the art, or derived from appro 
priate biological preparations. For purposes of detection of 
the target molecule, probes may be specifically designed to be 
labeled, as described herein. Examples of molecules that can 
be utilized as probes include, but are not limited to, RNA, 
DNA, proteins, antibodies, and organic molecules. 
0063 “Breast cancer as used herein includes carcinomas, 
(e.g., carcinoma in situ, invasive carcinoma, metastatic car 
cinoma) and pre-malignant conditions. 
0064. A “breast-associated' body fluid is a fluid which, 
when in the body of a patient, contacts or passes through 
breast cells or into which cells, nucleic acids or proteins shed 
from breast cells are capable of passing. Exemplary breast 
associated body fluids include blood fluids, lymph, cystic 
fluid, and nipple aspirates. 
0065. A “sample' or “patient sample comprises cells 
obtained from the patient, e.g., a lump biopsy, body fluids 
including blood fluids, lymph and cystic fluids, as well as 
nipple aspirates. In a further embodiment, the patient sample 
is in vivo. 
0066. The “normal level of expression of a marker is the 
level of expression of the marker in breast cells of a human 
subject or patient not afflicted with breast cancer. 
0067. An "over-expression” or “significantly higher level 
of expression of a marker refers to an expression level in a 
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test sample that is greater than the standard error of the assay 
employed to assess expression, and is preferably at least 
twice, and more preferably three, four, five or ten times the 
expression level of the marker in a control sample (e.g., 
sample from a healthy Subjects not having the marker asso 
ciated disease) and preferably, the average expression level of 
the marker in several control samples. 
0068 A “significantly lower level of expression of a 
marker refers to an expression level in a test sample that is at 
least twice, and more preferably three, four, five or ten times 
lower than the expression level of the marker in a control 
sample (e.g., sample from a healthy Subjects not having the 
marker associated disease) and preferably, the average 
expression level of the marker in several control samples. 
0069. As used herein, the term “promoter/regulatory 
sequence” means a nucleic acid sequence which is required 
for expression of a gene product operably linked to the pro 
moter/regulatory sequence. In some instances, this sequence 
may be the core promoter sequence and in other instances, 
this sequence may also include an enhancer sequence and 
other regulatory elements which are required for expression 
of the gene product. The promoter/regulatory sequence may, 
for example, be one which expresses the gene product in a 
tissue-specific manner. 
0070 A “constitutive' promoter is a nucleotide sequence 
which, when operably linked with a polynucleotide which 
encodes or specifies a gene product, causes the gene product 
to be produced in a living human cell under most or all 
physiological conditions of the cell. 
0071. An “inducible' promoter is a nucleotide sequence 
which, when operably linked with a polynucleotide which 
encodes or specifies a gene product, causes the gene product 
to be produced in a living human cell Substantially only when 
an inducer which corresponds to the promoter is present in the 
cell. 
0072 A “tissue-specific' promoter is a nucleotide 
sequence which, when operably linked with a polynucleotide 
which encodes or specifies a gene product, causes the gene 
product to be produced in a living human cell Substantially 
only if the cell is a cell of the tissue type corresponding to the 
promoter. 
0073. A “transcribed polynucleotide' or “nucleotide tran 
script' is a polynucleotide (e.g., an mRNA, hnRNA, a cDNA, 
oran analog of such RNA or cDNA) which is complementary 
to or homologous with all or a portion of a mature mRNA 
made by transcription of a marker of the invention and normal 
post-transcriptional processing (e.g., splicing), if any, of the 
RNA transcript, and reverse transcription of the RNA tran 
Script. 
0074 “Complementary” refers to the broad concept of 
sequence complementarity between regions of two nucleic 
acid strands or between two regions of the same nucleic acid 
Strand. It is known that an adenine residue of a first nucleic 
acid region is capable of forming specific hydrogen bonds 
(“base pairing) with a residue of a second nucleic acid region 
which is antiparallel to the first region if the residue is thym 
ine or uracil. Similarly, it is known that a cytosine residue of 
a first nucleic acid strand is capable of base pairing with a 
residue of a second nucleic acid strand which is antiparallel to 
the first Strand if the residue is guanine. A first region of a 
nucleic acid is complementary to a second region of the same 
or a different nucleic acid if, when the two regions are 
arranged in an antiparallel fashion, at least one nucleotide 
residue of the first region is capable of base pairing with a 
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residue of the second region. Preferably, the first region com 
prises a first portion and the second region comprises a second 
portion, whereby, when the first and second portions are 
arranged in an antiparallel fashion, at least about 50%, and 
preferably at least about 75%, at least about 90%, or at least 
about 95% of the nucleotide residues of the first portion are 
capable of base pairing with nucleotide residues in the second 
portion. More preferably, all nucleotide residues of the first 
portion are capable of base pairing with nucleotide residues in 
the second portion. 
0075) “Homologous' as used herein, refers to nucleotide 
sequence similarity between two regions of the same nucleic 
acid strand or between regions of two different nucleic acid 
Strands. When a nucleotide residue position in both regions is 
occupied by the same nucleotide residue, then the regions are 
homologous at that position. A first region is homologous to 
a second region if at least one nucleotide residue position of 
each region is occupied by the same residue. Homology 
between two regions is expressed interms of the proportion of 
nucleotide residue positions of the two regions that are occu 
pied by the same nucleotide residue. By way of example, a 
region having the nucleotide sequence 5'-ATTGCC-3' and a 
region having the nucleotide sequence 5'-TATGGC-3' share 
50% homology. Preferably, the first region comprises a first 
portion and the second region comprises a second portion, 
whereby, at least about 50%, and preferably at least about 
75%, at least about 90%, or at least about 95% of the nucle 
otide residue positions of each of the portions are occupied by 
the same nucleotide residue. More preferably, all nucleotide 
residue positions of each of the portions are occupied by the 
same nucleotide residue. 

0076. A molecule is “fixed' or “affixed to a substrate if it 
is covalently or non-covalently associated with the Substrate 
Such the Substrate can be rinsed with a fluid (e.g., standard 
saline citrate, pH 7.4) without a substantial fraction of the 
molecule dissociating from the Substrate. 
0077. As used herein, a “naturally-occurring nucleic acid 
molecule refers to an RNA or DNA molecule having a nucle 
otide sequence that occurs in an organism found in nature. 
0078. A cancer is “inhibited' if at least one symptom of the 
cancer is alleviated, terminated, slowed, or prevented. As 
used herein, breast cancer is also “inhibited' if recurrence or 
metastasis of the cancer is reduced, slowed, delayed, or pre 
vented. 

0079 A kit is any manufacture (e.g., a package or con 
tainer) comprising at least one reagent, e.g., a probe, for 
specifically detecting the expression of a marker of the inven 
tion. The kit may be promoted, distributed, or sold as a unit for 
performing the methods of the present invention. 
0080) “Proteins of the invention' encompass marker pro 
teins and their fragments; variant marker proteins and their 
fragments; peptides and polypeptides comprising an at least 
15 amino acid segment of a marker or variant marker protein; 
and fusion proteins comprising a marker or variant marker 
protein, or an at least 15 amino acid segment of a marker or 
variant marker protein. 
0081. Unless otherwise specified herewithin, the terms 
“antibody' and “antibodies' broadly encompass naturally 
occurring forms of antibodies (e.g., IgG, IgA, IgM, IgE) and 
recombinant antibodies such as single-chain antibodies, chi 
meric and humanized antibodies and multi-specific antibod 
ies, as well as fragments and derivatives of all of the forego 
ing, which fragments and derivatives have at least an 
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antigenic binding site. Antibody derivatives may comprise a 
protein or chemical moiety conjugated to an antibody. 
I0082. The present invention is based, in part, on newly 
identified markers which are over-expressed in breast cancer 
cells as compared to their expression in normal (i.e., non 
cancerous) breast cells. The enhanced expression of one or 
more of these markers in breast cells is herein correlated with 
the cancerous state of the tissue. The invention provides com 
positions, kits, and methods for assessing the cancerous state 
of breast cells (e.g., cells obtained from a human, cultured 
human cells, archived or preserved human cells and in vivo 
cells) as well as treating patients afflicted with breast cancer. 
I0083. The compositions, kits, and methods of the inven 
tion have the following uses, among others: 
I0084 assessing the status of breast cancer in a human 
patient; 
I0085 assessing the stage of breast cancer in a human 
patient; 
I0086 assessing the grade of breast cancer in a patient; 
I0087 assessing the benign or malignant nature of breast 
cancer in a patient; 
I0088 assessing the metastatic potential of breast cancer in 
a patient; 
I0089 determining if breast cancer has metastasized to 
lymph nodes; 
0090 predicting the clinical outcome of a breast cancer 
patient; 
0091 assessing whether a patient is afflicted with breast 
Cancer, 
0092 assessing the histological type of neoplasm associ 
ated with breast cancer in a patient; 
0093 making antibodies, antibody fragments or antibody 
derivatives that are useful for treating breast cancer and/or 
assessing whether a patient is afflicted with breast cancer, 
0094 assessing the presence of breast cancer cells; 
0.095 assessing the efficacy of one or more test com 
pounds for inhibiting breast cancer in a patient; 
0096 assessing the efficacy of a therapy for inhibiting 
breast cancer in a patient; 
0097 monitoring the progression of breast cancer in a 
patient; 
0.098 selecting a composition or therapy for inhibiting 
breast cancer in a patient; 
0099 treating a patient afflicted with breast cancer; 
0100 inhibiting breast cancer in a patient; 
0101 assessing the breast carcinogenic potential of a test 
compound; and 
0102 preventing the onset of breast cancer in a patient at 
risk for developing breast cancer. 
0103) The invention thus includes a method of assessing 
breast cancer cells in a patient afflicted with breast cancer. 
This method comprises comparing the level of expression of 
a marker of the invention (listed in Table 1) in a patient sample 
and the normal level of expression of the marker in a control, 
e.g., a non-breast cancer Sample or a non-cancer, normal 
sample. A significantly higher level of expression of the 
marker in the patient sample as compared to the normal level 
of expression is an indication that the patient is afflicted with 
a breast tumor. 
0104. Additionally provided is a method of assessing 
aggressiveness of breast cancer cells inapatient afflicted with 
breast cancer. The method comprises comparing the level of 
expression of a marker of the invention (listed in Table 2) in a 
patient sample and the normal level of expression of the 
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marker in a control, e.g., a non-breast cancer sample or an 
indolent breast cancer sample. A significantly higher level of 
expression of the marker in the patient sample as compared to 
the normal level of expression is an indication that the patient 
is afflicted with an aggressive breast tumor. 
0105 Gene delivery vehicles, host cells and compositions 
(all described herein) containing nucleic acids comprising the 
entirety, or a segment of 15 or more nucleotides, of any of the 
sequences of the invention (e.g., SEQID NO: 1, SEQID NO: 
3, SEQIDNO:5, SEQIDNO:7, SEQID NO:9, SEQID NO: 
11, SEQID NO: 13, SEQID NO: 15, SEQID NO: 17, SEQ 
IDNO:19, SEQID NO:21, SEQIDNO:23, SEQID NO:25, 
SEQID NO: 27, SEQ ID NO: 29, SEQID NO:31, SEQ ID 
NO:33, SEQID NO:35, SEQID NO:37, SEQID NO:39, 
SEQID NO:41, SEQ ID NO:43, SEQID NO:45, SEQ ID 
NO:47, SEQID NO:49, SEQID NO:51, SEQID NO:53, 
SEQID NO:55, SEQ ID NO:57, SEQID NO. 59, SEQ ID 
NO: 61, SEQID NO: 63, and SEQID NO: 65) or the comple 
ment of Such sequences, and polypeptides comprising the 
entirety, or a segment of 10 or more amino acids, of any of the 
sequences of SEQID NO: 2, SEQID NO: 4, SEQID NO: 6, 
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQID 
NO: 14, SEQID NO: 16, SEQID NO: 18, SEQID NO:20, 
SEQID NO: 22, SEQID NO: 24, SEQID NO: 26, SEQ ID 
NO: 28, SEQID NO:30, SEQID NO:32, SEQID NO:34, 
SEQID NO:36, SEQ ID NO:38, SEQID NO:40, SEQ ID 
NO: 42, SEQID NO: 44, SEQID NO: 46, SEQID NO:48, 
SEQID NO:50, SEQ ID NO:52, SEQID NO:54, SEQ ID 
NO:56, SEQID NO:58, SEQID NO: 60, SEQID NO: 62, 
SEQID NO: 64, SEQID NO: 66, SEQID NO: 68, SEQ ID 
NO: 70, SEQID NO: 72, SEQID NO: 74, SEQID NO: 76, 
SEQID NO: 78, SEQ ID NO: 80, SEQID NO: 82, SEQ ID 
NO: 84, SEQID NO: 86, SEQID NO: 88, SEQID NO:90, 
SEQID NO: 92, SEQID NO:94, and SEQIDNO:96 are also 
provided by this invention. 
0106. As described herein, breast cancer in patients is 
associated with an increased level of expression of one or 
more markers of the invention. While, as discussed above, 
Some of these changes in expression level result from occur 
rence of the breast cancer, others of these changes induce, 
maintain, and promote the cancerous state of breast cancer 
cells. Thus, breast cancer characterized by an increase in the 
level of expression of one or more markers of the invention 
can be inhibited by reducing and/or interfering with the 
expression of the markers and/or function of the proteins 
encoded by those markers. 
0107 Expression of a marker of the invention can be 
inhibited in a number of ways generally known in the art. For 
example, an RNA interference oligonucleotide or an anti 
sense oligonucleotide can be provided to the breast cancer 
cells in order to inhibit transcription, translation, or both, of 
the marker(s). Alternately, a polynucleotide encoding an anti 
body, an antibody derivative, or an antibody fragment which 
specifically binds a marker protein, and operably linked with 
an appropriate promoter/regulator region, can be provided to 
the cell in order to generate intracellular antibodies which 
will inhibit the function or activity of the protein. The expres 
sion and/or function of a marker may also be inhibited by 
treating the breast cancer cell with a peptide or an antibody, 
antibody derivative or antibody fragment that specifically 
binds a marker protein. Using the methods described herein, 
a variety of molecules, particularly including molecules Suf 
ficiently small that they are able to cross the cell membrane, 
can be screened in order to identify molecules which inhibit 
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expression of a marker or inhibit the function of a marker 
protein. The compound so identified can be provided to the 
patient in order to inhibit breast cancer cells of the patient. 
0108. Any marker or combination of markers of the inven 
tion, as well as any known markers in combination with the 
markers of the invention, may be used in the compositions, 
kits, and methods of the present invention. In general, it is 
preferable to use markers for which the difference between 
the level of expression of the marker in breast cancer cells and 
the level of expression of the same marker in normal breast 
cells is as great as possible. Although this difference can be as 
small as the limit of detection of the method for assessing 
expression of the marker, it is preferred that the difference be 
at least greater than the standard error of the assessment 
method, and preferably a difference of at least 2-, 3-, 4-, 5-, 6-, 
7-, 8-, 9-, 10-, 15- 20-, 25-, 100-, 500-, 1000-fold or greater 
than the level of expression of the same marker in normal 
breast tissue. 

0109. It is recognized that certain marker proteins are 
secreted from breast cells (i.e., one or both of normal and 
cancerous cells) to the extracellular space Surrounding the 
cells. These markers are preferably used in certain embodi 
ments of the compositions, kits, and methods of the invention, 
owing to the fact that the Such marker proteins can be detected 
in a breast-associated body fluid sample, which may be more 
easily collected from a human patient than a tissue biopsy 
sample. In addition, preferred in vivo techniques for detection 
of a marker protein include introducing into a subject a 
labeled antibody directed against the protein. For example, 
the antibody can be labeled with a radioactive marker whose 
presence and location in a Subject can be detected by standard 
imaging techniques. 
0110. It is a simple matter for the skilled artisan to deter 
mine whether any particular marker protein is a secreted 
protein. In order to make this determination, the marker pro 
tein is expressed in, for example, a mammalian cell, prefer 
ably a human breast cell line, extracellular fluid is collected, 
and the presence or absence of the protein in the extracellular 
fluid is assessed (e.g., using a labeled antibody which binds 
specifically with the protein). 
0111. The following is one example of a method which 
can be used to detect secretion of aprotein: About 8x10293T 
cells are incubated at 37° C. in wells containing growth 
medium (Dulbecco's modified Eagle's medium (DMEM} 
supplemented with 10% fetal bovine serum) under a 5%(v/v) 
CO, 95% air atmosphere to about 60-70% confluence. The 
cells are then transfected using a standard transfection mix 
ture comprising 2 micrograms of DNA comprising an expres 
sion vector encoding the protein and 10 microliters of Lipo 
fectAMINETM (GIBCO/BRL Catalog no. 18342-012) per 
well. The transfection mixture is maintained for about 5 
hours, and then replaced with fresh growth medium and 
maintained in an air atmosphere. Each well is gently rinsed 
twice with DMEM which does not contain methionine or 
cysteine (DMEM-MC; ICN Catalog no. 16-424–54). About 1 
milliliter of DMEM-MC and about 50 microcuries of Trans 
STM reagent (ICN Catalog no. 51006) are added to each 

well. The wells are maintained under the 5% CO atmosphere 
described above and incubated at 37°C. for a selected period. 
Following incubation, 150 microliters of conditioned 
medium is removed and centrifuged to remove floating cells 
and debris. The presence of the protein in the Supernatant is an 
indication that the protein is secreted. Additional and alterna 
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tive methods for detection of secreted proteins are known in 
the art and can be used in addition to, or alternative to this 
method. 
0112. It will be appreciated that patient samples contain 
ing breast cells may be used in the methods of the present 
invention. In these embodiments, the level of expression of 
the marker can be determined by assessing the amount (e.g., 
absolute amount or concentration) of the marker in a breast 
cell Sample, e.g., breast biopsies obtained from a patient. The 
cell sample can, of course, be subjected to a variety of well 
known post-collection preparative and storage techniques 
(e.g., nucleic acid and/or protein extraction, fixation, storage, 
freezing, ultrafiltration, concentration, evaporation, centrifu 
gation, etc.) prior to assessing the amount of the marker in the 
sample. Likewise, breast biopsies may also be subjected to 
post-collection preparative and storage techniques, e.g., fixa 
tion. 
0113. The compositions, kits, and methods of the inven 
tion can be used to detect expression of marker proteins 
having at least one portion which is displayed on the Surface 
of cells which express it. It is a simple matter for the skilled 
artisan to determine whether a marker protein, or a portion 
thereof, is exposed on the cell Surface. For example, immu 
nological methods may be used to detect such proteins on 
whole cells, or well known computer-based sequence analy 
sis methods may be used to predict the presence of at least one 
extracellular domain (i.e., including both secreted proteins 
and proteins having at least one cell-surface domain). Expres 
sion of a marker protein having at least one portion which is 
displayed on the surface of a cell which expresses it may be 
detected without necessarily lysing the cell (e.g., using a 
labeled antibody which binds specifically with a cell-surface 
domain of the protein). 
0114 Expression of a marker of the invention may be 
assessed by any of a wide variety of well known methods for 
detecting expression of a transcribed nucleic acid or protein. 
Non-limiting examples of Such methods include immuno 
logical methods for detection of Secreted, cell-Surface, cyto 
plasmic, or nuclear proteins, protein purification methods, 
protein function or activity assays, nucleic acid hybridization 
methods, nucleic acid reverse transcription methods, and 
nucleic acid amplification methods. 
0115. In a preferred embodiment, expression of a marker 

is assessed using an antibody (e.g., a radio-labeled, chro 
mophore-labeled, fluorophore-labeled, or enzyme-labeled 
antibody), an antibody derivative (e.g., an antibody conju 
gated with a substrate or with the protein or ligand of a 
protein-ligand pair {e.g., biotin-streptavidin), oran antibody 
fragment (e.g., a single-chain antibody, an isolated antibody 
hypervariable domain, etc.) which binds specifically with a 
marker protein or fragment thereof, including a marker pro 
tein which has undergone all or a portion of its normal post 
translational modification. 

0116. In another preferred embodiment, expression of a 
marker is assessed by preparing mRNA/cDNA (i.e., a tran 
scribed polynucleotide) from cells in a patient sample, and by 
hybridizing the mRNA/cDNA with a reference polynucle 
otide which is a complement of a marker nucleic acid, or a 
fragment thereof. cDNA can, optionally, be amplified using 
any of a variety of polymerase chain reaction methods prior to 
hybridization with the reference polynucleotide; preferably, 
it is not amplified. Expression of one or more markers can 
likewise be detected using quantitative PCR to assess the 
level of expression of the marker(s). Alternatively, any of the 
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many known methods of detecting mutations or variants (e.g., 
single nucleotide polymorphisms, deletions, etc.) of a marker 
of the invention may be used to detect occurrence of a marker 
in a patient. 
0117. In a related embodiment, a mixture of transcribed 
polynucleotides obtained from the sample is contacted with a 
Substrate having fixed thereto a polynucleotide complemen 
tary to or homologous with at least a portion (e.g., at least 7. 
10, 15, 20, 25, 30, 40, 50, 100, 500, or more nucleotide 
residues) of a marker nucleic acid. If polynucleotides comple 
mentary to or homologous with are differentially detectable 
on the Substrate (e.g., detectable using different chro 
mophores or fluorophores, or fixed to different selected posi 
tions), then the levels of expression of a plurality of markers 
can be assessed simultaneously using a single Substrate (e.g., 
a “gene chip microarray of polynucleotides fixed at selected 
positions). When a method of assessing marker expression is 
used which involves hybridization of one nucleic acid with 
another, it is preferred that the hybridization be performed 
under stringent hybridization conditions. 
0118 Because the compositions, kits, and methods of the 
invention rely on detection of a difference in expression levels 
of one or more markers of the invention, it is preferable that 
the level of expression of the marker is significantly greater 
than the minimum detection limit of the method used to assess 
expression in at least one of normal breast cells and cancerous 
breast cells. 

0119. It is understood that by routine screening of addi 
tional patient samples using one or more of the markers of the 
invention, it will be realized that certain of the markers are 
over-expressed in cancers of various types, including specific 
breast cancers, as well as other cancers such as lung cancer, 
ovarian cancer, etc. For example, it will be confirmed that 
Some of the markers of the invention are over-expressed in 
most (i.e., 50% or more) or substantially all (i.e., 80% or 
more) of breast cancer. The compositions, kits, and methods 
of the invention are thus useful for characterizing the benign 
or malignant nature of breast tumors in patients. 
0.120. Furthermore, it will be confirmed that certain of the 
markers of the invention are associated with breast cancer of 
various stages (i.e., stage 0, I, II, II, and IV breast cancers, as 
well as subclassifications IIA, IIB, IIIA, and IIIB, using the 
FIGO Stage Grouping system for primary carcinoma of the 
breast; (see Breast, In: American Joint Committee on Cancer. 
AJCC Cancer Staging Manual. Lippincott-Raven Publishers, 
5th ed., 1997, pp. 171-180), of various histologic subtypes 
(e.g., serous, mucinous, endometroid, and clear cell Subtypes, 
as well as Subclassifications and alternate classifications 
adenocarcinoma, papillary adenocarcinoma, papillary cysta 
denocarcinoma, Surface papillary carcinoma, malignant 
adenofibroma, cystadenofibroma, adenocarcinoma, cystad 
enocarcinoma, adenoacanthoma, endometrioid stromal sar 
coma, mesodermal (Millerian) mixed tumor, mesonephroid 
tumor, malignant carcinoma, Brenner tumor, mixed epithelial 
tumor, and undifferentiated carcinoma, using the WHO/ 
FIGO system for classification of malignant breast tumors; 
Scully, Atlas of Tumor Pathology, 3d series, Washington 
D.C.), and various grades (i.e., grade I well differentiated, 
grade II moderately well differentiated, and grade III 
{poorly differentiated from surrounding normal tissue)). In 
addition, as a greater number of patient samples are assessed 
for expression of the markers of the invention and the out 
comes of the individual patients from whom the samples were 
obtained are correlated, it will also be confirmed that altered 
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expression of certain of the markers of the invention are 
strongly correlated with malignant cancers and that altered 
expression of other markers of the invention are strongly 
correlated with benign tumors. The compositions, kits, and 
methods of the invention are thus useful for characterizing 
one or more of the stage, grade, histological type, and benign/ 
malignant nature of breast cancer in patients. 
0121 When the compositions, kits, and methods of the 
invention are used for characterizing the one or more of the 
stage, grade, histological type, and benign or malignant 
nature of breast tumors in a patient, it is preferred that the 
marker or panel of markers of the invention is selected Such 
that a positive result is obtained in at least about 20%, and 
preferably at least about 40%. 60%, or 80%, and more pref 
erably in substantially all patients afflicted with a breast 
tumor of the corresponding stage, grade, histological type, or 
benignormalignant nature. Preferably, the marker or panel of 
markers of the invention is selected Such that a positive pre 
dictive value (PPV) of greater than about 10% is obtained for 
the general population (more preferably coupled with an 
assay specificity greater than 80%). 
0122) When a plurality of markers of the invention are 
used in the compositions, kits, and methods of the invention, 
the level of expression of each marker in a patient sample can 
be compared with the normal level of expression of each of 
the plurality of markers in non-cancerous samples of the same 
type, either in a single reaction mixture (i.e., using reagents, 
such as different fluorescent probes, for each marker) or in 
individual reaction mixtures corresponding to one or more of 
the markers. In one embodiment, a significantly increased 
level of expression of more than one of the plurality of mark 
ers in the sample, relative to the corresponding normal levels, 
is an indication that the patient is afflicted with breast cancer. 
When a plurality of markers is used, it is preferred that 2, 3, 4, 
5, 8, 10, 12, or 15, or more individual markers be used. Still 
further markers can be used to include a marker set wherein at 
least 20, 25, 30, 40, 50, or more individual markers are used. 
0123. In order to maximize the sensitivity of the compo 
sitions, kits, and methods of the invention (i.e., by interfer 
ence attributable to cells of non-breast origin in a patient 
sample), it is preferable that the marker of the invention used 
therein be a marker which has a restricted tissue distribution, 
e.g., normally not expressed in a non-breast tissue. 
0.124. Only a small number of markers are known to be 
associated with breast cancers (e.g., BRCA1 and BRCA2). 
These markers are not, of course, included among the markers 
of the invention, although they may be used together with one 
or more markers of the invention in a panel of markers, for 
example. It is well known that certain types of genes, such as 
oncogenes, tumor Suppressor genes, growth factor-like 
genes, protease-like genes, and protein kinase-like genes are 
often involved with development of cancers of various types. 
Thus, among the markers of the invention, use of those which 
correspond to proteins which resemble known proteins 
encoded by known oncogenes and tumor Suppressor genes, 
and those which correspond to proteins which resemble 
growth factors, proteases, and protein kinases are preferred. 
0.125. It is recognized that the compositions, kits, and 
methods of the invention will be of particular utility to 
patients having an enhanced risk of developing breast cancer 
and their medical advisors. Patients recognized as having an 
enhanced risk of developing breast cancer include, for 
example, patients having a familial history of breast cancer, 
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patients identified as having a mutant oncogene (i.e., at least 
one allele), and patients of advancing age (i.e., women older 
than about 50 or 60 years). 
0.126 The level of expression of a marker in normal (i.e., 
non-cancerous) breast tissue can be assessed in a variety of 
ways. In one embodiment, this normal level of expression is 
determined by assessing the level of expression of the marker 
in a portion of breast cells which appears to be non-cancerous 
and by comparing this normal level of expression with the 
level of expression in a portion of the breast cells which is 
Suspected of being cancerous. Alternately, and particularly as 
further information becomes available as a result of routine 
performance of the methods described herein, population 
average values for normal expression of the markers of the 
invention may be used. In other embodiments, the normal 
level of expression of a marker may be determined by assess 
ing expression of the marker in a patient sample obtained 
from a non-cancer-afflicted patient, from a patient sample 
obtained from a patient before the suspected onset of breast 
cancer in the patient, from archived patient samples, and the 
like. 
I0127. The invention includes compositions, kits, and 
methods for assessing the presence of breast cancer cells in a 
sample (e.g., an archived tissue sample or a sample obtained 
from a patient). These compositions, kits, and methods are 
Substantially the same as those described above, except that, 
where necessary, the compositions, kits, and methods are 
adapted for use with samples other than patient samples. For 
example, when the sample to be used is a parafinized, 
archived human tissue sample, it can be necessary to adjust 
the ratio of compounds in the compositions of the invention, 
in the kits of the invention, or the methods used to assess 
levels of marker expression in the sample. Such methods are 
well known in the art and within the skill of the ordinary 
artisan. 
I0128. The invention includes a kit for assessing the pres 
ence of breast cancer cells (e.g., in a sample Such as a patient 
sample). The kit comprises a plurality of reagents, each of 
which is capable of binding specifically with a marker nucleic 
acid or protein. Suitable reagents for binding with a marker 
protein include antibodies, antibody derivatives, antibody 
fragments, and the like. Suitable reagents for binding with a 
marker nucleic acid (e.g., a genomic DNA, an mRNA, a 
spliced mRNA, a cDNA, or the like) include complementary 
nucleic acids. For example, the nucleic acid reagents may 
include oligonucleotides (labeled or non-labeled) fixed to a 
substrate, labeled oligonucleotides not bound with a sub 
strate, pairs of PCR primers, molecular beacon probes, and 
the like. 
I0129. The kit of the invention may optionally comprise 
additional components useful for performing the methods of 
the invention. By way of example, the kit may comprise fluids 
(e.g., SSC buffer) suitable for annealing complementary 
nucleic acids or for binding an antibody with a protein with 
which it specifically binds, one or more sample compart 
ments, an instructional material which describes performance 
of a method of the invention, a sample of normal breast cells, 
a sample of breast cancer cells, and the like. 
0.130. The invention also includes a method of making an 
isolated hybridoma which produces an antibody useful for 
assessing whether a patient is afflicted with breast cancer. In 
this method, a protein or peptide comprising the entirety or a 
segment of a marker protein is synthesized or isolated (e.g., 
by purification from a cell in which it is expressed or by 
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transcription and translation of a nucleic acid encoding the 
protein or peptide in vivo or in vitro using known methods). A 
Vertebrate, preferably a mammal Such as a mouse, rat, rabbit, 
or sheep, is immunized using the protein or peptide. The 
vertebrate may optionally (and preferably) be immunized at 
least one additional time with the protein or peptide, so that 
the vertebrate exhibits a robust immune response to the pro 
tein or peptide. Splenocytes are isolated from the immunized 
vertebrate and fused with an immortalized cell line to form 
hybridomas, using any of a variety of methods well known in 
the art. Hybridomas formed in this manner are then screened 
using standard methods to identify one or more hybridomas 
which produce an antibody which specifically binds with the 
marker protein or a fragment thereof. The invention also 
includes hybridomas made by this method and antibodies 
made using Such hybridomas. 
0131 The invention also includes a method of assessing 
the efficacy of a test compound for inhibiting breast cancer 
cells. As described above, differences in the level of expres 
sion of the markers of the invention correlate with the can 
cerous state of breast cells. Although it is recognized that 
changes in the levels of expression of certain of the markers of 
the invention likely result from the cancerous state of breast 
cells, it is likewise recognized that changes in the levels of 
expression of other of the markers of the invention induce, 
maintain, and promote the cancerous state of those cells. 
Thus, compounds which inhibit a breast cancer in a patient 
will cause the level of expression of one or more of the 
markers of the invention to change to a level nearer the normal 
level of expression for that marker (i.e., the level of expres 
sion for the marker in non-cancerous breast cells). 
0132) This method thus comprises comparing expression 
of a marker in a first breast cell sample and maintained in the 
presence of the test compound and expression of the marker 
in a second breast cell sample and maintained in the absence 
of the test compound. A significantly reduced expression of a 
marker of the invention in the presence of the test compound 
is an indication that the test compound inhibits breast cancer. 
The breast cell samples may, for example, be aliquots of a 
single sample of normal breast cells obtained from a patient, 
pooled samples of normal breast cells obtained from apatient, 
cells of a normal breast cell line, aliquots of a single sample of 
breast cancer cells obtained from a patient, pooled samples of 
breast cancer cells obtained from a patient, cells of a breast 
cancer cell line, or the like. In one embodiment, the samples 
are breast cancer cells obtained from a patient and one or 
more of a plurality of compounds known to be effective for 
inhibiting various breast cancers are tested in order to identify 
the compound which is likely to best inhibit the breast cancer 
in the patient. 
0133. This method may likewise be used to assess the 
efficacy of a therapy for inhibiting breast cancer in a patient. 
In this method, the level of expression of one or more markers 
of the invention in a pair of samples (one subjected to the 
therapy, the other not subjected to the therapy) is assessed. As 
with the method of assessing the efficacy of test compounds, 
if the therapy induces a significantly lower level of expression 
ofa marker of the invention, then the therapy is efficacious for 
inhibiting breast cancer. As above, if samples from a selected 
patient are used in this method, then alternative therapies can 
be assessed in vitro in order to select a therapy most likely to 
be efficacious for inhibiting breast cancer in the patient. 
0134. As described above, the cancerous state of human 
breast cells is correlated with changes in the levels of expres 
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sion of the markers of the invention. The invention includes a 
method for assessing the human breast cell carcinogenic 
potential of a test compound. This method comprises main 
taining separate aliquots of human breast cells in the presence 
and absence of the test compound. Expression of a marker of 
the invention in each of the aliquots is compared. A signifi 
cantly higher level of expression of a marker of the invention 
in the aliquot maintained in the presence of the test compound 
(relative to the aliquot maintained in the absence of the test 
compound) is an indication that the test compound possesses 
human breast cell carcinogenic potential. The relative carci 
nogenic potentials of various test compounds can be assessed 
by comparing the degree of enhancement or inhibition of the 
level of expression of the relevant markers, by comparing the 
number of markers for which the level of expression is 
enhanced or inhibited, or by comparing both. 
0.135 Various aspects of the invention are described in 
further detail in the following subsections. 

Isolated Nucleic Acid Molecules 

0.136. One aspect of the invention pertains to isolated 
nucleic acid molecules, including nucleic acids which encode 
a marker protein or a portion thereof. Isolated nucleic acids of 
the invention also include nucleic acid molecules Sufficient 
for use as hybridization probes to identify marker nucleic acid 
molecules, and fragments of marker nucleic acid molecules, 
e.g., those suitable for use as PCR primers for the amplifica 
tion or mutation of marker nucleic acid molecules. As used 
herein, the term “nucleic acid molecule' is intended to 
include DNA molecules (e.g., cDNA or genomic DNA) and 
RNA molecules (e.g., mRNA) and analogs of the DNA or 
RNA generated using nucleotide analogs. The nucleic acid 
molecule can be single-stranded or double-stranded, but pref 
erably is double-stranded DNA. 
0.137. An "isolated nucleic acid molecule is one which is 
separated from other nucleic acid molecules which are 
present in the natural source of the nucleic acid molecule. 
Preferably, an "isolated nucleic acid molecule is free of 
sequences (preferably protein-encoding sequences) which 
naturally flank the nucleic acid (i.e., sequences located at the 
5' and 3' ends of the nucleic acid) in the genomic DNA of the 
organism from which the nucleic acid is derived. For 
example, in various embodiments, the isolated nucleic acid 
molecule can contain less than about 5 kB, 4 kB, 3 kB, 2kB, 
1 kB, 0.5 kB or 0.1 kB of nucleotide sequences which natu 
rally flank the nucleic acid molecule in genomic DNA of the 
cell from which the nucleic acid is derived. Moreover, an 
"isolated nucleic acid molecule, such as a cDNA molecule, 
can be substantially free of other cellular material, or culture 
medium when produced by recombinant techniques, or Sub 
stantially free of chemical precursors or other chemicals 
when chemically synthesized. 
0.138 A nucleic acid molecule of the present invention can 
be isolated using standard molecular biology techniques and 
the sequence information in the database records described 
herein. Using all or a portion of Such nucleic acid sequences, 
nucleic acid molecules of the invention can be isolated using 
standard hybridization and cloning techniques (e.g., as 
described in Sambrook et al., ed., Molecular Cloning. A 
Laboratory Manual, 2nd ed., Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, N.Y., 1989). 
0.139. A nucleic acid molecule of the invention can be 
amplified using cDNA, mRNA, or genomic DNA as a tem 
plate and appropriate oligonucleotide primers according to 
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standard PCR amplification techniques. The nucleic acid so 
amplified can be cloned into an appropriate vector and char 
acterized by DNA sequence analysis. Furthermore, nucle 
otides corresponding to all or a portion of a nucleic acid 
molecule of the invention can be prepared by Standard Syn 
thetic techniques, e.g., using an automated DNA synthesizer. 
0140. In another preferred embodiment, an isolated 
nucleic acid molecule of the invention comprises a nucleic 
acid molecule which has a nucleotide sequence complemen 
tary to the nucleotide sequence of a marker nucleic acid or to 
the nucleotide sequence of a nucleic acid encoding a marker 
protein. A nucleic acid molecule which is complementary to 
a given nucleotide sequence is one which is sufficiently 
complementary to the given nucleotide sequence that it can 
hybridize to the given nucleotide sequence thereby forming a 
stable duplex. 
0141 Moreover, a nucleic acid molecule of the invention 
can comprise only a portion of a nucleic acid sequence, 
wherein the full length nucleic acid sequence comprises a 
marker nucleic acid or which encodes a marker protein. Such 
nucleic acids can be used, for example, as a probe or primer. 
The probe?primer typically is used as one or more Substan 
tially purified oligonucleotides. The oligonucleotide typi 
cally comprises a region of nucleotide sequence that hybrid 
izes under stringent conditions to at least about 7, preferably 
about 15, more preferably about 25, 50, 75, 100, 125, 150, 
175, 200, 250, 300, 350, or 400 or more consecutive nucle 
otides of a nucleic acid of the invention. 

0142 Probes based on the sequence of a nucleic acid mol 
ecule of the invention can be used to detect transcripts or 
genomic sequences corresponding to one or more markers of 
the invention. The probe comprises a label group attached 
thereto, e.g., a radioisotope, a fluorescent compound, an 
enzyme, or an enzyme co-factor. Such probes can be used as 
part of a diagnostic test kit for identifying cells or tissues 
which mis-express the protein, such as by measuring levels of 
a nucleic acid molecule encoding the protein in a sample of 
cells from a subject, e.g., detecting mRNA levels or deter 
mining whether agene encoding the protein has been mutated 
or deleted. 

0143. The invention further encompasses nucleic acid 
molecules that differ, due to degeneracy of the genetic code, 
from the nucleotide sequence of nucleic acids encoding a 
marker protein (e.g., protein having the sequence of SEQID 
NO: 2, SEQID NO: 4, SEQID NO: 6, SEQID NO: 8, SEQ 
IDNO: 10, SEQID NO: 12, SEQIDNO: 14, SEQID NO:16, 
SEQID NO: 18, SEQ ID NO: 20, SEQID NO: 22, SEQ ID 
NO: 24, SEQID NO: 26, SEQID NO: 28, SEQID NO:30, 
SEQID NO:32, SEQ ID NO:34, SEQID NO:36, SEQ ID 
NO:38, SEQID NO:40, SEQID NO: 42, SEQID NO:44, 
SEQID NO:46, SEQ ID NO:48, SEQID NO:50, SEQ ID 
NO:52, SEQID NO:54, SEQID NO:56, SEQID NO:58, 
SEQID NO: 60, SEQID NO: 62, SEQID NO: 64, SEQ ID 
NO: 66, SEQID NO: 68, SEQID NO: 70, SEQID NO: 72, 
SEQID NO: 74, SEQ ID NO: 76, SEQID NO: 78, SEQ ID 
NO: 80, SEQID NO: 82, SEQID NO: 84, SEQID NO: 86, 
SEQID NO: 88, SEQ ID NO:90, SEQID NO: 92, SEQ ID 
NO: 94, and SEQ ID NO: 96), and thus encode the same 
protein. 
0144. It will be appreciated by those skilled in the art that 
DNA sequence polymorphisms that lead to changes in the 
amino acid sequence can exist within a population (e.g., the 
human population). Such genetic polymorphisms can exist 
among individuals within a population due to natural allelic 
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variation. An allele is one of a group of genes which occur 
alternatively at a given genetic locus. In addition, it will be 
appreciated that DNA polymorphisms that affect RNA 
expression levels can also exist that may affect the overall 
expression level of that gene (e.g., by affecting regulation or 
degradation). 
0145 As used herein, the phrase “allelic variant” refers to 
a nucleotide sequence which occurs at a given locus or to a 
polypeptide encoded by the nucleotide sequence. 
0146. As used herein, the terms “gene' and “recombinant 
gene' refer to nucleic acid molecules comprising an open 
reading frame encoding a polypeptide corresponding to a 
marker of the invention. Such natural allelic variations can 
typically result in 1-5% Variance in the nucleotide sequence 
of a given gene. Alternative alleles can be identified by 
sequencing the gene of interest in a number of different indi 
viduals. This can be readily carried out by using hybridization 
probes to identify the same genetic locus in a variety of 
individuals. Any and all Such nucleotide variations and result 
ingamino acid polymorphisms or variations that are the result 
of natural allelic variation and that do not alter the functional 
activity are intended to be within the scope of the invention. 
0.147. In another embodiment, an isolated nucleic acid 
molecule of the invention is at least 7, 15, 20, 25, 30, 40, 60, 
80, 100, 150, 200, 250, 300, 350, 400, 450, 550, 650, 700, 
800, 900, 1000, 1200, 1400, 1600, 1800, 2000, 2200, 2400, 
2600, 2800, 3000, 3500, 4000, 4500, or more nucleotides in 
length and hybridizes under Stringent conditions to a marker 
nucleic acidor to a nucleic acid encoding a marker protein. As 
used herein, the term “hybridizes under stringent conditions' 
is intended to describe conditions for hybridization and wash 
ing under which nucleotide sequences at least 60% (65%, 
70%, preferably 75%) identical to each other typically remain 
hybridized to each other. Such stringent conditions are known 
to those skilled in the art and can be found in sections 6.3.1- 
6.3.6 of Current Protocols in Molecular Biology, John Wiley 
& Sons, N.Y. (1989). A preferred, non-limiting example of 
stringent hybridization conditions are hybridization in 6x 
sodium chloride/sodium citrate (SSC) at about 45° C., fol 
lowed by one or more washes in 0.2xSSC, 0.1% SDS at 
50-650 C. 

0.148. In addition to naturally-occurring allelic variants of 
a nucleic acid molecule of the invention that can exist in the 
population, the skilled artisan will further appreciate that 
sequence changes can be introduced by mutation thereby 
leading to changes in the amino acid sequence of the encoded 
protein, without altering the biological activity of the protein 
encoded thereby. For example, one can make nucleotide Sub 
stitutions leading to amino acid substitutions at “non-essen 
tial amino acid residues. A “non-essential amino acid resi 
due is a residue that can be altered from the wild-type 
sequence without altering the biological activity, whereas an 
“essential amino acid residue is required for biological activ 
ity. For example, amino acid residues that are not conserved 
or only semi-conserved among homologs of various species 
may be non-essential for activity and thus would be likely 
targets for alteration. Alternatively, amino acid residues that 
are conserved among the homologs of various species (e.g., 
murine and human) may be essential for activity and thus 
would not be likely targets for alteration. 
0149 Accordingly, another aspect of the invention per 
tains to nucleic acid molecules encoding a variant marker 
protein that contain changes in amino acid residues that are 
not essential for activity. Such variant marker proteins differ 
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in amino acid sequence from the naturally-occurring marker 
proteins, yet retain biological activity. In one embodiment, 
Such a variant marker protein has an amino acid sequence that 
is at least about 40% identical, 50%, 60%, 70%, 80%, 90%, 
95%, or 98% identical to the amino acid sequence of a marker 
protein. 
0150. An isolated nucleic acid molecule encoding a vari 
ant marker protein can be created by introducing one or more 
nucleotide Substitutions, additions ordeletions into the nucle 
otide sequence of marker nucleic acids, such that one or more 
amino acid residue substitutions, additions, or deletions are 
introduced into the encoded protein. Mutations can be intro 
duced by standard techniques, such as site-directed mutagen 
esis and PCR-mediated mutagenesis. Preferably, conserva 
tive amino acid Substitutions are made at one or more 
predicted non-essential amino acid residues. A "conservative 
amino acid substitution' is one in which the amino acid 
residue is replaced with an amino acid residue having a simi 
lar side chain. Families of amino acid residues having similar 
side chains have been defined in the art. These families 
include amino acids with basic side chains (e.g., lysine, argi 
nine, histidine), acidic side chains (e.g., aspartic acid, 
glutamic acid), uncharged polar side chains (e.g., glycine, 
asparagine, glutamine, serine, threonine, tyrosine, cysteine), 
non-polar side chains (e.g., alanine, Valine, leucine, isoleu 
cine, proline, phenylalanine, methionine, tryptophan), beta 
branched side chains (e.g., threonine, Valine, isoleucine) and 
aromatic side chains (e.g., tyrosine, phenylalanine, tryp 
tophan, histidine). Alternatively, mutations can be introduced 
randomly along all or part of the coding sequence. Such as by 
saturation mutagenesis, and the resultant mutants can be 
screened for biological activity to identify mutants that retain 
activity. Following mutagenesis, the encoded protein can be 
expressed recombinantly and the activity of the protein can be 
determined. 

0151. The present invention encompasses antisense 
nucleic acid molecules, i.e., molecules which are comple 
mentary to a sense nucleic acid of the invention, e.g., comple 
mentary to the coding strand of a double-stranded marker 
cDNA molecule or complementary to a marker mRNA 
sequence. Accordingly, an antisense nucleic acid of the inven 
tion can hydrogen bond to (i.e., anneal with) a sense nucleic 
acid of the invention. The antisense nucleic acid can be 
complementary to an entire coding strand, or to only a portion 
thereof, e.g., all or part of the protein coding region (or open 
reading frame). An antisense nucleic acid molecule can also 
be antisense to all or part of a non-coding region of the coding 
Strand of a nucleotide sequence encoding a marker protein. 
The non-coding regions ('5' and 3' untranslated regions') are 
the 5' and 3' sequences which flank the coding region and are 
not translated into amino acids. 

0152. An antisense oligonucleotide can be, for example, 
about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 or more nucle 
otides in length. Anantisense nucleic acid of the invention can 
be constructed using chemical synthesis and enzymatic liga 
tion reactions using procedures known in the art. For 
example, an antisense nucleic acid (e.g., an antisense oligo 
nucleotide) can be chemically synthesized using naturally 
occurring nucleotides or variously modified nucleotides 
designed to increase the biological stability of the molecules 
or to increase the physical stability of the duplex formed 
between the antisense and sense nucleic acids, e.g., phospho 
rothioate derivatives and acridine substituted nucleotides can 
be used. Examples of modified nucleotides which can be used 
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to generate the antisense nucleic acid include 5-fluorouracil, 
5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, 
Xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) 
uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5-car 
boxymethylaminomethyluracil, dihydrouracil, beta-D-galac 
tosylqueosine, inosine, N6-isopentenyladenine, 1-meth 
ylguanine, 1-methylinosine, 2,2-dimethylguanine, 
2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-me 
thylcytosine, N6-adenine, 7-methylguanine, 5-methylami 
nomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta 
D-mannosylqueosine, 5'-methoxycarboxymethyluracil, 
5-methoxyuracil, 2-methylthio-N-6-isopentenyladenine, 
uracil-5-oxyacetic acid (v), Wybutoxosine, pseudouracil, 
queosine,2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 
4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid methyl 
ester, uracil-5-oxyacetic acid (V), 5-methyl-2-thiouracil, 
3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2.6- 
diaminopurine. Alternatively, the antisense nucleic acid can 
be produced biologically using an expression vector into 
which a nucleic acid has been Sub-cloned in an antisense 
orientation (i.e., RNA transcribed from the inserted nucleic 
acid will be of an antisense orientation to a target nucleic acid 
of interest, described further in the following subsection). 
0153. The antisense nucleic acid molecules of the inven 
tion are typically administered to a subject or generated in situ 
such that they hybridize with or bind to cellular mRNA and/or 
genomic DNA encoding a marker protein to thereby inhibit 
expression of the marker, e.g., by inhibiting transcription 
and/or translation. The hybridization can be by conventional 
nucleotide complementarity to form a stable duplex, or, for 
example, in the case of an antisense nucleic acid molecule 
which binds to DNA duplexes, through specific interactions 
in the major groove of the double helix. Examples of a route 
of administration of antisense nucleic acid molecules of the 
invention includes direct injection at a tissue site or infusion 
of the antisense nucleic acid into a breast-associated body 
fluid. Alternatively, antisense nucleic acid molecules can be 
modified to target selected cells and then administered sys 
temically. For example, for systemic administration, anti 
sense molecules can be modified Such that they specifically 
bind to receptors or antigens expressed on a selected cell 
Surface, e.g., by linking the antisense nucleic acid molecules 
to peptides or antibodies which bind to cell surface receptors 
or antigens. The antisense nucleic acid molecules can also be 
delivered to cells using the vectors described herein. To 
achieve Sufficient intracellular concentrations of the antisense 
molecules, vector constructs in which the antisense nucleic 
acid molecule is placed under the control of a strong pol II or 
pol III promoter are preferred. 
0154 An antisense nucleic acid molecule of the invention 
can be an O-anomeric nucleic acid molecule. An O-anomeric 
nucleic acid molecule forms specific double-stranded hybrids 
with complementary RNA in which, contrary to the usual 
O-units, the strands run parallel to each other (Gaultier et al., 
1987, Nucleic Acids Res. 15:6625-6641). The antisense 
nucleic acid molecule can also comprise a 2'-O-methylribo 
nucleotide (Inoue et al., 1987, Nucleic Acids Res. 15:6131 
6148) or a chimeric RNA-DNA analogue (Inoue et al., 1987, 
FEBS Lett. 215:327-330). 
0155 The invention also encompasses ribozymes. 
Ribozymes are catalytic RNA molecules with ribonuclease 
activity which are capable of cleaving a single-stranded 
nucleic acid. Such as an mRNA, to which they have a comple 
mentary region. Thus, ribozymes (e.g., hammerhead 
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ribozymes as described in Haselhoff and Gerlach, 1988, 
Nature 334:585-591) can be used to catalytically cleave 
mRNA transcripts to thereby inhibit translation of the protein 
encoded by the mRNA. A ribozyme having specificity for a 
nucleic acid molecule encoding a marker protein can be 
designed based upon the nucleotide sequence of a cDNA 
corresponding to the marker. For example, a derivative of a 
Tetrahymena L-19 IVS RNA can be constructed in which the 
nucleotide sequence of the active site is complementary to the 
nucleotide sequence to be cleaved (see Cech et al. U.S. Pat. 
No. 4,987,071; and Cech et al. U.S. Pat. No. 5,116,742). 
Alternatively, an mRNA encoding a polypeptide of the inven 
tion can be used to select a catalytic RNA having a specific 
ribonuclease activity from a pool of RNA molecules (see, 
e.g., Bartel and Szostak, 1993, Science 261:141 1-1418). 
0156 The invention also encompasses nucleic acid mol 
ecules which form triple helical structures. For example, 
expression of a marker of the invention can be inhibited by 
targeting nucleotide sequences complementary to the regula 
tory region of the gene encoding the marker nucleic acid or 
protein (e.g., the promoter and/or enhancer) to form triple 
helical structures that prevent transcription of the gene in 
target cells. See generally Helene (1991) Anticancer Drug 
Des. 6(6):569-84: Helene (1992) Ann. N.Y. Acad. Sci. 660: 
27-36; and Maher (1992) Bioassays 14(12):807-15. 
O157. In various embodiments, the nucleic acid molecules 
of the invention can be modified at the base moiety, Sugar 
moiety or phosphate backbone to improve, e.g., the stability, 
hybridization, or solubility of the molecule. For example, the 
deoxyribose phosphate backbone of the nucleic acids can be 
modified to generate peptide nucleic acids (see Hyrup et al., 
1996, Bioorganic & Medicinal Chemistry 4(1): 5-23). As 
used herein, the terms “peptide nucleic acids” or “PNAs 
refer to nucleic acid mimics, e.g., DNA mimics, in which the 
deoxyribose phosphate backbone is replaced by a pseudopep 
tide backbone and only the four natural nucleobases are 
retained. The neutral backbone of PNAS has been shown to 
allow for specific hybridization to DNA and RNA under 
conditions of low ionic strength. The synthesis of PNA oli 
gomers can be performed using standard Solid phase peptide 
synthesis protocols as described in Hyrup et al. (1996), supra; 
Perry-O'Keefe et al. (1996) Proc. Natl. Acad. Sci. USA 
93: 14670-675. 

0158 PNAs can be used in therapeutic and diagnostic 
applications. For example, PNAS can be used as antisense or 
antigene agents for sequence-specific modulation of gene 
expression by, e.g., inducing transcription or translation 
arrestor inhibiting replication. PNAS can also be used, e.g., in 
the analysis of single base pair mutations in a gene by, e.g., 
PNA directed PCR clamping; as artificial restriction enzymes 
when used in combination with other enzymes, e.g., S1 
nucleases (Hyrup (1996), supra; or as probes or primers for 
DNA sequence and hybridization (Hyrup, 1996, supra; Perry 
O'Keefe et al., 1996, Proc. Natl. Acad. Sci. USA 93:14670 
675). 
0159. In another embodiment, PNAS can be modified, e.g., 
to enhance their stability or cellular uptake, by attaching 
lipophilic or other helper groups to PNA, by the formation of 
PNA-DNA chimeras, or by the use of liposomes or other 
techniques of drug delivery known in the art. For example, 
PNA-DNA chimeras can be generated which can combine the 
advantageous properties of PNA and DNA. Such chimeras 
allow DNA recognition enzymes, e.g., RNase H and DNA 
polymerases, to interact with the DNA portion while the PNA 
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portion would provide high binding affinity and specificity. 
PNA-DNA chimeras can be linked using linkers of appropri 
ate lengths selected in terms of base Stacking, number of 
bonds between the nucleobases, and orientation (Hyrup, 
1996, supra). The synthesis of PNA-DNA chimeras can be 
performed as described in Hyrup (1996), supra, and Finnet al. 
(1996) Nucleic Acids Res. 24(17):3357-63. For example, a 
DNA chain can be synthesized on a solid Support using stan 
dard phosphoramidite coupling chemistry and modified 
nucleoside analogs. Compounds such as 5'-(4-methoxytrityl) 
amino-5'-deoxy-thymidine phosphoramidite can be used as a 
link between the PNA and the 5' end of DNA (Maget al., 
1989, Nucleic Acids Res. 17:5973-88). PNA monomers are 
then coupled in a step-wise manner to produce a chimeric 
molecule with a 5' PNA segment and a 3' DNA segment (Finn 
et al., 1996, Nucleic Acids Res. 24(17):3357-63). Alterna 
tively, chimeric molecules can be synthesized with a 5' DNA 
segment and a 3' PNA segment (Peterser et al., 1975, Bioor 
ganic Med. Chem. Lett. 5:1119-11124). 
0160. In other embodiments, the oligonucleotide can 
include other appended groups such as peptides (e.g., for 
targeting host cell receptors in vivo), or agents facilitating 
transport across the cell membrane (see, e.g., Letsinger et al., 
1989, Proc. Natl. Acad. Sci. USA 86:6553-6556; Lemaitre et 
al., 1987, Proc. Natl. Acad. Sci. USA 84:648-652; PCT Pub 
lication No. WO 88/09810) or the blood-brain bather (see, 
e.g., PCT Publication No. WO 89/10134). In addition, oligo 
nucleotides can be modified with hybridization-triggered 
cleavage agents (see, e.g., Krol et al., 1988, Bio/Techniques 
6:958-976) or intercalating agents (see, e.g., Zon, 1988, 
Pharm. Res. 5:539-549). To this end, the oligonucleotide can 
be conjugated to another molecule, e.g., a peptide, hybridiza 
tion triggered cross-linking agent, transportagent, hybridiza 
tion-triggered cleavage agent, etc. 
0.161 The invention also includes molecular beacon 
nucleic acids having at least one region which is complemen 
tary to a nucleic acid of the invention, Such that the molecular 
beacon is useful for quantitating the presence of the nucleic 
acid of the invention in a sample. A “molecular beacon' 
nucleic acid is a nucleic acid comprising a pair of comple 
mentary regions and having a fluorophore and a fluorescent 
quencher associated therewith. The fluorophore and quencher 
are associated with different portions of the nucleic acid in 
Such an orientation that when the complementary regions are 
annealed with one another, fluorescence of the fluorophore is 
quenched by the quencher. When the complementary regions 
of the nucleic acid are not annealed with one another, fluo 
rescence of the fluorophore is quenched to a lesser degree. 
Molecular beacon nucleic acids are described, for example, in 
U.S. Pat. No. 5,876,930. 

Isolated Proteins and Antibodies 

0162 One aspect of the invention pertains to isolated 
marker proteins and biologically active portions thereof, as 
well as polypeptide fragments Suitable for use as immuno 
gens to raise antibodies directed against a marker protein or a 
fragment thereof. In one embodiment, the native marker pro 
tein can be isolated from cells or tissue sources by an appro 
priate purification scheme using standard protein purification 
techniques. In another embodiment, a protein or peptide com 
prising the whole or a segment of the marker protein is pro 
duced by recombinant DNA techniques. Alternative to 
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recombinant expression, Such protein or peptide can be syn 
thesized chemically using standard peptide synthesis tech 
niques. 
0163 An "isolated' or “purified protein or biologically 
active portion thereof is substantially free of cellular material 
or other contaminating proteins from the cell or tissue source 
from which the protein is derived, or substantially free of 
chemical precursors or other chemicals when chemically Syn 
thesized. The language “substantially free of cellular mate 
rial' includes preparations of protein in which the protein is 
separated from cellular components of the cells from which it 
is isolated or recombinantly produced. Thus, protein that is 
substantially free of cellular material includes preparations of 
protein having less than about 30%, 20%, 10%, or 5% (by dry 
weight) of heterologous protein (also referred to herein as a 
“contaminating protein'). When the protein or biologically 
active portion thereof is recombinantly produced, it is also 
preferably substantially free of culture medium, i.e., culture 
medium represents less than about 20%, 10%, or 5% of the 
volume of the protein preparation. When the protein is pro 
duced by chemical synthesis, it is preferably substantially 
free of chemical precursors or other chemicals, i.e., it is 
separated from chemical precursors or other chemicals which 
are involved in the synthesis of the protein. Accordingly such 
preparations of the protein have less than about 30%, 20%, 
10%, 5% (by dry weight) of chemical precursors or com 
pounds other than the polypeptide of interest. 
0164 Biologically active portions of a marker protein 
include polypeptides comprising amino acid sequences Suf 
ficiently identical to or derived from the amino acid sequence 
of the marker protein, which include fewer amino acids than 
the full length protein, and exhibit at least one activity of the 
corresponding full-length protein. Typically, biologically 
active portions comprise a domain or motif with at least one 
activity of the corresponding full-length protein. A biologi 
cally active portion of a marker protein of the invention can be 
a polypeptide which is, for example, 10, 25, 50, 100 or more 
amino acids in length. Moreover, other biologically active 
portions, in which other regions of the marker protein are 
deleted, can be prepared by recombinant techniques and 
evaluated for one or more of the functional activities of the 
native form of the marker protein. 
0.165 Preferred marker proteins are encoded by nucle 
otide sequences encoding proteins comprising the sequence 
of any one of: SEQID NO: 2, SEQID NO: 4, SEQID NO: 6, 
SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQID 
NO: 14, SEQID NO: 16, SEQID NO: 18, SEQID NO:20, 
SEQID NO: 22, SEQID NO: 24, SEQID NO: 26, SEQ ID 
NO: 28, SEQID NO:30, SEQID NO:32, SEQID NO:34, 
SEQID NO:36, SEQ ID NO:38, SEQID NO:40, SEQ ID 
NO: 42, SEQID NO: 44, SEQID NO: 46, SEQID NO:48, 
SEQID NO:50, SEQ ID NO:52, SEQID NO:54, SEQ ID 
NO:56, SEQID NO:58, SEQID NO: 60, SEQID NO: 62, 
SEQID NO: 64, SEQID NO: 66, SEQID NO: 68, SEQ ID 
NO: 70, SEQID NO: 72, SEQID NO: 74, SEQID NO: 76, 
SEQID NO: 78, SEQ ID NO: 80, SEQID NO: 82, SEQ ID 
NO: 84, SEQID NO: 86, SEQID NO: 88, SEQID NO:90, 
SEQID NO:92, SEQID NO: 94, and SEQID NO:96. Other 
useful proteins are substantially identical (e.g., at least about 
40%, preferably 50%, 60%, 70%, 80%, 90%. 95%, or 99%) to 
one of these sequences and retain the functional activity of the 
corresponding naturally-occurring marker protein yet differ 
in amino acid sequence due to natural allelic variation or 
mutagenesis. 
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0166 To determine the percent identity of two amino acid 
sequences or of two nucleic acids, the sequences are aligned 
for optimal comparison purposes (e.g., gaps can be intro 
duced in the sequence of a first amino acid or nucleic acid 
sequence for optimal alignment with a second amino or 
nucleic acid sequence). The amino acid residues or nucle 
otides at corresponding amino acid positions or nucleotide 
positions are then compared. When a position in the first 
sequence is occupied by the same amino acid residue or 
nucleotide as the corresponding position in the second 
sequence, then the molecules are identical at that position. 
The percent identity between the two sequences is a function 
of the number of identical positions shared by the sequences 
(i.e., 96 identity—it of identical positions/total it of positions 
(e.g., overlapping positions)x100). In one embodiment the 
two sequences are the same length. 
0167. The determination of percent identity between two 
sequences can be accomplished using a mathematical algo 
rithm. A preferred, non-limiting example of a mathematical 
algorithm utilized for the comparison of two sequences is the 
algorithm of Karlin and Altschul (1990) Proc. Natl. Acad. Sci. 
USA 87:2264-2268, modified as in Karlin and Altschul 
(1993) Proc. Natl. Acad. Sci. USA 90:5873-5877. Such an 
algorithm is incorporated into the BLASTN and BLASTX 
programs of Altschul, et al. (1990).J. Mol. Biol. 215:403-410. 
BLAST nucleotide searches can be performed with the 
BLASTN program, score=100, wordlength=12 to obtain 
nucleotide sequences homologous to a nucleic acid mol 
ecules of the invention. BLAST protein searches can be per 
formed with the BLASTP program, score=50, wordlength=3 
to obtain amino acid sequences homologous to a protein 
molecules of the invention. To obtain gapped alignments for 
comparison purposes, a newer version of the BLAST algo 
rithm called Gapped BLAST can be utilized as described in 
Altschul et al. (1997) Nucleic Acids Res. 25:3389-3402, 
which is able to perform gapped local alignments for the 
programs BLASTN, BLASTP and BLASTX. Alternatively, 
PSI-Blast can be used to perform an iterated search which 
detects distant relationships between molecules. When utiliz 
ing BLAST, Gapped BLAST, and PSI-Blast programs, the 
default parameters of the respective programs (e.g., BLASTX 
and BLASTN) can be used. See http://www.ncbi.nlm.nih. 
gov. Another preferred, non-limiting example of a math 
ematical algorithm utilized for the comparison of sequences 
is the algorithm of Myers and Miller, (1988) CABIOS 4:11 
17. Such an algorithm is incorporated into the ALIGN pro 
gram (version 2.0) which is part of the GCG sequence align 
ment software package. When utilizing the ALIGN program 
for comparing amino acid sequences, a PAM120 weight resi 
due table, a gap length penalty of 12, and a gap penalty of 4 
can be used. Yet another useful algorithm for identifying 
regions of local sequence similarity and alignment is the 
FASTA algorithm as described in Pearson and Lipman (1988) 
Proc. Natl. Acad. Sci. USA 85:2444-2448. When using the 
FASTA algorithm for comparing nucleotide or amino acid 
sequences, a PAM120 weight residue table can, for example, 
be used with a k-tuple value of 2. 
0.168. The percent identity between two sequences can be 
determined using techniques similar to those described 
above, with or without allowing gaps. In calculating percent 
identity, only exact matches are counted. 
0169. The invention also provides chimeric or fusion pro 
teins comprising a marker protein or a segment thereof. As 
used herein, a “chimeric protein’ or “fusion protein’ com 
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prises all or part (preferably a biologically active part) of a 
marker protein operably linked to a heterologous polypeptide 
(i.e., a polypeptide other than the marker protein). Within the 
fusion protein, the term “operably linked' is intended to indi 
cate that the marker protein or segment thereof and the het 
erologous polypeptide are fused in-frame to each other. The 
heterologous polypeptide can be fused to the amino-terminus 
or the carboxyl-terminus of the marker protein or segment. 
0170. One useful fusion protein is a GST fusion protein in 
which a marker protein or segment is fused to the carboxyl 
terminus of GST sequences. Such fusion proteins can facili 
tate the purification of a recombinant polypeptide of the 
invention. 
0171 In another embodiment, the fusion protein contains 
a heterologous signal sequence at its amino terminus. For 
example, the native signal sequence of a marker protein can 
be removed and replaced with a signal sequence from another 
protein. For example, the gp67 secretory sequence of the 
baculovirus envelope protein can be used as a heterologous 
signal sequence (Ausubel et al., ed., Current Protocols in 
Molecular Biology, John Wiley & Sons, NY, 1992). Other 
examples of eukaryotic heterologous signal sequences 
include the secretory sequences of melittin and human pla 
cental alkaline phosphatase (Stratagene; La Jolla, Calif.). In 
yet another example, useful prokaryotic heterologous signal 
sequences include the phoA secretory signal (Sambrook et 
al., Supra) and the protein A Secretory signal (Pharmacia 
Biotech; Piscataway, N.J.). 
0172. In yet another embodiment, the fusion protein is an 
immunoglobulin fusion protein in which all or part of a 
marker protein is fused to sequences derived from a member 
of the immunoglobulin protein family. The immunoglobulin 
fusion proteins of the invention can be incorporated into 
pharmaceutical compositions and administered to a subject to 
inhibit an interaction between a ligand (soluble or membrane 
bound) and a protein on the Surface of a cell (receptor), to 
thereby suppress signal transduction in vivo. The immuno 
globulin fusion protein can be used to affect the bioavailabil 
ity of a cognate ligand of a marker protein Inhibition of 
ligand/receptor interaction can be useful therapeutically, both 
for treating proliferative and differentiative disorders and for 
modulating (e.g., promoting or inhibiting) cell Survival. 
Moreover, the immunoglobulin fusion proteins of the inven 
tion can be used as immunogens to produce antibodies 
directed against a marker protein in a subject, to purify 
ligands and in screening assays to identify molecules which 
inhibit the interaction of the marker protein with ligands. 
0173 Chimeric and fusion proteins of the invention can be 
produced by standard recombinant DNA techniques. In 
another embodiment, the fusion gene can be synthesized by 
conventional techniques including automated DNA synthe 
sizers. Alternatively, PCR amplification of gene fragments 
can be carried out using anchor primers which give rise to 
complementary overhangs between two consecutive gene 
fragments which can Subsequently be annealed and re-ampli 
fied to generate a chimeric gene sequence (see, e.g., Ausubel 
et al., Supra). Moreover, many expression vectors are com 
mercially available that already encode a fusion moiety (e.g., 
a GST polypeptide). A nucleic acid encoding a polypeptide of 
the invention can be cloned into Such an expression vector 
Such that the fusion moiety is linked in-frame to the polypep 
tide of the invention. 

0.174. A signal sequence can be used to facilitate secretion 
and isolation of marker proteins. Signal sequences are typi 
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cally characterized by a core of hydrophobic amino acids 
which are generally cleaved from the mature protein during 
secretion in one or more cleavage events. Such signal pep 
tides contain processing sites that allow cleavage of the signal 
sequence from the mature proteins as they pass through the 
secretory pathway. Thus, the invention pertains to marker 
proteins, fusion proteins or segments thereofhaving a signal 
sequence, as well as to such proteins from which the signal 
sequence has been proteolytically cleaved (i.e., the cleavage 
products). In one embodiment, a nucleic acid sequence 
encoding a signal sequence can be operably linked in an 
expression vector to a protein of interest, Such as a marker 
protein or a segment thereof. The signal sequence directs 
secretion of the protein, Such as from a eukaryotic host into 
which the expression vector is transformed, and the signal 
sequence is Subsequently or concurrently cleaved. The pro 
tein can then be readily purified from the extracellular 
medium by art recognized methods. Alternatively, the signal 
sequence can be linked to the protein of interest using a 
sequence which facilitates purification, such as with a GST 
domain. 

0.175. The present invention also pertains to variants of the 
marker proteins. Such variants have an altered amino acid 
sequence which can function as either agonists (mimetics) or 
as antagonists. Variants can be generated by mutagenesis, 
e.g., discrete point mutation or truncation. An agonist can 
retain Substantially the same, or a Subset, of the biological 
activities of the naturally occurring form of the protein. An 
antagonist of a protein can inhibit one or more of the activities 
of the naturally occurring form of the proteinby, for example, 
competitively binding to a downstream or upstream member 
of a cellular signaling cascade which includes the protein of 
interest. Thus, specific biological effects can be elicited by 
treatment with a variant of limited function. Treatment of a 
Subject with a variant having a Subset of the biological activi 
ties of the naturally occurring form of the protein can have 
fewer side effects in a subject relative to treatment with the 
naturally occurring form of the protein. 
0176 Variants of a marker protein which function as either 
agonists (mimetics) or as antagonists can be identified by 
screening combinatorial libraries of mutants, e.g., truncation 
mutants, of the protein of the invention for agonist orantago 
nist activity. In one embodiment, a variegated library of vari 
ants is generated by combinatorial mutagenesis at the nucleic 
acid level and is encoded by a variegated gene library. A 
variegated library of variants can be produced by, for 
example, enzymatically ligating a mixture of synthetic oligo 
nucleotides into gene sequences such that a degenerate set of 
potential protein sequences is expressible as individual 
polypeptides, or alternatively, as a set of larger fusion proteins 
(e.g., for phage display). There are a variety of methods which 
can be used to produce libraries of potential variants of the 
marker proteins from a degenerate oligonucleotide sequence. 
Methods for synthesizing degenerate oligonucleotides are 
known in the art (see, e.g., Narang, 1983, Tetrahedron 39:3: 
Itakura et al., 1984, Annu. Rev. Biochem. 53:323: Itakura et 
al., 1984, Science 198:1056; Ike et al., 1983 Nucleic Acid Res. 
11:477). 
0177. In addition, libraries of segments of a marker protein 
can be used to generate a variegated population of polypep 
tides for screening and Subsequent selection of variant marker 
proteins or segments thereof. For example, a library of coding 
sequence fragments can be generated by treating a double 
stranded PCR fragment of the coding sequence of interest 
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with a nuclease under conditions wherein nicking occurs only 
about once per molecule, denaturing the double stranded 
DNA, renaturing the DNA to form double stranded DNA 
which can include sense/antisense pairs from different nicked 
products, removing single stranded portions from reformed 
duplexes by treatment with S1 nuclease, and ligating the 
resulting fragment library into an expression vector. By this 
method, an expression library can be derived which encodes 
amino terminal and internal fragments of various sizes of the 
protein of interest. 
0178. Several techniques are known in the art for screen 
ing gene products of combinatorial libraries made by point 
mutations or truncation, and for screening cDNA libraries for 
gene products having a selected property. The most widely 
used techniques, which are amenable to high through-put 
analysis, for screening large gene libraries typically include 
cloning the gene library into replicable expression vectors, 
transforming appropriate cells with the resulting library of 
vectors, and expressing the combinatorial genes under con 
ditions in which detection of a desired activity facilitates 
isolation of the vector encoding the gene whose product was 
detected. Recursive ensemble mutagenesis (REM), a tech 
nique which enhances the frequency of functional mutants in 
the libraries, can be used in combination with the screening 
assays to identify variants of a protein of the invention (Arkin 
and Yourvan, 1992, Proc. Natl. Acad. Sci. USA 89:7811 
7815; Delgrave et al., 1993, Protein Engineering 6(3):327 
331). 
(0179 Another aspect of the invention pertains to antibod 
ies directed against a protein of the invention. In preferred 
embodiments, the antibodies specifically bind a marker pro 
tein or a fragment thereof. The terms “antibody” and “anti 
bodies' as used interchangeably herein refer to immunoglo 
bulin molecules as well as fragments and derivatives thereof 
that comprise an immunologically active portion of an immu 
noglobulin molecule, (i.e., Such a portion contains an antigen 
binding site which specifically binds an antigen, Such as a 
marker protein, e.g., an epitope of a marker protein). An 
antibody which specifically binds to a protein of the invention 
is an antibody which binds the protein, but does not substan 
tially bind other molecules in a sample, e.g., a biological 
sample, which naturally contains the protein. Examples of an 
immunologically active portion of an immunoglobulin mol 
ecule include, but are not limited to, single-chain antibodies 
(scAb), F(ab) and F(ab'), fragments. 
0180. An isolated protein of the invention or a fragment 
thereof can be used as an immunogen to generate antibodies. 
The full-length protein can be used or, alternatively, the 
invention provides antigenic peptide fragments for use as 
immunogens. The antigenic peptide of a protein of the inven 
tion comprises at least 8 (preferably 10, 15, 20, or 30 or more) 
amino acid residues of the amino acid sequence of one of the 
proteins of the invention, and encompasses at least one 
epitope of the protein such that an antibody raised against the 
peptide forms a specific immune complex with the protein. 
Preferred epitopes encompassed by the antigenic peptide are 
regions that are located on the Surface of the protein, e.g., 
hydrophilic regions. Hydrophobicity sequence analysis, 
hydrophilicity sequence analysis, or similar analyses can be 
used to identify hydrophilic regions. In preferred embodi 
ments, an isolated marker protein or fragment thereof is used 
as an immunogen. 
0181 An immunogen typically is used to prepare antibod 
ies by immunizing a suitable (i.e., immunocompetent) Sub 
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ject such as a rabbit, goat, mouse, or other mammal or verte 
brate. An appropriate immunogenic preparation can contain, 
for example, recombinantly-expressed or chemically-synthe 
sized protein or peptide. The preparation can further include 
an adjuvant, such as Freund's complete or incomplete adju 
vant, or a similar immunostimulatory agent. Preferred immu 
nogen compositions are those that contain no other human 
proteins such as, for example, immunogen compositions 
made using a non-human host cell for recombinant expres 
sion of a protein of the invention. In Such a manner, the 
resulting antibody compositions have reduced or no binding 
of human proteins other than a protein of the invention. 
0182. The invention provides polyclonal and monoclonal 
antibodies. The term “monoclonal antibody' or “monoclonal 
antibody composition’, as used herein, refers to a population 
of antibody molecules that contain only one species of an 
antigen binding site capable of immunoreacting with a par 
ticular epitope. Preferred polyclonal and monoclonal anti 
body compositions are ones that have been selected for anti 
bodies directed against a protein of the invention. Particularly 
preferred polyclonal and monoclonal antibody preparations 
are ones that contain only antibodies directed against a 
marker protein or fragment thereof. 
0183 Polyclonal antibodies can be prepared by immuniz 
ing a suitable Subject with a protein of the invention as an 
immunogen The antibody titer in the immunized Subject can 
be monitored over time by standard techniques, such as with 
an enzyme linked immunosorbent assay (ELISA) using 
immobilized polypeptide. At an appropriate time after immu 
nization, e.g., when the specific antibody titers are highest, 
antibody-producing cells can be obtained from the Subject 
and used to prepare monoclonal antibodies (mAb) by stan 
dard techniques, such as the hybridoma technique originally 
described by Kohler and Milstein (1975) Nature 256:495 
497, the human B cell hybridoma technique (see Kozbor et 
al., 1983, Immunol. Today 4:72), the EBV-hybridoma tech 
nique (see Cole et al., pp. 77-96 In Monoclonal Antibodies 
and Cancer Therapy, Alan R. Liss, Inc., 1985) or trioma 
techniques. The technology for producing hybridomas is well 
known (see generally Current Protocols in Immunology, 
Coligan et al. ed., John Wiley & Sons, New York, 1994). 
Hybridoma cells producing a monoclonal antibody of the 
invention are detected by screening the hybridoma culture 
supernatants for antibodies that bind the polypeptide of inter 
est, e.g., using a standard ELISA assay. 
0.184 Alternative to preparing monoclonal antibody-se 
creting hybridomas, a monoclonal antibody directed againsta 
protein of the invention can be identified and isolated by 
screening a recombinant combinatorial immunoglobulin 
library (e.g., an antibody phage display library) with the 
polypeptide of interest. Kits for generating and screening 
phage display libraries are commercially available (e.g., the 
Pharmacia Recombinant Phage Antibody System, Catalog 
No. 27-94.00-01; and the Stratagene Surf2AP Phage Display 
Kit, Catalog No. 240612). Additionally, examples of methods 
and reagents particularly amenable for use in generating and 
screening antibody display library can be found in, for 
example, U.S. Pat. No. 5.223,409; PCT Publication No. WO 
92/18619; PCT Publication No. WO 91/17271; PCT Publi 
cation No. WO 92/20791; PCT Publication No. WO 
92/15679; PCT Publication No. WO 93/01288: PCT Publi 
cation No. WO 92/01047: PCT Publication No. WO 
92/09690; PCT Publication No. WO 90/028.09: Fuchs et al. 
(1991) Bio/Technology 9:1370-1372; Hay et al. (1992) Hum. 



US 2010/007S325 A1 

Antibod. Hybridomas 3:81–85; Huse et al. (1989) Science 
246:1275-1281; Griffiths et al. (1993) EMBO.J. 12:725-734. 
0185. The invention also provides recombinant antibodies 
that specifically bind a protein of the invention. In preferred 
embodiments, the recombinant antibodies specifically binds 
a marker protein or fragment thereof. Recombinant antibod 
ies include, but are not limited to, chimeric and humanized 
monoclonal antibodies, comprising both human and non 
human portions, single-chain antibodies and multi-specific 
antibodies. A chimeric antibody is a molecule in which dif 
ferent portions are derived from different animal species, 
Such as those having a variable region derived from a murine 
mAb and a human immunoglobulin constant region. (See, 
e.g., Cabilly et al., U.S. Pat. No. 4,816,567; and Boss et al., 
U.S. Pat. No. 4,816,397, which are incorporated herein by 
reference in their entirety.) Single-chain antibodies have an 
antigen binding site and consist of a single polypeptides. 
They can be produced by techniques known in the art, for 
example using methods described in Ladner et. al U.S. Pat. 
No. 4,946,778 (which is incorporated herein by reference in 
its entirety); Bird et al., (1988) Science 242:423-426; Whit 
low et al., (1991) Methods in Enzymology 2:1-9; Whitlow et 
al., (1991) Methods in Enzymology 2: 97-105; and Huston et 
al., (1991) Methods in Enzymology Molecular Design and 
Modeling. Concepts and Applications 203:46-88. Multi-spe 
cific antibodies are antibody molecules having at least two 
antigen-binding sites that specifically bind different antigens. 
Such molecules can be produced by techniques known in the 
art, for example using methods described in Segal, U.S. Pat. 
No. 4,676.980 (the disclosure of which is incorporated herein 
by reference in its entirety); Holliger et al., (1993) Proc. Natl. 
Acad. Sci. USA 90:6444-6448: Whitlow et al., (1994) Protein 
Eng. 7:1017-1026 and U.S. Pat. No. 6,121,424. 
0186 Humanized antibodies are antibody molecules from 
non-human species having one or more complementarity 
determining regions (CDRS) from the non-human species and 
a framework region from a human immunoglobulin mol 
ecule. (See, e.g., Queen, U.S. Pat. No. 5,585,089, which is 
incorporated herein by reference in its entirety.) Humanized 
monoclonal antibodies can be produced by recombinant 
DNA techniques known in the art, for example using methods 
described in PCT Publication No. WO 87/02671; European 
Patent Application 184, 187: European Patent Application 
171,496: European Patent Application 173,494; PCT Publi 
cation No. WO 86/01533: U.S. Pat. No. 4,816,567; European 
Patent Application 125,023: Better et al. (1988) Science 240: 
1041-1043; Liu et al. (1987) Proc. Natl. Acad. Sci. USA 
84:3439-3443; Liu et al. (1987).J. Immunol. 139:3521-3526: 
Sun et al. (1987) Proc. Natl. Acad. Sci. USA 84:214-218: 
Nishimura et al. (1987) Cancer Res.47: 999-1005: Woodletal. 
(1985) Nature 314:446-449; and Shaw et al. (1988).J. Natl. 
Cancer Inst. 80: 1553-1559); Morrison (1985) Science 229: 
1202-1207: Oi et al. (1986) Bio/Techniques 4:214; U.S. Pat. 
No. 5.225,539; Jones et al. (1986) Nature 321:552-525; Ver 
hoeyan et al. (1988) Science 239:1534; and Beidler et al. 
(1988).J. Immunol. 141:4053-4060. 
0187 More particularly, humanized antibodies can be 
produced, for example, using transgenic mice which are inca 
pable of expressing endogenous immunoglobulin heavy and 
light chains genes, but which can express human heavy and 
light chain genes. The transgenic mice are immunized in the 
normal fashion with a selected antigen, e.g., all or a portion of 
a polypeptide corresponding to a marker of the invention. 
Monoclonal antibodies directed against the antigen can be 
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obtained using conventional hybridoma technology. The 
human immunoglobulin transgenes harbored by the trans 
genic mice rearrange during B cell differentiation, and Sub 
sequently undergo class Switching and somatic mutation. 
Thus, using Such a technique, it is possible to produce thera 
peutically useful IgG, IgA and IgE antibodies. For an over 
view of this technology for producing human antibodies, see 
Lonberg and Huszar (1995) Int. Rev. Immunol. 13:65-93). For 
a detailed discussion of this technology for producing human 
antibodies and human monoclonal antibodies and protocols 
for producing such antibodies, see, e.g., U.S. Pat. No. 5,625, 
126; U.S. Pat. No. 5,633,425: U.S. Pat. No. 5,569,825: U.S. 
Pat. No. 5,661,016; and U.S. Pat. No. 5,545,806. In addition, 
companies such as Abgenix, Inc. (Freemont, Calif.), can be 
engaged to provide human antibodies directed against a 
selected antigen using technology similar to that described 
above. 
0188 Completely human antibodies which recognize a 
selected epitope can be generated using a technique referred 
to as 'guided selection. In this approach a selected non 
human monoclonal antibody, e.g., a murine antibody, is used 
to guide the selection of a completely human antibody rec 
ognizing the same epitope (Jespers et al., 1994, Bio/technol 
ogy 12:899-903). 
(0189 The antibodies of the invention can be isolated after 
production (e.g., from the blood or serum of the Subject) or 
synthesis and further purified by well-known techniques. For 
example, IgG antibodies can be purified using protein A chro 
matography. Antibodies specific for a protein of the invention 
can be selected or (e.g., partially purified) or purified by, e.g., 
affinity chromatography. For example, a recombinantly 
expressed and purified (or partially purified) protein of the 
invention is produced as described herein, and covalently or 
non-covalently coupled to a solid Support such as, for 
example, a chromatography column. The column can then be 
used to affinity purify antibodies specific for the proteins of 
the invention from a sample containing antibodies directed 
against a large number of different epitopes, thereby gener 
ating a Substantially purified antibody composition, i.e., one 
that is substantially free of contaminating antibodies. By a 
Substantially purified antibody composition is meant, in this 
context, that the antibody sample contains at most only 30% 
(by dry weight) of contaminating antibodies directed against 
epitopes other than those of the desired protein of the inven 
tion, and preferably at most 20%, yet more preferably at most 
10%, and most preferably at most 5% (by dry weight) of the 
sample is contaminating antibodies. A purified antibody com 
position means that at least 99% of the antibodies in the 
composition are directed against the desired protein of the 
invention. 
0190. In a preferred embodiment, the substantially puri 
fied antibodies of the invention may specifically bind to a 
signal peptide, a secreted sequence, an extracellular domain, 
a transmembrane or a cytoplasmic domain or cytoplasmic 
membrane of a protein of the invention. In a particularly 
preferred embodiment, the substantially purified antibodies 
of the invention specifically bind to a secreted sequence oran 
extracellular domain of the amino acid sequences of a protein 
of the invention. In a more preferred embodiment, the sub 
stantially purified antibodies of the invention specifically 
bind to a secreted sequence or an extracellular domain of the 
amino acid sequences of a marker protein. 
0191 An antibody directed against a protein of the inven 
tion can be used to isolate the protein by standard techniques, 
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Such as affinity chromatography or immunoprecipitation. 
Moreover, such an antibody can be used to detect the marker 
protein or fragment thereof (e.g., in a cellular lysate or cell 
supernatant) in order to evaluate the level and pattern of 
expression of the marker. The antibodies can also be used 
diagnostically to monitor protein levels in tissues or body 
fluids (e.g., in a breast-associated body fluid) as part of a 
clinical testing procedure, e.g., to, for example, determine the 
efficacy of a given treatment regimen. Detection can be facili 
tated by the use of an antibody derivative, which comprises an 
antibody of the invention coupled to a detectable substance. 
Examples of detectable Substances include various enzymes, 
prosthetic groups, fluorescent materials, luminescent materi 
als, bioluminescent materials, and radioactive materials. 
Examples of Suitable enzymes include horseradish peroxi 
dase, alkaline phosphatase, B-galactosidase, or acetylcho 
linesterase; examples of suitable prosthetic group complexes 
include streptavidin/biotin and avidin/biotin; examples of 
suitable fluorescent materials include umbelliferone, fluores 
cein, fluorescein isothiocyanate, rhodamine, dichlorotriazi 
nylamine fluorescein, dansyl chloride or phycoerythrin; an 
example of a luminescent material includes luminol; 
examples of bioluminescent materials include luciferase, 
luciferin, and aequorin, and examples of Suitable radioactive 
material include ‘’I, I, S or H. 
0.192 Antibodies of the invention may also be used as 
therapeutic agents in treating cancers. In a preferred embodi 
ment, completely human antibodies of the invention are used 
for therapeutic treatment of human cancer patients, particu 
larly those having a breast cancer. In another preferred 
embodiment, antibodies that bind specifically to a marker 
protein or fragment thereofare used fortherapeutic treatment. 
Further, such therapeutic antibody may be an antibody 
derivative or immunotoxin comprising an antibody conju 
gated to a therapeutic moiety Such as a cytotoxin, a therapeu 
tic agent or a radioactive metal ion. A cytotoxin or cytotoxic 
agent includes any agent that is detrimental to cells. Examples 
include taxol, cytochalasin B, gramicidin D, ethidium bro 
mide, emetime, mitomycin, etoposide, tenoposide, Vincris 
tine, vinblastine, colchicin, doxorubicin, daunorubicin, dihy 
droxy anthracin dione, mitoxantrone, mithramycin, 
actinomycin D, 1-dehydrotestosterone, glucocorticoids, 
procaine, tetracaine, lidocaine, propranolol, and puromycin 
and analogs or homologs thereof. Therapeutic agents include, 
but are not limited to, antimetabolites (e.g., methotrexate, 
6-mercaptopurine, 6-thioguanine, cytarabine, 5-fluorouracil 
decarbazine), alkylating agents (e.g., mechlorethamine, 
thioepa chlorambucil, melphalan, carmustine (BSNU) and 
lomustine (CCNU), cyclothosphamide, busulfan, dibromo 
mannitol, Streptozotocin, mitomycin C, and cis-dichlorodi 
amine platinum (II) (DDP) cisplatin), anthracyclines (e.g., 
daunorubicin (formerly daunomycin) and doxorubicin), anti 
biotics (e.g., dactinomycin (formerly actinomycin), bleomy 
cin, mithramycin, and anthramycin (AMC)), and anti-mitotic 
agents (e.g., Vincristine and vinblastine). 
0193 The conjugated antibodies of the invention can be 
used for modifying a given biological response, for the drug 
moiety is not to be construed as limited to classical chemical 
therapeutic agents. For example, the drug moiety may be a 
protein or polypeptide possessing a desired biological activ 
ity. Such proteins may include, for example, a toxin Such as 
ribosome-inhibiting protein (see Better et al., U.S. Pat. No. 
6,146,631, the disclosure of which is incorporated herein in 
its entirety), abrin, ricin A, pseudomonas exotoxin, or diph 
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theria toxin; a protein Such as tumor necrosis factor, alpha.- 
interferon, beta.-interferon, nerve growth factor, platelet 
derived growth factor, tissue plasminogen activator; or, bio 
logical response modifiers such as, for example, lymphok 
ines, interleukin-1 (IL-1), interleukin-2 (IL-2), interleu 
kin-6 (IL-6”), granulocyte macrophase colony stimulating 
factor (“GM-CSF), granulocyte colony stimulating factor 
(“G-CSF), or other growth factors. 
0194 Techniques for conjugating Such therapeutic moiety 
to antibodies are well known, see, e.g., Amon et al., “Mono 
clonal Antibodies For Immunotargeting Of Drugs. In Cancer 
Therapy”, in Monoclonal Antibodies And Cancer Therapy, 
Reisfeld et al. (eds.), pp. 243-56 (Alan R. Liss, Inc. 1985); 
Hellstrom et al., “Antibodies For Drug Delivery', in Con 
trolled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 
623-53 (Marcel Dekker, Inc. 1987); Thorpe, “Antibody Car 
riers Of Cytotoxic Agents. In Cancer Therapy: A Review', in 
Monoclonal Antibodies 84: Biological And Clinical Appli 
cations, Pinchera et al. (eds.), pp. 475-506 (1985): 'Analysis, 
Results, And Future Prospective Of The Therapeutic Use Of 
Radiolabeled Antibody In Cancer Therapy”, in Monoclonal 
Antibodies For Cancer Detection And Therapy, Baldwin et al. 
(eds.), pp. 303-16 (Academic Press 1985), and Thorpe et al., 
“The Preparation And Cytotoxic Properties Of Antibody 
Toxin Conjugates. Immunol. Rev., 62:119-58 (1982). 
0.195 Accordingly, in one aspect, the invention provides 
Substantially purified antibodies, antibody fragments and 
derivatives, all of which specifically bind to a protein of the 
invention and preferably, a marker protein. In various 
embodiments, the substantially purified antibodies of the 
invention, or fragments or derivatives thereof, can be human, 
non-human, chimeric and/or humanized antibodies. In 
another aspect, the invention provides non-human antibodies, 
antibody fragments and derivatives, all of which specifically 
bind to a protein of the invention and preferably, a marker 
protein. Such non-human antibodies can be goat, mouse, 
sheep, horse, chicken, rabbit, or rat antibodies. Alternatively, 
the non-human antibodies of the invention can be chimeric 
and/or humanized antibodies. In addition, the non-human 
antibodies of the invention can be polyclonal antibodies or 
monoclonal antibodies. In still a further aspect, the invention 
provides monoclonal antibodies, antibody fragments and 
derivatives, all of which specifically bind to a protein of the 
invention and preferably, a marker protein. The monoclonal 
antibodies can be human, humanized, chimeric and/or non 
human antibodies. 
0196. The invention also provides a kit containing an anti 
body of the invention conjugated to a detectable Substance, 
and instructions for use. Still another aspect of the invention 
is a pharmaceutical composition comprising an antibody of 
the invention and a pharmaceutically acceptable carrier. In 
one embodiment, the pharmaceutical composition comprises 
an antibody of the invention, a therapeutic moiety, and a 
pharmaceutically acceptable carrier. 

Recombinant Expression Vectors and Host Cells 
0.197 Another aspect of the invention pertains to vectors, 
preferably expression vectors, containing a nucleic acid 
encoding a marker protein (or a portion of Such a protein). As 
used herein, the term “vector” refers to a nucleic acid mol 
ecule capable of transporting another nucleic acid to which it 
has been linked. One type of vector is a “plasmid, which 
refers to a circular double stranded DNA loop into which 
additional DNA segments can be ligated. Another type of 
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vector is a viral vector, wherein additional DNA segments can 
be ligated into the viral genome. Certain vectors are capable 
of autonomous replication in a host cell into which they are 
introduced (e.g., bacterial vectors having a bacterial origin of 
replication and episomal mammalian vectors). Other vectors 
(e.g., non-episomal mammalian vectors) are integrated into 
the genome of a host cell upon introduction into the host cell, 
and thereby are replicated along with the host genome. More 
over, certain vectors, namely expression vectors, are capable 
of directing the expression of genes to which they are oper 
ably linked. In general, expression vectors of utility in recom 
binant DNA techniques are often in the form of plasmids 
(vectors). However, the invention is intended to include such 
other forms of expression vectors, such as viral vectors (e.g., 
replication defective retroviruses, adenoviruses and adeno 
associated viruses), which serve equivalent functions. 
0198 The recombinant expression vectors of the inven 
tion comprise a nucleic acid of the invention in a form Suitable 
for expression of the nucleic acid in a host cell. This means 
that the recombinant expression vectors include one or more 
regulatory sequences, selected on the basis of the host cells to 
be used for expression, which is operably linked to the nucleic 
acid sequence to be expressed. Within a recombinant expres 
sion vector, “operably linked' is intended to mean that the 
nucleotide sequence of interest is linked to the regulatory 
sequence(s) in a manner which allows for expression of the 
nucleotide sequence (e.g., in an in vitro transcription/transla 
tion system or in a host cell when the vector is introduced into 
the host cell). The term “regulatory sequence” is intended to 
include promoters, enhancers and other expression control 
elements (e.g., polyadenylation signals). Such regulatory 
sequences are described, for example, in Goeddel, Methods in 
Enzymology. Gene Expression Technology Vol. 185, Aca 
demic Press, San Diego, Calif. (1991). Regulatory sequences 
include those which direct constitutive expression of a nucle 
otide sequence in many types of host cell and those which 
direct expression of the nucleotide sequence only in certain 
host cells (e.g., tissue-specific regulatory sequences). It will 
be appreciated by those skilled in the art that the design of the 
expression vector can depend on Such factors as the choice of 
the host cell to be transformed, the level of expression of 
protein desired, and the like. The expression vectors of the 
invention can be introduced into host cells to thereby produce 
proteins or peptides, including fusion proteins or peptides, 
encoded by nucleic acids as described herein. 
0199 The recombinant expression vectors of the inven 
tion can be designed for expression of a marker protein or a 
segment thereof in prokaryotic (e.g., E. coli) or eukaryotic 
cells (e.g., insect cells using baculovirus expression vec 
tors, yeast cells or mammalian cells). Suitable host cells are 
discussed further in Goeddel, supra. Alternatively, the recom 
binant expression vector can be transcribed and translated in 
vitro, for example using T7 promoter regulatory sequences 
and T7 polymerase. 
0200 Expression of proteins in prokaryotes is most often 
carried out in E. coli with vectors containing constitutive or 
inducible promoters directing the expression of either fusion 
or non-fusion proteins. Fusion vectors add a number of amino 
acids to a protein encoded therein, usually to the amino ter 
minus of the recombinant protein. Such fusion vectors typi 
cally serve three purposes: 1) to increase expression of 
recombinant protein; 2) to increase the solubility of the 
recombinant protein; and 3) to aid in the purification of the 
recombinant protein by acting as a ligand in affinity purifica 
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tion. Often, in fusion expression vectors, a proteolytic cleav 
age site is introduced at the junction of the fusion moiety and 
the recombinant protein to enable separation of the recombi 
nant protein from the fusion moiety Subsequent to purifica 
tion of the fusion protein. Such enzymes, and their cognate 
recognition sequences, include Factor Xa, thrombin and 
enterokinase. Typical fusion expression vectors include 
pGEX (Pharmacia Biotech Inc.; Smith and Johnson, 1988, 
Gene 67:31-40), pMAL (New England Biolabs, Beverly, 
Mass.) and pRIT5 (Pharmacia, Piscataway, N.J.) which fuse 
glutathione S-transferase (GST), maltose E binding protein, 
or protein A, respectively, to the target recombinant protein. 
0201 Examples of suitable inducible non-fusion E. coli 
expression vectors include pTrc (Amann et al., 1988, Gene 
69:301-315) and pET 11d (Studier et al., p. 60-89, In Gene 
Expression Technology Methods in Enzymology Vol. 185, 
Academic Press, San Diego, Calif., 1991). Target gene 
expression from the pTrc vector relies on host RNA poly 
merase transcription from a hybrid trp-lac fusion promoter. 
Target gene expression from the pET 11d vector relies on 
transcription from a T7 gn10-lac fusion promoter mediated 
by a co-expressed viral RNA polymerase (T7 gn1). This viral 
polymerase is supplied by host strains BL21 (DE3) or 
HMS174(DE3) from a resident prophage harboring a T7 gn1 
gene under the transcriptional control of the lacUV 5 pro 
moter. 

0202 One strategy to maximize recombinant protein 
expression in E. coli is to express the protein in a host bacteria 
with an impaired capacity to proteolytically cleave the recom 
binant protein (Gottesman, p. 119-128. In Gene Expression 
Technology: Methods in Enzymology Vol. 185, Academic 
Press, San Diego, Calif., 1990. Another strategy is to alter the 
nucleic acid sequence of the nucleic acid to be inserted into an 
expression vector so that the individual codons for each 
amino acid are those preferentially utilized in E. coli (Wada et 
al., 1992, Nucleic Acids Res. 20:2111-2118). Such alteration 
of nucleic acid sequences of the invention can be carried out 
by standard DNA synthesis techniques. 
0203. In another embodiment, the expression vector is a 
yeast expression vector. Examples of vectors for expression 
in yeast S. cerevisiae include pYepSec1 (Baldariet al., 1987, 
EMBO.J. 6:229-234), pMFa (Kurjan and Herskowitz, 1982, 
Cell 30:933-943), p.JRY88 (Schultz et al., 1987, Gene 
54:113-123), pYES2 (Invitrogen Corporation, San Diego, 
Calif.), and pPicz (Invitrogen Corp., San Diego, Calif.). 
0204 Alternatively, the expression vector is a baculovirus 
expression vector. Baculovirus vectors available for expres 
sion of proteins in cultured insect cells (e.g., Sf 9 cells) 
include the pac series (Smith et al., 1983, Mol. Cell. Biol. 
3:2156-2165) and the pVL series (Lucklow and Summers, 
1989, Virology 170:31-39). 
0205. In yet another embodiment, a nucleic acid of the 
invention is expressed in mammalian cells using a mamma 
lian expression vector. Examples of mammalian expression 
vectors include pCDM8 (Seed, 1987, Nature 329:840) and 
pMT2PC (Kaufman et al., 1987, EMBO.J. 6:187-195). When 
used in mammalian cells, the expression vector's control 
functions are often provided by viral regulatory elements. For 
example, commonly used promoters are derived from 
polyoma, Adenovirus 2, cytomegalovirus and Simian Virus 
40. For other suitable expression systems for both prokaryotic 
and eukaryotic cells see chapters 16 and 17 of Sambrook et 
al., Supra. 
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0206. In another embodiment, the recombinant mamma 
lian expression vector is capable of directing expression of 
the nucleic acid preferentially in a particular cell type (e.g., 
tissue-specific regulatory elements are used to express the 
nucleic acid). Tissue-specific regulatory elements are known 
in the art. Non-limiting examples of Suitable tissue-specific 
promoters include the albumin promoter (liver-specific: Pink 
ert et al., 1987, Genes Dev. 1:268-277), lymphoid-specific 
promoters (Calame and Eaton, 1988, Adv. Immunol. 43:235 
275), in particular promoters of T cell receptors (Winoto and 
Baltimore, 1989, EMBO.J. 8:729-733) and immunoglobulins 
(Banerji et al., 1983, Cell 33:729-740; Queen and Baltimore, 
1983, Cell 33:741-748), neuron-specific promoters (e.g., the 
neurofilament promoter; Byrne and Ruddle, 1989, Proc. Natl. 
Acad. Sci. USA 86:5473-5477), pancreas-specific promoters 
(Edlund et al., 1985, Science 230:912-916), and mammary 
gland-specific promoters (e.g., milk whey promoter, U.S. Pat. 
No. 4,873.316 and European Application Publication No. 
264,166). Developmentally-regulated promoters are also 
encompassed, for example the murine hoX promoters (Kessel 
and Gruss, 1990, Science 249:374-379) and the C-fetoprotein 
promoter (Camper and Tilghman, 1989, Genes Dev. 3:537 
546). 
0207. The invention further provides a recombinant 
expression vector comprising a DNA molecule of the inven 
tion cloned into the expression vector in an antisense orien 
tation. That is, the DNA molecule is operably linked to a 
regulatory sequence in a manner which allows for expression 
(by transcription of the DNA molecule) of an RNA molecule 
which is antisense to the mRNA encoding a polypeptide of 
the invention. Regulatory sequences operably linked to a 
nucleic acid cloned in the antisense orientation can be chosen 
which direct the continuous expression of the antisense RNA 
molecule in a variety of cell types, for instance viral promot 
ers and/or enhancers, or regulatory sequences can be chosen 
which direct constitutive, tissue-specific or cell type specific 
expression of antisense RNA. The antisense expression vec 
tor can be in the form of a recombinant plasmid, phagemid, or 
attenuated virus in which antisense nucleic acids are pro 
duced under the control of a high efficiency regulatory region, 
the activity of which can be determined by the cell type into 
which the vector is introduced. For a discussion of the regu 
lation of gene expression using antisense genes see Weintraub 
et al., 1986, Trends in Genetics, Vol. 1 (1). 
0208 Another aspect of the invention pertains to host cells 
into which a recombinant expression vector of the invention 
has been introduced. The terms "host cell' and “recombinant 
host cell are used interchangeably herein. It is understood 
that such terms refer not only to the particular subject cell but 
to the progeny or potential progeny of Such a cell. Because 
certain modifications may occur in Succeeding generations 
due to either mutation or environmental influences, such 
progeny may not, in fact, be identical to the parent cell, but are 
still included within the scope of the term as used herein. 
0209. A host cell can be any prokaryotic (e.g., E. coli) or 
eukaryotic cell (e.g., insect cells, yeast or mammalian cells). 
0210 Vector DNA can be introduced into prokaryotic or 
eukaryotic cells via conventional transformation or transfec 
tion techniques. As used herein, the terms “transformation' 
and “transfection' are intended to refer to a variety of art 
recognized techniques for introducing foreign nucleic acid 
into a host cell, including calcium phosphate or calcium chlo 
ride co-precipitation, DEAE-dextran-mediated transfection, 
lipofection, or electroporation. Suitable methods for trans 
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forming or transfecting host cells can be found in Sambrook, 
et al. (Supra), and other laboratory manuals. 
0211 For stable transfection of mammalian cells, it is 
known that, depending upon the expression vector and trans 
fection technique used, only a small fraction of cells may 
integrate the foreign DNA into their genome. In order to 
identify and select these integrants, a gene that encodes a 
selectable marker (e.g., for resistance to antibiotics) is gen 
erally introduced into the host cells along with the gene of 
interest. Preferred selectable markers include those which 
confer resistance to drugs, such as G418, hygromycin and 
methotrexate. Cells stably transfected with the introduced 
nucleic acid can be identified by drug selection (e.g., cells that 
have incorporated the selectable marker will survive, while 
the other cells die). 
0212. A host cell of the invention, such as a prokaryotic or 
eukaryotic host cell in culture, can be used to produce a 
marker protein or a segment thereof. Accordingly, the inven 
tion further provides methods for producing a marker protein 
or a segment thereof using the host cells of the invention. In 
one embodiment, the method comprises culturing the host 
cell of the invention (into which a recombinant expression 
vector encoding a marker protein or a segment thereof has 
been introduced) in a suitable medium such that the is pro 
duced. In another embodiment, the method further comprises 
isolating the a marker protein or a segment thereof from the 
medium or the host cell. 

0213. The host cells of the invention can also be used to 
produce nonhuman transgenic animals. For example, in one 
embodiment, a host cell of the invention is a fertilized oocyte 
or an embryonic stem cell into which a sequences encoding a 
marker protein or a segment thereof have been introduced. 
Such host cells can then be used to create non-human trans 
genic animals in which exogenous sequences encoding a 
marker protein of the invention have been introduced into 
their genome or homologous recombinant animals in which 
endogenous gene(s) encoding a marker protein have been 
altered. Such animals are useful for studying the function 
and/or activity of the marker protein and for identifying and/ 
or evaluating modulators of marker protein. As used herein, a 
“transgenic animal' is a non-human animal, preferably a 
mammal, more preferably a rodent Such as a rat or mouse, in 
which one or more of the cells of the animal includes a 
transgene. Other examples of transgenic animals include non 
human primates, sheep, dogs, cows, goats, chickens, amphib 
ians, etc. A transgene is exogenous DNA which is integrated 
into the genome of a cell from which a transgenic animal 
develops and which remains in the genome of the mature 
animal, thereby directing the expression of an encoded gene 
product in one or more cell types or tissues of the transgenic 
animal. As used herein, an "homologous recombinant ani 
mal' is a non-human animal, preferably a mammal, more 
preferably a mouse, in which an endogenous gene has been 
altered by homologous recombination between the endog 
enous gene and an exogenous DNA molecule introduced into 
a cell of the animal, e.g., an embryonic cell of the animal, 
prior to development of the animal. 
0214. A transgenic animal of the invention can be created 
by introducing a nucleic acid encoding a marker protein into 
the male pronuclei of a fertilized oocyte, e.g., by microinjec 
tion, retroviral infection, and allowing the oocyte to develop 
in a pseudopregnant female foster animal. Intronic sequences 
and polyadenylation signals can also be included in the trans 
gene to increase the efficiency of expression of the transgene. 
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A tissue-specific regulatory sequence(s) can be operably 
linked to the transgene to direct expression of the polypeptide 
of the invention to particular cells. Methods for generating 
transgenic animals via embryo manipulation and microinjec 
tion, particularly animals such as mice, have become conven 
tional in the art and are described, for example, in U.S. Pat. 
Nos. 4,736,866 and 4,870,009, U.S. Pat. No. 4,873,191 and in 
Hogan, Manipulating the Mouse Embryo, Cold Spring Har 
bor Laboratory Press, Cold Spring Harbor, N.Y., 1986. Simi 
lar methods are used for production of other transgenic ani 
mals. A transgenic founder animal can be identified based 
upon the presence of the transgene in its genome and/or 
expression of mRNA encoding the transgene in tissues or 
cells of the animals. A transgenic founder animal can then be 
used to breed additional animals carrying the transgene. 
Moreover, transgenic animals carrying the transgene can fur 
ther be bred to other transgenic animals carrying other trans 
genes. 

0215. To create an homologous recombinant animal, a 
vector is prepared which contains at least a portion of a gene 
encoding a marker protein into which a deletion, addition or 
Substitution has been introduced to thereby alter, e.g., func 
tionally disrupt, the gene. In a preferred embodiment, the 
vector is designed Such that, upon homologous recombina 
tion, the endogenous gene is functionally disrupted (i.e., no 
longer encodes a functional protein; also referred to as a 
“knockout' vector). Alternatively, the vector can be designed 
Such that, upon homologous recombination, the endogenous 
gene is mutated or otherwise altered but still encodes func 
tional protein (e.g., the upstream regulatory region can be 
altered to thereby alter the expression of the endogenous 
protein). In the homologous recombination vector, the altered 
portion of the gene is flanked at its 5' and 3' ends by additional 
nucleic acid of the gene to allow for homologous recombina 
tion to occur between the exogenous gene carried by the 
vector and an endogenous gene in an embryonic stem cell. 
The additional flanking nucleic acid sequences are of Suffi 
cient length for Successful homologous recombination with 
the endogenous gene. Typically, several kilobases of 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 vec 
tor is introduced into an embryonic stem cell line (e.g., by 
electroporation) and cells in which the introduced gene has 
homologously recombined with the endogenous gene are 
selected (see, e.g., Li et al., 1992, Cell 69:915). The selected 
cells are then injected into a blastocyst of an animal (e.g., a 
mouse) to form aggregation chimeras (see, e.g., Bradley, 
Teratocarcinomas and Embryonic Stem Cells: A Practical 
Approach, Robertson, Ed., IRL, Oxford, 1987, pp. 113-152). 
A chimeric embryo can then be implanted into a suitable 
pseudopregnant female foster animal and the embryo brought 
to term. Progeny harboring the homologously recombined 
DNA in their germ cells can be used to breed animals in which 
all cells of the animal contain the homologously recombined 
DNA by germline transmission of the transgene. Methods for 
constructing homologous recombination vectors and 
homologous recombinant animals are described further in 
Bradley (1991) Current Opinion in Bio/Technology 2:823 
829 and in PCT Publication NOS. WO 90/11354, WO 
91/01140, WO92/0968, and WO 93/04169. 
0216. In another embodiment, transgenic non-human ani 
mals can be produced which contain selected systems which 
allow for regulated expression of the transgene. One example 
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of such a system is the cre/loxP recombinase system of bac 
teriophage P1. For a description of the cre/loxP recombinase 
system, see, e.g., Lakso et al. (1992) Proc. Natl. Acad. Sci. 
USA 89.6232-6236. Another example of a recombinase sys 
tem is the FLP recombinase system of Saccharomyces cer 
evisiae (O'Gorman et al., 1991, Science 251:1351-1355). If a 
cre/loXP recombinase system is used to regulate expression of 
the transgene, animals containing transgenes encoding both 
the Cre recombinase and a selected protein are required. Such 
animals can be provided through the construction of “double' 
transgenic animals, e.g., by mating two transgenic animals, 
one containing a transgene encoding a selected protein and 
the other containing a transgene encoding a recombinase. 
0217 Clones of the non-human transgenic animals 
described herein can also be produced according to the meth 
ods described in Wilmutet al. (1997) Nature 385:810-813 and 
PCT Publication NOS. WO 97/O7668 and WO 97/O7669. 

Pharmaceutical Compositions 
0218. The nucleic acid molecules, polypeptides, and anti 
bodies (also referred to herein as “active compounds’) of the 
invention can be incorporated into pharmaceutical composi 
tions suitable for administration. Such compositions typically 
comprise the nucleic acid molecule, protein, or antibody and 
a pharmaceutically acceptable carrier. As used herein the 
language “pharmaceutically acceptable carrier' is intended to 
include any and all solvents, dispersion media, coatings, anti 
bacterial and antifungal agents, isotonic and absorption 
delaying agents, and the like, compatible with pharmaceuti 
cal administration. The use of Such media and agents for 
pharmaceutically active Substances is well known in the art. 
Except insofar as any conventional media or agent is incom 
patible with the active compound, use thereof in the compo 
sitions is contemplated. Supplementary active compounds 
can also be incorporated into the compositions. 
0219. The invention includes methods for preparing phar 
maceutical compositions for modulating the expression or 
activity of a marker nucleic acid or protein. Such methods 
comprise formulating a pharmaceutically acceptable carrier 
with an agent which modulates expression or activity of a 
marker nucleic acid or protein. Such compositions can further 
include additional active agents. Thus, the invention further 
includes methods for preparing a pharmaceutical composi 
tion by formulating a pharmaceutically acceptable carrier 
with an agent which modulates expression or activity of a 
marker nucleic acid or protein and one or more additional 
active compounds. 
0220. The invention also provides methods (also referred 
to herein as 'screening assays”) for identifying modulators, 
i.e., candidate or test compounds or agents (e.g., peptides, 
peptidomimetics, peptoids, Small molecules or other drugs) 
which (a) bind to the marker, or (b) have a modulatory (e.g., 
stimulatory or inhibitory) effect on the activity of the marker 
or, more specifically, (c) have a modulatory effect on the 
interactions of the marker with one or more of its natural 
Substrates (e.g., peptide, protein, hormone, co-factor, or 
nucleic acid), or (d) have a modulatory effect on the expres 
sion of the marker. Such assays typically comprise a reaction 
between the marker and one or more assay components. The 
other components may be either the test compound itself, or a 
combination of test compound and a natural binding partner 
of the marker. 
0221) The test compounds of the present invention may be 
obtained from any available source, including systematic 
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libraries of natural and/or synthetic compounds. Test com 
pounds may also be obtained by any of the numerous 
approaches in combinatorial library methods known in the 
art, including: biological libraries; peptoid libraries (libraries 
of molecules having the functionalities of peptides, but with a 
novel, non-peptide backbone which are resistant to enzymatic 
degradation but which nevertheless remain bioactive; see, 
e.g., Zuckermann et al., 1994, J. Med. Chem. 37:2678-85); 
spatially addressable parallel solid phase or Solution phase 
libraries; synthetic library methods requiring deconvolution; 
the one-bead one-compound library method; and synthetic 
library methods using affinity chromatography selection. The 
biological library and peptoid library approaches are limited 
to peptide libraries, while the other four approaches are appli 
cable to peptide, non-peptide oligomer or Small molecule 
libraries of compounds (Lam, 1997, Anticancer Drug Des. 
12:145). 
0222 Examples of methods for the synthesis of molecular 
libraries can be found in the art, for example in: DeWitt et al. 
(1993) Proc. Natl. Acad. Sci. U.S.A. 90:6909; Erb et al. (1994) 
Proc. Natl. Acad. Sci. USA 91:11422, Zuckermann et al. 
(1994). J. Med. Chem. 37:2678; Cho et al. (1993) Science 
261: 1303: Carrell et al. (1994) Angew. Chem. Int. Ed. Engl. 
33:2059; Carell et al. (1994) Angew. Chem. Int. Ed. Engl. 
33:2061; and in Gallop et al. (1994).J. Med. Chem. 37:1233. 
0223 Libraries of compounds may be presented in solu 
tion (e.g., Houghten, 1992, Biotechniques 13:412-421), or on 
beads (Lam, 1991, Nature 354:82-84), chips (Fodor, 1993, 
Nature 364:555-556), bacteria and/or spores, (Ladner, U.S. 
Pat. No. 5,223.409), plasmids (Cullet al., 1992, Proc Natl 
AcadSci USA 89:1865-1869) or on phage (Scott and Smith, 
1990, Science 249:386-390; Devlin, 1990, Science 249:404 
406; Cwirla et al., 1990, Proc. Natl. Acad. Sci. 87:6378-6382: 
Felici, 1991, J. Mol. Biol. 222:301-310; Ladner, supra.). 
0224. In one embodiment, the invention provides assays 
for Screening candidate or test compounds which are Sub 
strates of a protein encoded by or corresponding to a marker 
or biologically active portion thereof. In another embodi 
ment, the invention provides assays for Screening candidate 
or test compounds which bind to a protein encoded by or 
corresponding to a marker or biologically active portion 
thereof. Determining the ability of the test compound to 
directly bind to a protein can be accomplished, for example, 
by coupling the compound with a radioisotope or enzymatic 
label such that binding of the compound to the marker can be 
determined by detecting the labeled marker compound in a 
complex. For example, compounds (e.g., marker Substrates) 
can be labeled with 'I, S, C, or H, either directly or 
indirectly, and the radioisotope detected by direct counting of 
radioemission or by Scintillation counting. Alternatively, 
assay components can be enzymatically labeled with, for 
example, horseradish peroxidase, alkaline phosphatase, or 
luciferase, and the enzymatic label detected by determination 
of conversion of an appropriate Substrate to product. 
0225. In another embodiment, the invention provides 
assays for screening candidate or test compounds which 
modulate the expression of a marker or the activity of a 
protein encoded by or corresponding to a marker, or a bio 
logically active portion thereof. In all likelihood, the protein 
encoded by or corresponding to the marker can, in vivo, 
interact with one or more molecules, such as but not limited 
to, peptides, proteins, hormones, cofactors and nucleic acids. 
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For the purposes of this discussion, Such cellular and extra 
cellular molecules are referred to herein as “binding partners' 
or marker “substrate'. 

0226 One necessary embodiment of the invention in order 
to facilitate Such screening is the use of a protein encoded by 
or corresponding to marker to identify the protein's natural in 
Vivo binding partners. There are many ways to accomplish 
this which are known to one skilled in the art. One example is 
the use of the marker protein as “bait protein' in a two-hybrid 
assay or three-hybrid assay (see, e.g., U.S. Pat. No. 5.283, 
317; Zervos et al., 1993, Cell 72:223-232; Madura et al., 
1993, J. Biol. Chem. 268: 12046-12054: Bartel et al., 1993, 
Biotechniques 14:920-924; Iwabuchi et al., 1993 Oncogene 
8:1693-1696; Brent WO94/10300) in order to identify other 
proteins which bind to or interact with the marker (binding 
partners) and, therefore, are possibly involved in the natural 
function of the marker. Such marker binding partners are also 
likely to be involved in the propagation of signals by the 
marker protein or downstream elements of a marker protein 
mediated signaling pathway. Alternatively, Such marker pro 
tein binding partners may also be found to be inhibitors of the 
marker protein. 
0227. The two-hybrid system is based on the modular 
nature of most transcription factors, which consist of sepa 
rable DNA-binding and activation domains. Briefly, the assay 
utilizes two different DNA constructs. In one construct, the 
gene that encodes a marker protein fused to a gene encoding 
the DNA binding domain of a known transcription factor 
(e.g., GAL-4). In the other construct, a DNA sequence, from 
a library of DNA sequences, that encodes an unidentified 
protein (“prey” or “sample') is fused to a gene that codes for 
the activation domain of the known transcription factor. If the 
“bait' and the “prey’ proteins are able to interact, in vivo, 
forming a marker-dependent complex, the DNA-binding and 
activation domains of the transcription factor are brought into 
close proximity. This proximity allows transcription of a 
reporter gene (e.g., Lacz) which is operably linked to a tran 
Scriptional regulatory site responsive to the transcription fac 
tor. Expression of the reporter gene can be readily detected 
and cell colonies containing the functional transcription fac 
tor can be isolated and used to obtain the cloned gene which 
encodes the protein which interacts with the marker protein. 
0228. In a further embodiment, assays may be devised 
through the use of the invention for the purpose of identifying 
compounds which modulate (e.g., affect either positively or 
negatively) interactions between a marker protein and its 
Substrates and/or binding partners. Such compounds can 
include, but are not limited to, molecules Such as antibodies, 
peptides, hormones, oligonucleotides, nucleic acids, and ana 
logs thereof. Such compounds may also be obtained from any 
available source, including systematic libraries of natural 
and/or synthetic compounds. The preferred assay compo 
nents for use in this embodiment is a breast cancer marker 
protein identified herein, the known binding partner and/or 
Substrate of same, and the test compound. Test compounds 
can be Supplied from any source. 
0229. The basic principle of the assay systems used to 
identify compounds that interfere with the interaction 
between the marker protein and its binding partner involves 
preparing a reaction mixture containing the marker protein 
and its binding partner under conditions and for a time suffi 
cient to allow the two products to interact and bind, thus 
forming a complex. In order to test an agent for inhibitory 
activity, the reaction mixture is prepared in the presence and 
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absence of the test compound. The test compound can be 
initially included in the reaction mixture, or can be added at a 
time Subsequent to the addition of the marker protein and its 
binding partner. Control reaction mixtures are incubated 
without the test compound or with a placebo. The formation 
of any complexes between the marker protein and its binding 
partner is then detected. The formation of a complex in the 
control reaction, but less or no such formation in the reaction 
mixture containing the test compound, indicates that the com 
pound interferes with the interaction of the marker protein 
and its binding partner. Conversely, the formation of more 
complex in the presence of compound than in the control 
reaction indicates that the compound may enhance interac 
tion of the marker protein and its binding partner. 
0230. The assay for compounds that interfere with the 
interaction of the marker protein with its binding partner may 
be conducted in a heterogeneous or homogeneous format. 
Heterogeneous assays involve anchoring either the marker 
protein or its binding partner onto a solid phase and detecting 
complexes anchored to the solid phase at the end of the 
reaction. In homogeneous assays, the entire reaction is car 
ried out in a liquid phase. In either approach, the order of 
addition of reactants can be varied to obtain different infor 
mation about the compounds being tested. For example, test 
compounds that interfere with the interaction between the 
marker proteins and the binding partners (e.g., by competi 
tion) can be identified by conducting the reaction in the pres 
ence of the test Substance, i.e., by adding the test Substance to 
the reaction mixture prior to or simultaneously with the 
marker and its interactive binding partner. Alternatively, test 
compounds that disrupt preformed complexes, e.g., com 
pounds with higher binding constants that displace one of the 
components from the complex, can be tested by adding the 
test compound to the reaction mixture after complexes have 
been formed. The various formats are briefly described below. 
0231. In a heterogeneous assay system, either the marker 
protein or its binding partner is anchored onto a Solid Surface 
or matrix, while the other corresponding non-anchored com 
ponent may be labeled, either directly or indirectly. In prac 
tice, microtitre plates are often utilized for this approach. The 
anchored species can be immobilized by a number of meth 
ods, either non-covalent or covalent, that are typically well 
known to one who practices the art. Non-covalent attachment 
can often be accomplished simply by coating the Solid Surface 
with a solution of the marker protein or its binding partner and 
drying. Alternatively, an immobilized antibody specific for 
the assay component to be anchored can be used for this 
purpose. Such surfaces can often be prepared in advance and 
stored. 

0232. In related embodiments, a fusion protein can be 
provided which adds a domain that allows one or both of the 
assay components to be anchored to a matrix. For example, 
glutathione-S-transferase/marker fusion proteins or glu 
tathione-S-transferase/binding partner can be adsorbed onto 
glutathione Sepharose beads (Sigma Chemical, St. Louis, 
Mo.) or glutathione derivatized microtiter plates, which are 
then combined with the test compound or the test compound 
and either the non-adsorbed marker or its binding partner, and 
the mixture incubated under conditions conducive to complex 
formation (e.g., physiological conditions). Following incuba 
tion, the beads or microtiter plate wells are washed to remove 
any unbound assay components, the immobilized complex 
assessed either directly or indirectly, for example, as 
described above. Alternatively, the complexes can be disso 
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ciated from the matrix, and the level of marker binding or 
activity determined using standard techniques. 
0233. Other techniques for immobilizing proteins on 
matrices can also be used in the Screening assays of the 
invention. For example, either a marker protein or a marker 
protein binding partner can be immobilized utilizing conju 
gation of biotin and streptavidin. Biotinylated marker protein 
or target molecules can be prepared from biotin-NHS (N-hy 
droxy-Succinimide) using techniques known in the art (e.g., 
biotinylation kit, Pierce Chemicals, Rockford, Ill.), and 
immobilized in the wells of streptavidin-coated 96 well plates 
(Pierce Chemical). In certain embodiments, the protein-im 
mobilized surfaces can be prepared in advance and stored. 
0234. In order to conduct the assay, the corresponding 
partner of the immobilized assay component is exposed to the 
coated surface with or without the test compound. After the 
reaction is complete, unreacted assay components are 
removed (e.g., by washing) and any complexes formed will 
remain immobilized on the solid surface. The detection of 
complexes anchored on the Solid Surface can be accomplished 
in a number of ways. Where the non-immobilized component 
is pre-labeled, the detection of label immobilized on the sur 
face indicates that complexes were formed. Where the non 
immobilized component is not pre-labeled, an indirect label 
can be used to detect complexes anchored on the Surface; e.g., 
using a labeled antibody specific for the initially non-immo 
bilized species (the antibody, in turn, can be directly labeled 
or indirectly labeled with, e.g., a labeled anti-Ig antibody). 
Depending upon the order of addition of reaction compo 
nents, test compounds which modulate (inhibit or enhance) 
complex formation or which disrupt preformed complexes 
can be detected. 

0235. In an alternate embodiment of the invention, a 
homogeneous assay may be used. This is typically a reaction, 
analogous to those mentioned above, which is conducted in a 
liquid phase in the presence or absence of the test compound. 
The formed complexes are then separated from unreacted 
components, and the amount of complex formed is deter 
mined. As mentioned for heterogeneous assay systems, the 
order of addition of reactants to the liquid phase can yield 
information about which test compounds modulate (inhibitor 
enhance) complex formation and which disrupt preformed 
complexes. 
0236. In such a homogeneous assay, the reaction products 
may be separated from unreacted assay components by any of 
a number of standard techniques, including but not limited to: 
differential centrifugation, chromatography, electrophoresis 
and immunoprecipitation. In differential centrifugation, com 
plexes of molecules may be separated from uncomplexed 
molecules through a series of centrifugal steps, due to the 
different sedimentation equilibria of complexes based on 
their different sizes and densities (see, for example, Rivas, G., 
and Minton, A. P., Trends Biochem Sci 1993 August; 18(8): 
284-7). Standard chromatographic techniques may also be 
utilized to separate complexed molecules from uncomplexed 
ones. For example, gel filtration chromatography separates 
molecules based on size, and through the utilization of an 
appropriate gel filtration resin in a column format, for 
example, the relatively larger complex may be separated from 
the relatively smaller uncomplexed components. Similarly, 
the relatively different charge properties of the complex as 
compared to the uncomplexed molecules may be exploited to 
differentially separate the complex from the remaining indi 
vidual reactants, for example through the use of ion-exchange 
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chromatography resins. Such resins and chromatographic 
techniques are well known to one skilled in the art (see, e.g., 
Heegaard, 1998, J Mol. Recognit. 11:141-148; Hage and 
Tweed, 1997, J. Chromatogr: B. Biomed. Sci. Appl., 699:499 
525). Gel electrophoresis may also be employed to separate 
complexed molecules from unbound species (see, e.g., 
Ausubeletal (eds.). In: Current Protocols in Molecular Biol 
ogy, J. Wiley & Sons, New York. 1999). In this technique, 
protein or nucleic acid complexes are separated based on size 
or charge, for example. In order to maintain the binding 
interaction during the electrophoretic process, nondenaturing 
gels in the absence of reducing agent are typically preferred, 
but conditions appropriate to the particular interactants will 
be well known to one skilled in the art. Immunoprecipitation 
is another common technique utilized for the isolation of a 
protein-protein complex from Solution (see, e.g., Ausubel et 
al (eds.), In: Current Protocols in Molecular Biology, J. Wiley 
& Sons, New York. 1999). In this technique, all proteins 
binding to an antibody specific to one of the binding mol 
ecules are precipitated from solution by conjugating the anti 
body to a polymer bead that may be readily collected by 
centrifugation. The bound assay components are released 
from the beads (through a specific proteolysis event or other 
technique well known in the art which will not disturb the 
protein-protein interaction in the complex), and a second 
immunoprecipitation step is performed, this time utilizing 
antibodies specific for the correspondingly different interact 
ing assay component. In this manner, only formed complexes 
should remain attached to the beads. Variations in complex 
formation in both the presence and the absence of a test 
compound can be compared, thus offering information about 
the ability of the compound to modulate interactions between 
the marker protein and its binding partner. 
0237 Also within the scope of the present invention are 
methods for direct detection of interactions between the 
marker protein and its natural binding partner and/or a test 
compound in a homogeneous or heterogeneous assay system 
without further sample manipulation. For example, the tech 
nique of fluorescence energy transfer may be utilized (see, 
e.g., Lakowicz et al., U.S. Pat. No. 5,631, 169; Stavrianopo 
ulos et al., U.S. Pat. No. 4,868,103). Generally, this technique 
involves the addition of a fluorophore label on a first donor 
molecule (e.g., marker or test compound) such that its emitted 
fluorescent energy will be absorbed by a fluorescent label on 
a second, acceptor molecule (e.g., marker or test com 
pound), which in turn is able to fluoresce due to the absorbed 
energy. Alternately, the donor protein molecule may simply 
utilize the natural fluorescent energy of tryptophan residues. 
Labels are chosen that emit different wavelengths of light, 
such that the acceptor molecule label may be differentiated 
from that of the donor. Since the efficiency of energy trans 
fer between the labels is related to the distance separating the 
molecules, spatial relationships between the molecules can 
be assessed. In a situation in which binding occurs between 
the molecules, the fluorescent emission of the acceptor mol 
ecule label in the assay should be maximal. An FET binding 
event can be conveniently measured through standard fluo 
rometric detection means well known in the art (e.g., using a 
fluorimeter). A test substance which either enhances or hin 
ders participation of one of the species in the preformed 
complex will result in the generation of a signal variant to that 
of background. In this way, test Substances that modulate 
interactions between a marker and its binding partner can be 
identified in controlled assays. 
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0238. In another embodiment, modulators of marker 
expression are identified in a method wherein a cell is con 
tacted with a candidate compound and the expression of 
marker mRNA or protein in the cell, is determined. The level 
of expression of marker mRNA or protein in the presence of 
the candidate compound is compared to the level of expres 
sion of marker mRNA or protein in the absence of the candi 
date compound. The candidate compound can then be iden 
tified as a modulator of marker expression based on this 
comparison. For example, when expression of marker mRNA 
or protein is greater (statistically significantly greater) in the 
presence of the candidate compound than in its absence, the 
candidate compound is identified as a stimulator of marker 
mRNA or protein expression. Conversely, when expression 
of marker mRNA or protein is less (statistically significantly 
less) in the presence of the candidate compound than in its 
absence, the candidate compound is identified as an inhibitor 
of marker mRNA or protein expression. The level of marker 
mRNA or protein expression in the cells can be determined by 
methods described herein for detecting marker mRNA or 
protein. 
0239. In another aspect, the invention pertains to a com 
bination of two or more of the assays described herein. For 
example, a modulating agent can be identified using a cell 
based or a cell free assay, and the ability of the agent to 
modulate the activity of a marker protein can be further con 
firmed in Vivo, e.g., in a whole animal model for cellular 
transformation and/or tumorigenesis. 
0240. This invention further pertains to novel agents iden 

tified by the above-described screening assays. Accordingly, 
it is within the scope of this invention to further use an agent 
identified as described herein in an appropriate animal model. 
For example, an agent identified as described herein (e.g., an 
marker modulating agent, an antisense marker nucleic acid 
molecule, an marker-specific antibody, oran marker-binding 
partner) can be used in an animal model to determine the 
efficacy, toxicity, or side effects of treatment with such an 
agent. Alternatively, an agent identified as described herein 
can be used in an animal model to determine the mechanism 
of action of Such an agent. Furthermore, this invention per 
tains to uses of novel agents identified by the above-described 
screening assays for treatments as described herein. 
0241. It is understood that appropriate doses of small mol 
ecule agents and protein or polypeptide agents depends upon 
a number of factors within the knowledge of the ordinarily 
skilled physician, Veterinarian, or researcher. The dose(s) of 
these agents will vary, for example, depending upon the iden 
tity, size, and condition of the Subjector sample being treated, 
further depending upon the route by which the composition is 
to be administered, if applicable, and the effect which the 
practitioner desires the agent to have upon the nucleic acid or 
polypeptide of the invention. Exemplary doses of a small 
molecule include milligram or microgram amounts per kilo 
gram of Subject or sample weight (e.g., about 1 microgram 
per kilogram to about 500 milligrams per kilogram, about 100 
micrograms per kilogram to about 5 milligrams per kilogram, 
or about 1 microgram per kilogram to about 50 micrograms 
per kilogram). Exemplary doses of a protein or polypeptide 
include gram, milligram or microgram amounts per kilogram 
of Subject or sample weight (e.g., about 1 microgram per 
kilogram to about 5 grams per kilogram, about 100 micro 
grams per kilogram to about 500 milligrams per kilogram, or 
about 1 milligram per kilogram to about 50 milligrams per 
kilogram). It is furthermore understood that appropriate 
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doses of one of these agents depend upon the potency of the 
agent with respect to the expression or activity to be modu 
lated. Such appropriate doses can be determined using the 
assays described herein. When one or more of these agents is 
to be administered to an animal (e.g., a human) in order to 
modulate expression or activity of a polypeptide or nucleic 
acid of the invention, a physician, Veterinarian, or researcher 
can, for example, prescribe a relatively low dose at first, 
Subsequently increasing the dose until an appropriate 
response is obtained. In addition, it is understood that the 
specific dose level for any particular animal subject will 
depend upon a variety of factors including the activity of the 
specific agent employed, the age, body weight, general 
health, gender, and diet of the Subject, the time of adminis 
tration, the route of administration, the rate of excretion, any 
drug combination, and the degree of expression or activity to 
be modulated. 

0242 A pharmaceutical composition of the invention is 
formulated to be compatible with its intended route of admin 
istration. Examples of routes of administration include 
parenteral, e.g., intravenous, intradermal, Subcutaneous, oral 
(e.g., inhalation), transdermal (topical), transmucosal, and 
rectal administration. Solutions or Suspensions used for 
parenteral, intradermal, or Subcutaneous application can 
include the following components: a sterile diluent Such as 
water for injection, Saline Solution, fixed oils, polyethylene 
glycols, glycerine, propylene glycol or other synthetic Sol 
vents; antibacterial agents such as benzyl alcohol or methyl 
parabens; antioxidants such as ascorbic acid or sodium 
bisulfite; chelating agents such as ethylenediamine-tetraace 
tic acid; buffers such as acetates, citrates or phosphates and 
agents for the adjustment oftonicity Such as Sodium chloride 
or dextrose. pH can be adjusted with acids or bases, such as 
hydrochloric acid or sodium hydroxide. The parenteral prepa 
ration can be enclosed in ampules, disposable syringes or 
multiple dose vials made of glass or plastic. 
0243 Pharmaceutical compositions suitable for injectable 
use include sterile aqueous Solutions (where water soluble) or 
dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersions. For 
intravenous administration, Suitable carriers include physi 
ological saline, bacteriostatic water, Cremophor EL (BASF: 
Parsippany, N.J.) or phosphate buffered saline (PBS). In all 
cases, the composition must be sterile and should be fluid to 
the extent that easy syringability exists. It must be stable 
under the conditions of manufacture and storage and must be 
preserved against the contaminating action of microorgan 
isms such as bacteria and fungi. The carrier can be a solvent 
or dispersion medium containing, for example, water, etha 
nol, polyol (for example, glycerol, propylene glycol, and 
liquid polyethylene glycol, and the like), and Suitable mix 
tures thereof. The proper fluidity can be maintained, for 
example, by the use of a coating Such as lecithin, by the 
maintenance of the required particle size in the case of dis 
persion and by the use of surfactants. Prevention of the action 
of microorganisms can be achieved by various antibacterial 
and antifungal agents, for example, parabens, chlorobutanol, 
phenol, ascorbic acid, thimerosal, and the like. In many cases, 
it will be preferable to include isotonic agents, for example, 
Sugars, polyalcohols such as mannitol, Sorbitol, or sodium 
chloride in the composition. Prolonged absorption of the 
injectable compositions can be brought about by including in 
the composition an agent which delays absorption, for 
example, aluminum monostearate and gelatin. 
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0244 Sterile injectable solutions can be prepared by 
incorporating the active compound (e.g., a polypeptide or 
antibody) in the required amount in an appropriate solvent 
with one or a combination of ingredients enumerated above, 
as required, followed by filtered sterilization. Generally, dis 
persions are prepared by incorporating the active compound 
into a sterile vehicle which contains a basic dispersion 
medium, and then incorporating the required other ingredi 
ents from those enumerated above. In the case of sterile 
powders for the preparation of sterile injectable solutions, the 
preferred methods of preparation are vacuum drying and 
freeze-drying which yields a powder of the active ingredient 
plus any additional desired ingredient from a previously ster 
ile-filtered solution thereof. 
0245 Oral compositions generally include an inert diluent 
or an edible carrier. They can be enclosed in gelatin capsules 
or compressed into tablets. For the purpose of oral therapeutic 
administration, the active compound can be incorporated 
with excipients and used in the form of tablets, troches, or 
capsules. Oral compositions can also be prepared using a fluid 
carrier for use as a mouthwash, wherein the compound in the 
fluid carrier is applied orally and swished and expectorated or 
swallowed. 
0246 Pharmaceutically compatible binding agents, and/ 
or adjuvant materials can be included as part of the compo 
sition. The tablets, pills, capsules, troches, and the like can 
contain any of the following ingredients, or compounds of a 
similar nature: a binder Such as microcrystalline cellulose, 
gum tragacanth or gelatin; an excipient such as starch or 
lactose, a disintegrating agent such as alginic acid, Primogel, 
or corn starch; a lubricant such as magnesium Stearate or 
Sterotes; a glidant Such as colloidal silicon dioxide; a Sweet 
ening agent such as Sucrose or saccharin; or a flavoring agent 
Such as peppermint, methyl salicylate, or orange flavoring. 
0247 For administration by inhalation, the compounds 
are delivered in the form of an aerosol spray from a pressur 
ized container or dispenser which contains a suitable propel 
lant, e.g., a gas Such as carbon dioxide, or a nebulizer. 
0248 Systemic administration can also be by transmu 
cosal or transdermal means. For transmucosal or transdermal 
administration, penetrants appropriate to the barrier to be 
permeated are used in the formulation. Such penetrants are 
generally known in the art, and include, for example, for 
transmucosal administration, detergents, bile salts, and 
fusidic acid derivatives. Transmucosal administration can be 
accomplished through the use of nasal sprays or Supposito 
ries. For transdermal administration, the active compounds 
are formulated into ointments, salves, gels, or creams as gen 
erally known in the art. 
0249. The compounds can also be prepared in the form of 
Suppositories (e.g., with conventional Suppository bases Such 
as cocoa butter and other glycerides) or retention enemas for 
rectal delivery. 
0250 In one embodiment, the active compounds are pre 
pared with carriers that will protect the compound against 
rapid elimination from the body, such as a controlled release 
formulation, including implants and microencapsulated 
delivery systems. Biodegradable, biocompatible polymers 
can be used, such as ethylene vinyl acetate, polyanhydrides, 
polyglycolic acid, collagen, polyorthoesters, and polylactic 
acid. Methods for preparation of such formulations will be 
apparent to those skilled in the art. The materials can also be 
obtained commercially from Alza Corporation and Nova 
Pharmaceuticals, Inc. Liposomal Suspensions (including 
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liposomes having monoclonal antibodies incorporated 
therein or thereon) can also be used as pharmaceutically 
acceptable carriers. These can be prepared according to meth 
ods known to those skilled in the art, for example, as 
described in U.S. Pat. No. 4,522,811. 
0251. It is especially advantageous to formulate oral or 
parenteral compositions in dosage unit form for ease of 
administration and uniformity of dosage. Dosage unit form as 
used herein refers to physically discrete units Suited as unitary 
dosages for the Subject to be treated; each unit containing a 
predetermined quantity of active compound calculated to pro 
duce the desired therapeutic effect in association with the 
required pharmaceutical carrier. The specification for the dos 
age unit forms of the invention are dictated by and directly 
dependent on the unique characteristics of the active com 
pound and the particular therapeutic effect to be achieved, and 
the limitations inherent in the art of compounding Such an 
active compound for the treatment of individuals. 
0252 For antibodies, the preferred dosage is 0.1 mg/kg to 
100 mg/kg of body weight (generally 10 mg/kg to 20 mg/kg). 
If the antibody is to act in the brain, a dosage of 50 mg/kg to 
100 mg/kg is usually appropriate. Generally, partially human 
antibodies and fully human antibodies have a longer half-life 
within the human body than other antibodies. Accordingly, 
lower dosages and less frequent administration is often pos 
sible. Modifications such as lipidation can be used to stabilize 
antibodies and to enhance uptake and tissue penetration. A 
method for lipidation of antibodies is described by Cruiks 
hanket al. (1997).J. Acquired Immune Deficiency Syndromes 
and Human Retrovirology 14:193. 
0253) The invention also provides vaccine compositions 
for the prevention and/or treatment of breast cancer. The 
invention provides breast cancer vaccine compositions in 
which a protein of a marker of Table 1, or a combination of 
proteins of the markers of Table 1, are introduced into a 
Subject in order to stimulate an immune response against the 
breast cancer. The invention also provides breast cancer vac 
cine compositions in which a gene expression construct, 
which expresses a marker or fragment of a marker identified 
in Table 1, is introduced into the subject such that a protein or 
fragment of a protein encoded by a marker of Table 1 is 
produced by transfected cells in the subject at a higher than 
normal level and elicits an immune response. 
0254. In one embodiment, a breast cancer vaccine is pro 
vided and employed as an immunotherapeutic agent for the 
prevention of breast cancer. In another embodiment, a breast 
cancer vaccine is provided and employed as an immunothera 
peutic agent for the treatment of breast cancer. 
0255 By way of example, a breast cancer vaccine com 
prised of the proteins of the markers of Table 1, may be 
employed for the prevention and/or treatment of breast cancer 
in a subject by administering the vaccine by a variety of 
routes, e.g., intradermally, Subcutaneously, or intramuscu 
larly. In addition, the breast cancer vaccine can be adminis 
tered together with adjuvants and/or immunomodulators to 
boost the activity of the vaccine and the subject's response. In 
one embodiment, devices and/or compositions containing the 
vaccine, Suitable for Sustained or intermittent release could 
be, implanted in the body or topically applied thereto for the 
relatively slow release of such materials into the body. The 
breast cancer vaccine can be introduced along with immuno 
modulatory compounds, which can alter the type of immune 
response produced in order to produce a response which will 
be more effective in eliminating the cancer. 
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0256 In another embodiment, a breast cancer vaccine 
comprised of an expression construct of the markers of Table 
1, may be introduced by injection into muscle or by coating 
onto microprojectiles and using a device designed for the 
purpose to fire the projectiles at high speed into the skin. The 
cells of the subject will then express the protein(s) or frag 
ments of proteins of the markers of Table 1 and induce an 
immune response. In addition, the breast cancer vaccine may 
be introduced along with expression constructs for immuno 
modulatory molecules, such as cytokines, which may 
increase the immune response or modulate the type of 
immune response produced in order to produce a response 
which will be more effective in eliminating the cancer. 
0257. The marker nucleic acid molecules can be inserted 
into vectors and used as gene therapy vectors. Gene therapy 
vectors can be delivered to a subject by, for example, intra 
venous injection, local administration (U.S. Pat. No. 5.328, 
470), or by stereotactic injection (see, e.g., Chen et al., 1994, 
Proc. Natl. Acad. Sci. USA 91:3054-3057). The pharmaceu 
tical preparation of the gene therapy vector can include the 
gene therapy vector in an acceptable diluent, or can comprise 
a slow release matrix in which the gene delivery vehicle is 
imbedded. Alternatively, where the complete gene delivery 
vector can be produced intact from recombinant cells, e.g., 
retroviral vectors, the pharmaceutical preparation can include 
one or more cells which produce the gene delivery system. 
0258. The pharmaceutical compositions can be included 
in a container, pack, or dispenser together with instructions 
for administration. 

Predictive Medicine 

0259. The present invention pertains to the field of predic 
tive medicine in which diagnostic assays, prognostic assays, 
pharmacogenomics, and monitoring clinical trails are used 
for prognostic (predictive) purposes to thereby treat an indi 
vidual prophylactically. Accordingly, one aspect of the 
present invention relates to diagnostic assays for determining 
the level of expression of one or more marker proteins or 
nucleic acids, in order to determine whetheran individual is at 
risk of developing breast cancer. Such assays can be used for 
prognostic or predictive purposes to thereby prophylactically 
treat an individual prior to the onset of the cancer. 
0260 Yet another aspect of the invention pertains to moni 
toring the influence of agents (e.g., drugs or other compounds 
administered either to inhibit breast cancer or to treat or 
prevent any other disorder {i.e., in order to understand any 
breast carcinogenic effects that such treatment may have}) on 
the expression or activity of a marker of the invention in 
clinical trials. These and other agents are described in further 
detail in the following sections. 

Diagnostic Assays 

0261) An exemplary method for detecting the presence or 
absence of a marker protein or nucleic acid in a biological 
sample involves obtaining a biological sample (e.g., a breast 
associated body fluid) from a test Subject and contacting the 
biological sample with a compound or an agent capable of 
detecting the polypeptide or nucleic acid (e.g., mRNA, 
genomic DNA, or cDNA). The detection methods of the 
invention can thus be used to detect mRNA, protein, cDNA, 
or genomic DNA, for example, in a biological sample in vitro 
as well as in vivo. For example, in vitro techniques for detec 
tion of mRNA include Northern hybridizations and in situ 
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hybridizations. In vitro techniques for detection of a marker 
protein include enzyme linked immunosorbent assays (ELI 
SAS), Western blots, immunoprecipitations and immunofluo 
rescence. In vitro techniques for detection of genomic DNA 
include Southern hybridizations. Furthermore, in vivo tech 
niques for detection of a marker protein include introducing 
into a Subject a labeled antibody directed against the protein 
or fragment thereof. For example, the antibody can be labeled 
with a radioactive marker whose presence and location in a 
Subject can be detected by standard imaging techniques. 
0262. A general principle of such diagnostic and prognos 

tic assays involves preparing a sample or reaction mixture that 
may contain a marker, and a probe, under appropriate condi 
tions and for a time sufficient to allow the marker and probe to 
interact and bind, thus forming a complex that can be 
removed and/or detected in the reaction mixture. These 
assays can be conducted in a variety of ways. 
0263 For example, one method to conduct such an assay 
would involve anchoring the marker or probe onto a solid 
phase Support, also referred to as a Substrate, and detecting 
target marker/probe complexes anchored on the solid phase at 
the end of the reaction. In one embodiment of such a method, 
a sample from a subject, which is to be assayed for presence 
and/or concentration of marker, can be anchored onto a car 
rier or Solid phase Support. In another embodiment, the 
reverse situation is possible, in which the probe can be 
anchored to a solid phase and a sample from a Subject can be 
allowed to react as an unanchored component of the assay. 
0264. There are many established methods for anchoring 
assay components to a solid phase. These include, without 
limitation, marker or probe molecules which are immobilized 
through conjugation of biotin and streptavidin. Such biotiny 
lated assay components can be prepared from biotin-NHS 
(N-hydroxy-Succinimide) using techniques known in the art 
(e.g., biotinylation kit, Pierce Chemicals, Rockford, Ill.), and 
immobilized in the wells of streptavidin-coated 96 well plates 
(Pierce Chemical). In certain embodiments, the surfaces with 
immobilized assay components can be prepared in advance 
and stored. 
0265. Other suitable carriers or solid phase supports for 
Such assays include any material capable of binding the class 
of molecule to which the marker or probe belongs. Well 
known Supports or carriers include, but are not limited to, 
glass, polystyrene, nylon, polypropylene, nylon, polyethyl 
ene, dextran, amylases, natural and modified celluloses, poly 
acrylamides, gabbros, and magnetite. 
0266. In order to conduct assays with the above mentioned 
approaches, the non-immobilized component is added to the 
Solid phase upon which the second component is anchored. 
After the reaction is complete, uncomplexed components 
may be removed (e.g., by washing) under conditions such that 
any complexes formed will remain immobilized upon the 
solid phase. The detection of marker/probe complexes 
anchored to the Solid phase can be accomplished in a number 
of methods outlined herein. 
0267 In a preferred embodiment, the probe, when it is the 
unanchored assay component, can be labeled for the purpose 
of detection and readout of the assay, either directly or indi 
rectly, with detectable labels discussed herein and which are 
well-known to one skilled in the art. 
0268. It is also possible to directly detect marker/probe 
complex formation without further manipulation or labeling 
of either component (marker or probe), for example by uti 
lizing the technique of fluorescence energy transfer (see, for 
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example, Lakowicz et al., U.S. Pat. No. 5,631, 169; Stavrian 
opoulos, et al., U.S. Pat. No. 4,868,103). A fluorophore label 
on the first, donor molecule is selected such that, upon 
excitation with incident light of appropriate wavelength, its 
emitted fluorescent energy will be absorbed by a fluorescent 
label on a second acceptor molecule, which in turn is able to 
fluoresce due to the absorbed energy. Alternately, the donor 
protein molecule may simply utilize the natural fluorescent 
energy of tryptophan residues. Labels are chosen that emit 
different wavelengths of light, such that the acceptor mol 
ecule label may be differentiated from that of the donor. 
Since the efficiency of energy transfer between the labels is 
related to the distance separating the molecules, spatial rela 
tionships between the molecules can be assessed. In a situa 
tion in which binding occurs between the molecules, the 
fluorescent emission of the acceptor molecule label in the 
assay should be maximal. An FET binding event can be 
conveniently measured through standard fluorometric detec 
tion means well known in the art (e.g., using a fluorimeter). 
0269. In another embodiment, determination of the ability 
of a probe to recognize a marker can be accomplished without 
labeling either assay component (probe or marker) by utiliz 
ing a technology Such as real-time Biomolecular Interaction 
Analysis (BIA) (see, e.g., Solander, S. and Urbaniczky, C., 
1991, Anal. Chem. 63:2338-2345 and Szabo et al., 1995, 
Curr. Opin. Struct. Biol. 5:699-705). As used herein, “BIA' 
or 'surface plasmon resonance' is a technology for studying 
biospecific interactions in real time, without labeling any of 
the interactants (e.g., BIAcore). Changes in the mass at the 
binding Surface (indicative of a binding event) result in alter 
ations of the refractive index of light near the surface (the 
optical phenomenon of Surface plasmon resonance (SPR)), 
resulting in a detectable signal which can be used as an 
indication of real-time reactions between biological mol 
ecules. 

0270. Alternatively, in another embodiment, analogous 
diagnostic and prognostic assays can be conducted with 
marker and probe as solutes in a liquid phase. In Suchanassay, 
the complexed marker and probe are separated from uncom 
plexed components by any of a number of Standard tech 
niques, including but not limited to: differential centrifuga 
tion, chromatography, electrophoresis and 
immunoprecipitation. In differential centrifugation, marker/ 
probe complexes may be separated from uncomplexed assay 
components through a series of centrifugal steps, due to the 
different sedimentation equilibria of complexes based on 
their different sizes and densities (see, for example, Rivas, G., 
and Minton, A. P., 1993, Trends Biochem Sci. 18(8):284-7). 
Standard chromatographic techniques may also be utilized to 
separate complexed molecules from uncomplexed ones. For 
example, gel filtration chromatography separates molecules 
based on size, and through the utilization of an appropriate gel 
filtration resin in a column format, for example, the relatively 
larger complex may be separated from the relatively smaller 
uncomplexed components. Similarly, the relatively different 
charge properties of the marker/probe complex as compared 
to the uncomplexed components may be exploited to differ 
entiate the complex from uncomplexed components, for 
example through the utilization of ion-exchange chromatog 
raphy resins. Such resins and chromatographic techniques are 
well known to one skilled in the art (see, e.g., Heegaard, N.H., 
1998, J. Mol. Recognit. Winter 11(1-6):141-8; Hage, D. S., 
and Tweed, S. A.J. Chromatogr B Biomed Sci Appl 1997 Oct. 
10: 699(1-2):499-525). Gel electrophoresis may also be 
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employed to separate complexed assay components from 
unbound components (see, e.g., Ausubel et al., ed., Current 
Protocols in Molecular Biology, John Wiley & Sons, New 
York, 1987-1999). In this technique, protein or nucleic acid 
complexes are separated based on size or charge, for example. 
In order to maintain the binding interaction during the elec 
trophoretic process, non-denaturing gel matrix materials and 
conditions in the absence of reducing agent are typically 
preferred. Appropriate conditions to the particular assay and 
components thereof will be well known to one skilled in the 
art 

0271 In a particular embodiment, the level of marker 
mRNA can be determined both by in situ and by in vitro 
formats in a biological sample using methods known in the 
art. The term “biological sample' is intended to include tis 
Sues, cells, biological fluids and isolates thereof, isolated 
from a subject, as well as tissues, cells and fluids present 
within a Subject. Many expression detection methods use 
isolated RNA. For in vitro methods, any RNA isolation tech 
nique that does not select against the isolation of mRNA can 
be utilized for the purification of RNA from breast cells (see, 
e.g., Ausubel et al., ed., Current Protocols in Molecular Biol 
ogy, John Wiley & Sons, New York 1987-1999). Additionally, 
large numbers of tissue samples can readily be processed 
using techniques well known to those of skill in the art. Such 
as, for example, the single-step RNA isolation process of 
Chomczynski (1989, U.S. Pat. No. 4,843,155). 
0272. The isolated mRNA can be used in hybridization or 
amplification assays that include, but are not limited to, 
Southern or Northern analyses, polymerase chain reaction 
analyses and probe arrays. One preferred diagnostic method 
for the detection of mRNA levels involves contacting the 
isolated mRNA with a nucleic acid molecule (probe) that can 
hybridize to the mRNA encoded by the gene being detected. 
The nucleic acid probe can be, for example, a full-length 
cDNA, or a portion thereof. Such as an oligonucleotide of at 
least 7, 15, 30, 50, 100, 250 or 500 nucleotides in length and 
Sufficient to specifically hybridize under Stringent conditions 
to a mRNA or genomic DNA encoding a marker of the 
present invention. Other suitable probes for use in the diag 
nostic assays of the invention are described herein. Hybrid 
ization of an mRNA with the probe indicates that the marker 
in question is being expressed. 
0273. In one format, the mRNA is immobilized on a solid 
Surface and contacted with a probe, for example by running 
the isolated mRNA on an agarose gel and transferring the 
mRNA from the gel to a membrane, such as nitrocellulose. In 
an alternative format, the probe(s) are immobilized on a solid 
surface and the mRNA is contacted with the probe(s), for 
example, in an Affymetrix gene chip array. A skilled artisan 
can readily adapt known mRNA detection methods for use in 
detecting the level of mRNA encoded by the markers of the 
present invention. 
0274. An alternative method for determining the level of 
mRNA marker in a sample involves the process of nucleic 
acid amplification, e.g., by rtPCR (the experimental embodi 
ment set forth in Mullis, 1987, U.S. Pat. No. 4,683.202), 
ligase chain reaction (Barany, 1991, Proc. Natl. Acad. Sci. 
USA, 88:189-193), self sustained sequence replication (Gua 
telli et al., 1990, Proc. Natl. Acad. Sci. USA 87: 1874-1878), 
transcriptional amplification system (Kwohet al., 1989, Proc. 
Natl. Acad. Sci. USA 86:1173-1177), Q-Beta Replicase (Liz 
ardi et al., 1988, Bio/Technology 6:1197), rolling circle rep 
lication (Lizardi et al., U.S. Pat. No. 5,854,033) or any other 
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nucleic acid amplification method, followed by the detection 
of the amplified molecules using techniques well known to 
those of skill in the art. These detection schemes are espe 
cially useful for the detection of nucleic acid molecules if 
Such molecules are present in very low numbers. As used 
herein, amplification primers are defined as being a pair of 
nucleic acid molecules that can anneal to 5' or 3' regions of a 
gene (plus and minus Strands, respectively, or Vice-versa) and 
contain a short region in between. In general, amplification 
primers are from about 10 to 30 nucleotides in length and 
flank a region from about 50 to 200 nucleotides in length. 
Under appropriate conditions and with appropriate reagents, 
Such primers permit the amplification of a nucleic acid mol 
ecule comprising the nucleotide sequence flanked by the 
primers. 
0275 For in situ methods, mRNA does not need to be 
isolated from the breast cells prior to detection. In such meth 
ods, a cell or tissue sample is prepared/processed using 
known histological methods. The sample is then immobilized 
on a Support, typically a glass slide, and then contacted with 
a probe that can hybridize to mRNA that encodes the marker. 
0276. As an alternative to making determinations based on 
the absolute expression level of the marker, determinations 
may be based on the normalized expression level of the 
marker. Expression levels are normalized by correcting the 
absolute expression level of a marker by comparing its 
expression to the expression of a gene that is not a marker, 
e.g., a housekeeping gene that is constitutively expressed. 
Suitable genes for normalization include housekeeping genes 
Such as the actin gene, or epithelial cell-specific genes. This 
normalization allows the comparison of the expression level 
in one sample, e.g., a patient sample, to another sample, e.g., 
a non-breast cancer sample, or between samples from differ 
ent SOurces. 

0277 Alternatively, the expression level can be provided 
as a relative expression level. To determine a relative expres 
sion level of a marker, the level of expression of the marker is 
determined for 10 or more samples of normal versus cancer 
cell isolates, preferably 50 or more samples, prior to the 
determination of the expression level for the sample in ques 
tion. The mean expression level of each of the genes assayed 
in the larger number of samples is determined and this is used 
as a baseline expression level for the marker. The expression 
level of the marker determined for the test sample (absolute 
level of expression) is then divided by the mean expression 
value obtained for that marker. This provides a relative 
expression level. 
0278 Preferably, the samples used in the baseline deter 
mination will be from breast cancer or from non-breast cancer 
cells of breast tissue. The choice of the cell source is depen 
dent on the use of the relative expression level. Using expres 
sion found in normal tissues as a mean expression score aids 
in validating whether the marker assayed is breast specific 
(versus normal cells). In addition, as more data is accumu 
lated, the mean expression value can be revised, providing 
improved relative expression values based on accumulated 
data. Expression data from breast cells provides a means for 
grading the severity of the breast cancer state. 
0279. In another embodiment of the present invention, a 
marker protein is detected. A preferred agent for detecting 
marker protein of the invention is an antibody capable of 
binding to Such a protein or a fragment thereof, preferably an 
antibody with a detectable label. Antibodies can be poly 
clonal, or more preferably, monoclonal. An intactantibody, or 
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a fragment or derivative thereof (e.g., Fab or F(ab')) can be 
used. The term “labeled, with regard to the probe or anti 
body, is intended to encompass direct labeling of the probe or 
antibody by coupling (i.e., physically linking) a detectable 
substance to the probe orantibody, as well as indirect labeling 
of the probe or antibody by reactivity with another reagent 
that is directly labeled. Examples of indirect labeling include 
detection of a primary antibody using a fluorescently labeled 
secondary antibody and end-labeling of a DNA probe with 
biotin such that it can be detected with fluorescently labeled 
streptavidin. 
0280 Proteins from breast cells can be isolated using tech 
niques that are well known to those of skill in the art. The 
protein isolation methods employed can, for example, be such 
as those described in Harlow and Lane (Harlow and Lane, 
1988, Antibodies. A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y.). 
0281 A variety of formats can be employed to determine 
whether a sample contains a protein that binds to a given 
antibody. Examples of such formats include, but are not lim 
ited to, enzyme immunoassay (EIA), radioimmunoassay 
(RIA), Western blot analysis and enzyme linked immunoab 
Sorbant assay (ELISA). A skilled artisan can readily adapt 
known protein/antibody detection methods for use in deter 
mining whether breast cells express a marker of the present 
invention. 

0282. In one format, antibodies, or antibody fragments or 
derivatives, can be used in methods such as Western blots or 
immunofluorescence techniques to detect the expressed pro 
teins. In such uses, it is generally preferable to immobilize 
either the antibody or proteins on a solid support. Suitable 
Solid phase Supports or carriers include any Support capable 
of binding an antigen oran antibody. Well-known Supports or 
carriers include glass, polystyrene, polypropylene, polyeth 
ylene, dextran, nylon, amylases, natural and modified cellu 
loses, polyacrylamides, gabbros, and magnetite. 
0283. One skilled in the art will know many other suitable 
carriers for binding antibody or antigen, and will be able to 
adapt Such Support for use with the present invention. For 
example, protein isolated from breast cells can be run on a 
polyacrylamide gel electrophoresis and immobilized onto a 
Solid phase Support Such as nitrocellulose. The Support can 
then be washed with suitable buffers followed by treatment 
with the detectably labeled antibody. The solid phase support 
can then be washed with the buffer a second time to remove 
unbound antibody. The amount of bound label on the solid 
Support can then be detected by conventional means. 
0284. The invention also encompasses kits for detecting 
the presence of a marker protein or nucleic acid in a biological 
sample (e.g., a breast-associated body fluid such as a nipple 
aspirate). Such kits can be used to determine if a Subject is 
Suffering from or is at increased risk of developing breast 
cancer. For example, the kit can comprise a labeled com 
pound or agent capable of detecting a marker protein or 
nucleic acid in a biological sample and means for determining 
the amount of the protein or mRNA in the sample (e.g., an 
antibody which binds the protein or a fragment thereof, or an 
oligonucleotide probe which binds to DNA or mRNA encod 
ing the protein). Kits can also include instructions for inter 
preting the results obtained using the kit. 
0285 For antibody-based kits, the kit can comprise, for 
example: (1) a first antibody (e.g., attached to a solid Support) 
which binds to a marker protein; and, optionally, (2) a second, 
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different antibody which binds to either the protein or the first 
antibody and is conjugated to a detectable label. 
0286 For oligonucleotide-based kits, the kit can com 
prise, for example: (1) an oligonucleotide, e.g., a detectably 
labeled oligonucleotide, which hybridizes to a nucleic acid 
sequence encoding a marker protein or (2) a pair of primers 
useful for amplifying a marker nucleic acid molecule. The kit 
can also comprise, e.g., a buffering agent, a preservative, or a 
protein stabilizing agent. The kit can further comprise com 
ponents necessary for detecting the detectable label (e.g., an 
enzyme or a Substrate). The kit can also contain a control 
sample or a series of control samples which can be assayed 
and compared to the test sample. Each component of the kit 
can be enclosed within an individual container and all of the 
various containers can be within a single package, along with 
instructions for interpreting the results of the assays per 
formed using the kit. 

Pharmacogenomics 

0287. The markers of the invention are also useful as phar 
macogenomic markers. As used herein, a “pharmacogenomic 
marker' is an objective biochemical marker whose expres 
sion level correlates with a specific clinical drug response or 
susceptibility in a patient (see, e.g., McLeod etal. (1999) Eur: 
J. Cancer 35(12): 1650-1652). The presence or quantity of 
the pharmacogenomic marker expression is related to the 
predicted responsive of the patient and more particularly the 
patient's tumor to therapy with a specific drug or class of 
drugs. By assessing the presence or quantity of the expression 
of one or more pharmacogenomic markers in a patient, a drug 
therapy which is most appropriate for the patient, or which is 
predicted to have a greater degree of success, may be selected. 
For example, based on the presence or quantity of RNA or 
protein encoded by specific tumor markers in a patient, a drug 
or course of treatment may be selected that is optimized for 
the treatment of the specific tumor likely to be present in the 
patient. The use of pharmacogenomic markers therefore per 
mits selecting or designing the most appropriate treatment for 
each cancer patient without trying different drugs or regimes. 
0288 Another aspect of pharmacogenomics deals with 
genetic conditions that alters the way the body acts on drugs. 
These pharmacogenetic conditions can occur either as rare 
defects or as polymorphisms. For example, glucose-6-phos 
phate dehydrogenase (G6PD) deficiency is a common inher 
ited enzymopathy in which the main clinical complication is 
hemolysis after ingestion of oxidant drugs (anti-malarials, 
Sulfonamides, analgesics, nitrofurans) and consumption of 
fava beans. 
0289. As an illustrative embodiment, the activity of drug 
metabolizing enzymes is a major determinant of both the 
intensity and duration of drug action. The discovery of 
genetic polymorphisms of drug metabolizing enzymes (e.g., 
N-acetyltransferase 2 (NAT 2) and cytochrome P450 
enzymes CYP2D6 and CYP2C19) has provided an explana 
tion as to why some patients do not obtain the expected drug 
effects or show exaggerated drug response and serious toxic 
ity after taking the standard and safe dose of a drug. These 
polymorphisms are expressed in two phenotypes in the popu 
lation, the extensive metabolizer (EM) and poor metabolizer 
(PM). The prevalence of PM is different among different 
populations. For example, the gene coding for CYP2D6 is 
highly polymorphic and several mutations have been identi 
fied in PM, which all lead to the absence of functional 
CYP2D6. Poor metabolizers of CYP2D6 and CYP2C19 
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quite frequently experience exaggerated drug response and 
side effects when they receive standard doses. If a metabolite 
is the active therapeutic moiety, a PM will show no therapeu 
tic response, as demonstrated for the analgesic effect of 
codeine mediated by its CYP2D6-formed metabolite mor 
phine. The other extreme are the so called ultra-rapid metabo 
lizers who do not respond to standard doses. Recently, the 
molecular basis of ultra-rapid metabolism has been identified 
to be due to CYP2D6 gene amplification. 
0290 Thus, the level of expression of a marker of the 
invention in an individual can be determined to thereby select 
appropriate agent(s) for therapeutic or prophylactic treatment 
of the individual. In addition, pharmacogenetic studies can be 
used to apply genotyping of polymorphic alleles encoding 
drug-metabolizing enzymes to the identification of an indi 
vidual's drug responsiveness phenotype. This knowledge, 
when applied to dosing or drug selection, can avoid adverse 
reactions or therapeutic failure and thus enhance therapeutic 
or prophylactic efficiency when treating a Subject with a 
modulator of expression of a marker of the invention. 

Monitoring Clinical Trials 

0291 Monitoring the influence of agents (e.g., drug com 
pounds) on the level of expression of a marker of the invention 
can be applied not only in basic drug screening, but also in 
clinical trials. For example, the effectiveness of an agent to 
affect marker expression can be monitored in clinical trials of 
Subjects receiving treatment for breast cancer. In a preferred 
embodiment, the present invention provides a method for 
monitoring the effectiveness of treatment of a subject with an 
agent (e.g., an agonist, antagonist, peptidomimetic, protein, 
peptide, nucleic acid, Small molecule, or other drug candi 
date) comprising the steps of (i) obtaining a pre-administra 
tion sample from a Subject prior to administration of the 
agent; (ii) detecting the level of expression of one or more 
selected markers of the invention in the pre-administration 
sample; (iii) obtaining one or more post-administration 
samples from the subject; (iv) detecting the level of expres 
sion of the marker(s) in the post-administration samples; (v) 
comparing the level of expression of the marker(s) in the 
pre-administration sample with the level of expression of the 
marker(s) in the post-administration sample or samples; and 
(vi) altering the administration of the agent to the Subject 
accordingly. For example, increased expression of marker 
gene(s) during the course of treatment may indicate ineffec 
tive dosage and the desirability of increasing the dosage. 
Conversely, decreased expression of the marker gene(s) may 
indicate efficacious treatment and no need to change dosage. 

Electronic Apparatus Readable Media and Arrays 

0292 Electronic apparatus readable media comprising a 
marker of the present invention is also provided. As used 
herein, “electronic apparatus readable media' refers to any 
Suitable medium for storing, holding or containing data or 
information that can be read and accessed directly by an 
electronic apparatus. Such media can include, but are not 
limited to: magnetic storage media, Such as floppy discs, hard 
disc storage medium, and magnetic tape; optical storage 
media Such as compact disc; electronic storage media Such as 
RAM, ROM, EPROM, EEPROM and the like: general hard 
disks and hybrids of these categories such as magnetic/optical 
storage media. The medium is adapted or configured for 
having recorded thereon a marker of the present invention. 
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0293 As used herein, the term “electronic apparatus is 
intended to include any Suitable computing or processing 
apparatus or other device configured or adapted for storing 
data or information. Examples of electronic apparatus Suit 
able for use with the present invention include stand-alone 
computing apparatus; networks, including a local area net 
work (LAN), a wide area network (WAN) Internet, Intranet, 
and Extranet; electronic appliances such as a personal digital 
assistants (PDAs), cellular phone, pager and the like; and 
local and distributed processing systems. 
0294 As used herein, “recorded refers to a process for 
storing or encoding information on the electronic apparatus 
readable medium. Those skilled in the art can readily adopt 
any of the presently known methods for recording informa 
tion on known media to generate manufactures comprising 
the markers of the present invention. 
0295) A variety of software programs and formats can be 
used to store the marker information of the present invention 
on the electronic apparatus readable medium. For example, 
the marker nucleic acid sequence can be represented in a word 
processing text file, formatted in commercially-available 
software such as WordPerfect and MicroSoft Word, or repre 
sented in the form of an ASCII file, stored in a database 
application, such as DB2, Sybase, Oracle, or the like, as well 
as in other forms. Any number of data processor structuring 
formats (e.g., text file or database) may be employed in order 
to obtain or create a medium having recorded thereon the 
markers of the present invention. 
0296. By providing the markers of the invention in read 
able form, one can routinely access the marker sequence 
information for a variety of purposes. For example, one 
skilled in the art can use the nucleotide or amino acid 
sequences of the present invention in readable form to com 
pare a target sequence or target structural motif with the 
sequence information stored within the data storage means. 
Search means are used to identify fragments or regions of the 
sequences of the invention which match a particular target 
sequence or target motif. 
0297. The present invention therefore provides a medium 
for holding instructions for performing a method for deter 
mining whether a Subject has breast cancer or a pre-disposi 
tion to breast cancer, wherein the method comprises the steps 
of determining the presence or absence of a marker and based 
on the presence or absence of the marker, determining 
whether the Subject has breast cancer or a pre-disposition to 
breast cancer and/or recommending a particular treatment for 
breast cancer or pre-breast cancer condition. 
0298. The present invention further provides in an elec 
tronic system and/or in a network, a method for determining 
whether a subject has breast cancer or a pre-disposition to 
breast cancer associated with a marker wherein the method 
comprises the steps of determining the presence or absence of 
the marker, and based on the presence or absence of the 
marker, determining whether the Subject has breast cancer or 
a pre-disposition to breast cancer, and/or recommending a 
particular treatment for the breast cancer or pre-breast cancer 
condition. The method may further comprise the step of 
receiving phenotypic information associated with the Subject 
and/or acquiring from a network phenotypic information 
associated with the subject. 
0299 The present invention also provides in a network, a 
method for determining whether a Subject has breast cancer 
or a pre-disposition to breast cancer associated with a marker, 
said method comprising the steps of receiving information 
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associated with the marker receiving phenotypic information 
associated with the Subject, acquiring information from the 
network corresponding to the marker and/or breast cancer, 
and based on one or more of the phenotypic information, the 
marker, and the acquired information, determining whether 
the Subject has a breast cancer or a pre-disposition to breast 
cancer. The method may further comprise the step of recom 
mending a particular treatment for the breast cancer or pre 
breast cancer condition. 

0300. The present invention also provides a business 
method for determining whether a subject has breast cancer, 
an aggressive breast tumor or a pre-disposition to breast can 
cer, said method comprising the steps of receiving informa 
tion associated with the marker, receiving phenotypic infor 
mation associated with the Subject, acquiring information 
from the network corresponding to the marker and/or breast 
cancer, and based on one or more of the phenotypic informa 
tion, the marker, and the acquired information, determining 
whether the Subject has breast cancer or a pre-disposition to 
breast cancer. The method may further comprise the step of 
recommending a particular treatment for the breast cancer or 
pre-breast cancer condition. 
0301 The invention also includes an array comprising a 
marker of the present invention. The array can be used to 
assay expression of one or more genes in the array. In one 
embodiment, the array can be used to assay gene expression 
in a tissue to ascertain tissue specificity of genes in the array. 
In this manner, up to about 7600 genes can be simultaneously 
assayed for expression. This allows a profile to be developed 
showing a battery of genes specifically expressed in one or 
more tissues. 

0302) In addition to such qualitative determination, the 
invention allows the quantitation of gene expression. Thus, 
not only tissue specificity, but also the level of expression of 
a battery of genes in the tissue is ascertainable. Thus, genes 
can be grouped on the basis of their tissue expression perse 
and level of expression in that tissue. This is useful, for 
example, in ascertaining the relationship of gene expression 
between or among tissues. Thus, one tissue can be perturbed 
and the effect on gene expression in a second tissue can be 
determined. In this context, the effect of one cell type on 
another cell type in response to a biological stimulus can be 
determined. Such a determination is useful, for example, to 
know the effect of cell-cell interaction at the level of gene 
expression. If an agent is administered therapeutically to treat 
one cell type but has an undesirable effect on another cell 
type, the invention provides an assay to determine the 
molecular basis of the undesirable effect and thus provides 
the opportunity to co-administer a counteracting agent or 
otherwise treat the undesired effect. Similarly, even within a 
single cell type, undesirable biological effects can be deter 
mined at the molecular level. Thus, the effects of an agent on 
expression of other than the target gene can be ascertained 
and counteracted. 

0303. In another embodiment, the array can be used to 
monitor the time course of expression of one or more genes in 
the array. This can occur in various biological contexts, as 
disclosed herein, for example development of breast cancer, 
progression of breast cancer, and processes, such a cellular 
transformation associated with breast cancer. 

0304. The array is also useful for ascertaining the effect of 
the expression of a gene on the expression of other genes in 
the same cellor in different cells. This provides, for example, 
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for a selection of alternate molecular targets for therapeutic 
intervention if the ultimate or downstream target cannot be 
regulated. 
0305 The array is also useful for ascertaining differential 
expression patterns of one or more genes in normal and 
abnormal cells. This provides a battery of genes that could 
serve as a molecular target for diagnosis or therapeutic inter 
vention. 

Surrogate Markers 
0306 The markers of the invention may serve as surrogate 
markers for one or more disorders or disease states or for 
conditions leading up to disease states, and in particular, 
breast cancer. As used herein, a “surrogate marker” is an 
objective biochemical marker which correlates with the 
absence or presence of a disease or disorder, or with the 
progression of a disease or disorder (e.g., with the presence or 
absence of a tumor). The presence or quantity of such markers 
is independent of the disease. Therefore, these markers may 
serve to indicate whether a particular course of treatment is 
effective in lessening a disease state or disorder. Surrogate 
markers are of particular use when the presence or extent of a 
disease state or disorder is difficult to assess through standard 
methodologies (e.g., early stage tumors), or when an assess 
ment of disease progression is desired before a potentially 
dangerous clinical endpoint is reached (e.g., an assessment of 
cardiovascular disease may be made using cholesterol levels 
as a Surrogate marker, and an analysis of HIV infection may 
be made using HIV RNA levels as a surrogate marker, well in 
advance of the undesirable clinical outcomes of myocardial 
infarction or fully-developed AIDS). Examples of the use of 
surrogate markers in the art include: Koomen et al. (2000).J. 
Mass. Spectrom. 35:258-264; and James (1994) AIDS Treat 
ment News Archive 209. 
0307 The markers of the invention are also useful as phar 
macodynamic markers. As used herein, a “pharmacodynamic 
marker' is an objective biochemical marker which correlates 
specifically with drug effects. The presence or quantity of a 
pharmacodynamic marker is not related to the disease state or 
disorder for which the drug is being administered; therefore, 
the presence or quantity of the marker is indicative of the 
presence or activity of the drug in a subject. For example, a 
pharmacodynamic marker may be indicative of the concen 
tration of the drug in a biological tissue, in that the marker is 
either expressed or transcribed or not expressed or transcribed 
in that tissue in relationship to the level of the drug. In this 
fashion, the distribution or uptake of the drug may be moni 
tored by the pharmacodynamic marker. Similarly, the pres 
ence or quantity of the pharmacodynamic marker may be 
related to the presence or quantity of the metabolic product of 
a drug, such that the presence or quantity of the marker is 
indicative of the relative breakdown rate of the drug in vivo. 
Pharmacodynamic markers are of particular use in increasing 
the sensitivity of detection of drug effects, particularly when 
the drug is administered in low doses. Since even a small 
amount of a drug may be sufficient to activate multiple rounds 
of marker transcription or expression, the amplified marker 
may be in a quantity which is more readily detectable than the 
drug itself. Also, the marker may be more easily detected due 
to the nature of the marker itself for example, using the 
methods described herein, antibodies may be employed in an 
immune-based detection system for a protein marker, or 
marker-specific radiolabeled probes may be used to detect a 
mRNA marker. Furthermore, the use of a pharmacodynamic 
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marker may offer mechanism-based prediction of risk due to 
drug treatment beyond the range of possible direct observa 
tions. Examples of the use of pharmacodynamic markers in 
the art include: Matsuda et al. U.S. Pat. No. 6,033,862; Hattis 
et al. (1991) Env, Health Perspect. 90: 229-238; Schentag 
(1999) Am. J. Health-Syst. Pharm. 56 Suppl. 3: S21-S24; and 
Nicolau (1999) Am, J. Health-Syst. Pharm. 56 Suppl. 3: S16 
S2O. 

EXAMPLE1 

Identification of Breast Cancer Markers by cINA 
and Tissue Microarrays 

I. Materials and Methods 

Sample Collection and RNA Preparation 
0308 Breast tissues were collected and snap frozen in 
liquid nitrogen. The histology and cellular composition of 
tissues were confirmed before RNA extraction was per 
formed. Total RNA was extracted from the frozen tissues 
using Trizol Reagent (Invitrogen, San Diego, Calif.) followed 
by a secondary clean up step with Qiagen's RNeasy kit to 
increase RNA probe labeling efficiency (Qiagen, Valencia 
Calif.). Only RNA with a 28S/18S ribosomal RNA ratio of at 
least 1.0, calculated from ethidium staining of the RNA after 
electrophoresis on agarose gels, was used in this study. 
cDNA Microarray Hybridization 
0309 cDNA microarrays containing 30,732 Unigene 
clones from Research Genetics (Hunstville, Ala.) were gen 
erated on nylon filters. A total of 4-6 ug of total RNA was used 
as template to generate radioactively labeled cDNA by 
reverse transcription with P-dCTP, oligo dT-30 primer and 
Superscript II Reverse Transcriptase (Life Technologies). 
P-labeled first strand cDNA was preannealed with cot-1 

DNA and poly-dA 40-60 (Pharmacia, Peapack, N.J.) to 
reduce non-specific hybridization. Each filter was hybridized 
at 65° C. for 16 hours with approximately 6x10 counts of 
labeled probe in a buffer containing 7% sodium dodecyl 
sulfate (SDS), 250 mMNaPO (pH 7.2), 1 mM EDTA, 0.5% 
Casein-Hammerstein and 0.1 mg/ml of denatured salmon 
sperm DNA. After the filters were washed with 4% and 1% 
SDS wash buffer (20 mMNaPO (pH 7.2), 1 mM EDTA and 
4% or 1% SDS), they were exposed to Fuji Phosphoimager 
screens and scanned using a Fuji scanner BAS 2500. Spots 
were quantitated using an automated array analysis program, 
Grid Guru v1.0, developed at Millennium Pharmaceuticals, 
Inc. 

Marker Scoring Algorithm and Data Analysis 

0310. To correct for differences in hybridization effi 
ciency, the digitized data from each microarray filter was 
normalized by the median intensity of all spots on that filter. 
Both array-based and gene-based hierarchical clustering was 
performed and visualized using Stanford's Gene Cluster and 
Tree View software. Differentially expressed genes were 
ranked by calculating the Marker Score for each gene. 
0311 Samples were divided into control and tester groups 
for computation of Marker Score. The starting point for the 
Marker Score is average fold change (ratio) of the tester 
samples above the control samples. The score was designed to 
reflect both the degree of change (the expression ratio) and the 
number of tester samples showing differential expression, 
while not being dominated by a small fraction of tester 
samples with very high values. To reduce this “outlier effect, 
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genes were treated with expression ratios greater than 10 as 
not meaningfully different from those with ratios of 10. This 
desired performance from a Marker Score was accomplished 
by transforming the tester:control expression ratio using an 
asymptotic compression function before taking the average 
fold-change across tester samples. A Marker Score has a 
value of 1 when the testers do not appear to be expressed more 
highly than the controls and a value greater than 1 otherwise. 
A Marker Score cannot exceed a value of 10 for any gene. 
0312 The Marker Score Sg for gene g is therefore com 
puted as the average of the ratios of weighted intensities of the 
individual testers and a control level as follows: 

S(XS.)/Nester 

S-C(X/(k+x)), where S. represents the Marker Score 
for geneg and the samples, 
C(r) is the compression function C(r)=A(1-e') for re1, 
and C(r)=1 for r<1, 
A is an upper asymptote on the fold-change value (we used 
10), 
X is the expression value of geneg on samples, 
x. is the Qth percentile of the control samples’ expression 
value; typically Q=50, 
k is a constant reflecting the additive noise in the data, i.e., the 
fixed component of the variance in repeated measurements. A 
value of 0.25 was derived for this parameter from calibration 
experiments using microarray technology. 
N is the number of tester samples gester 

In Situ Hybridization of Tissue Microarrays 

0313 Formalin-fixed, paraffin embedded breast tissue 
microarrays were provided. Prehybridization treatment was 
performed with an automatic Tissue-Tek DRS 2000 Slide 
Stainer (Sakura, Torrance, Calif.) using a previously 
described protocol (Duncan, L. M., et al., 2001, J. Clin. 
Oncol. 19(2): 568-576). The breast tissues were deparaf 
finized, rehydrated and postfixed with 4% paraformaldehyde 
in PBS for 15 minutes. After washing with PBS, the tissue 
microarrays were digested with 2 ug/ml proteinase K at 37° 
C. for 15 minutes and again incubated with 4% paraformal 
dehyde/PBS for 10 minutes. Tissue sections were subse 
quently incubated with 0.2N HCL for 10 minutes, 0.25% 
acetic anhydride/0.1 mol/L triethanolamine for 10 minutes, 
and dehydrated with graded ethanol. Antisense probes were 
labeled with S-UTP in an in vitro transcription reaction 
(Riboprobe Combination System, Promega, Madison, Wis.) 
using 500 ng of linearized plasmid DNA derived from 
IMAGE clones. Hybridizations were performed at 50° C. for 
18 hours using probes labeled at 5x10 cpm/ml in 10 mM 
Tris-HCl (pH 7.6) buffer containing 50% formamide, 10% 
dextran sulfate, 1xDenhardt's solution, 0.6 MNaCl, 10 mM 
DTT, 0.25% SDS and 200 ug/ml tRNA. After hybridization, 
slides were washed with 5x standard saline citrate (SSC) at 
50° C. for 10 minutes, 50% formamide/2xSSC at 50° C. for 
30 minutes, 10 mM Tris-HCl (pH 7.6)/500 mM. NaC1/1 mM 
EDTA (TNE) at 37° C. for 10 minutes, incubated in 10 ug/ml 
Rnase A in TNE at 37° C. for 30 minutes, washed in TNE at 
37° C. for 10 minutes, incubated once in 2XSSC at 50° C. for 
20 minutes, twice in 0.2xSSC at 50° C. for 20 minutes, and 
dehydrated with graded ethanol. Localization of mRNA tran 
scripts was determined by dipping slides in Kodak NTB2 
photoemulsion (Eastman Kodak, Rochester, N.Y.) and expos 
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ing for 14-21 days at 4°C. The slides were counterstained 
using Myers hematoxylin and alcoholic eosin Y. 

Gene Expression Analysis Using Quantitative PCR 
0314 Gene expression was measured by TAQMANR) 
quantitative PCR (Applied Biosystems) in cDNA prepared 
from normal and diseased (e.g., cancerous) human tissue 
samples. Briefly, total RNA was prepared from patient 
samples by a single step extraction method using TRIZOL 
Reagent according to the manufacturer's instructions (Invit 
rogen). Each RNA preparation was treated with DNase I 
(Ambion) at 37°C. for 1 hour. DNAse I treatment was deter 
mined to be complete if the sample required at least 38 PCR 
amplification cycles to reach a threshold level of fluorescence 
using B-2 microglobulinas an internal amplicon reference (or 
35 PCR amplification cycles for 18 s ribosome gene). The 
integrity of the RNA samples following DNase I treatment 
was confirmed by agarose gel electrophoresis and ethidium 
bromide staining. After phenol extraction cDNA was pre 
pared from the sample using the Taqman Reverse Transcrip 
tion Reagents following the manufacturer's instructions (Ap 
plied Biosytems). A negative control of RNA without reverse 
transcriptase was mock reverse transcribed for each RNA 
sample. 
0315 Probes were designed by PrimerExpress software 
(Applied Biosystems) based on the sequence of the specific 
genes and their related transcripts. Each target gene probe 
was labeled using FAM (6-carboxyfluorescein), and the 18s 
reference probe was labeled with a different fluorescent dye, 
VIC. The differential labeling of the target gene and internal 
reference gene thus enabled measurement in same well. 
Primer and probes were checked for their sensitivity and 
specificity for each transcript of the specific gene. Forward 
and reverse primers and the probes for both 18 s and target 
gene were added to the TAQMANR Universal PCR Master 
Mix (Applied Biosystems). Although the final concentration 
of primer and probe could vary, each was internally consistent 
within a given experiment. A typical experiment contained 
100 nMofforward and reverse primers plus 200 nM probe for 
18 s and 900 nM forward and reverse primers plus 250 nM 
probe for the target gene. TAOMANR) matrix experiments 
were carried out on an ABIPRISM 7700 Sequence Detection 
System (Applied Biosystems). The thermal cycler conditions 
were as follows: hold for 2 min at 50° C. and 10 min at 95°C., 
followed by two-step PCR for 40 cycles of 95°C. for 15 sec 
followed by 60° C. for 1 min 
0316 The following method was used to quantitatively 
calculate gene expression in the various tissues relative to 18 
s expression in the same tissue. The threshold cycle (Ct) value 
is defined as the cycle at which a statistically significant 
increase in fluorescence is detected. A lower Ct value is 
indicative of a higher mRNA concentration. The Ct value of 
the gene is normalized by subtracting the Ct value of the 18s 
ribosome gene to obtain a ACt value using the following 
formula: ACt-Ct (target transcript)-Ct (18 s). Relative 
expression is then calculated using the arithmetic formula 
given by 2-ACt. 

II. Results 

Screening Marker Selection 
0317 All of the markers listed in Table 1 were identified 
by transcription profiling as defined in the materials and 
methods section above using mRNA from a breast Screening 
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panel consisting of patient samples of a “breast tumor pool 
(3 breast tumor patient samples), a “breast normal pool (3 
normal breast epithelium patient samples), an “other normals 
pool’ (one sample from normal heart, kidney, Small intestine, 
spleen, white blood cells, lung, liver, brain, bone marrow and 
colon patient tissue samples) and an “others tumors pool” (4 
cervical carcinoma, 5 colon tumor, 8 lung carcinoma patient 
samples of various types, 4 ovarian tumor samples, and 5 
prostate tumor samples). Clones having expression of at least 
three-fold higher in at least 25% of breast tumors, compared 
to their expression breast normal, other normal or other 
tumors, were designated as breast tumor specific screening 
markers. These cDNA clones were selected to have their 
protein-encoding transcript sequences determined. 
0318. In order to determine the full-length protein-encod 
ing transcripts for the selected cDNA clones, the sequence(s) 
of the selected clones were used to query the public and 
proprietary sequence databases in order to identify other EST 
sequences or clusters with significant overlap. Thus, contigu 
ous EST sequences and/or clusters were assembled into pro 
tein-encoding transcripts. Alternative transcript analysis for 
all of the claimed markers was undertaken as follows. 
0319 Using existing mappings of known nucleotide 
sequences for any given marker gene to the human genome 
sequence and by additionally mapping novel nucleotide 
sequences for any given marker gene onto the human genome 
sequence (e.g., using resources like the "UCSC genome 
browser' or in-house resources of similar functionality in 
conjunction with algorithms like BLAT that allow a rapid and 
precise mapping of search sequences onto genomic 
sequence), the exon-intron structure of a marker gene was 
established, taking additionally into account EST sequences 
matching the same gene. 
0320 PCR primers were designed to amplify the coding 
sequence of a given marker gene from the tissue of interest 
and control samples. Any alternative 5' or 3' ends of a marker 
gene arising from this analysis with the potential to alter the 
coding sequence led to the design of an additional primer 
specific for this alternative end. 
0321 PCR products obtained with cDNA templates 
derived from breast tumor specimens were cloned into a 
plasmid vector and characterized by DNA sequence analysis. 
Typically, 96 clones were analyzed by restriction digestion 
and gel electrophoresis of the PCR products or by DNA 
sequence analysis. 
0322 Clones representative of alternative genetranscripts 
occurring at a frequency of 2% or greater were sequenced. 
The identification of protein sequence corresponding to these 
alternative transcripts was accomplished by the identification 
of the open reading frame (ORF) contained within a manually 
curated assembly (contig) based on all available sequences. 
The identified sequences are designated in Table 1 and the 
sequence listing. 
0323. Differential gene expression of genes with identi 
fied alternative transcripts was confirmed by TAOMANR) 
quantitative PCR (Applied Biosystems) in cDNA prepared 
from the patient tissue specimens. Gene specific TAQMANR) 
reagents which were sensitive for all transcripts identified for 
a given gene were prepared in certain instances (e.g., 
BCMP11, DNAJC1 and NPY1R). Additionally, splice-form 
specific TAQMANR) reagent sets were developed for each 
transcript of certain markers separately (e.g., M725, M726, 
M727, M111, M149, M730, M165A, M731, M732, M96A, 
M739, M740, M741, M716, M717). With one exception, 
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gene-specific as well as transcript-specific expression profiles 
demonstrating differential tumor-normal expression, with 
similar amplification efficiencies were found. In one case 
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within a manually curated assembly (contig) based on all 
available sequences. The identified protein sequences are 
designated in Table 2 and the sequence listing. 

TABLE 3 

Breast Cancer Staging Marker Differential Expression 

GOP POP 
POS; GOP POS POP 

Marker Gene Name Total Freq Total Freq 

M672A ASS: argininosuccinate synthetase O of 25 O.0% O of 39 O.0% 
M675A CAB2: hypothetical protein MGC9753 2 of 28 7.1% 3 of 37 8.1% 
M367 CD24: CD24 antigen (small cell lung 6 of 32 18.8% 16 of 38 42.1% 

carcinoma cluster 4 antigen) 
M709 FACL2: fatty-acid-Coenzyme A ligase, O of 25 O.0% O of 39 O.0% 
M710 long-chain 2 
M495 GSTP1:glutathione S-transferase pi O of 25 O.0% O of 39 O.0% 
M674 HN1: hematological and neurological O of 25 O.0% O of 39 O.0% 

expressed 1 
M234A MGC14832: hypothetical protein O of 25 O.0% O of 39 O.0% 

MGC14832 
M408 NDRG1: N-myc downstream regulated 5 of 3S 14.3%. 12 of 39 30.8% 

protein 
M711 ORMDL3: ORM1-like 3 (S. cerevisiae) 5 of 28 17.9%. 13 of 35 37.1% 
M514 DARPP-32: dopamine and cAMP regulated O of 25 O.0% O of 39 O.0% 
M708 phosphoprotein, (PPP1R1B: protein 

phosphatase 1, regulatory (inhibitor) 
subunit 1B) 

M678A PSMB9: proteasome subunit, beta type, 9 O of 25 O.0% O of 39 O.0% 
M421A SERHL: kraken-like 5 of 33 15.2% 9 of 37 24.3% 
M185A SLPI: secretory leukocyte protease inhibitor 3 of 25 12.0% 4 of 36 11.1% 

(antileukoproteinase) 

(M731, a NPY1R transcript), expression was not demon- EXAMPLE 2 
strated with TAOMANR PCR, presumably due to low abun 
dance of this transcript. 

Staging Marker Selection 
0324 All of the markers listed in Table 2 were identified 
by transcription profiling as defined in the materials and 
methods section using mRNA from 23 IDC node negative 
breast tumors with good outcome, defined as greater than five 
years of disease-free survival, and 16 IDC node negative 
breast tumors with poor clinical outcome, defined as less than 
three years of disease free Survival. Clones having expression 
of at least three-fold higher in at least 25% of poor clinical 
outcome tumors, compared to their expression in good clini 
cal outcome tumors, were designated as poor clinical out 
come tumor specific markers. These cDNA clones were 
selected to have their protein-encoding transcript sequences 
determined. 
0325 Determination of the full-length protein encoding 
transcripts for selected cDNA clones was carried out as 
described above for the screening markers. The identified 
sequences are designated in Table 2 and the sequence listing. 
The differential gene expression of the identified alternative 
transcripts was confirmed by TAQMANR) quantitative PCR 
(Applied Biosystems) in cDNA prepared from patient tissue 
specimens from invasive ductal carcinoma (IDC) tumors with 
good outcome and poor outcome. Splice-form specific Taq 
Man primers and probe reagent sets were developed for each 
transcript and similar amplification efficiencies were 
obtained with all reagent sets for each gene (see Table 3). 
0326. The identification of protein sequences correspond 
ing to these alternative transcripts was accomplished by the 
identification of the open reading frame (ORF) contained 

Gene Expression Analysis by End-Point PCR 
I. Materials and Methods 

0327 Briefly, total RNA from different samples was 
pooled to be used as template to generate first strand cDNA. 
Equal amounts of each sample were included in the pool. The 
breast screening panel consisted of patient samples of a 
“breast tumor pool (3 breast tumor patient samples), a 
“breast normal pool (3 normal breast epithelium patient 
samples), an "other normals pool’ (one sample from normal 
heart, kidney, Small intestine, spleen, white blood cells, lung, 
liver, brain, bone marrow and colon patient tissue samples) 
and an "others tumors pool (4 cervical carcinoma, 5 colon 
tumor, 8 lung carcinoma patient samples of various types, 4 
ovarian tumor samples, and 5 prostate tumor samples) (see, 
e.g., Table 2). The breast staging panel consisted of patient 
samples of a "tumor good outcome pool (4 adenocarcinoma 
patient samples), a "tumor poor outcome pool (5 adenocar 
dinoma patient samples), a “breast normal pool (4 normal 
breast epithelium patient samples), an “other normals pool 
(one patient sample from normal heart, kidney, Small intes 
tine, spleen, white blood cells, lung, liver brain, bone marrow 
and colon) and an "others tumors pool' (cervical, colon, lung, 
ovarian and prostate tumors) (see, e.g., Table 3). 
0328 Total RNA was prepared from patient samples by a 
single step extraction method using TRIZOL Reagent 
according to the manufacturer's instructions (Invitrogen). 
Each RNA preparation was treated with DNase I (Ambion) at 
37° C. for 1 hour. RNA from each patient sample was pooled 
into one of the four patient pools, e.g., breast normal pool, 
breast tumor pool, other normals pool, others tumors pool. 
ThermoScript RT-PCR System (Invitrogen, San Diego, 
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Calif.) was used to obtain cDNA from each of the five patient 
pools. Briefly, 1 ug RNA was denatured at 65° C. for 5 min 
with 1 ul of 50 uM oligo (dT)20 primer in a 10 ul volume 
according to the manufacturer's instructions. The reaction 
was terminated by incubation at 85°C. for 5 min. The final 
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TABLE 5 

Breast Staging Endpoint PCR Data 

Endpoint Endpoint 
product was diluted with water to a final volume of 100 ul. Gene E. E. Tum Out Tum Out 
0329 Gene specific primers were designed just outside the Marker Symbol Primer 1 Primer 2 Good Poor 
Open Reading Frame (as shown in Table 2 categories “End 
point PCR Primer 1” and “Endpoint PCR Primer 2'). The M672A ASS 69–88 1323-1344 5 
PCR conditions were optimized for the primers and the size of M67SA CAB2 1-21 1153-1177 O 3 

M367 CD24 6-29 361-384 3 4 
the product expected. 2 ul of cDNA was used in a 20 ul MS1.4 DARPP-32, 179-198 1201-1220 5 
reaction with touchdown cycling conditions. Products were variant 1 
run on an ethidium bromide containing agarose gel, and M708 DARPP-32, 137-156 1541-1560 4 
resulting gel pictures were semi-quantitatively analyzed and variant 2 
scored. The gel pictures of the end-point PCR on the tissue M. FACL2 1-24 2307-2332 O 3 
panel were scored on a scale of 1-5. Each picture was scored M495 GSTP1 3-22 676-697 3 
independently by three people based on visual band intensity M674 HN1 S4-72 601-622 2 5 
and results compiled, scores were compared to confirm all M234A MGC14832 2-19 374-396 2 5 
three agreed on the relative intensities of the bands and modi- M408 NDRG1 66-8S 1374-1393 3 
fications were made where needed. The median of the three M711 ORMDL3 287-3O8 874-896 O 4 
scores was then recorded as the final score. M678A PSMB9 1-18 739-761 3 

M421A SERHL 51-69 1103-1122 3 5 

II. Results M185A SLPI 13-33 S19-538 NA 4 

0330 

TABLE 4 

Breast Screening Endpoint PCR Data 

Endpoint Endpoint 
Gene PCR PCR Normal Tumor Breast Breast 

Marker Name Primer 1 Primer 2 Pool Pool Normal Tumor 

M196A. BCMP11 1-2O 243-262 3 3 3 5 
M725 BCMP11 2-21 S23-543 O O O 2 
M726 BCMP11 1-2O 107-126 3 3 3 5 
M727 BCMP11 1-2O 244-263 3 3 3 5 
M156 CXCL9 12-38 479–498 O 3 O 4 
M419 CXCL10 29-51 366-385 1 1 2 4 
M728 DNAJC1 388-410 115S-1179 O O O 2 
M729 DNAJC1 388-410 1137-1161 O O O 2 
M111 DNAJC1 252-274 1775-1799 1 1 2 3 

M428A FLJ22774 S28-553 3028-30SO O 2 
M149A LIV-1 266-283 2612-2638 O 3 2 5 

M730 LIV-1 309-324 1748-1719 2 3 
M158A MMP11 433-4SO 1518-1536 O O O 3 

M16SA NPY1R 195-215 1440-1459 2 2 3 5 
M731 NPY1R 164-184 1506-1525 2 2 3 5 

M732 NPY1R 195-215 1154-1173 2 2 3 5 
M235 NYBR-1 3539-3560 41.71-4195 1 O 3 4 

M562 PIP 4-22 494-509 O 3 4 5 
M96A SCUBE2 342-36S 3272-3294 O O 3 5 

M739 SCUBE2 342-36S 3O32-3054 O O 3 5 
M740 SCUBE2 342-36S 2894-2916 O O 3 5 

M741 SCUBE2 342-36S 3359-3381 O O 3 5 
M242 TFF1 22-42 351-371 O O 2 5 

0331 Markers were expressed at higher levels in the 0332 The markers were expressed at higher levels in the 
breast tumor samples than those obtained from the other 
tumor samples or the normal sample groups (Table 4). Par 
ticular strong expression was observed with M725, M728, 
M729, M158A, M242, M156, M419, and M149A in the 
breast tumor group when compared to those obtained from 
the breast normal, other normal, or the other tumor group. 

breast tumor samples of the poor outcome group than those 
obtained from the good outcome group (Table 5). Particular 
strong expression was observed with M672A, M675A, 
M514, M708, M710, M674, M234A, M711, and M421A in 
the poor outcome group when compared to those obtained 
from the good outcome group. 
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EXAMPLE 3 

Characterization of OSF-2 Splice Variants 

I. Materials and Methods 

0333 cDNA Synthesis 
0334 Total RNA was isolated from 3 normal and 12 tumor 
breast tissue samples similar to procedures described above in 
Examples 1 and 2. Briefly, using the TRIZOL Reagent (Invit 
rogen, San Diego, Calif.) System according to manufacturer 
instructions, followed by RNAeasy (Qiagen, Valencia, Calif.) 
or DNase I (Ambion) treatment according to manufacturers 
instructions. 1 Lug from each sample was combined into nor 
mal and tumor pools. ThermoScript RT-PCR System (Invit 
rogen, San Diego, Calif.) was used to obtain cDNA as 
described in Example 2 above. The final product was diluted 
with water to a final volume of 400-800 ul. 
0335 cDNA was amplified using OSF-2 gene specific 
primers from exon 16 and exon 23 to cover the region 
involved in splice variation. Primers for PCR amplification 
were designed using Primer Version 5.0 software (Whitehead 
Institute, Cambridge, Mass.). PCR conditions were opti 
mized for the primers and product size expected. 0.5 ul of 
diluted RT reaction was used in a 30 ul reaction with PCR 
conditions, after an initial 95°C. denaturing step of 2 minutes, 
consisting of 55 cycles of 95°C. for 30 sec, annealing (a 60° 
C. for 35 sec and elongation temp of 72°C. for 30 sec and a 
final elongation step of 72°C. for 7 min 

Cloning Colony PCR and Sequencing 

0336 PCR products for both reactions derived from 
RT/PCR were gel-purified and cloned into pCR2.1 using 
TOPOTA cloning kit and transforming into E. coli One-Shot 
Chemically Competent cells (Invitrogen, San Diego, Calif.) 
according to manufacturer's instructions. Resulting colonies 
were selected and colony PCR was carried out in 30 ul 
Volume as described under above using colony cells originat 
ing from the normal and the tumor pools as template. Result 
ing PCR product was purified using QIAquick 96 multiwell 
kit (Qiagen Inc., Valencia Calif.), and Submitted for sequenc 
ing. Sequencing was preformed using ABI 3700 Automated 
Sequencer with Big Dye Terminators version 1.1. 
0337 The program BLAST Kent, 2002 was used to align 

all clone sequences to genomic sequence of the OSF-2 locus. 
Only sequences matching the entire variable region of OSF-2, 
i.e., spanning at least from exon 17 to exon 22 or from exon 21 
to exon 16 ("qualifying sequences), were considered. 
Sequences were then grouped according to their presence 
absence pattern of the variable exons 17-21. 

II. Results 

0338 OSF-2 expression is subject to alternative splicing 
events creating eight transcript variants, which are character 
ized by different combinations of exons 17 to 21 (of 23 total 
exons) (see Table 6). Variable exons 17-19 and 21 are posi 
tioned within the coding sequence and can be present or 
absent without changing the transcripts reading frame, giv 
ing rise to different protein products in a modular fashion. 
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TABLE 6 

Schematic Representation of OSF-2 Alternative Splice Variants 

Marker ID Exon Exon Exon Exon Exon Exon Exon 

MS6A 16 17 18 19 2O 21 22 
M733 16 17 18 19 2O 22 
M734 16 18 19 2O 21 22 
M735 16 18 19 2O 22 
M491A 16 19 2O 21 22 
M736 16 19 2O 22 
M737 16 2O 21 22 
M738 16 2O 22 

0339. The relative expression levels of the eight listed 
splice variants of OSF-2 are different between normal and 
tumor tissue. Table 7 depicts the relative frequencies of each 
transcript in normal, and breast tumor tissue as obtained by 
analyzing qualifying sequences of clones derived from nor 
mal breast tissue and breast tumor tissue. 

TABLE 7 

Relative frequencies of OSF-2 Splice variant transcripts in tissue 

% of all % of all 
transcripts transcripts 

Marker ID Description of transcript in normal in tumor 

MS6A (1) all exons, +21 10.09 3.SO 
M733 (2) all exons, no 21 4.28 2.33 
M734 (3) no 17, +21 31. SO 23.03 
M735 (4) no 17, no 21 24.46 32.07 
M491A (5) no (17, 18), +21 1162 11.95 
M736 (6) no (17, 18), no 21 12.54 19.83 
M737 (7) no (17-19), +21 O.61 2.33 
M738 (8) no (17-19), no 21 2.45 4.67 

Other transcripts 2.45 O.29 

ALL 1OO 100 

0340. There is an increased level exon 21 containing tran 
Scripts in normal breast tissue, and increased level of tran 
Scripts lacking exon 21 in breast tumor tissue, (e.g., a total of 
59% of all transcripts in breast tumor tissue lacking exon 21, 
compared to only 45% of all transcripts lacking exon 21 in 
normal breast tissue in samples analyzed). 
0341 Expression levels were determined for transcripts 
either containing or lacking exon 21 for OSF-2. Two reagent 
sets were used: one specific fortranscripts containing exon 21 
and a second one specific for transcripts that do not. A sig 
nificant tumor/normal increased expression was observed. 
For example, an average 2.5-fold over-expression in tumor 
samples, is observed with the reagent set specific for OSF-2 
transcripts lacking exon 21. This increase is not observed in 
assessing the OSF-2 transcripts containing exon 21. These 
results reflect both the differences in relative transcript fre 
quencies between normal and tumor tissue as described above 
and a general overexpression of OSF-2 in tumor tissue as 
originally observed with transcriptional profiling microarray 
experiments using probes unable to distinguish between the 
OSF-2 variants described. 

0342. The references cited herein, including journal 
articles, patents, published patent applications, and database 
records including GenBank, IMAGE consortium and Der 
went cited throughout this application, are hereby incorpo 
rated by reference. 
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Other Embodiments equivalents to the specific embodiments of the invention 
0343 Those skilled in the art will recognize, or be able to described herein. Such equivalents are intended to be encom 
ascertain using no more than routine experimentation, many passed by the following claims: 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 96 

<21 Os SEQ ID NO 1 
&211s LENGTH: 623 
&212s. TYPE: DNA 
<213> ORGANISM: human 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (48) . . . (548) 

<4 OOs SEQUENCE: 1 

aagagcactg gC Caagt cag cttcttctga gaga.gtctict agaaga C atg atg cta 56 
Met Met Leu 
1. 

cac to a gct ttg ggit ct c tigc ct c tta citc gt caca gtt tot toc aac 104 
His Ser Ala Lieu. Gly Lieu. Cys Lieu Lleu Lieu Val Thr Val Ser Ser Asn 

5 10 15 

citt gcc att goa ata aaa aag gaa aag agg cct cot cag aca citc. tca 152 
Lieu Ala Ile Ala Ile Llys Lys Glu Lys Arg Pro Pro Glin Thr Lieu. Ser 
2O 25 3O 35 

aga gga tigg gga gat gac atc act t gta caa act tat gaa gala ggit 2 OO 
Arg Gly Trp Gly Asp Asp Ile Thir Trp Val Glin Thr Tyr Glu Glu Gly 

4 O 45 SO 

ctic titt tat gct caa aaa agt aag aag cca tta atg gtt att cat cac 248 
Leu Phe Tyr Ala Glin Lys Ser Lys Llys Pro Leu Met Val Ile His His 

55 6 O 65 

citg gag gat tigt caa tac tot caa gca cita aag aaa gta titt gcc caa 296 
Lieu. Glu Asp Cys Glin Tyr Ser Glin Ala Lieu Lys Llys Val Phe Ala Glin 

70 7s 8O 

aat gaa gaa at a caa gaa atg gct cag aat aag titc atc atg cta aac 344 
Asn Glu Glu Ile Glin Glu Met Ala Glin Asn Llys Phe Ile Met Lieu. Asn 

85 90 95 

citt atg cat gala acc act gat aag aat tta to a cct gat gigg caa tat 392 
Leu Met His Glu Thir Thr Asp Lys Asn Lieu Ser Pro Asp Gly Glin Tyr 
1OO 105 11 O 115 

gtg cct aga atc atg titt gta gac cct tct tta aca gtt aga gct gac 4 4 O 
Val Pro Arg Ile Met Phe Val Asp Pro Ser Lieu. Thr Val Arg Ala Asp 

12 O 125 13 O 

at a gct gga aga tac tot aac aga ttg tac aca tat gag cct cig gat 488 
Ile Ala Gly Arg Tyr Ser Asn Arg Lieu. Tyr Thr Tyr Glu Pro Arg Asp 

135 14 O 145 

tta ccc cta ttg at a gala aac atg aag aaa goa tta aga citt att cag 536 
Lieu Pro Lieu. Lieu. Ile Glu Asn Met Lys Lys Ala Lieu. Arg Lieu. Ile Glin 

150 155 16 O 

tda gag cta taa gagatgatag aaaaaag.cct tcacttcaaa gaagtcaaat 588 
Ser Glu Lieu. 

1.65 

tt catgaaga aaacctctgg cacattgaca aatac 623 

<21 Os SEQ ID NO 2 
&211s LENGTH: 166 
212s. TYPE: PRT 

<213> ORGANISM: human 
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- Continued 

<4 OOs, SEQUENCE: 2 

Met Met Lieu. His Ser Ala Lieu. Gly Lieu. Cys Lieu Lleu Lieu Val Thr Val 
1. 5 1O 15 

Ser Ser Asn Lieu Ala Ile Ala Ile Llys Lys Glu Lys Arg Pro Pro Glin 
2O 25 3O 

Thr Lieu Ser Arg Gly Trp Gly Asp Asp Ile Thr Trp Val Glin Thr Tyr 
35 4 O 45 

Glu Glu Gly Lieu. Phe Tyr Ala Glin Llys Ser Lys Llys Pro Lieu Met Val 
SO 55 6 O 

Ile His His Lieu. Glu Asp Cys Glin Tyr Ser Glin Ala Lieu Lys Llys Val 
65 70 7s 8O 

Phe Ala Glin Asn. Glu Glu Ile Glin Glu Met Ala Glin Asn Llys Phe Ile 
85 90 95 

Met Lieu. Asn Lieu Met His Glu Thir Thr Asp Lys Asn Lieu. Ser Pro Asp 
1OO 105 11 O 

Gly Glin Tyr Val Pro Arg Ile Met Phe Val Asp Pro Ser Lieu. Thr Val 
115 12 O 125 

Arg Ala Asp Ile Ala Gly Arg Tyr Ser Asn Arg Lieu. Tyr Thr Tyr Glu 
13 O 135 14 O 

Pro Arg Asp Lieu Pro Lieu. Lieu. Ile Glu Asn Met Lys Lys Ala Lieu. Arg 
145 150 155 160 

Lieu. Ile Glin Ser Glu Lieu. 
1.65 

<210s, SEQ ID NO 3 
&211s LENGTH: 543 
&212s. TYPE: DNA 
<213s ORGANISM: human 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (49) . . . (501) 

<4 OOs, SEQUENCE: 3 

Caagagcact ggccaagt ca gct tcttctg agagagt cto tagaaga C atg atg cta f 
Met Met Leu 
1. 

cac to a gct ttg gigt ct c tdc ct c tta ct c gtc. aca gtt tot to c aac 105 
His Ser Ala Lieu. Gly Lieu. Cys Lieu. Lieu. Lieu Val Thr Val Ser Ser Asn 

5 10 15 

citt goc att goa ata aaa aag gala aag agg cct c ct cag aca ct c to a 153 
Lieu Ala Ile Ala Ile Llys Lys Glu Lys Arg Pro Pro Glin Thir Lieu. Ser 
2O 25 3 O 35 

aga gga tigg gga gat gac atc act tog gta caa act tat gala gala ggit 2O1 
Arg Gly Trp Gly Asp Asp Ile Thr Trp Val Glin Thr Tyr Glu Glu Gly 

4 O 45 SO 

ctic titt tat gct caa aaa agt aag aag cca tta atg gtt att cat cac 249 
Lieu. Phe Tyr Ala Gln Lys Ser Lys Llys Pro Leu Met Val Ile His His 

55 60 65 

citg gag gat tdt caa tact ct caa goa cita aag aaa gta titt gcc caa 297 
Lieu. Glu Asp Cys Glin Tyr Ser Glin Ala Lieu Lys Llys Val Phe Ala Glin 

70 7s 8O 

aat gala gaa at a caa gaa atg got cag aat aag titc atc atg cita aac 345 
Asn Glu Glu Ile Glin Glu Met Ala Glin Asn Llys Phe Ile Met Lieu. Asn 

85 9 O 95 

citt atg cat gala acc act gat aag aat tta to a cct gat ggg caa tat 393 
Lieu Met His Glu Thir Thr Asp Lys Asn Lieu Ser Pro Asp Gly Glin Tyr 
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- Continued 

1 OO 105 11O 115 

gtg cct aga atc atgttt gta gac cct tct tta aca gtt aga gct gac 441 
Val Pro Arg Ile Met Phe Val Asp Pro Ser Lieu. Thr Val Arg Ala Asp 

12O 125 13 O 

at a gct gga aga tact ct aac aga ttg tac acia tat gag cct cqg gat 489 
Ile Ala Gly Arg Tyr Ser Asn Arg Lieu. Tyr Thr Tyr Glu Pro Arg Asp 

135 14 O 145 

tta ccc ct a taa gaaatttgga tacagagaca togcatacaga aggaatgc.ca 541 
Leul Pro Luell k 

15 O 

tg 543 

<210s, SEQ ID NO 4 
&211s LENGTH: 150 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 4 

Met Met Lieu. His Ser Ala Lieu. Gly Lieu. Cys Lieu Lleu Lieu Val Thr Val 
1. 5 1O 15 

Ser Ser Asn Lieu Ala Ile Ala Ile Llys Lys Glu Lys Arg Pro Pro Glin 
2O 25 3O 

Thr Lieu Ser Arg Gly Trp Gly Asp Asp Ile Thr Trp Val Glin Thr Tyr 
35 4 O 45 

Glu Glu Gly Lieu. Phe Tyr Ala Glin Llys Ser Lys Llys Pro Lieu Met Val 
SO 55 6 O 

Ile His His Lieu. Glu Asp Cys Glin Tyr Ser Glin Ala Lieu Lys Llys Val 
65 70 7s 8O 

Phe Ala Glin Asn. Glu Glu Ile Glin Glu Met Ala Glin Asn Llys Phe Ile 
85 90 95 

Met Lieu. Asn Lieu Met His Glu Thir Thr Asp Lys Asn Lieu. Ser Pro Asp 
1OO 105 11 O 

Gly Glin Tyr Val Pro Arg Ile Met Phe Val Asp Pro Ser Lieu. Thr Val 
115 12 O 125 

Arg Ala Asp Ile Ala Gly Arg Tyr Ser Asn Arg Lieu. Tyr Thr Tyr Glu 
13 O 135 14 O 

Pro Arg Asp Lieu Pro Lieu. 
145 150 

<210s, SEQ ID NO 5 
211 LENGTH: 577 

&212s. TYPE: DNA 
<213s ORGANISM: human 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (98) ... (4.12) 

<4 OOs, SEQUENCE: 5 

alaga.gcactg gccaagttcag gatggggaga tigacat cact tdgtacaala Ctt atgalaga 6 O 

aggit ct ctitt tatgct caaa aaagtaagaa goc atta atg gtt att cat cac ctd 115 
Met Wall Ile His His Lieu. 
1. 5 

gag gat tigt caa tact ct caa goa cita aag aaa gta titt goc caa aat 163 
Glu Asp Cys Glin Tyr Ser Glin Ala Lieu Lys Llys Val Phe Ala Glin Asn 

1O 15 2O 

gaa gaa at a caa gaa atg gct cag aat aag titc atc atg cta aac citt 211 
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- Continued 

Glu Glu Ile Glin Glu Met Ala Glin Asn Llys Phe Ile Met Lieu. Asn Lieu. 
25 3O 35 

atg cat gala acc act gat aag aat tta to a cct gat gigg caa tat gtg 259 
Met His Glu Thir Thr Asp Lys Asn Lieu Ser Pro Asp Gly Glin Tyr Val 

4 O 45 SO 

cct aga atc atgttt gta gac cct tct tta aca gtt aga got gac at a 3. Of 
Pro Arg Ile Met Phe Val Asp Pro Ser Lieu. Thr Val Arg Ala Asp Ile 
55 6 O 65 70 

gct gga aga tact ct aac aga ttg tac aca tat gag cct cqg gat tta 355 
Ala Gly Arg Tyr Ser Asn Arg Lieu. Tyr Thr Tyr Glu Pro Arg Asp Lieu 

7s 8O 85 

c cc ct a titg at a gaa aac atg aag aaa goa tta aga citt att cag to a 4 O3 
Pro Lieu. Lieu. Ile Glu Asn Met Lys Lys Ala Lieu. Arg Lieu. Ile Glin Ser 

90 95 1OO 

gag ct a taa gagatgatgg aaaaaagcct tcacttcaaa galagto: aaat 452 
Glu Lieu. 
tt catgaaga aaacct ctdg cacattgaca aatactaaat gtgcaagtat atagattittg 512 

taat attact atttagttitt tittaatgtgt ttgcaatagt citt attaaaa taaatgttitt sf2 

ttaala 577 

<210s, SEQ ID NO 6 
&211s LENGTH: 104 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 6 

Met Val Ile His His Lieu. Glu Asp Cys Glin Tyr Ser Glin Ala Lieu Lys 
1. 5 1O 15 

Llys Val Phe Ala Glin Asn. Glu Glu Ile Glin Glu Met Ala Glin Asn Lys 
2O 25 3O 

Phe Ile Met Lieu. Asn Lieu Met His Glu Thir Thr Asp Lys Asn Lieu Ser 
35 4 O 45 

Pro Asp Gly Glin Tyr Val Pro Arg Ile Met Phe Val Asp Pro Ser Lieu. 
SO 55 6 O 

Thr Val Arg Ala Asp Ile Ala Gly Arg Tyr Ser Asn Arg Lieu. Tyr Thr 
65 70 7s 8O 

Tyr Glu Pro Arg Asp Lieu Pro Lieu. Lieu. Ile Glu Asn Met Lys Lys Ala 
85 90 95 

Lieu. Arg Lieu. Ile Glin Ser Glu Lieu 
1OO 

<210s, SEQ ID NO 7 
&211s LENGTH: 630 
&212s. TYPE: DNA 
<213s ORGANISM: human 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (49) . . . (4 6 5) 

<4 OO > SEQUENCE: 7 

alaga.gcactg gccaagttcag gct tcttctg agagagt cto tagaaga C atg atg cta f 
Met Met Leu 
1. 

cac to a gct ttg gigt ct c tdc ct c tta ct c gtc. aca gtt tot to c aac 105 
His Ser Ala Lieu. Gly Lieu. Cys Lieu. Lieu. Lieu Val Thr Val Ser Ser Asn 

5 10 15 

citt goc att goa ata aaa aag gala aag agg cct c ct cag aca ct c to a 153 
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- Continued 

Lieu Ala Ile Ala Ile Llys Lys Glu Lys Arg Pro Pro Glin Thir Lieu. Ser 
2O 25 3 O 35 

aga gga tigg gga gat gac atc act tog gta caa act tat gala gala ggit 2O1 
Arg Gly Trp Gly Asp Asp Ile Thr Trp Val Glin Thr Tyr Glu Glu Gly 

4 O 45 SO 

ctic titt tat gct caa aaa agt aag aag cca tta atg gtt att cat cac 249 
Lieu. Phe Tyr Ala Gln Lys Ser Lys Llys Pro Leu Met Val Ile His His 

55 60 65 

citg gag gat tdt caa tact ct caa goa cita aag aaa gta titt gcc caa 297 
Lieu. Glu Asp Cys Glin Tyr Ser Glin Ala Lieu Lys Llys Val Phe Ala Glin 

70 7s 8O 

aat gala gaa at a caa gaa atg got cag aat aag titc atc atg cita aac 345 
Asn Glu Glu Ile Glin Glu Met Ala Glin Asn Llys Phe Ile Met Lieu. Asn 

85 9 O 95 

citt atg cat gala acc act gat aag aat tta to a cct gat ggg caa tat 393 
Lieu Met His Glu Thir Thr Asp Lys Asn Lieu Ser Pro Asp Gly Glin Tyr 
1 OO 105 11O 115 

gtg cct aga at C atgttt gta gtg at a gala aac atg aag aaa gCa tta 441 
Val Pro Arg Ile Met Phe Val Val Ile Glu Asn Met Lys Lys Ala Lieu 

12O 125 13 O 

aga citt att cag to a gag cta taa gagatgatgg aaaaaag.cct tcacttcaaa 495 
Arg Lieu. Ile Glin Ser Glu Lieu. * 

135 

gaagttcaaat tt catgaaga aaacctctgg cacattgaca aatactaaat gtgcaagtat 555 

atagattittg taat attact atttagttitt tittaatgtgt ttgcaatagt citt attaaaa 615 

taaatgttitt ttaaa 63 O 

<210s, SEQ ID NO 8 
&211s LENGTH: 138 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 8 

Met Met Lieu. His Ser Ala Lieu. Gly Lieu. Cys Lieu Lleu Lieu Val Thr Val 
1. 5 1O 15 

Ser Ser Asn Lieu Ala Ile Ala Ile Llys Lys Glu Lys Arg Pro Pro Glin 
2O 25 3O 

Thr Lieu Ser Arg Gly Trp Gly Asp Asp Ile Thr Trp Val Glin Thr Tyr 
35 4 O 45 

Glu Glu Gly Lieu. Phe Tyr Ala Glin Llys Ser Lys Llys Pro Lieu Met Val 
SO 55 6 O 

Ile His His Lieu. Glu Asp Cys Glin Tyr Ser Glin Ala Lieu Lys Llys Val 
65 70 7s 8O 

Phe Ala Glin Asn. Glu Glu Ile Glin Glu Met Ala Glin Asn Llys Phe Ile 
85 90 95 

Met Lieu. Asn Lieu Met His Glu Thir Thr Asp Lys Asn Lieu. Ser Pro Asp 
1OO 105 11 O 

Gly Glin Tyr Val Pro Arg Ile Met Phe Val Val Ile Glu Asn Met Lys 
115 12 O 125 

Lys Ala Lieu. Arg Lieu. Ile Glin Ser Glu Lieu. 
13 O 135 

<210s, SEQ ID NO 9 
&211s LENGTH: 25.45 
&212s. TYPE: DNA 
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- Continued 

c taggttitta ataattittitt aattgatgtt gttatgggca ggatggcaac cagac cattg 17 

t ct cagagca ggtgctggct ctitt.cctggc tactic catgt toggctagoct c togtaacct 577 

cittact tatt atctitcagga cact cactac agggaccagg gatgatgcaa catcc ttgtc 637 

ttitt tatgac aggatgtttg ct cagcttct c caacaataa gaagcacgtg gtaaaac act 697 

tgcggatatt ctdgactgtt tittaaaaaat atacagttta ccgaaaatca tataatc.tta 757 

caatgaaaag gactittatag at cagc.ca.gt gacca acctt titcc.caacca tacaaaaatt 817 

ccttitt cocq aaggaaaagg gctitt citcaa taa.gc.ct cag ctittctaaga tictaacaaga g77 

tagccaccga gatcctitatic gaaact catt ttaggcaaat atgagttitta ttgtc.cgttt 937 

acttgttt ca gagtttgt at tdtgattatc aattaccaca ccatc tocca tdaagaaagg 997 

gaacggtgaa gtactalagcg ctagaggaag cagccaagtic ggittagtgga agcatgattg 2O57 

gtgcc.cagtt agcctctgca ggatgtggala acct cct tcc aggggaggitt Cagtgaattg 2117 

tgtaggagag gttgttctgtg gcc agaattit aaacctatac toactitt coc aaattgaatc 2177 

actgct caca Ctgctgatga tittagagtgc tigt ccggtgg agat.cccacc Caacgt Ctt 2237 

atctaatcat gaaact coct agttcct tca totaact tcc ctdaaaaatc taagtgttt c 2297 

ataaatttga gag totgtga cccacttacc ttgcatctoa cagg tagaca gtatataact 2357 

aacaac caaa gactacat at tdt cactgac acacacgtta taatcattta t catatatat 24.17 

acatacatgc atacactic to aaa.gcaaata atttitt cact tcaaaacagt attgacttgt 2477 

ataccttgta atttgaaata ttittctttgt taaaatagaa togg tat caat aaatagacca 2537 

ttaatcag 25.45 

<210s, SEQ ID NO 10 
&211s LENGTH: 125 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 10 

Met Lys Llys Ser Gly Val Lieu. Phe Lieu. Lieu. Gly Ile Ile Lieu. Lieu Val 
1. 5 1O 15 

Lieu. Ile Gly Val Glin Gly Thr Pro Val Val Arg Lys Gly Arg Cys Ser 
2O 25 3O 

Cys Ile Ser Thir Asn Glin Gly. Thir Ile His Lieu. Glin Ser Lieu Lys Asp 
35 4 O 45 

Lieu Lys Glin Phe Ala Pro Ser Pro Ser Cys Glu Lys Ile Glu Ile Ile 
SO 55 6 O 

Ala Thr Lieu Lys Asn Gly Val Glin Thr Cys Lieu. Asn Pro Asp Ser Ala 
65 70 7s 8O 

Asp Wall Lys Glu Lieu. Ile Llys Llys Trp Glu Lys Glin Val Ser Glin Lys 
85 90 95 

Llys Lys Gln Lys Asn Gly Llys Llys His Glin Llys Llys Llys Val Lieu Lys 
1OO 105 11 O 

Val Arg Llys Ser Glin Arg Ser Arg Glin Llys Llys Thir Thr 
115 12 O 125 

<210s, SEQ ID NO 11 
&211s LENGTH: 1172 
&212s. TYPE: DNA 
<213s ORGANISM: human 



US 2010/007S325 A1 Mar. 25, 2010 
47 

- Continued 

22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (67) . . . (363) 

<4 OOs, SEQUENCE: 11 

gaga catt co toaattgctt agacatatt c tdagcctaca gcagaggaac ctic cagt ct c 6 O 

agcacc atgaat caa act gcg att c to att togc tigc citt atc titt ctd 108 
Met Asn Glin Thr Ala Ile Lieu. Ile Cys Cys Lieu. Ile Phe Lieu. 
1. 5 1O 

act cta agt ggc att caa goga gta cct ct c tot aga acc gta cqc togt 156 
Thr Lieu Ser Gly Ile Glin Gly Val Pro Leu Ser Arg Thr Val Arg Cys 
15 2O 25 3O 

acc togc atc agc att agt aat caa cct gtt aat cca agg tot tta gaa 2O4. 
Thr Cys Ile Ser Ile Ser Asn Gln Pro Val Asn Pro Arg Ser Lieu. Glu 

35 4 O 45 

aaa citt gala att att cot gca agc caa ttt tdt cca cqt gtt gag atc 252 
Llys Lieu. Glu Ile Ile Pro Ala Ser Glin Phe Cys Pro Arg Val Glu Ile 

SO 55 60 

att gct aca atgaaa aag aag ggit gag aag aga tigt Citg aat coa gala 3OO 
Ile Ala Thr Met Lys Llys Lys Gly Glu Lys Arg Cys Lieu. Asn. Pro Glu 

65 70 7s 

tcg aag gCC at C aag aat tta Ctg aaa gCa gtt agc aag gala atgtct 348 
Ser Lys Ala Ile Lys Asn Lieu. Lieu Lys Ala Val Ser Lys Glu Met Ser 

8O 85 9 O 

aaa aga. tct cot taa alaccagaggg gag caaaatc gatgcagtgc titcca aggat 4 O3 
Lys Arg Ser Pro * 
95 

ggaccacaca gaggctgcct citcc catcac titc cctacat ggagtatatgtcaa.gc.cata 463 

attgttctta gtttgcagtt acactaaaag gtgaccalatg atggit cacca aat cagotgc 523 

tact actic ct gtaggaaggit taatgttcat catcc taagc tatto agitaa taact ct acc 583 

Ctggcact at aatgtaagct C tact gaggit gctatgttct tagtggatgt t ctgaccCtg 643 

cittcaaat at titc cct cacc titt cocatct tccaagggta ctaaggaatc tittctgctitt 7O3 

ggggtttatc agaattctica gaatctoaaa taactaaaag g tatgcaatc aaatctgctt 763 

tittaaagaat gct citt tact t catggact t c cactgc cat cct cocaagg gg.cccaaatt 823 

ctitt cagtgg ctacct acat acaatticcaa acacatacag gaagg tagaa at atctgaaa 883 

atgitatgtgt aagtatt citt atttaatgaa agactgtaca aagtataagt cittagatgta 943 

tatattitcct at attgttitt cagtgtacat ggaataa.cat gtaattaagt actatgtatic 1 OO3 

aatgagtaac aggaaaattt taaaaataca gatagatata togctctgcat gttacataag 1063 

ataaatgtgc tigaatggttt toaaataaaa atgagg tact citcctggaaa tattaagaaa 1123 

gactatictaa atgttgaaag atcaaaaggit taataaagta attataact 1172 

<210s, SEQ ID NO 12 
&211s LENGTH: 98 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 12 

Met Asin Gln Thr Ala Ile Lieu. Ile Cys Cys Lieu. Ile Phe Lieu. Thir Lieu. 
1. 5 1O 15 

Ser Gly Ile Glin Gly Val Pro Leu Ser Arg Thr Val Arg Cys Thr Cys 
2O 25 3O 
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gga gac to C ggit gag cag gag acc ggg gcc act gat gcc cqg cct cqg 816 
Gly Asp Ser Gly Glu Glin Glu Thr Gly Ala Thr Asp Ala Arg Pro Arg 

18O 185 19 O 

agg cqg aag cca gcc agg ctg. Ctg gag gCt aca gcg aag ccg gag cca 864 
Arg Arg Llys Pro Ala Arg Lieu. Lieu. Glu Ala Thr Ala Lys Pro Glu Pro 

195 2OO 2O5 

gag gag aag to C aga gcc aag cqg cag aag gaC titt gac at a gca gala 912 
Glu Glu Lys Ser Arg Ala Lys Arg Gln Lys Asp Phe Asp Ile Ala Glu 

21 O 215 22O 

caa aac gag to C agc gac gag gag agc ctg aga aaa gag aga gct cqg 96.O 
Glin Asn. Glu Ser Ser Asp Glu Glu Ser Lieu. Arg Lys Glu Arg Ala Arg 

225 23 O 235 

tct gca gag gag ccg tdg act caa aat caa cag aaa citt Ctg gala Ctg OO8 
Ser Ala Glu Glu Pro Trp Thr Glin Asn Glin Gln Llys Lieu. Lieu. Glu Lieu. 
24 O 245 250 255 

gcg ttg cag cag tac Cca agg gga to C tot gaC cqc tig gaC aaa at a O56 
Ala Lieu. Glin Glin Tyr Pro Arg Gly Ser Ser Asp Arg Trp Asp Llys Ile 

26 O 265 27 O 

gcc aga tigt gtC ccg tcc aag agc aag gala gac tdt atc gct agg tac 104 
Ala Arg Cys Val Pro Ser Lys Ser Lys Glu Asp Cys Ile Ala Arg Tyr 

27s 28O 285 

aag ttg Ctg gtt gaa citg gtc. caa aag aaa aaa caa gCt aaa agc tiga 152 
Llys Lieu. Lieu Val Glu Lieu Val Glin Llys Llys Lys Glin Ala Lys Ser * 

29 O 295 3 OO 

at attctggg agatgatgtt cacct tcatt titccaaaatgaatat cittaa aaatct tatg 212 

cagaaatttg cattttgtac ct caatattt citacgt.catg togcct tagt 261 

<210s, SEQ ID NO 14 
&211s LENGTH: 3O2 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 14 

Met Thr Ala Pro Cys Ser Gln Pro Ala Glin Leu Pro Gly Arg Arg Glin 
1. 5 1O 15 

Lieu. Gly Lieu Val Pro Phe Pro Pro Pro Pro Pro Arg Thr Pro Leu Lieu. 
2O 25 3O 

Trp Lieu. Lieu. Lieu Lleu Lleu Lieu Ala Ala Val Ala Pro Ala Arg Gly Trp 
35 4 O 45 

Glu Ser Gly Asp Lieu. Glu Lieu. Phe Asp Lieu Val Glu Glu Val Glin Lieu. 
SO 55 6 O 

Asn Phe Tyr Glin Phe Lieu. Gly Val Glin Glin Ala Pro Glu Trp Thr Glu 
65 70 7s 8O 

Glu Asp Leu Ser Gln Lieu. Thir Arg Ser Met Val Llys Phe Pro Gly Gly 
85 90 95 

Thr Pro Gly Arg Trp Glu Lys Ile Ala His Glu Lieu. Gly Arg Ser Val 
1OO 105 11 O 

Thir Asp Val Thir Thr Lys Ala Lys Glin Lieu Lys Asp Ser Val Thr Cys 
115 12 O 125 

Ser Pro Gly Met Val Arg Lieu Ser Glu Lieu Lys Ser Thr Val Glin Asn 
13 O 135 14 O 

Ser Arg Pro Ile Llys Thr Ala Thr Thr Lieu Pro Asp Asp Met Ile Thr 
145 150 155 160 

Glin Arg Glu Asp Ala Glu Gly Val Ala Ala Glu Glu Glu Glin Glu Gly 
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aga ct c to c gaa citc aaa tog aca gtt cag aat tcc agg ccc atc aaa 672 
Arg Lieu. Ser Glu Lieu Lys Ser Thr Val Glin Asn. Ser Arg Pro Ile Llys 

13 O 135 14 O 

acg gcc acc acc ttg C cc gat gaC atg at C acc cag ca gag gaC gca 72 O 
Thir Ala Thir Thir Lieu Pro Asp Asp Met Ile Thr Glin Arg Glu Asp Ala 

145 150 155 

gag gig gtg gC a gC9 gag gag gag cag gag giga gac ticc ggit gag cag 768 
Glu Gly Val Ala Ala Glu Glu Glu Glin Glu Gly Asp Ser Gly Glu Glin 
16 O 1.65 17O 17s 

gag acc ggg gcc act gat gcc cqg cct cqg agg C9g aag cca gcc agg 816 
Glu Thr Gly Ala Thr Asp Ala Arg Pro Arg Arg Arg Llys Pro Ala Arg 

18O 185 19 O 

Ctg Ctg gag gCt aca gcg aag ccg gag cca gag gag aag to C aga gCC 864 
Lieu. Lieu. Glu Ala Thr Ala Lys Pro Glu Pro Glu Glu Lys Ser Arg Ala 

195 2OO 2O5 

aag C9g cag aag gac titt gac at a gca gaa caa aac gag to C agc gac 912 
Lys Arg Gln Lys Asp Phe Asp Ile Ala Glu Glin Asn. Glu Ser Ser Asp 

21 O 215 22O 

gag gag agc Ctg aga aaa gag aga gct C9g tct gca gag gag cc.g. tig 96.O 
Glu Glu Ser Lieu. Arg Lys Glu Arg Ala Arg Ser Ala Glu Glu Pro Trp 

225 23 O 235 

act caa aat caa cag aaa citt ctd gaa citg gog titg cag cag tac cca OO8 
Thr Glin Asn Glin Glin Llys Lieu. Lieu. Glu Lieu Ala Lieu. Glin Glin Tyr Pro 
24 O 245 250 255 

agg gga to C tot gaC cqc to gaC aaa at a gcc aga tigt git C cc.g. tcc O56 
Arg Gly Ser Ser Asp Arg Trp Asp Llys Ile Ala Arg Cys Val Pro Ser 

26 O 265 27 O 

aag agc aag gala gac tt atc gct agg tac aag titg Ctg gtt gala Ctg 104 
Llys Ser Lys Glu Asp Cys Ile Ala Arg Tyr Lys Lieu. Lieu Val Glu Lieu. 

27s 28O 285 

gtc. caa aag aaa aaa Caa got aaa agc tiga at attctggg agatgatgtt 154 
Val Glin Llys Llys Lys Glin Ala Lys Ser * 

29 O 295 

caccitt catt titccaaaatgaatat cittaa aaatctitatig cagaaatttg cattttgtac 214 

citcaat attt citacgt catg togcct tagt 243 

<210s, SEQ ID NO 16 
&211s LENGTH: 296 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 16 

Met Thr Ala Pro Cys Ser Gln Pro Ala Glin Leu Pro Gly Arg Arg Glin 
1. 5 1O 15 

Lieu. Gly Lieu Val Pro Phe Pro Pro Pro Pro Pro Arg Thr Pro Leu Lieu. 
2O 25 3O 

Trp Lieu. Lieu. Lieu Lleu Lleu Lieu Ala Ala Val Ala Pro Ala Arg Gly Trp 
35 4 O 45 

Glu Ser Gly Asp Lieu. Glu Lieu. Phe Asp Lieu Val Glu Glu Val Glin Lieu. 
SO 55 6 O 

Asn Phe Tyr Glin Phe Lieu. Gly Val Glin Glin Asp Ala Ser Ser Ala Asp 
65 70 7s 8O 

Ile Arg Lys Ala Tyr Arg Llys Lieu. Ser Lieu. Thir Lieu. His Pro Asp Llys 
85 90 95 

Asn Lys Asp Glu Asn Ala Glu Thr Glin Phe Arg Glin Val Thir Thir Lys 
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1OO 105 11 O 

Ala Lys Glin Lieu Lys Asp Ser Val Thir Cys Ser Pro Gly Met Val Arg 
115 12 O 125 

Lieu. Ser Glu Lieu Lys Ser Thr Val Glin Asn. Ser Arg Pro Ile Llys Thr 
13 O 135 14 O 

Ala Thir Thir Lieu Pro Asp Asp Met Ile Thr Glin Arg Glu Asp Ala Glu 
145 150 155 160 

Gly Val Ala Ala Glu Glu Glu Glin Glu Gly Asp Ser Gly Glu Glin Glu 
1.65 17O 17s 

Thr Gly Ala Thir Asp Ala Arg Pro Arg Arg Arg Llys Pro Ala Arg Lieu. 
18O 185 19 O 

Lieu. Glu Ala Thir Ala Lys Pro Glu Pro Glu Glu Lys Ser Arg Ala Lys 
195 2OO 2O5 

Arg Gln Lys Asp Phe Asp Ile Ala Glu Glin Asn. Glu Ser Ser Asp Glu 
21 O 215 22O 

Glu Ser Lieu. Arg Lys Glu Arg Ala Arg Ser Ala Glu Glu Pro Trp Thr 
225 23 O 235 24 O 

Glin Asn Glin Glin Llys Lieu. Lieu. Glu Lieu Ala Lieu. Glin Glin Tyr Pro Arg 
245 250 255 

Gly Ser Ser Asp Arg Trp Asp Llys Ile Ala Arg Cys Val Pro Ser Lys 
26 O 265 27 O 

Ser Lys Glu Asp Cys Ile Ala Arg Tyr Lys Lieu. Lieu Val Glu Lieu Val 
27s 28O 285 

Glin Llys Llys Lys Glin Ala Lys Ser 
29 O 295 

<210s, SEQ ID NO 17 
&211s LENGTH: 1881 
&212s. TYPE: DNA 
<213s ORGANISM: human 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (108) . . . (1772) 

<4 OOs, SEQUENCE: 17 

gcgcttitt Ca Ctgacaggcg Ctgttc.ccca Cagc.ca.gc.gc cqC cc.gc.cac gtcc.ca.gctic 6 O 

tcggccaacg gagctg.cgcg gcgggtgacc titt Cogagcc cagcgcg atg acg gct 116 
Met Thir Ala 
1. 

Cct tc. tcc cag ccg gcg cag Ctt cot gga cqC cc cag Ct c ggg Ctg 164 
Pro Cys Ser Glin Pro Ala Glin Lieu Pro Gly Arg Arg Glin Lieu. Gly Lieu. 

5 10 15 

gtg ccg tt C ccg ccg ccg ccg ccg C9g acg ccg Ctg Ctg tdg ctg. Ctg 212 
Val Pro Phe Pro Pro Pro Pro Pro Arg Thr Pro Leu Lleu Trp Lieu. Leu 
2O 25 3 O 35 

Ctg Ctg Ctg Ctg gcc gcc gtg gC9 CC9 gcg C9C ggc tigg gag agc gga 26 O 
Lieu. Lieu. Lieu. Lieu Ala Ala Val Ala Pro Ala Arg Gly Trp Glu Ser Gly 

4 O 45 SO 

gac Ctg gag ttg titt gac tta gtg gag gag gtg cag Ct c aac ttic tac 3O8 
Asp Lieu. Glu Lieu. Phe Asp Lieu Val Glu Glu Val Glin Lieu. Asn. Phe Tyr 

55 60 65 

Cag titc ct c ggg gtg cag cag gat gca to a tot gca gac at C aga aaa 356 
Glin Phe Lieu. Gly Val Glin Glin Asp Ala Ser Ser Ala Asp Ile Arg Llys 

70 7s 8O 

gca tat cqt aag citt to a cita act tta cat coa gac aag aat aaa gat 4O4. 
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Ser Glu Lieu Lys Ser Thr Val Glin Asn. Ser Arg Pro Ile Llys Thr Ala 
390 395 4 OO 

acc acc ttg ccc gat gac atg at C acc cag cqa gag gac goa gag ggg 364 
Thir Thr Lieu Pro Asp Asp Met Ile Thr Glin Arg Glu Asp Ala Glu Gly 

405 410 415 

gtg gCa gC9 gag gag gag cag gag giga gac toc get gag cag gag acc 412 
Val Ala Ala Glu Glu Glu Glin Glu Gly Asp Ser Gly Glu Glin Glu Thr 
42O 425 43 O 435 

ggg gcc act gat gcc cq9 cct cqg agg cqg aag cca gcc agg ctg. Ctg 460 
Gly Ala Thr Asp Ala Arg Pro Arg Arg Arg Llys Pro Ala Arg Lieu. Lieu. 

4 4 O 445 450 

gag gCt aca gcg aag ccg gag cca gag gag aag ticc aga gcc aag cqg 508 
Glu Ala Thir Ala Lys Pro Glu Pro Glu Glu Lys Ser Arg Ala Lys Arg 

45.5 460 465 

Cag aag gaC titt gac at a gca gaa caa aac gag ticc agc gaC gag gag 556 
Glin Lys Asp Phe Asp Ile Ala Glu Glin Asn. Glu Ser Ser Asp Glu Glu 

47 O 47s 48O 

agc ctg aga aaa gag aga gct cqg tct gca gag gag ccg tdg act caa 6O4 
Ser Lieu. Arg Lys Glu Arg Ala Arg Ser Ala Glu Glu Pro Trp Thr Glin 

485 490 495 

aat caa cag aala Ctt Ctg gaa citg gcg ttg cag cag tac cca agg gga 652 
Asn Glin Gln Lys Lieu. Lieu. Glu Lieu Ala Lieu. Glin Glin Tyr Pro Arg Gly 
5 OO 5 OS 510 515 

tcc tot gaC cc tig gac aaa at a gcc aga tigt gtc. cc.g. tcc aag agc 7 OO 
Ser Ser Asp Arg Trp Asp Llys Ile Ala Arg CyS Val Pro Ser Lys Ser 

52O 525 53 O 

aag gala gac tdt atc gct agg tac aag titg ctg gtt gaa citg gt C Caa 748 
Lys Glu Asp Cys Ile Ala Arg Tyr Lys Lieu. Lieu Val Glu Lieu Val Glin 

535 54 O 545 

aag aaa aaa caa got aaa agc tiga at attctggg agatgatgtt caccitt catt 8O2 
Llys Llys Lys Glin Ala Lys Ser * 

550 

titccaaaatgaatat cittaa aaatct tatg cagaaatttg cattttgtac ct caatattt 862 

citacgt catg togc cittagt 881 

<210s, SEQ ID NO 18 
&211s LENGTH: 554 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 18 

Met Thr Ala Pro Cys Ser Gln Pro Ala Glin Leu Pro Gly Arg Arg Glin 
1. 5 1O 15 

Lieu. Gly Lieu Val Pro Phe Pro Pro Pro Pro Pro Arg Thr Pro Leu Lieu. 
2O 25 3O 

Trp Lieu. Lieu. Lieu Lleu Lleu Lieu Ala Ala Val Ala Pro Ala Arg Gly Trp 
35 4 O 45 

Glu Ser Gly Asp Lieu. Glu Lieu. Phe Asp Lieu Val Glu Glu Val Glin Lieu. 
SO 55 6 O 

Asn Phe Tyr Glin Phe Lieu. Gly Val Glin Glin Asp Ala Ser Ser Ala Asp 
65 70 7s 8O 

Ile Arg Lys Ala Tyr Arg Llys Lieu. Ser Lieu. Thir Lieu. His Pro Asp Llys 
85 90 95 

Asn Lys Asp Glu Asn Ala Glu Thr Glin Phe Arg Glin Lieu Val Ala Ile 
1OO 105 11 O 
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Tyr Glu Val Lieu Lys Asp Asp Glu Arg Arg Glin Arg Tyr Asp Asp Ile 
115 12 O 125 

Lieu. Ile Asin Gly Lieu Pro Asp Trp Arg Glin Pro Val Phe Tyr Tyr Arg 
13 O 135 14 O 

Arg Val Arg Llys Met Ser Asn Ala Glu Lieu Ala Lieu Lleu Lieu. Phe Ile 
145 150 155 160 

Ile Lieu. Thr Val Gly His Tyr Ala Val Val Trp Ser Ile Tyr Lieu. Glu 
1.65 17O 17s 

Lys Glin Lieu. Asp Glu Lieu Lleu Ser Arg Llys Lys Arg Glu Lys Llys Llys 
18O 185 19 O 

Llys Thr Gly Ser Lys Ser Val Asp Val Ser Lys Lieu. Gly Ala Ser Glu 
195 2OO 2O5 

Lys Asn. Glu Arg Lieu Lleu Met Llys Pro Gln Trp His Asp Lieu. Lieu Pro 
21 O 215 22O 

Cys Llys Lieu. Gly Ile Trp Phe Cys Lieu. Thir Lieu Lys Ala Lieu Pro His 
225 23 O 235 24 O 

Lieu. Ile Glin Asp Ala Gly Glin Phe Tyr Ala Lys Tyr Lys Glu Thir Arg 
245 250 255 

Lieu Lys Glu Lys Glu Asp Ala Lieu. Thir Arg Thr Glu Lieu. Glu Thir Lieu. 
26 O 265 27 O 

Glin Lys Glin Llys Llys Wall Lys Llys Pro Llys Pro Glu Phe Pro Val Tyr 
27s 28O 285 

Thr Pro Leu Glu Thir Thr Tyr Ile Glin Ser Tyr Asp His Gly. Thir Ser 
29 O 295 3 OO 

Ile Glu Glu Ile Glu Glu Gln Met Asp Asp Trp Lieu. Glu Asn Arg Asn 
3. OS 310 315 32O 

Arg Thr Glin Llys Lys Glin Ala Pro Glu Trp Thr Glu Glu Asp Lieu. Ser 
3.25 330 335 

Gln Lieu. Thir Arg Ser Met Val Llys Phe Pro Gly Gly Thr Pro Gly Arg 
34 O 345 35. O 

Trp Glu Lys Ile Ala His Glu Lieu. Gly Arg Ser Val Thr Asp Val Thr 
355 360 365 

Thir Lys Ala Lys Glin Lieu Lys Asp Ser Val Thr Cys Ser Pro Gly Met 
37 O 375 38O 

Val Arg Lieu. Ser Glu Lieu Lys Ser Thr Val Glin Asn. Ser Arg Pro Ile 
385 390 395 4 OO 

Llys Thr Ala Thir Thr Lieu Pro Asp Asp Met Ile Thr Glin Arg Glu Asp 
4 OS 41O 415 

Ala Glu Gly Val Ala Ala Glu Glu Glu Glin Glu Gly Asp Ser Gly Glu 
42O 425 43 O 

Glin Glu Thr Gly Ala Thr Asp Ala Arg Pro Arg Arg Arg Llys Pro Ala 
435 44 O 445 

Arg Lieu. Lieu. Glu Ala Thr Ala Lys Pro Glu Pro Glu Glu Lys Ser Arg 
450 45.5 460 

Ala Lys Arg Glin Lys Asp Phe Asp Ile Ala Glu Glin Asn. Glu Ser Ser 
465 470 47s 48O 

Asp Glu Glu Ser Lieu. Arg Lys Glu Arg Ala Arg Ser Ala Glu Glu Pro 
485 490 495 

Trp Thr Glin Asn. Glin Glin Llys Lieu. Lieu. Glu Lieu Ala Lieu. Glin Glin Tyr 
SOO 505 51O 

Pro Arg Gly Ser Ser Asp Arg Trp Asp Llys Ile Ala Arg Cys Val Pro 
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Ile 

gtg 
Wall 

tto 

Phe 
18O 

Cala 

Glin 

gat 
Asp 

Cag 
Glin 

gat 
Asp 

aga 
Arg 
26 O 

Cat 
His 

aat 
Asn 

a CC 

Thir 

citt 
Lell 

C Ca 

Pro 
34 O 

toa 
Ser 

gga 
Gly 

act 
Thir 

gaa 
Glu 

ggit 
Gly 

aat 
Asn 

C Ca 

Thir 

tta 

Luell 
1.65 

cga 
Arg 

aca 

Thir 

citt 
Luell 

tta 
Luell 

gtt 
Wall 
245 

Cta 
Luell 

gag 
Glu 

gat 
Asp 

a.a.a. 

CC a 

Pro 
3.25 

to a 
Ser 

gat 
Asp 

aat 
Asn 

ttg 
Luell 

gga 
Gly 
405 

aac 

Asn 

citt 
Luell 

gga 

Wall 
15 O 

att 

Ile 

titt 

Phe 

ttg 
Luell 

cag 
Glin 

a.a.a. 

Lys 
23 O 

gt C 
Wall 

aag 
Lys 

gat 
Asp 

agt 
Ser 

gca 
Ala 
31 O 

gga 
Gly 

gga 
Gly 

Ctg 
Luell 

att 
Ile 

gala 
Glu 
390 

tog 
Ser 

CaC 

His 

gala 
Glu 

acc 

Ile 

tta 

Luell 

gtt 
Wall 

cott 
Pro 

ttg 
Luell 
215 

act 
Thir 

tgc 
Cys 

aag 
Lys 

cott 
Pro 

cgc 
Arg 
295 

CC a 

Pro 

cott 
Pro 

citt 
Luell 

aga 
Arg 

att 
Ile 
37s 

atg 
Met 

titt 
Phe 

Ctg 
Luell 

tac 

Tyr 

titt 

Glu 

aat 

Asn 

cott 

Pro 

tat 

Tyr 
2 OO 

gag 
Glu 

tgg 
Trp 

aac 

Asn 

gaa 
Glu 

toa 
Ser 
28O 

atg 
Met 

ggit 
Gly 

tac 

Tyr 

Cta 
Lell 

cott 
Pro 
360 

CaC 

His 

citt 
Lell 

atg 
Met 

a CC 

Thir 

tta 
Lell 
4 4 O 

aat 

Pro 

gac 
Asp 

tta 

Lell 
185 

gtt 
Wall 

gac 
Asp 

ttg 
Lell 

agc 
Ser 

tot 
Ser 
265 

gga 
Gly 

toa 
Ser 

ttg 
Lell 

tgc 
Cys 

ata 
Ile 
345 

cott 
Pro 

agt 
Ser 

CaC 

His 

aac 

Asn 

a.a.a. 

Lys 
425 

tat 

Tyr 

C Ca 

Ser 

aat 

Asn 
17O 

a CC 

Thir 

ggit 
Gly 

aac 

Asn 

gag 
Glu 

cott 
Pro 
250 

att 
Ile 

toa 
Ser 

act 
Thir 

ata 
Ile 

cott 

330 

Cat 
His 

tta 
Lel 

ttg 
Lel 

Cta 
Lel 

410 

tta 
Lel 

citt 
Lel 

atg 

Ala 
155 

gct 
Ala 

Cat 

His 

titt 
Phe 

a.a.a. 

aac 

Asn 
235 

CC a 

Pro 

tgc 
Cys 

tta 
Luell 

aag 
Lys 

cott 
Pro 
315 

att 
Ile 

tgt 
Cys 

Cala 

Glin 

atg 
Met 

gga 
Gly 
395 

acg 
Thir 

agt 
Ser 

gala 
Glu 

cott 

Phe 

att 

Ile 

Cta 

Luell 

citc. 
Luell 

tgg 
Trp 
22 O 

atg 
Met 

titt 
Phe 

cott 
Pro 

Cat 
His 

acc 

Thir 
3OO 

tat 

cott 
Pro 

cag 
Glin 

aat 
Asn 

aag 
Lys 
38O 

aac 

Asn 

aga 
Arg 

a.a.a. 

tac 

Tyr 

a.a.a. 

Ser 

gag 
Glu 

gat 
Asp 

gala 
Glu 
2O5 

gcc 
Ala 

cott 
Pro 

titt 
Phe 

act 
Thir 

Ctg 
Luell 
285 

acg 
Thir 

att 
Ile 

tgt 
Cys 

gag 
Glu 

cott 
Pro 
365 

tot 
Ser 

aat 
Asn 

tta 
Luell 

ggc 
Gly 

aat 
Asn 
445 

citt 

Lys 

Ser 

citt 

Luell 
190 

CaC 

His 

tgc 
Cys 

CCa 

Pro 

a.a.a. 

Lys 

CCa 

Pro 
27 O 

gca 
Ala 

to c 
Ser 

aca 

Thir 

aac 

ASn 

cgc 
Arg 
350 

aga 
Arg 

gat 
Asp 

cgt. 
Arg 

Cala 

Glin 

atg 
Met 
43 O 

gcc 
Ala 

a.a.a. 

57 

- Continued 

Lieu. Asn Arg Lieu 

citt 

Lell 
17s 

cgt 
Arg 

att 
Ile 

aat 
Asn 

Cag 
Glin 

gga 
Gly 
255 

C Ca 

Pro 

gca 
Ala 

att 
Ile 

aag 
Lys 

tgc 
Cys 
335 

aac 

Asn 

aag 
Lys 

Cta 
Lell 

att 
Ile 

a.a.a. 

Lys 
415 

tto 
Phe 

att 
Ile 

gtc 

16 O 

cott 

Pro 

gga 
Gly 

ggc 
Gly 

tgt 
Cys 

tot 
Ser 
24 O 

agt 
Ser 

gtg 
Wall 

a Ca 

Thir 

Cta 
Lell 

C Ca 

Pro 
32O 

a.a.a. 

att 
Ile 

citc. 
Lell 

gtg 
Wall 

gaa 
Glu 
4 OO 

citc. 
Lell 

citt 
Lell 

aag 
Lys 

Ctg 

CC a 

Pro 

aat 

Asn 

cga 
Arg 

gac 
Asp 
225 

at a 
Ile 

at a 
Ile 

tat 

tot 
Ser 

a.a.a. 

Lys 
305 

to c 
Ser 

gtC 
Wall 

gala 
Glu 

att 
Ile 

gala 
Glu 
385 

gtt 
Wall 

tat 

Tyr 

ggt 
Gly 

gala 
Glu 

tat 

aac 

Asn 

Cala 

Glin 

at a 
Ile 
21 O 

tta 
Luell 

att 
Ile 

citc. 
Luell 

gala 
Glu 

to a 
Ser 
29 O 

Cta 
Luell 

act 
Thir 

Cta 
Luell 

agc 
Ser 

Cta 
Luell 
37 O 

tat 

Tyr 

citt 
Luell 

Cta 
Luell 

citc. 
Luell 

at a 
Ile 
450 

tta 

Lys 

at C 

Ile 

tta 

Luell 
195 

ttg 
Luell 

ttg 
Luell 

ggt 
Gly 

agt 
Ser 

gala 
Glu 
27s 

at a 
Ile 

cc c 

Pro 

Cala 

Glin 

to c 
Ser 

tta 
Luell 
355 

gcg 
Ala 

ttic 
Phe 

gala 
Glu 

aat 
Asn 

Cat 
His 
435 

Ctg 
Luell 

aat 

112 

16 O 

256 

352 

4 OO 

4 48 

496 

544 

592 

64 O 

688 

736 

784 

832 

88O 

928 

Mar. 25, 2010 
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Tyr Arg Asn. Ile Lieu. Glu Lys Glu Arg Glu Lieu. Glin Gln Lieu. Gly Ile 
760 765 770 

aca gala tac cta agg aaa aac att gct cag ctic cag cct gat atg gag 2888 
Thr Glu Tyr Lieu. Arg Lys Asn. Ile Ala Glin Lieu. Glin Pro Asp Met Glu 

77 78O 78s 

gca cat tat cot gga gcc cac gala gag ctgaag tta atg gala aca tta 2936 
Ala His Tyr Pro Gly Ala His Glu Glu Lieu Lys Lieu Met Glu Thir Lieu 

79 O 79. 8 OO 

atg tac to a cqt cca agg aag gta tta gtg gaa cag aca aaa aat gag 2984 
Met Tyr Ser Arg Pro Arg Llys Val Lieu Val Glu Glin Thr Lys Asn. Glu 

805 810 815 

tat titt gaa citt aaa gct aat tta cat gct gaa cct gac tat tta gaa 3O32 
Tyr Phe Glu Lieu Lys Ala Asn Lieu. His Ala Glu Pro Asp Tyr Lieu. Glu 
82O 825 830 835 

gtc. Ctg gag cag caa aca tag atggagagtt tagggctitt CC agaaatg 3O83 
Wall Lieu. Glu Glin Glin. Thir 

84 O 

ctgttgattct gttittaagtic cataccttgt aaataagtgc cittacgtgag tdtgtcatca 3143 

atcaga acct aag cacagca gtaaactatggggaaaaaaa aagaagaaga aaaagaaact 32O3 

Cagggat cac tdgagaa.gc catggcatta t ctitcaggca atttagt ctg. tcc caaataa 3263 

aataaatcct togcatgtaaa to attcaagg attatagitaa tattt catat actgaaaagt 3323 

gtct catagg agt cct cittg cacatctaaa aaggctgaac atttalagtat ccc.gaattitt 3383 

cittgaattgc titt coctata gattaattac aattggattt cat catttaa aaaccatact 3443 

tgtatatgta gttataatat gtaaggaata cattgttitat aaccagtatg tacttcaaaa 3503 

atgtgt attgtcaaacatac ctaactittct togcaataaat gcaaaagaaa citggaacttg 3.563 

acaattataa at agtaatag taagaaaaa atagaaaggit to aattata taggc catgg 3 623 

gtggct caaa actittgaaca tttgagctta aacaaatgcc act ct catgc attctaaatt 3 683 

aaaaagttaa aatgattaat agttcaggtg gaagaaataa gcatacttitt tdggttittct 37.43 

acacattttgttgtaga caat tittaatgtca gtgctgctgt gaactaaagt atgtcattta 3803 

tgct caaagt ttaattct to ttcttgggat attittaaaaa togctact gag attctgctgt 3863 

aaatatgact agagaatata ttgggitttgc tittattt cat aggcttaatt Ctttgtaaat 3923 

ctgaatgaccataatagaaa tacatttctt gtggcaagta attcacagtt gtaaagtaaa 3983 

taggaaaaat tattittattt ttattgatgt acattgatag atgccataaa toagtagcaa. 4 O43 

aaggcact tc taalaggtaag tetttalagt to ct caaga gagggacaat gtagcttitat 4103 

tttacaagaa goggatagitta gatttctatog aaatattitat tctgtacagt tittatatagt 41.63 

tittggttcac aaaagtaatt attcttgggit gcc tittcaag aaaattaaaa atact actica 4.223 

ctacaataaa actaaaatga aaact ctitt 4.252 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 841 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 2O 

Met Lys Lieu. Trp Ile His Lieu. Phe Tyr Ser Ser Lieu. Lieu Ala Cys Ile 
1. 5 1O 15 

Ser Lieu. His Ser Glin Thr Pro Val Lieu Ser Ser Arg Gly Ser Cys Asp 
2O 25 3O 
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Ser Lieu. Cys Asn. Cys Glu Glu Lys Asp Gly Thr Met Lieu. Ile Asn. Cys 
35 4 O 45 

Glu Ala Lys Gly Ile Llys Met Val Ser Glu Ile Ser Val Pro Pro Ser 
SO 55 6 O 

Arg Pro Phe Glin Lieu. Ser Lieu. Lieu. Asn. Asn Gly Lieu. Thir Met Lieu. His 
65 70 7s 8O 

Thir Asn Asp Phe Ser Gly Lieu. Thir Asn Ala Ile Ser Ile His Lieu. Gly 
85 90 95 

Phe Asn. Asn. Ile Ala Asp Ile Glu Ile Gly Ala Phe ASn Gly Lieu. Gly 
1OO 105 11 O 

Lieu. Lieu Lys Glin Lieu. His Ile Asn His Asn. Ser Lieu. Glu Ile Lieu Lys 
115 12 O 125 

Glu Asp Thir Phe His Gly Lieu. Glu Asn Lieu. Glu Phe Lieu. Glin Ala Asp 
13 O 135 14 O 

Asn Asn Phe Ile Thr Val Ile Glu Pro Ser Ala Phe Ser Lys Lieu. Asn 
145 150 155 160 

Arg Lieu Lys Val Lieu. Ile Lieu. Asn Asp Asn Ala Ile Glu Ser Lieu Pro 
1.65 17O 17s 

Pro Asn. Ile Phe Arg Phe Val Pro Lieu. Thir His Lieu. Asp Lieu. Arg Gly 
18O 185 19 O 

Asn Glin Leu Gln Thr Lieu Pro Tyr Val Gly Phe Lieu. Glu. His Ile Gly 
195 2OO 2O5 

Arg Ile Lieu. Asp Lieu. Glin Lieu. Glu Asp Asn Llys Trp Ala Cys Asn. Cys 
21 O 215 22O 

Asp Lieu. Lieu. Glin Lieu Lys Thir Trp Lieu. Glu Asn Met Pro Pro Glin Ser 
225 23 O 235 24 O 

Ile Ile Gly Asp Val Val Cys Asn Ser Pro Pro Phe Phe Lys Gly Ser 
245 250 255 

Ile Leu Ser Arg Lieu Lys Lys Glu Ser Ile Cys Pro Thr Pro Pro Val 
26 O 265 27 O 

Tyr Glu Glu. His Glu Asp Pro Ser Gly Ser Lieu. His Lieu Ala Ala Thr 
27s 28O 285 

Ser Ser Ile Asn Asp Ser Arg Met Ser Thr Lys Thr Thr Ser Ile Leu 
29 O 295 3 OO 

Lys Lieu Pro Thr Lys Ala Pro Gly Lieu. Ile Pro Tyr Ile Thr Llys Pro 
3. OS 310 315 32O 

Ser Thr Gln Leu Pro Gly Pro Tyr Cys Pro Ile Pro Cys Asn Cys Lys 
3.25 330 335 

Val Lieu. Ser Pro Ser Gly Lieu. Lieu. Ile His Cys Glin Glu Arg Asn. Ile 
34 O 345 35. O 

Glu Ser Lieu. Ser Asp Lieu. Arg Pro Pro Pro Glin Asn Pro Arg Llys Lieu. 
355 360 365 

Ile Lieu Ala Gly Asn. Ile Ile His Ser Lieu Met Lys Ser Asp Lieu Val 
37 O 375 38O 

Glu Tyr Phe Thr Lieu. Glu Met Lieu. His Lieu. Gly Asn. Asn Arg Ile Glu 
385 390 395 4 OO 

Val Lieu. Glu Glu Gly Ser Phe Met Asn Lieu. Thir Arg Lieu. Glin Llys Lieu 
4 OS 41O 415 

Tyr Lieu. Asn Gly Asn His Lieu. Thir Lys Lieu. Ser Lys Gly Met Phe Lieu. 
42O 425 43 O 
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Gly Lieu. His Asn Lieu. Glu Tyr Lieu. Tyr Lieu. Glu Tyr Asn Ala Ile Llys 
435 44 O 445 

Glu Ile Leu Pro Gly Thr Phe Asin Pro Met Pro Llys Lieu Lys Val Lieu. 
450 45.5 460 

Tyr Lieu. Asn. Asn. Asn Lieu. Lieu. Glin Val Lieu Pro Pro His Ile Phe Ser 
465 470 47s 48O 

Gly Val Pro Leu. Thir Lys Val Asn Lieu Lys Thr Asn Glin Phe Thr His 
485 490 495 

Lieu Pro Val Ser Asn. Ile Lieu. Asp Asp Lieu. Asp Lieu. Lieu. Thr Glin Ile 
SOO 505 51O 

Asp Lieu. Glu Asp ASn Pro Trp Asp Cys Ser Cys Asp Lieu Val Gly Lieu 
515 52O 525 

Glin Gln Trp Ile Glin Llys Lieu. Ser Lys Asn. Thr Val Thr Asp Asp Ile 
53 O 535 54 O 

Lieu. Cys Thir Ser Pro Gly His Lieu. Asp Llys Lys Glu Lieu Lys Ala Lieu. 
5.45 550 555 560 

Asn Ser Glu Ile Lieu. Cys Pro Gly Lieu Val Asn Asn Pro Ser Met Pro 
565 st O sts 

Thr Glin Thr Ser Tyr Lieu Met Val Thir Thr Pro Ala Thr Thr Thr Asn 
58O 585 59 O 

Thir Ala Asp Thir Ile Lieu. Arg Ser Lieu. Thir Asp Ala Val Pro Lieu. Ser 
595 6OO 605 

Val Lieu. Ile Leu Gly Lieu. Lieu. Ile Met Phe Ile Thr Ile Val Phe Cys 
610 615 62O 

Ala Ala Gly Ile Val Val Lieu Val Lieu. His Arg Arg Arg Arg Tyr Lys 
625 630 635 64 O 

Llys Lys Glin Val Asp Glu Gln Met Arg Asp Asn. Ser Pro Wal His Lieu. 
645 650 655 

Gln Tyr Ser Met Tyr Gly His Llys Thr Thr His His Thr Thr Glu Arg 
660 665 67 O 

Pro Ser Ala Ser Lieu. Tyr Glu Gln His Met Val Ser Pro Met Val His 
675 68O 685 

Val Tyr Arg Ser Pro Ser Phe Gly Pro Llys His Lieu. Glu Glu Glu Glu 
69 O. 695 7 OO 

Glu Arg Asn. Glu Lys Glu Gly Ser Asp Ala Lys His Lieu. Glin Arg Ser 
7 Os 71O 71s 72O 

Lieu. Lieu. Glu Glin Glu Asn His Ser Pro Lieu. Thr Gly Ser Asn Met Lys 
72 73 O 73 

Tyr Lys Thr Thr Asn Glin Ser Thr Glu Phe Leu Ser Phe Glin Asp Ala 
740 74. 7 O 

Ser Ser Lieu. Tyr Arg Asn. Ile Lieu. Glu Lys Glu Arg Glu Lieu. Glin Glin 
7ss 760 765 

Lieu. Gly Ile Thr Glu Tyr Lieu. Arg Lys Asn. Ile Ala Glin Lieu. Glin Pro 
770 775 78O 

Asp Met Glu Ala His Tyr Pro Gly Ala His Glu Glu Lieu Lys Lieu Met 
78s 79 O 79. 8OO 

Glu Thir Lieu Met Tyr Ser Arg Pro Arg Llys Val Lieu Val Glu Glin Thr 
805 810 815 

Lys Asn. Glu Tyr Phe Glu Lieu Lys Ala Asn Lieu. His Ala Glu Pro Asp 
82O 825 83 O 

Tyr Lieu. Glu Val Lieu. Glu Gln Gln Thr 
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Cacaaaattt gttgtaaatt agaggggaga aatttagaat taagtataala aaggcagaat 3O89 

tagtatagag tacatt catt aaa catttitt gtcaggatta titt cocqtaa aaacgtag td 3149 

agcacttitt catatactaat ttagttgtac attta actitt gtataataca gaaatctaaa 3209 

tatatttaat gaattcaa.gc aatatat cac ttgaccalaga aattggaatt toaaaatgtt 3269 

cgtgcgggta tataccagat gagtacagtgagtagttitta titat cacca gactgggitta 3329 

ttgccaagtt atatat cacc aaaagctgta tdactggatgttctggittac ctdgtttaca 3389 

aaattatcag agtagtaaaa ctittgatata tatgaggata ttaaaactac actaagtatic 3449 

atttgatt cq attcagaaag tactittgata t ct ct cagtg citt cagtgct at cattgttga 3509 

gcaattgtct tittatatacg gtact.gtagc catac taggc ctdtctgtgg cattct c tag 3569 

atgtttcttt tttacacaat aaatticcitta tat cagottg 3. 609 

<210s, SEQ ID NO 22 
211 LENGTH: 755 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 22 

Met Ala Arg Llys Lieu. Ser Val Ile Lieu. Ile Lieu. Thir Phe Ala Lieu. Ser 
1. 5 1O 15 

Val Thr Asn Pro Lieu. His Glu Lieu Lys Ala Ala Ala Phe Pro Gln Thr 
2O 25 3O 

Thr Glu Lys Ile Ser Pro Asn Trp Glu Ser Gly Ile Asn Val Asp Lieu. 
35 4 O 45 

Ala Ile Ser Thr Arg Glin Tyr His Leu Gln Gln Leu Phe Tyr Arg Tyr 
SO 55 6 O 

Gly Glu Asn. Asn. Ser Lieu. Ser Val Glu Gly Phe Arg Llys Lieu. Lieu. Glin 
65 70 7s 8O 

Asn. Ile Gly Ile Asp Llys Ile Lys Arg Ile His Ile His His Asp His 
85 90 95 

Asp His His Ser Asp His Glu. His His Ser Asp His Glu Arg His Ser 
1OO 105 11 O 

Asp His Glu. His His Ser Asp His Glu. His His Ser Asp His Asp His 
115 12 O 125 

His Ser His His Asn His Ala Ala Ser Gly Lys Asn Lys Arg Lys Ala 
13 O 135 14 O 

Lieu. Cys Pro Asp His Asp Ser Asp Ser Ser Gly Lys Asp Pro Arg Asn 
145 150 155 160 

Ser Glin Gly Lys Gly Ala His Arg Pro Glu. His Ala Ser Gly Arg Arg 
1.65 17O 17s 

Asn Val Lys Asp Ser Val Ser Ala Ser Glu Val Thr Ser Thr Val Tyr 
18O 185 19 O 

Asn Thr Val Ser Glu Gly Thr His Phe Leu Glu Thir Ile Glu. Thr Pro 
195 2OO 2O5 

Arg Pro Gly Lys Lieu Phe Pro Lys Asp Val Ser Ser Ser Thr Pro Pro 
21 O 215 22O 

Ser Val Thir Ser Lys Ser Arg Val Ser Arg Lieu Ala Gly Arg Llys Thr 
225 23 O 235 24 O 

Asn Glu Ser Val Ser Glu Pro Arg Lys Gly Phe Met Tyr Ser Arg Asn 
245 250 255 
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Thir Asn. Glu Asn. Pro Glin Glu. Cys Phe Asn Ala Ser Llys Lieu. Lieu. Thir 
26 O 265 27 O 

Ser His Gly Met Gly Ile Glin Val Pro Leu. Asn Ala Thr Glu Phe Asn 
27s 28O 285 

Tyr Lieu. Cys Pro Ala Ile Ile Asin Glin Ile Asp Ala Arg Ser Cys Lieu. 
29 O 295 3 OO 

Ile His Thr Ser Glu Lys Lys Ala Glu Ile Pro Pro Llys Thr Tyr Ser 
3. OS 310 315 32O 

Lieu. Glin Ile Ala Trp Val Gly Gly Phe Ile Ala Ile Ser Ile Ile Ser 
3.25 330 335 

Phe Lieu. Ser Lieu. Lieu. Gly Val Ile Lieu Val Pro Lieu Met Asn Arg Val 
34 O 345 35. O 

Phe Phe Llys Phe Lieu Lleu Ser Phe Leu Val Ala Leu Ala Val Gly Thr 
355 360 365 

Lieu. Ser Gly Asp Ala Phe Lieu. His Lieu. Lieu Pro His Ser His Ala Ser 
37 O 375 38O 

His His His Ser His Ser His Glu Glu Pro Ala Met Glu Met Lys Arg 
385 390 395 4 OO 

Gly Pro Leu Phe Ser His Leu Ser Ser Glin Asn Ile Glu Glu Ser Ala 
4 OS 41O 415 

Tyr Phe Asp Ser Thr Trp Lys Gly Lieu. Thir Ala Lieu. Gly Gly Lieu. Tyr 
42O 425 43 O 

Phe Met Phe Leu Val Glu. His Val Lieu. Thir Lieu. Ile Lys Glin Phe Lys 
435 44 O 445 

Asp Llys Llys Llys Lys Asn Glin Llys Llys Pro Glu Asn Asp Asp Asp Wall 
450 45.5 460 

Glu Ile Llys Lys Glin Lieu. Ser Lys Tyr Glu Ser Glin Lieu. Ser Thr Asn 
465 470 47s 48O 

Glu Glu Lys Val Asp Thr Asp Asp Arg Thr Glu Gly Tyr Lieu. Arg Ala 
485 490 495 

Asp Ser Glin Glu Pro Ser His Phe Asp Ser Glin Gln Pro Ala Val Lieu. 
SOO 505 51O 

Glu Glu Glu Glu Val Met Ile Ala His Ala His Pro Glin Glu Val Tyr 
515 52O 525 

Asn Glu Tyr Val Pro Arg Gly Cys Lys Asn Lys Cys His Ser His Phe 
53 O 535 54 O 

His Asp Thir Lieu. Gly Glin Ser Asp Asp Lieu. Ile His His His His Asp 
5.45 550 555 560 

Tyr His His Ile Lieu. His His His His His Glin Asn His His Pro His 
565 st O sts 

Ser His Ser Glin Arg Tyr Ser Arg Glu Glu Lieu Lys Asp Ala Gly Val 
58O 585 59 O 

Ala Thr Lieu Ala Trp Met Val Ile Met Gly Asp Gly Lieu. His Asn. Phe 
595 6OO 605 

Ser Asp Gly Lieu Ala Ile Gly Ala Ala Phe Thr Glu Gly Lieu. Ser Ser 
610 615 62O 

Gly Leu Ser Thr Ser Val Ala Val Phe Cys His Glu Lieu Pro His Glu 
625 630 635 64 O 

Lieu. Gly Asp Phe Ala Val Lieu. Lieu Lys Ala Gly Met Thr Val Lys Glin 
645 650 655 
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435 44 O 445 

tgg ggg tat tt C titt tta cag aat gct ggg atg Ctt ttg ggit ttt gga 694 
Trp Gly Tyr Phe Phe Leu Gln Asn Ala Gly Met Lieu. Leu Gly Phe Gly 

450 45.5 46 O 

att atgtta citt att toc at a titt gaa cat aaa atc gtg titt cqt at a 742 
Ile Met Leu Lieu. Ile Ser Ile Phe Glu. His Lys Ile Val Phe Arg Ile 

465 47 O 47s 

aat titc tag ttaaggttta aatgctagag tagcttaaaa agttgt cata 79 
Asn. Phe 

48O 

gttt cagtag gtcataggga gatgagtttg tatgctgtac tatgcagcgt ttaaagttag 85 

tgggttttgt gattittitt at tdaat attgc tigtctgttac aaagt cagtt aaagg tacgt. 91 

tittaat attt aagttatt ct atc.ttggaga taaaatctgt atgtgcaatt caccgg tatt 97 

accagttt at tatgtaaa.ca agagatttgg catgacatgt totgitatgtt to agggaaaa 2O3 

atgtctittaa togctttitt ca agaactaa.ca cagittatt co tatactggat tittaggit ct c 209 

tgaagaactg. Ctggtgttta ggaataagaa ttgcatgaa gcc taaaata ccaagaaagc 215 

titat actgaa tittaa.gcaaa gaaataaagg agaaaagaga agaatctgag aattggggag 221 

gcatagattic titataaaaat cacaaaattt gttgtaaatt agaggggaga aatttagaat 227 

taagtataaa aaggcagaat tagtatagag tacatt catt aaa catttitt gtcaggatta 233 

tttc.ccgtaa aaacgtag to agcacttittc atatactaat ttagttgtac atttaactitt 239 

gtataataca gaaatctaaa tatatttaat gaattcaagc aatatat cac ttgaccalaga 245 

aattggaatt tdaaaatgtt C9tgcgggta tataccagat gagtacagtgagtagttitta 251 

tgitat cacca gactgggitta ttgccaagtt atatat cacc aaaagctgta tdactggatg 27 

ttctggittac ctdgtttaca aaattatcag agtag taaaa ctittgatata tatgaggata 263 

ttaaaactac actaagtatic atttgatt cq attcagaaag tactittgata t ct ct cagtg 269 

citt cagtgct at cattgttga gcaattgtct tittatatacg gtact.gtagc catac taggc 27s 

ctgtctgtgg cattctictag atgtttcttt tttacacaat aaatticcitta tat cagottg 281 

<210s, SEQ ID NO 24 
&211s LENGTH: 48O 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 24 

Met Gly Ile Glin Val Pro Leu. Asn Ala Thr Glu Phe Asn Tyr Lieu. Cys 
1. 5 1O 15 

Pro Ala Ile Ile Asn Glin Ile Asp Ala Arg Ser Cys Lieu. Ile His Thr 
2O 25 3O 

Ser Glu Lys Lys Ala Glu Ile Pro Pro Llys Thr Tyr Ser Leu Glin Ile 
35 4 O 45 

Ala Trp Val Gly Gly Phe Ile Ala Ile Ser Ile Ile Ser Phe Leu Ser 
SO 55 6 O 

Lieu. Lieu. Gly Val Ile Lieu Val Pro Lieu Met Asn Arg Val Phe Phe Lys 
65 70 7s 8O 

Phe Lieu. Lieu. Ser Phe Lieu Val Ala Lieu Ala Val Gly Thr Lieu. Ser Gly 
85 90 95 

Asp Ala Phe Lieu. His Lieu Lleu Pro His Ser His Ala Ser His His His 
1OO 105 11 O 
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Ser His Ser His Glu Glu Pro Ala Met Glu Met Lys Arg Gly Pro Leu 
115 12 O 125 

Phe Ser His Leu Ser Ser Glin Asn Ile Glu Glu Ser Ala Tyr Phe Asp 
13 O 135 14 O 

Ser Thir Trp Lys Gly Lieu. Thir Ala Leu Gly Gly Lieu. Tyr Phe Met Phe 
145 150 155 160 

Lieu Val Glu. His Val Lieu. Thir Lieu. Ile Lys Glin Phe Lys Asp Llys Llys 
1.65 17O 17s 

Llys Lys Asn Glin Llys Llys Pro Glu Asn Asp Asp Asp Val Glu Ile Llys 
18O 185 19 O 

Lys Glin Lieu. Ser Llys Tyr Glu Ser Glin Lieu. Ser Thr Asn. Glu Glu Lys 
195 2OO 2O5 

Val Asp Thir Asp Asp Arg Thr Glu Gly Tyr Lieu. Arg Ala Asp Ser Glin 
21 O 215 22O 

Glu Pro Ser His Phe Asp Ser Glin Gln Pro Ala Val Lieu. Glu Glu Glu 
225 23 O 235 24 O 

Glu Val Met Ile Ala His Ala His Pro Glin Glu Val Tyr Asn Glu Tyr 
245 250 255 

Val Pro Arg Gly Cys Lys Asn Lys Cys His Ser His Phe His Asp Thr 
26 O 265 27 O 

Lieu. Gly Glin Ser Asp Asp Lieu. Ile His His His His Asp Tyr His His 
27s 28O 285 

Ile Lieu. His His His His His Glin Asn His His Pro His Ser His Ser 
29 O 295 3 OO 

Glin Arg Tyr Ser Arg Glu Glu Lieu Lys Asp Ala Gly Val Ala Thr Lieu. 
3. OS 310 315 32O 

Ala Trp Met Val Ile Met Gly Asp Gly Lieu. His Asn. Phe Ser Asp Gly 
3.25 330 335 

Lieu Ala Ile Gly Ala Ala Phe Thr Glu Gly Lieu. Ser Ser Gly Lieu. Ser 
34 O 345 35. O 

Thir Ser Val Ala Val Phe Cys His Glu Lieu Pro His Glu Lieu. Gly Asp 
355 360 365 

Phe Ala Val Lieu Lleu Lys Ala Gly Met Thr Val Lys Glin Ala Val Lieu. 
37 O 375 38O 

Tyr Asn Ala Lieu. Ser Ala Met Lieu Ala Tyr Lieu. Gly Met Ala Thr Gly 
385 390 395 4 OO 

Ile Phe Ile Gly His Tyr Ala Glu Asn Val Ser Met Trp Ile Phe Ala 
4 OS 41O 415 

Lieu. Thir Ala Gly Lieu. Phe Met Tyr Val Ala Leu Val Asp Met Val Pro 
42O 425 43 O 

Glu Met Lieu. His Asn Asp Ala Ser Asp His Gly Cys Ser Arg Trp Gly 
435 44 O 445 

Tyr Phe Phe Leu Glin Asn Ala Gly Met Leu Lieu. Gly Phe Gly Ile Met 
450 45.5 460 

Lieu. Lieu. Ile Ser Ile Phe Glu. His Lys Ile Val Phe Arg Ile Asin Phe 
465 470 47s 48O 

<210s, SEQ ID NO 25 
&211s LENGTH: 226 O 
&212s. TYPE: DNA 
<213s ORGANISM: human 
22 Os. FEATURE: 
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cittcttttitt ttttittaaac tdaggattgt cattaaacac agttgttitt c t 226 O 

<210s, SEQ ID NO 26 
&211s LENGTH: 488 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 26 

Met Ala Pro Ala Ala Trp Lieu. Arg Ser Ala Ala Ala Arg Ala Lieu. Lieu. 
1. 5 1O 15 

Pro Pro Met Lieu Lleu Lleu Lleu Lieu. Glin Pro Pro Pro Lieu. Lieu Ala Arg 
2O 25 3O 

Ala Lieu Pro Pro Asp Wal His His Lieu. His Ala Glu Arg Arg Gly Pro 
35 4 O 45 

Gln Pro Trp His Ala Ala Leu Pro Ser Ser Pro Ala Pro Ala Pro Ala 
SO 55 6 O 

Thr Glin Glu Ala Pro Arg Pro Ala Ser Ser Lieu. Arg Pro Pro Arg Cys 
65 70 7s 8O 

Gly Val Pro Asp Pro Ser Asp Gly Lieu. Ser Ala Arg Asn Arg Gln Lys 
85 90 95 

Arg Phe Val Lieu. Ser Gly Gly Arg Trp Glu Lys Thr Asp Lieu. Thir Tyr 
1OO 105 11 O 

Arg Ile Lieu. Arg Phe Pro Trp Gln Lieu Val Glin Glu Gln Val Arg Gln 
115 12 O 125 

Thr Met Ala Glu Ala Leu Lys Val Trp Ser Asp Val Thr Pro Leu. Thr 
13 O 135 14 O 

Phe Thr Glu Val His Glu Gly Arg Ala Asp Ile Met Ile Asp Phe Ala 
145 150 155 160 

Arg Tyr Trp His Gly Asp Asp Lieu Pro Phe Asp Gly Pro Gly Gly Ile 
1.65 17O 17s 

Lieu Ala His Ala Phe Phe Pro Llys Thr His Arg Glu Gly Asp Val His 
18O 185 19 O 

Phe Asp Tyr Asp Glu Thir Trp Thir Ile Gly Asp Asp Glin Gly Thr Asp 
195 2OO 2O5 

Lieu. Lieu. Glin Val Ala Ala His Glu Phe Gly His Val Lieu. Gly Lieu. Glin 
21 O 215 22O 

His Thr Thr Ala Ala Lys Ala Leu Met Ser Ala Phe Tyr Thr Phe Arg 
225 23 O 235 24 O 

Tyr Pro Lieu. Ser Lieu. Ser Pro Asp Asp Cys Arg Gly Val Glin His Lieu. 
245 250 255 

Tyr Gly Glin Pro Trp Pro Thr Val Thr Ser Arg Thr Pro Ala Leu Gly 
26 O 265 27 O 

Pro Glin Ala Gly Ile Asp Thr Asn. Glu Ile Ala Pro Lieu. Glu Pro Asp 
27s 28O 285 

Ala Pro Pro Asp Ala Cys Glu Ala Ser Phe Asp Ala Val Ser Thir Ile 
29 O 295 3 OO 

Arg Gly Glu Lieu. Phe Phe Phe Lys Ala Gly Phe Val Trp Arg Lieu. Arg 
3. OS 310 315 32O 

Gly Gly Glin Lieu. Glin Pro Gly Tyr Pro Ala Lieu Ala Ser Arg His Trp 
3.25 330 335 

Glin Gly Lieu Pro Ser Pro Val Asp Ala Ala Phe Glu Asp Ala Glin Gly 
34 O 345 35. O 



US 2010/007S325 A1 Mar. 25, 2010 
74 

- Continued 

His Ile Trp Phe Phe Glin Gly Ala Glin Tyr Trp Val Tyr Asp Gly Glu 
355 360 365 

Llys Pro Val Lieu. Gly Pro Ala Pro Lieu. Thr Glu Lieu. Gly Lieu Val Arg 
37 O 375 38O 

Phe Pro Wal His Ala Ala Lieu Val Trp Gly Pro Glu Lys Asn Lys Ile 
385 390 395 4 OO 

Tyr Phe Phe Arg Gly Arg Asp Tyr Trp Arg Phe His Pro Ser Thr Arg 
4 OS 41O 415 

Arg Val Asp Ser Pro Val Pro Arg Arg Ala Thr Asp Trp Arg Gly Val 
42O 425 43 O 

Pro Ser Glu Ile Asp Ala Ala Phe Glin Asp Ala Asp Gly Tyr Ala Tyr 
435 44 O 445 

Phe Lieu. Arg Gly Arg Lieu. Tyr Trp Llys Phe Asp Pro Val Llys Val Lys 
450 45.5 460 

Ala Lieu. Glu Gly Phe Pro Arg Lieu Val Gly Pro Asp Phe Phe Gly Cys 
465 470 47s 48O 

Ala Glu Pro Ala Asn. Thir Phe Lieu 
485 

<210s, SEQ ID NO 27 
&211s LENGTH: 2778 
&212s. TYPE: DNA 
<213s ORGANISM: human 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (272) . . . (1426) 

<4 OOs, SEQUENCE: 27 

agcggaatct ttaggatctg agcaggagaa ataccagcgg atctt CC cca Ctctgct coc 6 O 

titcc attc cc accct tcc tt ctittaataag caggagcgaa aaaga caaat tccaaagagg 12 O 

attgttcagt toaagggaat gaagaattica gaataattitt ggtaaatgga t t c caatatg 18O 

gggaataaga ataagctgaa cagttgacct gctittgaaga aacatactgt ccatttgttct 24 O 

aaaataatct ataacaacca aaccalatcaa a atgaat tca aca tta ttt to c 292 
Met Asn. Ser Thir Lieu. Phe Ser 
1. 5 

cag gtt gala aat cat tca gtc. cac tot aat titc. tca gag aag aat gcc 34 O 
Glin Val Glu Asn His Ser Val His Ser Asn. Phe Ser Glu Lys Asn Ala 

1O 15 2O 

cag citt ctd gct titt gaa aat gat gat tigt cat citg ccc titg gcc atg 388 
Glin Lieu. Lieu Ala Phe Glu Asn Asp Asp Cys His Lieu Pro Lieu Ala Met 

25 3 O 35 

ata titt acc tta gct citt gct tat gga got gtg atc att citt ggit gtc 436 
Ile Phe Thr Lieu Ala Lieu Ala Tyr Gly Ala Val Ile Ile Lieu. Gly Val 
4 O 45 SO 55 

tct gga aac ctg gcc titg atc at a at C at C titg aaa caa aag gag atg 484 
Ser Gly Asn Lieu Ala Lieu. Ile Ile Ile Ile Lieu Lys Gln Lys Glu Met 

6 O 65 70 

aga aat gtt acc aac atc ctd att gtgaac citt toc titc. tca gac ttg 532 
Arg Asn Val Thr Asn. Ile Lieu. Ile Val Asn Lieu. Ser Phe Ser Asp Lieu 

7s 8O 85 

citt gtt gcc atc atg tdt citc ccc titt acattt gtc tac aca tta atg 58 O 
Lieu Val Ala Ile Met Cys Lieu Pro Phe Thr Phe Val Tyr Thr Lieu Met 

90 95 1OO 

gac cac tig gtC titt ggit gag gCd atg tdt aag ttgaat cot titt gtg 628 





US 2010/007S325 A1 Mar. 25, 2010 
76 

- Continued 

tctggaaata gttittgacca gacat ctittg aagtgcttitt tdtgaattta togcatataat 1686 

ataaag actt ttatactgta cittattggaa tdaaatttct ttaaagtatt act attaact 1746 

gactitcagaa gtacct gcca tocaatacgg to attagatt gggtcatctt gattagatta 1806 

gattagatta gattgtcaac agattgggcc atcct tactt tatgataggc at cattt tag 1866 

tgtgttacaa tagtaiacagt atgcaaaagc agcatt Cagg agc.cgaaaga tagtctgaag 1926 

t cattcagaa gtggtttgag gtttctgttt tttggtggitt tttgtttgtt tttitttittitt 1986 

caccittaagg gaggatttaa tittgcticcca actgattgtc acttaaatga aaatttaaaa 2O46 

atgaataaaa agaCat actt Ctcagctgca aat attatgg agaattgggg Cacccacagg 2106 

aatgaagaga gaaag.cagct c cctaactitc aaaac cattt togg tacctga caacaagagc 2166 

attittagagt aattaattta ataaagtaaa ttagt attgc tigcaaatago taaattatat 2226 

ttatttgaat tdatggtcaa gagattitt co atttitttitta cagactgttc agtgtttgtc 2286 

aagctttctg gcataaatat gtact caaaa gccattt cog cittacaatitt gtagaaacac 2346 

aaaatgcgtt titc catacag cagtgccitat at agtgactg atttittaact ttcaatgtc.c 24O6 

atctittcaaa goaagtaa.ca cca aggtaca atgttaaagg aatatt cact ttacctagoa 2466 

gggaaaaata cacaaaaact gcagatactt catatagocc attittaactt gtataaactg 2526 

tgttgacttgt gigogt ctitat aaataatgca citgitaaagat tactgaatag ttgtgtcatg 2586 

ttaatgtgcc taattt catg tat cittgtaa totatgattga gcc to agaat catttggaga 2646 

aactatattt taaagaacaa gacatactitc aatgt attat acagataaag tattacatgt 27O6 

gtttgattitt aaaaggg.cgg acattt tatt aaaat caata ttgtttittgc tittittcaaaa 2766 

aaaaaaaaaa aa 2778 

<210s, SEQ ID NO 28 
&211s LENGTH: 384 
212. TYPE: PRT 

&213s ORGANISM: human 

<4 OOs, SEQUENCE: 28 

Met Asn. Ser Thir Lieu. Phe Ser Glin Wall Glu. Asn His Ser Wal His Ser 
1. 5 1O 15 

Asn Phe Ser Glu Lys Asn Ala Glin Lieu. Lieu Ala Phe Glu Asn Asp Asp 
2O 25 3O 

Cys His Lieu Pro Lieu Ala Met Ile Phe Thir Lieu Ala Lieu Ala Tyr Gly 
35 4 O 45 

Ala Val Ile Ile Lieu. Gly Val Ser Gly Asn Lieu Ala Lieu. Ile Ile Ile 
SO 55 6 O 

Ile Lieu Lys Gln Lys Glu Met Arg Asin Val Thr Asn. Ile Lieu. Ile Val 
65 70 7s 8O 

Asn Lieu. Ser Phe Ser Asp Lieu. Lieu Val Ala Ile Met Cys Lieu Pro Phe 
85 90 95 

Thr Phe Val Tyr Thr Lieu Met Asp His Trp Val Phe Gly Glu Ala Met 
1OO 105 11 O 

Cys Llys Lieu. Asn Pro Phe Val Glin Cys Val Ser Ile Thr Val Ser Ile 
115 12 O 125 

Phe Ser Lieu Val Lieu. Ile Ala Val Glu Arg His Glin Lieu. Ile Ile Asn 
13 O 135 14 O 
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Pro 
145 

Wall 

Glin 

Lell 

Cys 
225 

Arg 

Glu 

Ala 

Asn 

Cys 
3. OS 

Gly 

Phe 

Ser 

Pro 

< 4 OOs 

ttitt cactitt aaagagttct 

taatgcaatt ggit catttitc 

aataattittg gtaaatggat 

ctittgaagaa acatactgtc. catttgtcta 

atg 
Met 
1. 

aat 

Asn 

Arg 

Ile 

Wall 

Asp 

Ser 
21 O 

Phe 

Asn 

Thir 

Wall 

His 
29 O 

His 

Phe 

Thir 

Wall 
37 O 

aat 

Asn 

ttic 

Phe 

Cat 

His 

Gly 

Trp 

Met 

Lys 
195 

Ile 

Asn 

Cys 
27s 

Glin 

Luell 

Luell 

Asp 

Met 
355 

Ala 

to a 

Ser 

to a 

Ser 

Ctg 
Luell 
35 

Trp Arg 

Wall Lieu. 
1.65 

Thir Asp 
18O 

Tyr Val 

Th Thir 

Phe Ile 

Met Met 
245 

Arg Ile 
26 O 

Trp Lieu 

Ile Ile 

Thir Ala 

Asn Llys 
3.25 

Phe Arg 
34 O 

His Thir 

Phe Lys 

SEQ ID NO 29 
LENGTH: 2881 
TYPE: DNA 
ORGANISM: human 
FEATURE: 

NAME/KEY: CDS 
LOCATION: 

SEQUENCE: 29 

aca tta 

Thir Lieu. 
5 

gag aag 
Glu Lys 
2O 

cc c ttg 
Pro Leu. 

(241) 

Pro 
150 

Ala 

Glu 

Lell 

Cys 
23 O 

Asp 

Asn 

Pro 

Ala 

Met 
310 

Asn 

Ser 

Asp 

titt 

Phe 

aat 

Asn 

gcc 
Ala 

Asn 

Wall 

Pro 

Phe 

Lell 
215 

Ile 

Lell 

Thir 
295 

Ile 

Phe 

Arg 

Wall 

Ile 
375 

t cc 

Ser 

gcc 
Ala 

atg 
Met 

Asn 

Ala 

Phe 

Asp 

Luell 

Phe 

Met 

Met 

Thir 
28O 

Ser 

Glin 

Asp 

Ser 
360 

Asn 

. . . (1005) 

gtgagt caga 

totttacaga 

tccaatat cq 

cag 
Glin 

cag 
Glin 

at a 

Ile 
4 O 

Arg 

Ser 

Glin 
185 

Glin 

Wall 

Arg 

Luell 
265 

Ile 

Asn 

Thir 

Arg 

Asp 
345 

Asn 

His 

Ser 
17O 

Asn 

Phe 

Luell 

Ile 

Asp 
250 

Luell 

Phe 

His 

Asp 
330 

Asp 

Thir 

Asn 

Ala 
155 

Luell 

Wall 

Pro 

Glin 

Tyr 
235 

ASn 

Ser 

ASn 

ASn 

Wall 
315 

Luell 

Ser 

Asp 

agt cattttg 

ttgttcagtt 

ggaataagaa 

aaataat Cta 

gtt gala aat 
Wall 

citt 

Luell 
25 

titt 

Phe 

Glu 
1O 

Ctg 
Luell 

acc 

Thir 

ASn 

gct 
Ala 

tta 

Luell 

77 

- Continued 

Tyr 

Pro 

Thir 

Ser 

Tyr 
22O 

Ile 

Ile 

Thir 

Lell 
3 OO 

Asn 

Glin 

Glu 

Lell 

Asp 
38O 

actg.ccctica ataaaattag 

Caagggaatg aagaatticag 

taa.gctgaac agttgacctg 

taacaac Caa accalatcaaa. 

Cat 

His 

titt 

Phe 

gct 
Ala 

Val Gly Ile Ala 

Phe 

Lell 

Asp 

Phe 

Arg 

Wall 

Wall 
285 

Lell 

Pro 

Phe 

Thir 

Lys 
365 

Asn 

toa 

Ser 

gaa 
Glu 

citt 

Lell 
45 

Luell 

Asp 
19 O 

Ser 

Gly 

Luell 

Arg 

Wall 
27 O 

Phe 

Phe 

Ile 

Phe 

Ile 
35. O 

Glin 

Glu 

gtC 
Wall 

aat 

Asn 
3O 

gct 
Ala 

160 

Ile Tyr 
17s 

Ala Tyr 

His Arg 

Pro Leu 

24 O 

Ser Ser 
255 

Ala Phe 

Asp Trp 

Lieu. Luell 

Phe Tyr 
32O 

Phe Asn 
335 

Ala Met 

Ala Ser 

Lys Ile 

cac tect 

His Ser 
15 

gat gat 
Asp Asp 

tat gga 
Tyr Gly 

6 O 

12 O 

18O 

24 O 

288 

336 

384 

Mar. 25, 2010 
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tgcttitttgt gaattitatgc atataatata aag acttitta tactgtactt attggaatga 1785 

aatttctitta aagtattacg atgcgctgac titcagaagta cct gc catcc aatacggtca 1845 

ttagattggg to atcttgat tagattagat tagattagat tdt caacaga ttgggc.catc 1905 

cittactittat gataggcatc attittagtgt gttacaatag taacagtatgcaaaag.cagc 1965 

attcaggagc caaagatag ticttgaagtic attcagalagt ggtttgaggit ttctgtttitt 2O25 

tggtggittitt tdtttgttitt tttitttttitt caccittaagg gaggctitt cattt cotc.ccg 2O85 

actgattgtc acttaaatca aaatttaaaa atgaataaaa agacatactt citcagctgca 2145 

aatatt atgg agaattgggc acccacagga atgaagagag aaa.gcagct C C C Caact tca 22O5 

aaac catttit gigtacctgac aacaa.gagca ttittagagta attaatttaa taaagtaaat 2265 

tag tattgct gcaaatagct aaattatatt tatttgaatt gatggtcaag agattitt coa 2325 

tttitttittac agactgttca gtgtttgtca agcttctggit ctaatatgta citcgaaagac 23.85 

titt.ccgctta caatttgtag aaacacaaat atcgttitt.cc atacagoagt gcc tatatag 2445 

tgactgattt taactittcaa tdtccatctt toaaaggaag taacaccaag gtacaatgtt 2505 

aaaggaat at t cactttacc tag cagggaa aaatacacaa aaactgcaga tactt catat 25.65 

agcc catttit aacttgtata aactgttgttga cittgttggcgt cittataaata atgcactgta 262s 

aagattactgaatagttgtg tdatgttaat gtgcc taatt to atgitatct totaatcatg 2685 

attgagcct c agaatcattt ggagaaacta tattttaaag aacaagacat acttcaatgt 2745 

attatacaga taaagt atta catgtgtttg attittaaaag gg.cggacatt ttattaaaat 2805 

caat attgtt tttgctttitt ctdaggagtc. tctitt cagtt to atttitttic ticatcc catg 2865 

actitcc ct co gatggit 2881 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 254 
212. TYPE: PRT 

&213s ORGANISM: human 

<4 OOs, SEQUENCE: 30 

Met Asn. Ser Thir Lieu. Phe Ser Glin Wall Glu. Asn His Ser Wal His Ser 
1. 5 1O 15 

Asn Phe Ser Glu Lys Asn Ala Glin Lieu. Lieu Ala Phe Glu Asn Asp Asp 
2O 25 3O 

Cys His Lieu Pro Lieu Ala Met Ile Phe Thir Lieu Ala Lieu Ala Tyr Gly 
35 4 O 45 

Ala Val Ile Ile Lieu. Gly Val Ser Gly Asn Lieu Ala Lieu. Ile Ile Ile 
SO 55 6 O 

Ile Lieu Lys Gln Lys Glu Met Arg Asin Val Thr Asn. Ile Lieu. Ile Val 
65 70 7s 8O 

Asn Lieu. Ser Phe Ser Asp Lieu. Lieu Val Ala Ile Met Cys Lieu Pro Phe 
85 90 95 

Thr Phe Val Tyr Thr Lieu Met Asp His Trp Val Phe Gly Glu Ala Met 
1OO 105 11 O 

Cys Llys Lieu. Asn Pro Phe Val Glin Cys Val Ser Ile Thr Val Ser Ile 
115 12 O 125 

Phe Ser Lieu Val Lieu. Ile Ala Val Glu Arg His Glin Lieu. Ile Ile Asn 
13 O 135 14 O 

Pro Arg Gly Trp Arg Pro Asn. Asn Arg His Ala Tyr Val Gly Ile Ala 
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145 150 155 160 

Val Ile Trp Val Lieu Ala Val Ala Ser Ser Leu Pro Phe Lieu. Ile Tyr 
1.65 17O 17s 

Glin Val Met Thr Asp Glu Pro Phe Glin Asn Val Thr Lieu. Asp Ala Tyr 
18O 185 19 O 

Lys Asp Llys Tyr Val Cys Phe Asp Glin Phe Pro Ser Asp Ser His Arg 
195 2OO 2O5 

Lieu. Ser Tyr Thr Thr Lieu Lleu Lieu Val Leu Gln Tyr Phe Gly Pro Leu 
21 O 215 22O 

Cys Phe Ile Phe Ile Cys Tyr Phe Llys Val Arg Llys Lieu Phe Phe Tyr 
225 23 O 235 24 O 

His Phe His Phe Tyr Lieu Lleu Tyr Thr Glu Phe Lieu. Ile Llys 
245 250 

<210s, SEQ ID NO 31 
&211s LENGTH: 24.92 
&212s. TYPE: DNA 
<213s ORGANISM: human 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (272) . . . (700) 

<4 OOs, SEQUENCE: 31 

agcggaatct ttaggatctg agcaggagaa ataccagcgg atctt CC cca Ctctgct coc 6 O 

titcc attc cc accct tcc tt ctittaataag caggagcgaa aaaga caaat tccaaagagg 12 O 

attgttcagt toaagggaat gaagaattica gaataattitt ggtaaatgga t t c caatatg 18O 

gggaataaga ataagctgaa cagttgacct gctittgaaga aacatactgt ccatttgttct 24 O 

aaaataatct ataacaacca aaccalatcaa a atgaat tca aca tta ttt to c 292 
Met Asn. Ser Thir Lieu. Phe Ser 
1. 5 

cag gtt gala aat cat tca gtc. cac tot aat titc. tca gag aag aat gcc 34 O 
Glin Val Glu Asn His Ser Val His Ser Asn. Phe Ser Glu Lys Asn Ala 

1O 15 2O 

cag citt ctd gct titt gaa aat gat gat tigt cat citg ccc titg gcc atg 388 
Glin Lieu. Lieu Ala Phe Glu Asn Asp Asp Cys His Lieu Pro Lieu Ala Met 

25 3 O 35 

ata titt acc tta gct citt gct tat gga got gtg atc att citt ggit gtc 436 
Ile Phe Thr Lieu Ala Lieu Ala Tyr Gly Ala Val Ile Ile Lieu. Gly Val 
4 O 45 SO 55 

tct gga aac ctg gcc titg atc at a at C at C titg aaa caa aag gag atg 484 
Ser Gly Asn Lieu Ala Lieu. Ile Ile Ile Ile Lieu Lys Gln Lys Glu Met 

6 O 65 70 

aga aat gtt acc aac atc ctd att gtgaac citt toc titc. tca gac ttg 532 
Arg Asn Val Thr Asn. Ile Lieu. Ile Val Asn Lieu. Ser Phe Ser Asp Lieu 

7s 8O 85 

citt gtt gcc atc atg tdt citc ccc titt acattt gtc tac aca tta atg 58 O 
Lieu Val Ala Ile Met Cys Lieu Pro Phe Thr Phe Val Tyr Thr Lieu Met 

90 95 1OO 

gac cac tig gtC titt ggit gag gCd atg tdt tdt Ctt at a cca ct c to C 628 
Asp His Trp Val Phe Gly Glu Ala Met Cys Cys Lieu. Ile Pro Leu Ser 

105 11O 115 

tct togg togc tigc agt att ttg gtc. cac titt gtt tta tat tta titt got 676 
Ser Trp Cys Cys Ser Ile Leu Val His Phe Val Lieu. Tyr Lieu. Phe Ala 
12O 125 13 O 135 

act tca aga tat at a tac gcc taa aaaggagalaa Caac atgatg gacaagatga 73 O 
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Thir Ser Arg Tyr Ile Tyr Ala * 
14 O 

gaga caataa gtacaggit co agtgaaacca aaagaat caa tat catgct g c to tccattg 79 O 

tggtag catt togcagt ctdc toggct coct c ttaccatctt taacactgtg tttgattgga 850 

atcatcagat cattgctacc togcaaccaca atctgttatt cct gctctgc cacct cacag 910 

caatgatat c cacttgttgtc. aacco catat tittatgggitt cct gaacaaa aact tccaga 97 O 

gagacittgca gttcttcttcaactitttgttg atttic cqgtc. tcgggatgat gattatgaaa O3 O 

caatagc.cat gtccacgatg cacacagatgttt coaaaac ttctittgaag caa.gcaa.gc.c O9 O 

cagt cqcatt taaaaaaatc aacaacaatig atgataatga aaaaatctga aac tactitat 15 O 

agcc tatggit cocqqatgac atctgtttaa aaacaag cac aacctgcaac atactittgat 21 O 

tacctgttct c ccaaggaat ggggttgaaa to atttgaaa atgactaaga ttittcttgtc 27 O 

ttgctttitta citgcttttgt togtagttgtc. ataattacat ttggaacaaa aggtgtgggc 33 O 

tittggggtct tctggaaata gttittgacca gacat ctittgaagtgcttitt tdtgaattta 390 

tgcatataat ataaag actt ttatactgta cittattggaa tdaaatttct ttaaagtatt 450 

act attaact gactitcagaa gtacctgcca tocaatacgg to attagatt gggtcatctt 510 

gattagatta gattagatta gattgtcaac agattgggcc atcct tactt tatgataggc st O 

atcattt tag ttgttacaa tagta acagt atgcaaaagc agcatt Cagg agc.cgaaaga 63 O 

tagt ctdaag to attcagaa gtggtttgag gtttctgttt tttggtggitt tttgtttgtt 69 O. 

tttitttittitt caccittaagg gaggatttaa tittgctic cca actgattgtc acttaaatga 7 O 

aaatttaaaa atgaataaaa agacatactt ct cagotgca aat attatgg agaattgggg 810 

cacccacagg aatgaagaga gaaag cagct c cctaacttic aaaac cattt togg tacctga 87 O 

caacaagagc attittagagt aattaattta ataaagtaaa ttag tattgc tigcaaatagc 93 O 

taaattatat ttatttgaat tdatggtcaa gagattitt.cc atttitttitta cagacitgttc 990 

agtgtttgtc. aagctttctg gcataaatat gtact caaaa goggattt cog cittacaatitt 2 OSO 

gtagaaacac aaaatgcgtt titc catacag cagtgccitat at agtgact g atttittaact 211 O 

ttcaatgtcc atctittcaaa gogaagtaa.ca cca agg taca atgttaaagg aatatt cact 217 O 

ttacctagoa gggaaaaata cacaaaaact gcagatactt catatagc.cc attittaactt 223 O 

gtataaactg tdtgacittgt gig.cgit cittat aaataatgca citgitaaagat tactgaatag 229 O 

ttgttgt catgttaatgtgcc taattt catg tat cittgtaa totatgattga gcct cagaat 2350 

catttggaga aactatattt taaagaacaa gacatactitc aatgt attat acagataaag 241. O 

tattacatgt gtttgattitt aaaagggcgg acattittatt aaaat caata ttgtttittgc 2470 

tttittcaaaa aaaaaaaaaa aa 24.92 

<210s, SEQ ID NO 32 
&211s LENGTH: 142 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 32 

Met Asn. Ser Thir Lieu. Phe Ser Glin Wall Glu. Asn His Ser Wal His Ser 
1. 5 1O 15 

Asn Phe Ser Glu Lys Asn Ala Glin Lieu. Lieu Ala Phe Glu Asn Asp Asp 
2O 25 3O 
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Cys His Lieu Pro Lieu Ala Met Ile Phe Thir Lieu Ala Lieu Ala Tyr Gly 
35 4 O 45 

Ala Val Ile Ile Lieu. Gly Val Ser Gly Asn Lieu Ala Lieu. Ile Ile Ile 
SO 55 6 O 

Ile Lieu Lys Gln Lys Glu Met Arg Asin Val Thr Asn. Ile Lieu. Ile Val 
65 70 7s 8O 

Asn Lieu. Ser Phe Ser Asp Lieu. Lieu Val Ala Ile Met Cys Lieu Pro Phe 
85 90 95 

Thr Phe Val Tyr Thr Lieu Met Asp His Trp Val Phe Gly Glu Ala Met 
1OO 105 11 O 

Cys Cys Lieu. Ile Pro Leu Ser Ser Trp Cys Cys Ser Ile Leu Val His 
115 12 O 125 

Phe Val Lieu. Tyr Lieu. Phe Ala Thr Ser Arg Tyr Ile Tyr Ala 
13 O 135 14 O 

<210s, SEQ ID NO 33 
&211s LENGTH: 4458 
&212s. TYPE: DNA 
<213s ORGANISM: human 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (100) ... (41.25 

<4 OOs, SEQUENCE: 33 

c tagt ctata cca.gcaacga citcctacatc gtc. cactctg. giggat cittag aaagatc cat 6 O 

aaagctgc ct ccc.ggggaca agt ccggaag Ctggagaag atg aca aag agg aag 114 
Met Thr Lys Arg Llys 
1. 5 

aag acc atc aac citt aat at a caa gac goc cag aag agg act gct cta 162 
Llys Thir Ile Asn Lieu. Asn. Ile Glin Asp Ala Gln Lys Arg Thir Ala Lieu. 

10 15 2O 

cac tog gcc tit gtc. aat ggc cat gag gala gta gta acattt ctg gta 21 O 
His Trp Ala Cys Val Asn Gly His Glu Glu Val Val Thr Phe Leu Val 

25 3O 35 

gac aga aag tec cag Ctt gac git C Ctt gat ggc gaa cac agg aca cct 258 
Asp Arg Lys Cys Glin Lieu. Asp Val Lieu. Asp Gly Glu. His Arg Thr Pro 

4 O 45 SO 

Ctg atg aag gCt cta caa to cat cag gag gCt tit gca aat att Ctg 3 O 6 
Lieu Met Lys Ala Lieu. Glin Cys His Glin Glu Ala Cys Ala Asn. Ile Lieu. 

55 6 O 65 

ata gat tct ggit gcc gat ata aat ct c gta gat gtg tat ggc aac atg 3.54 
Ile Asp Ser Gly Ala Asp Ile Asn Lieu Val Asp Val Tyr Gly Asn Met 
70 7s 8O 85 

gct Ct c cat tat gct gtt tat agt gag att ttg tca gtg gtg gca aaa. 4 O2 
Ala Lieu. His Tyr Ala Val Tyr Ser Glu Ile Lieu. Ser Val Val Ala Lys 

9 O 95 1OO 

Ctg ctg. tcc cat ggit gca gtc at C gala gtg cac aac aag gCt agc ct c 450 
Lieu. Lieu. Ser His Gly Ala Val Ile Glu Val His Asn Lys Ala Ser Lieu. 

105 11 O 115 

aca cca citt tta cita t co ata acg aaa aga agt gag caa att gtg gaa 498 
Thr Pro Lieu. Lieu Lleu Ser Ile Thir Lys Arg Ser Glu Glin Ile Val Glu 

12 O 125 13 O 

titt ttg citg ata aaa aat gca aat gcg aat gca gtt aat aag tat aaa 546 
Phe Lieu. Lieu. Ile Lys Asn Ala Asn Ala Asn Ala Val Asn Llys Tyr Lys 

135 14 O 145 

tgc aca gcc ct c atg citt gct gta tot cat gga t catca gag at a gtt 594 









US 2010/007S325 A1 

Ile 

gag 
Glu 

Cta 

Lell 

999 
Gly 
1110 

ttg 
Lell 

CaC 

His 

a Ca 

Thir 

tgt 
Cys 

aat 
Asn 
11.90 

agc 
Ser 

a Ca 

Thir 

Cala 

Glin 

aac 

Asn 

Cta 
Lell 
1270 

aag 
Lys 

gag 
Glu 

titt 
Phe 

gag 
Glu 

tcttittggag aaacaacaga ccagatctitt act cacaact catgctagga gqc cagt cct 

agcatcacct tatgttgaaa atc.ttaccaa tagt citctgt caacagaata cittattittag 

aagaaaaatt catgatttct tcc tdaagcc tacagacata aaataacagt gtgaagaatt 

Ala Thr 

gac att 
Asp Ile 

108O 

aaa citg 
Llys Lieu. 
1095 

cag citt 
Gln Lieu. 

aag gala 
Lys Glu 

cat cott 
His Pro 

tda aga 
Ser Arg 

1160 

ttg caa 
Lieu. Glin 
1175 

gag gtg 
Glu Wall 

Cta aaa. 

Lieu Lys 

ttg gtt 
Lieu Wall 

atg aag 
Met Lys 

124 O 

a.a.a. CaC 

Llys His 
1255 

caa agc 
Glin Ser 

aaa got 

agg aaa 
Arg Llys 

aat tac 

Asn Tyr 
132O 

aaa gCa 
Lys Ala 
1335 

Lieu Lys 
1065 

aag att 
Lys Ile 

aaa gag 
Lys Glu 

aaa gtt 
Llys Val 

a.a.a. Cala 

Lys Glin 
113 O 

aga Ctg 
Arg Lieu. 
1145 

aaa agt 
Llys Ser 

aga aaa. 
Arg Llys 

ctic cat 
Lieu. His 

att aat 
Ile Asn 

121 O 

to a gaa 
Ser Glu 
1225 

gala gct 
Glu Ala 

act gaa 
Thr Glu 

aala aat 

Lys Asn 

gac aac 
Asp Asn 

129 O 

atg caa 
Met Glin 
1305 

aat aac 
Asn. Asn 

gala aca 
Glu Thir 

His 

tta 

Lell 

gaa 
Glu 

Ctg 
Lell 
1115 

gac 
Asp 

gct 
Ala 

Cala 

Glin 

atg 
Met 

Cala 

Glin 
11.95 

citc. 
Lell 

Cat 
His 

gaa 
Glu 

Cag 
Glin 

atg 
Met 
1275 

a.a.a. 

Lys 

Cat 
His 

Cat 
His 

gaa 
Glu 

Gln Tyr 

aaa gala 
Lys Glu 

1085 

toa tta 

Ser Luell 
11OO 

ata got 
Ile Ala 

aaa gala 
Lys Glu 

tct gct 
Ser Ala 

gaa cct 
Glu Pro 

1165 

aat gtt 
Asn. Wall 
118O 

cca citt 
Pro Leu 

aat tat 

Asn Tyr 

gca caa 
Ala Glin 

cac atg 
His Met 

1245 

Cag gag 
Glin Glu 
1260 

tgg Ctt 
Trp Lieu. 

agc aag 
Ser Lys 

cat citc. 
His Lieu. 

tta aaa. 

Lieu Lys 
1325 

Glin 
1070 

aag 
Lys 

act 

Thir 

gag 
Glu 

at a 
Ile 

gta 
Wall 
1150 

gct 
Ala 

gat 
Asp 

tot 
Ser 

gca 
Ala 

aga 
Arg 
1230 

tat 

Tyr 

tot 
Ser 

Cala 

Glin 

at a 
Ile 

Cta 
Luell 
1310 

aac 

Asn 

Glu Lys 

aat got 
Asn Ala 

aaa agg 
Lys Arg 

aac aca 

Asn. Thir 
112 O 

ct a gag 
Lieu. Glu 
1135 

caa gac 
Glin Asp 

titc. cac 
Phe His 

gtg agt 
Wall Ser 

gala gct 
Glu Ala 

12 OO 

gga gat 
Gly Asp 
1215 

gac Caa 
Asp Glin 

Cala aac 

Glin Asn 

cta gat 
Lieu. Asp 

cag caa 
Glin Glin 

128O 

aca att 
Thir Ile 
1295 

aaa gag 
Lys Glu 

cgt. ata 
Arg Ile 

86 
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Glu Asn Llys Tyr Phe 

gaa citt 
Glu Lieu. 

1090 

gca tot 
Ala Ser 
1105 

atg citc 
Met Leu. 

gca gala 
Ala Glu 

cat gat 
His Asp 

att gca 
Ile Ala 

1170 

agt acg 
Ser Thir 
1185 

caa agg 
Gln Arg 

gct cta 
Ala Lieu 

cgt gaa 
Arg Glu 

gaa caa 
Glu Glin 

1250 

Cag aaa 
Glin Lys 
1265 

tta gtt 
Lieu Wall 

gat att 
Asp Ile 

aaa aat 

Lys Asn 

tat Caa 

Tyr Glin 
1330 

1075 

cag 
Glin 

Cala 

Glin 

act 
Thir 

att 
Ile 

Cala 

Glin 
1155 

gga 
Gly 

at a 
Ile 

a.a.a. 

aga 
Arg 

aca 

Thir 
1235 

gat 
Asp 

tta 
Luell 

Cat 
His 

Cat 
His 

gag 
Glu 
1315 

tat 

Tyr 

atg acc 
Met Thr 

tat agt 

tot aaa. 

Ser Lys 
1125 

gala to a 
Glu Ser 
114 O 

att gtg 
Ile Wall 

gat gct 
Asp Ala 

tat aac 

Tyr Asn 

to C aaa. 

Ser Lys 
12O5 

gala aat 
Glu Asn 
122O 

cag tit 
Gln Cys 

aat gtg 
Asn. Wall 

titt Caa 
Phe Glin 

gca cat 
Ala His 

1285 

titt citt 
Phe Lieu. 
13 OO 

gag at a 
Glu Ile 

gala aaa. 
Glu Lys 

aac to a tiga gaga caa.gca gtaagaaact 
Asn. Ser 
134 O 

3378 

3.426 

3474 

3522 

37 O 

3618 

3 666 

371.4 

3762 

3810 

385.8 

3906 

3954 

4 OO2 

4 OSO 

41.45 

42O5 

4265 

4.325 

Mar. 25, 2010 
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acttgttcac gaattgcata aagctgcaca ggattico cat citaccctgat gatgcagoag 4.385 

acat cattca atccaaccag aatct cqctic tdcactic cag cctaggtgac agagtgagac 4 445 

tccacct cqg aaa 4458 

<210s, SEQ ID NO 34 
&211s LENGTH: 1341 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 34 

Met Thir Lys Arg Llys Llys Thir Ile Asn Lieu. Asn. Ile Glin Asp Ala Glin 
1. 5 1O 15 

Lys Arg Thr Ala Lieu. His Trp Ala Cys Val Asn Gly His Glu Glu Val 
2O 25 3O 

Val Thr Phe Lieu Val Asp Arg Lys Cys Glin Lieu. Asp Val Lieu. Asp Gly 
35 4 O 45 

Glu. His Arg Thr Pro Lieu Met Lys Ala Lieu. Glin Cys His Glin Glu Ala 
SO 55 6 O 

Cys Ala Asn. Ile Lieu. Ile Asp Ser Gly Ala Asp Ile Asn Lieu Val Asp 
65 70 7s 8O 

Val Tyr Gly Asn Met Ala Lieu. His Tyr Ala Val Tyr Ser Glu Ile Leu 
85 90 95 

Ser Val Val Ala Lys Lieu Lleu Ser His Gly Ala Val Ile Glu Val His 
1OO 105 11 O 

Asn Lys Ala Ser Lieu. Thr Pro Lieu. Lieu. Lieu. Ser Ile Thr Lys Arg Ser 
115 12 O 125 

Glu Glin Ile Val Glu Phe Lieu. Lieu. Ile Lys Asn Ala Asn Ala Asn Ala 
13 O 135 14 O 

Val Asn Llys Tyr Lys Cys Thr Ala Lieu Met Lieu Ala Val Cys His Gly 
145 150 155 160 

Ser Ser Glu Ile Val Gly Met Lieu. Lieu. Glin Glin Asn Val Asp Val Phe 
1.65 17O 17s 

Ala Ala Asp Ile Cys Gly Val Thir Ala Glu. His Tyr Ala Val Thir Cys 
18O 185 19 O 

Gly Phe His His Ile His Glu Glin Ile Met Glu Tyr Ile Arg Llys Lieu. 
195 2OO 2O5 

Ser Lys Asn His Glin Asn Thr Asn Pro Glu Gly Thr Ser Ala Gly Thr 
21 O 215 22O 

Pro Asp Glu Ala Ala Pro Lieu Ala Glu Arg Thr Pro Asp Thir Ala Glu 
225 23 O 235 24 O 

Ser Lieu Val Glu Lys Thr Pro Asp Glu Ala Ala Pro Lieu Val Glu Arg 
245 250 255 

Thr Pro Asp Thir Ala Glu Ser Lieu Val Glu Lys Thr Pro Asp Glu Ala 
26 O 265 27 O 

Ala Ser Lieu Val Glu Gly. Thir Ser Asp Llys Ile Glin Cys Lieu. Glu Lys 
27s 28O 285 

Ala Thr Ser Gly Llys Phe Glu Glin Ser Ala Glu Glu Thr Pro Arg Glu 
29 O 295 3 OO 

Ile Thr Ser Pro Ala Lys Glu Thir Ser Glu Lys Phe Thr Trp Pro Ala 
3. OS 310 315 32O 

Lys Gly Arg Pro Arg Lys Ile Ala Trp Glu Lys Lys Glu Asp Thr Pro 
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3.25 330 335 

Arg Glu Ile Met Ser Pro Ala Lys Glu Thir Ser Glu Lys Phe Thr Trp 
34 O 345 35. O 

Ala Ala Lys Gly Arg Pro Arg Lys Ile Ala Trp Glu Lys Lys Glu Thr 
355 360 365 

Pro Val Lys Thr Gly Cys Val Ala Arg Val Thr Ser Asn Llys Thr Lys 
37 O 375 38O 

Val Lieu. Glu Lys Gly Arg Ser Lys Met Ile Ala Cys Pro Thir Lys Glu 
385 390 395 4 OO 

Ser Ser Thr Lys Ala Ser Ala Asn Asp Glin Arg Phe Pro Ser Glu Ser 
4 OS 41O 415 

Lys Glin Glu Glu Asp Glu Glu Tyr Ser Cys Asp Ser Arg Ser Lieu. Phe 
42O 425 43 O 

Glu Ser Ser Ala Lys Ile Glin Val Cys Ile Pro Glu Ser Ile Tyr Glin 
435 44 O 445 

Llys Val Met Glu Ile Asn Arg Glu Val Glu Glu Pro Pro Llys Llys Pro 
450 45.5 460 

Ser Ala Phe Llys Pro Ala Ile Glu Met Glin Asn Ser Val Pro Asn Lys 
465 470 47s 48O 

Ala Phe Glu Lieu Lys Asn. Glu Glin Thir Lieu. Arg Ala Asp Pro Met Phe 
485 490 495 

Pro Pro Glu Ser Lys Gln Lys Asp Tyr Glu Glu ASn Ser Trp Asp Ser 
SOO 505 51O 

Glu Ser Lieu. Cys Glu Thr Val Ser Glin Lys Asp Val Cys Lieu Pro Llys 
515 52O 525 

Ala Thr His Glin Lys Glu Ile Asp Llys Ile Asn Gly Llys Lieu. Glu Glu 
53 O 535 54 O 

Ser Pro Asn Lys Asp Gly Lieu. Lieu Lys Ala Thr Cys Gly Met Llys Val 
5.45 550 555 560 

Ser Ile Pro Thir Lys Ala Lieu. Glu Lieu Lys Asp Met Glin Thir Phe Lys 
565 st O sts 

Ala Glu Pro Pro Gly Lys Pro Ser Ala Phe Glu Pro Ala Thr Glu Met 
58O 585 59 O 

Glin Llys Ser Val Pro Asn Lys Ala Lieu. Glu Lieu Lys Asn. Glu Glin Thr 
595 6OO 605 

Trp Arg Ala Asp Glu Ile Lieu Pro Ser Glu Ser Lys Gln Lys Asp Tyr 
610 615 62O 

Glu Glu Asn Ser Trp Asp Thr Glu Ser Lieu. Cys Glu Thr Val Ser Glin 
625 630 635 64 O 

Lys Asp Val Cys Lieu Pro Lys Ala Ala His Gln Lys Glu Ile Asp Llys 
645 650 655 

Ile Asin Gly Lys Lieu. Glu Gly Ser Pro Wall Lys Asp Gly Lieu. Lieu Lys 
660 665 67 O 

Ala Asn. Cys Gly Met Llys Val Ser Ile Pro Thir Lys Ala Lieu. Glu Lieu 
675 68O 685 

Met Asp Met Gln Thr Phe Lys Ala Glu Pro Pro Glu Lys Pro Ser Ala 
69 O. 695 7 OO 

Phe Glu Pro Ala Ile Glu Met Glin Llys Ser Val Pro Asn Lys Ala Lieu. 
7 Os 71O 71s 72O 

Glu Lieu Lys Asn. Glu Gln Thr Lieu. Arg Ala Asp Glu Ile Lieu Pro Ser 
72 73 O 73 
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Glu Ser Lys Glin Lys Asp Tyr Glu Glu Ser Ser Trp Asp Ser Glu Ser 
740 74. 7 O 

Lieu. Cys Glu Thr Val Ser Gln Lys Asp Val Cys Lieu Pro Lys Ala Thr 
7ss 760 765 

His Gln Lys Glu Ile Asp Llys Ile Asin Gly Lys Lieu. Glu Glu Ser Pro 
770 775 78O 

Asp Asn Asp Gly Phe Lieu Lys Ala Pro Cys Arg Met Llys Val Ser Ile 
78s 79 O 79. 8OO 

Pro Thir Lys Ala Lieu. Glu Lieu Met Asp Met Glin Thr Phe Lys Ala Glu 
805 810 815 

Pro Pro Glu Lys Pro Ser Ala Phe Glu Pro Ala Ile Glu Met Gln Lys 
82O 825 83 O 

Ser Val Pro Asn Lys Ala Lieu. Glu Lieu Lys Asn. Glu Gln Thir Lieu. Arg 
835 84 O 845 

Ala Asp Gln Met Phe Pro Ser Glu Ser Lys Glin Llys Llys Val Glu Glu 
850 855 860 

Asn Ser Trp Asp Ser Glu Ser Lieu. Arg Glu Thr Val Ser Glin Lys Asp 
865 87O 87s 88O 

Val Cys Val Pro Lys Ala Thr His Gln Lys Glu Met Asp Llys Ile Ser 
885 890 895 

Gly Lys Lieu. Glu Asp Ser Thir Ser Lieu. Ser Lys Ile Lieu. Asp Thr Val 
9 OO 905 91 O 

His Ser Cys Glu Arg Ala Arg Glu Lieu Gln Lys Asp His Cys Glu Glin 
915 92 O 925 

Arg Thr Gly Lys Met Glu Glin Met Lys Llys Llys Phe Cys Val Lieu Lys 
93 O 935 94 O 

Llys Llys Lieu. Ser Glu Ala Lys Glu Ile Llys Ser Glin Lieu. Glu Asn Glin 
945 950 955 96.O 

Llys Val Llys Trp Glu Glin Glu Lieu. Cys Ser Val Arg Lieu. Thir Lieu. Asn 
965 97O 97. 

Glin Glu Glu Glu Lys Arg Arg Asn Ala Asp Ile Lieu. Asn. Glu Lys Ile 
98O 985 99 O 

Arg Glu Glu Lieu. Gly Arg Ile Glu Glu Gln His Arg Lys Glu Lieu. Glu 
995 1OOO 1 OOS 

Val Lys Glin Glin Lieu. Glu Glin Ala Lieu. Arg Ile Glin Asp Ile Glu Lieu 
1010 1 O15 1 O2O 

Llys Ser Val Glu Ser Asn Lieu. Asn Glin Val Ser His Thr His Glu Asn 
1025 103 O 1035 104 O 

Glu Asn Tyr Lieu. Lieu. His Glu Asn. Cys Met Lieu Lys Lys Glu Ile Ala 
1045 1OSO 105.5 

Met Lieu Lys Lieu. Glu Ile Ala Thr Lieu Lys His Glin Tyr Glin Glu Lys 
106 O 1065 1OO 

Glu Asn Llys Tyr Phe Glu Asp Ile Lys Ile Lieu Lys Glu Lys Asn Ala 
1075 108O 1085 

Glu Lieu Gln Met Thr Lieu Lys Lieu Lys Glu Glu Ser Lieu. Thir Lys Arg 
1090 1095 11OO 

Ala Ser Glin Tyr Ser Gly Glin Lieu Lys Val Lieu. Ile Ala Glu Asn Thr 
1105 111 O 1115 112 O 

Met Lieu. Thir Ser Llys Lieu Lys Glu Lys Glin Asp Llys Glu Ile Lieu. Glu 
1125 113 O 1135 
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Ala Glu Ilie Glu Ser 
114 O 

His Asp Glin Ile Val 
1155 

Ile Ala Gly Asp Ala 
1170 

Ser Thir Ile Tyr Asn 
1185 

Glin 

Ala 

Arg 

Glu 

His His Pro Arg Lieu. 
1145 

Thir Ser Arg Llys Ser 
1160 

Cys Lieu. Glin Arg Llys 
1175 

ASn Glu Wall 
119 O 

Arg Llys Ser Lys Ser 
12O5 

Lieu. Arg Glu Asn Thr 
122 O 

Glu Thr Glin Cys Glin 
1235 

Glin Asp Asn. Wall Asn 
1250 

Lell 

Lell 

Lys 

Wall 

Lieu. His 

Ile Asn 
121 O 

Ser Glu 
1225 

90 

- Continued 

Ala Ser Ala Val Glin Asp 
1150 

Glin Glu Pro Ala Phe His 
1165 

Met Asn. Wall Asp Val Ser 
118O 

Gln Pro Leu Ser Glu Ala 
11.95 

Luell 

His 

Met Lys Glu Ala Glu 
124 O 

Lys His Thr Glu Gln 
1255 

Glin Llys Lieu. Phe Glin Lieu. Glin 
1265 

Lell 

Asp 

Lys 

Tyr 

< 4 OOs 

127 O 

Val His Ala His Llys 
1285 

Ile His Phe Lieu. Glu. 
13 OO 

Asn. Glu Glu Ilie Phe 
1315 

Glin Tyr Glu Lys Glu 
1330 

SEQUENCE: 

SEO ID NO 35 
LENGTH: 32 
TYPE: DNA 
ORGANISM: human 
FEATURE: 

NAME/KEY: CDS 
LOCATION: 

13 

Lys 

Arg 

Asn 

12 OO 

Asn Tyr Ala Gly Asp 
1215 

Ala Glin Arg Asp Glin 
1230 

His Met Tyr Glin Asn 

Glin 

1245 

Glu 
126 O 

Ser Lys Asn Met Trp Lieu. 
1275 

Ala Asp Asn Lys 
129 O 

Lys Met Gln His 
13 OS 

Tyr Asn. Asn His 
132O 

Lys Ala Glu Thr Glu 
1335 

(12) . . . (2522) 

35 

Ser 

His 

Lys 

Lell 

Ser Lieu. Asp 

Glin Glin Glin 
128O 

Ile Thir Ile 
1295 

Lieu Lys Glu 
1310 

Lieu Lys Asn Arg Ile 

Asn 

1325 

Ser 
134 O 

agagacticaa g atg att coc titt tta ccc atgttt tot ct a cita ttg ctg 
Met Ile Pro Phe Leu Pro Met Phe Ser Lieu Lleu Lleu Lleu. 

citt 
Lell 

gct 
Ala 
3 O 

citt 
Lell 

aac 

Asn 

gaa 
Glu 

gca 
Ala 

att 
Ile 
15 

Cat 
His 

Cala 

Glin 

tgg 
Trp 

tgt 
Cys 

gtt 
Wall 

gtt 
Wall 

agt 
Ser 

cag 
Glin 

tat 

ttg 
Luell 

1. 

aac 

Asn 

cgt 
Arg 

att 
Ile 

a.a.a. 

Lys 
65 

cott 
Pro 

cc c 

Pro 

cott 
Pro 

atc. 
Ile 

ttg 
Lell 
SO 

aag 
Lys 

ggit 
Gly 

att 
Ile 

ata 
Ile 

agg 
Arg 
35 

ggc 
Gly 

t cc 
Ser 

tat 

gac 
Asp 

aac 

Asn 
2O 

ggit 
Gly 

a CC 

Thir 

atc. 
Ile 

atg 
Met 

Cat 
His 

5 

gcc 
Ala 

cgg 
Arg 

a.a.a. 

tgt 
Cys 

aga 
Arg 
85 

gtt 
Wall 

aac aat 
Asn. Asn 

gac Caa 
Asp Glin 

aag aaa 
Llys Llys 

55 

gga Cag 
Gly Glin 
70 

atg gala 
Met Glu 

tat ggc 

Cat 
His 

gga 
Gly 

act 
Thir 

tat 

Tyr 
25 

C Ca 

Pro 

tto 
Phe 

acg 
Thir 

atg 
Met 

Ctg 
Lell 

10 

gac 
Asp 

aat 
Asn 

agc 
Ser 

act 
Thir 

a.a.a. 

Lys 
90 

ggc 
Gly 

aag 
Lys 

gtC 
Wall 

act 
Thir 

gtg 
Wall 
7s 

ggc 
Gly 

at C 
Ile 

at C 
Ile 

tgt 
Cys 

tgt 
Cys 
60 

tta 
Luell 

tgc 
Cys 

gtg 
Wall 

ttg 
Luell 

gcc 
Ala 
45 

aag 
Lys 

tat 

Tyr 

CC a 

Pro 

gga 
Gly 

SO 

98 

146 

194 

242 

29 O 

338 

Mar. 25, 2010 
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7Os 71O 71s 

gaa aca ata act gaa gtg atc cat gga gag cca att att aaa aaa tac 221 O 
Glu Thir Ile Thr Glu Val Ile His Gly Glu Pro Ile Ile Llys Llys Tyr 

72 O 72 73 O 

acc aaa at C att gat gga gtg cct gtg gala ata act gala aaa gag aca 2258 
Thr Lys Ile Ile Asp Gly Val Pro Val Glu Ile Thr Glu Lys Glu Thr 

73 740 74. 

cga gaa gaa cda atc att aca ggit cot gala ata aaa tac act agg att 23 O6 
Arg Glu Glu Arg Ile Ile Thr Gly Pro Glu Ile Llys Tyr Thr Arg Ile 
75O 75s 760 765 

tct act gga ggit gga gaa aca gala gala act ct aag aaa ttg tta caa 2354 
Ser Thr Gly Gly Gly Glu Thr Glu Glu Thir Lieu Lys Llys Lieu. Lieu. Glin 

770 77 78O 

gaa gag gt C acc aag gtc. acc aaa tt C att gaa ggit ggit gat ggit cat 24 O2 
Glu Glu Val Thr Lys Val Thr Llys Phe Ile Glu Gly Gly Asp Gly His 

78s 79 O 79s 

tta titt gala gat gaa gaa att aaa aga ctg. Ctt Cag gga gac aca CCC 245 O 
Lieu. Phe Glu Asp Glu Glu Ile Lys Arg Lieu. Lieu. Glin Gly Asp Thr Pro 

8OO 805 810 

gtg agg aag ttg caa gcc aac aaa aaa gtt caa gga t ct aga aga Ca 2498 
Val Arg Llys Lieu. Glin Ala Asn Llys Llys Val Glin Gly Ser Arg Arg Arg 

815 82O 825 

tta agg gaa ggit cq t t ct cag toga aaatccaaaa accagaaaaa aatgtttata 255.2 
Lieu. Arg Glu Gly Arg Ser Glin * 
830 835 

caac cctaag toaataacct gacct tagaa aattgtgaga gccaagttga citt caggaac 2612 

tgaaac atca gcacaaagaa goaat catca aataattctgaacacaaatt taatatttitt 2672 

ttittctgaat gagaalacatgagggalaattg tdgagittagc ctic ctgtggit aaaggaattg 2732 

aagaaaatat alacaccittac accctttittc atc.ttgacat taaaagttct ggctaactitt 2792 

ggaatc catt agagaaaaat ccttgtcacc agatt catta caattcaaat cqaagagttg 2852 

tgaactgtta t co cattgaa aag accqagc cittgtatgta tot tatggat a cataaaatg 2912 

cacgcaa.gcc attatctotc catgggaagc taagttataa aaataggtgc titggtgtaca 2972 

aaactttitta tat caaaagg ctittgcacat ttctatatga gtgggtttac togg taaatta 3O32 

tgttatttitt tacaactaat tttgtact ct cagaatgttt gtcatatgct tcttgcaatg 3 O92 

catattittitt aatctoaaac gtttcaataa aaccatttitt cagatataaa gagaattact 315.2 

tcaaattgag taattic agaa aaact caaga tittaagttaa aaagtggttt ggacttggga 3212 

a. 3213 

<210s, SEQ ID NO 36 
&211s LENGTH: 836 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 36 

Met Ile Pro Phe Leu Pro Met Phe Ser Lieu Lleu Lleu Lleu Lleu. Ile Wall 
1. 5 1O 15 

Asn Pro Ile Asn Ala Asn. Asn His Tyr Asp Llys Ile Lieu Ala His Ser 
2O 25 3O 

Arg Ile Arg Gly Arg Asp Glin Gly Pro Asn Val Cys Ala Lieu. Glin Glin 
35 4 O 45 

Ile Leu Gly Thr Lys Llys Llys Tyr Phe Ser Thr Cys Lys Asn Trp Tyr 
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SO 55 6 O 

Lys Llys Ser Ile Cys Gly Gln Lys Thr Thr Val Lieu. Tyr Glu. Cys Cys 
65 70 7s 8O 

Pro Gly Tyr Met Arg Met Glu Gly Met Lys Gly Cys Pro Ala Val Lieu. 
85 90 95 

Pro Ile Asp His Val Tyr Gly Thr Lieu. Gly Ile Val Gly Ala Thir Thr 
1OO 105 11 O 

Thr Glin Arg Tyr Ser Asp Ala Ser Lys Lieu. Arg Glu Glu Ile Glu Gly 
115 12 O 125 

Lys Gly Ser Phe Thr Tyr Phe Ala Pro Ser Asn Glu Ala Trp Asp Asn 
13 O 135 14 O 

Lieu. Asp Ser Asp Ile Arg Arg Gly Lieu. Glu Ser Asn Val Asin Val Glu 
145 150 155 160 

Lieu. Lieu. Asn Ala Lieu. His Ser His Met Ile Asn Lys Arg Met Lieu. Thir 
1.65 17O 17s 

Lys Asp Lieu Lys Asn Gly Met Ile Ile Pro Ser Met Tyr Asn. Asn Lieu. 
18O 185 19 O 

Gly Leu Phe Ile Asn His Tyr Pro Asn Gly Val Val Thr Val Asn Cys 
195 2OO 2O5 

Ala Arg Ile Ile His Gly Asn Glin Ile Ala Thr Asn Gly Val Val His 
21 O 215 22O 

Val Ile Asp Arg Val Lieu. Thr Glin Ile Gly Thr Ser Ile Glin Asp Phe 
225 23 O 235 24 O 

Ile Glu Ala Glu Asp Asp Lieu. Ser Ser Phe Arg Ala Ala Ala Ile Thr 
245 250 255 

Ser Asp Ile Lieu. Glu Ala Lieu. Gly Arg Asp Gly His Phe Thir Lieu. Phe 
26 O 265 27 O 

Ala Pro Thir Asn. Glu Ala Phe Glu Lys Lieu Pro Arg Gly Val Lieu. Glu 
27s 28O 285 

Arg Ile Met Gly Asp Llys Val Ala Ser Glu Ala Lieu Met Lys Tyr His 
29 O 295 3 OO 

Ile Lieu. Asn Thr Lieu Gln Cys Ser Glu Ser Ile Met Gly Gly Ala Val 
3. OS 310 315 32O 

Phe Glu Thir Lieu. Glu Gly Asn. Thir Ile Glu Ile Gly Cys Asp Gly Asp 
3.25 330 335 

Ser Ile Thr Val Asn Gly Ile Llys Met Val Asn Llys Lys Asp Ile Val 
34 O 345 35. O 

Thir Asn. Asn Gly Val Ile His Lieu. Ile Asp Glin Val Lieu. Ile Pro Asp 
355 360 365 

Ser Ala Lys Glin Val Ile Glu Lieu Ala Gly Lys Glin Glin Thir Thr Phe 
37 O 375 38O 

Thir Asp Lieu Val Ala Glin Lieu. Gly Lieu Ala Ser Ala Lieu. Arg Pro Asp 
385 390 395 4 OO 

Gly Glu Tyr Thr Lieu. Lieu Ala Pro Val Asn. Asn Ala Phe Ser Asp Asp 
4 OS 41O 415 

Thir Lieu. Ser Met Asp Glin Arg Lieu. Lieu Lys Lieu. Ile Lieu. Glin Asn His 
42O 425 43 O 

Ile Lieu Lys Val Llys Val Gly Lieu. Asn. Glu Lieu. Tyr Asn Gly Glin Ile 
435 44 O 445 

Lieu. Glu Thir Ile Gly Gly Lys Glin Lieu. Arg Val Phe Val Tyr Arg Thr 
450 45.5 460 
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Ala Val Cys Ile Glu Asn. Ser Cys Met Glu Lys Gly Ser Lys Glin Gly 
465 470 47s 48O 

Arg Asn Gly Ala Ile His Ile Phe Arg Glu Ile Ile Llys Pro Ala Glu 
485 490 495 

Llys Ser Lieu. His Glu Lys Lieu Lys Glin Asp Lys Arg Phe Ser Thr Phe 
SOO 505 51O 

Lieu. Ser Lieu. Lieu. Glu Ala Ala Asp Lieu Lys Glu Lieu. Lieu. Thr Glin Pro 
515 52O 525 

Gly Asp Trp Thr Lieu Phe Val Pro Thr Asn Asp Ala Phe Lys Gly Met 
53 O 535 54 O 

Thir Ser Glu Glu Lys Glu Ile Lieu. Ile Arg Asp Lys Asn Ala Lieu. Glin 
5.45 550 555 560 

Asn Ile Ile Leu Tyr His Lieu. Thr Pro Gly Val Phe Ile Gly Lys Gly 
565 st O sts 

Phe Glu Pro Gly Val Thr Asn Ile Leu Lys Thr Thr Glin Gly Ser Lys 
58O 585 59 O 

Ile Phe Lieu Lys Glu Val Asn Asp Thir Lieu. Lieu Val Asn. Glu Lieu Lys 
595 6OO 605 

Ser Lys Glu Ser Asp Ile Met Thr Thr Asn Gly Val Ile His Val Val 
610 615 62O 

Asp Llys Lieu. Lieu. Tyr Pro Ala Asp Thr Pro Val Gly Asn Asp Gln Lieu 
625 630 635 64 O 

Lieu. Glu Ile Lieu. Asn Llys Lieu. Ile Llys Tyr Ile Glin Ile Llys Phe Val 
645 650 655 

Arg Gly Ser Thr Phe Lys Glu Ile Pro Val Thr Val Tyr Thr Thr Lys 
660 665 67 O 

Ile Ile Thr Llys Val Val Glu Pro Lys Ile Llys Val Ile Glu Gly Ser 
675 68O 685 

Lieu Gln Pro Ile Ile Llys Thr Glu Gly Pro Thr Lieu. Thr Llys Val Lys 
69 O. 695 7 OO 

Ile Glu Gly Glu Pro Glu Phe Arg Lieu. Ile Lys Glu Gly Glu Thir Ile 
7 Os 71O 71s 72O 

Thr Glu Val Ile His Gly Glu Pro Ile Ile Llys Llys Tyr Thr Lys Ile 
72 73 O 73 

Ile Asp Gly Val Pro Val Glu Ile Thr Glu Lys Glu Thir Arg Glu Glu 
740 74. 7 O 

Arg Ile Ile Thr Gly Pro Glu Ile Llys Tyr Thr Arg Ile Ser Thr Gly 
7ss 760 765 

Gly Gly Glu Thr Glu Glu Thir Lieu Lys Llys Lieu. Lieu. Glin Glu Glu Val 
770 775 78O 

Thr Llys Val Thr Lys Phe Ile Glu Gly Gly Asp Gly His Leu Phe Glu 
78s 79 O 79. 8OO 

Asp Glu Glu Ile Lys Arg Lieu. Lieu. Glin Gly Asp Thr Pro Val Arg Llys 
805 810 815 

Lieu. Glin Ala Asn Llys Llys Val Glin Gly Ser Arg Arg Arg Lieu. Arg Glu 
82O 825 83 O 

Gly Arg Ser Glin 
835 

<210s, SEQ ID NO 37 
&211s LENGTH: 3129 
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gtgggitttac tdgtaaatta tottatttitt tacaactaat tttgtact ct cagaatgttt 2.988 

gtcatatgct tcttgcaatig catatttittt aatct caaac gtttcaataa aaccatttitt 3O48 

cagatataaa gagaattact tcaaattgag taatt cagaa aaact caaga tittaagttaa 3.108 

aaagtggttt ggacttggga a 3129 

<210s, SEQ ID NO 38 
&211s LENGTH: 808 
212. TYPE: PRT 

<213s ORGANISM: human 

<4 OOs, SEQUENCE: 38 

Met Ile Pro Phe Leu Pro Met Phe Ser Lieu Lleu Lleu Lleu Lleu. Ile Wall 
1. 5 1O 15 

Asn Pro Ile Asn Ala Asn. Asn His Tyr Asp Llys Ile Lieu Ala His Ser 
2O 25 3O 

Arg Ile Arg Gly Arg Asp Glin Gly Pro Asn Val Cys Ala Lieu. Glin Glin 
35 4 O 45 

Ile Leu Gly Thr Lys Llys Llys Tyr Phe Ser Thr Cys Lys Asn Trp Tyr 
SO 55 6 O 

Lys Llys Ser Ile Cys Gly Gln Lys Thr Thr Val Lieu. Tyr Glu. Cys Cys 
65 70 7s 8O 

Pro Gly Tyr Met Arg Met Glu Gly Met Lys Gly Cys Pro Ala Val Lieu. 
85 90 95 

Pro Ile Asp His Val Tyr Gly Thr Lieu. Gly Ile Val Gly Ala Thir Thr 
1OO 105 11 O 

Thr Glin Arg Tyr Ser Asp Ala Ser Lys Lieu. Arg Glu Glu Ile Glu Gly 
115 12 O 125 

Lys Gly Ser Phe Thr Tyr Phe Ala Pro Ser Asn Glu Ala Trp Asp Asn 
13 O 135 14 O 

Lieu. Asp Ser Asp Ile Arg Arg Gly Lieu. Glu Ser Asn Val Asin Val Glu 
145 150 155 160 

Lieu. Lieu. Asn Ala Lieu. His Ser His Met Ile Asn Lys Arg Met Lieu. Thir 
1.65 17O 17s 

Lys Asp Lieu Lys Asn Gly Met Ile Ile Pro Ser Met Tyr Asn. Asn Lieu. 
18O 185 19 O 

Gly Leu Phe Ile Asn His Tyr Pro Asn Gly Val Val Thr Val Asn Cys 
195 2OO 2O5 

Ala Arg Ile Ile His Gly Asn Glin Ile Ala Thr Asn Gly Val Val His 
21 O 215 22O 

Val Ile Asp Arg Val Lieu. Thr Glin Ile Gly. Thir Ser Ile Glin Asp Phe 
225 23 O 235 24 O 

Ile Glu Ala Glu Asp Asp Lieu. Ser Ser Phe Arg Ala Ala Ala Ile Thr 
245 250 255 

Ser Asp Ile Lieu. Glu Ala Lieu. Gly Arg Asp Gly His Phe Thir Lieu. Phe 
26 O 265 27 O 

Ala Pro Thir Asn. Glu Ala Phe Glu Lys Lieu Pro Arg Gly Val Lieu. Glu 
27s 28O 285 

Arg Ile Met Gly Asp Llys Val Ala Ser Glu Ala Lieu Met Lys Tyr His 
29 O 295 3 OO 

Ile Lieu. Asn Thr Lieu Gln Cys Ser Glu Ser Ile Met Gly Gly Ala Val 
3. OS 310 315 32O 




































































































































































































