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NEOEPITOPE DETECTION OF DISEASE USING PROTEIN ARRAYS

BACKGROUND OF THE INVENTION

1. TECHNICAL FIELD

The present invention relates to an assay and method for diagnosing
disease. More specifically, the present invention relates to an immunoassay
for use in diagnosing cancer.

2. BACKGROUND ART

It is commonly known in the art that genetic mutations can be used for
detecting cancer. For example, the tumorigenic process leading to colorectal
carcinoma formation involves multiple genetic alterations (Fearon et al (1990)
Cell 61, 759-767). Tumor suppressor genes such as p53, DCC and APC are
frequently inactivated in colorectal carcinomas, typically by a combination of
genetic deletion of one allele and point mutation of the second allele (Baker et
al (1989) Science 244, 217-221; Fearon et al (1990) Science 247, 49-56;
Nishisho et al (1991) Science 253, 665-669; and Groden et al (1991) Cell 66,
589-600). Mutation of two mismatch repair genes that regulate genetic
stability was associated with a form of familial colon cancer (Fishel et al
(1993) Cell 75, 1027-1038; Leach et al (1993) Cell 75, 1215-1225;
Papadopoulos et al (1994) Science 263, 1625-1629; and Bronner et al (1994)
Nature 368, 258-261). Proto-oncogenes such as myc and ras are altered in
colorectal carcinomas, with c-myc RNA being overexpressed in as many as
65% of carcinomas (Erisman et al (1985) Mol. Cell. Biol. 5, 1969-1976), and
ras activation by point mutation occurring in as mény as 50% of carcinomas
(Bos et al (1987) Nature 327, 293-297; and Forrester et al (1987) Nature 327,
298-303). Other proto-oncogenes, such as myb and neu are activated with a
much lower frequency (Alitalo et al (1984) Proc. Natl. Acad. Sci. USA 81,
4534-4538; and D'Emilia et al (1989) Oncogene 4, 1233-1239). No common
series of genetic alterations is found in all colorectal tumors, suggesting that a
variety of such combinations can be able to generate these tumors.

Increased tyrosine phosphorylation is a common element in signaling

* pathways that control cell proliferation. The défegulation 6f protein tyrosine

kinases (PTKS) through overexpression or mutation has been recognized as
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an important step in cell transformation and tumorigenesis, and many
oncogenes encode PTKs (Hunter (1989) in oncogenes and the Molecular
Origins of Cancer, ed. Weinberg (Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y.), pp. 147-173). Numerous studies have addressed the
involvement of PTKs in human tumorigenesis. Activated PTKs associated
with colorectal carcinoma include c-neu (ampilification), trk (rearrangement),
and c-src and c-yes (mechanism unknown) (D'Emilia et al (1989), ibid; Martin-
Zanca et al (1986) Nature 3, 743-748; Bolen et al (1987) Proc. Natl. Acad.
Sci. USA 84, 2251-2255; Cartwright et al (1989) J. Clin. Invest. 83, 2025-
2033; Cartwright et al (1990) Proc. Natl. Acad. Sci. USA 87, 558-562;
Talamonti et al (1993) J. Clin. Invest. 91, 53-60; and Park et al (1993)
Oncogene 8, 2627-2635).

Mutations, such as those disclosed above can be useful in detecting
cancer. However, there have been few advancements which can repeatably
be used in diagnosing cancer prior to the existence of a tumor. For example,
breast cancer, which is by far the most common form of cancer in women, is
the second leading cause of cancer death in humans. Despite many recent
advances in diagnosing and treating breast cancer, the prevalence of this
disease has been steadily rising at a rate of about 1% per year since 1940.
Today, the likelihood that a women living in North America can develop breast
cancer during her lifetime is one in eight.

The current widespread use of mammography has resulted in
improved detection of breast cancer. Nonetheless, the death rate due to
breast cancer has remained unchanged at about 27 deaths per 100,000
women. All too often, breast cancer is discovered at a stage that is too far
advanced, when therapeutic options and survival rates are severely limited.
Accordingly, more sensitive and reliable methods are needed to detect small
(less than 2 cm diameter), early stage, in situ carcinomas of the breast. Such
methods should significantly improve breast cancer survival, as suggested by
the successful employment of Papinicolou smears for early detection and
treatment of cervical cancer.

" In addition to the problem of early detection, there remain serious

problems in distinguishing between malignant and benign breast disease, in
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3
staging known breast cancers, and in differentiating between different types
of breast cancers (eg. estrogen dependent versus non-estrogen dependent
tumors). Recent efforts to develop improved methods for breast cancer
detection, staging and classification have focused on a promising array of so-
called cancer "markers." Cancer markers are typically proteins that are
uniquely expressed (e.g. as a cell surface or secreted protein) by cancerous .
cells, or are expressed at measurably increased or decreased levels by
cancerous cells compared to normal cells. Other cancer markers can include
specific DNA or RNA sequences marking deleterious genetic changes or
alterations in the patterns or levels of gene expression associated with
particular forms of cancer.

The utility of specific breast cancer markers for screening and
diagnosis, staging and classification, monitoring and/or therapy purposes
depends on the nature and activity of the marker in question. For general
reviews of breast cancer markers, see Porter-Jordan et al., Hematol. Oncol.
Clin. North Amer. 8: 73-100, 1994: and Greiner, Pharmaceutical Tech., May,
1993, pp. 28-44. As reflected in these reviews, a primary focus for developing
breast cancer markers has centered on the overlapping areas of
tumorigenesis, tumor growth and cancer invasion. Tumorigenesis and tumor
growth can be assessed using a variety of cell proliferation markers (for
example Ki67, cyclin D1 and proliferating cell nuclear antigen (PCNA)), some
of which can be important oncogenes as well. Tumor growth can also be
evaluated using a variety of growth factor and hormone markers (for example
estrogen, epidermal growth factor (EGF), erbB-2, transforming growth factor
(TGF)a), which can be overexpressed, underexpressed or exhibit altered
activity in cancer cells. By the same token, receptors of autbcrine or exocrine
growth factors and hormones (for éxample insulin growth factor (IGF)
receptors, and EGF receptor) can also exhibit changes in expression or
activity associated with tumor growth. Lastly, tumor growth is supported by
angiogenesis involving the elaboration and growth of new blood vessels and
the concomitant expression of angiogenic factors that can serve as markers

for tumorigenesis-and tumor-growth. -
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In addition to tumorigenic, proliferation and growth markers, a number
of markers have been identified that can serve as indicators of invasiveness
and/or metastatic potential in a population of cancer cells. These markers
generally reflect altered interactions between cancer cells and their
surrounding microenvironment. For example, when cancer cells invade or
metastasize, detectable changes can occur in the expression or activity of cell
adhesion or motility factors, examples of which include the cancer markers
Cathepsin D, plasminogen activators, collagenases and other factors. In
addition, decreased expression or overexpression of several putative tumor
"suppressor" genes (for example nm23, p53 and rb) has been directly
associated with increased metastatic potential or deregulation of growth
predictive of poor disease outcome.

Additionally, ovarian cancer has the highest mortality rate of all
gynecological cancers and yet there is still no reliable and easy to administer
screening test. Using the multimodality approach to treatment, including
aggressive cytoreductive surgery in combination with chemotherapy, five-year
survival rates diminish with increasing stage: Stage | (93%), Stage Il (70%),
Stage lll (37%), and Stage IV (25%). Despite advances in molecular biology,
surgical oncology, and chemotherapy, the overall prognosis for ovarian
cancer patients diagnosed at Stages II-IV remains poor. The excellent
survival rates for Stage | disease provide the rationale for efforts to detect
early-stage ovarian cancer as a screening test. The first priority of any
screening procedure for ovarian cancer is high specificity in order to minimize
the number of false positive results and thereby ensuring an acceptable
positive predictive value (PPV). There have been no effective and reliable
tests developed to date. |

Screening for ovarian cancer has been based on strategies using
serum tumor markers or ultrasound imaging of the ovaries. The most
extensively investigated biomarker is CA-125, whose serum levels are
elevated in 50% of Stage | and 90% of Stage Il ovarian cancer patients.
However, elevated CA-125 levels have also been observed in healthy women
‘during menstruation, in patients with other gynecological diseases, and other

malignancies, which suggests that the false-positive rate of CA-125 can be
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In contrast to detection of serum antigens, the detection of serum
antibody responses to tumor antigens may provide a more reliable serum
marker for cancer diagnosis because serum antibodies are more stable than
serum antigens. Furthermore, antibodies may be more abundant than
antigens, especially at low tumor burdens characteristic of early stages.
Thirty percent of patients with ductal carcinoma in situ (DCIS) in which the
protooncogene HER2/neu was overexpressed had serum antibodies specific
to this protein. In addition, antibodies to p53 have been reported in patients
with early-stage ovarian, and colorectal cancers. Antibodies against heat
shock protein 90 (HSP90) were also found to be associated with patients’
survival and tumor metéstasis. Antibodies against ribosomal proteins may
constitute a novel serological marker. The presence of antibodies to ubiquitin
C-terminal hydrolase L3 in colon cancer has also been reported. Changes in
the level of gene expression in cancer and aberrant expression of tissue-
restricted gene products in cancer are factors in the development of a
humoral immune response in cancer patients. In this respect, serological
analysis of recombinant cDNA expression libraries (SEREX) of human tumors
with autologous serum has identified some relevant tumor antigens. Among
the gene products shown to be immunogenic are MAGE, SSX2, and NY-
ESO-1, which are expressed in various tumor types, but not in normal tissues
except testis.

Studies on new technology based on proteomic patterns in serum to
screen for early stage ovarian cancer have been reported by Petricoin et al.
(2002). The procedure involved generating proteomic spectra of serum
proteins uéing Matrix-assisted Iéser desorption and ionization time-of-flight
(MALDI-TOF) and surface-enhanced laser desorption and ionization time-of-
flight (SELDI-TOF) mass spectroscopy. In independent validation to detect
early stage invasive epithelial ovarian cancer from healthy controls, the
sensitivity of a multivariate model combining the three biomarkers and CA125
[74% (95% Cl, 52-90%)] was higher than that of CA125 alone [65% (95% CI,
"43-84%)] at a matched specificity of 97% (95% Cl,” 89-100%). When
compared at a fixed sensitivity of 83% (95% Cl, 61-95%), the specificity of the
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model [94% (95% CI, 85-98%)] was significantly better than that of CA125
alone [52% (95% Cl, 39-65%)]. Due to the low prevalence of ovarian cancer
in the general population, this level of specificity is unacceptable for a realistic
ovarian cancer diagnostic test. Assuming that in a clinical setting with low-risk
patients, ovarian cancer is present in approximately one per 2500 patients,
the (MALDI/SELDI) approach would produce 125 false positives for every true
cancer patient. Furthermore, some issues have arisen regarding the mass
spectroscopy technology of protein profiling. It has been reported that the
data obtained by this technology are difficult to reproduce and that they may
be biased by artifacts in sample preparation, storage and processing, and
patient selection.

In summary, the evaluation of proliferation markers, oncogenes,
growth factors and growth factor receptors, angiogenic factors, proteases,
adhesion factors and tumor suppressor genes, among other cancer markers,
can provide important information concerning the risk, presence, status or
future behavior of cancer in a patient. Determining the presence or level of
expression or activity of one or more of these cancer markers can aid in the
differential diagnosis of patients with uncertain clinical abnormalities, for
example by distinguishing malignant from benign abnormalities. Furthermore,
in patients presenting with established malignancy, cancer markers can be
useful to predict the risk of future relapse, or the likelihood of response in a
particular patient to a selected therapeutic course. Even more specific
information can be obtained by analyzing highly specific cancer markers, or
combinations of markers, which can predict responsiveness of a patient to
specific drugs or treatment options.

Methods for détecting and mea'suring cancer markers have béen
recently revolutionized by the development of immunological assays,
particularly by assays that utilize monoclonal antibody technology. Previously,
many cancer markers could only be detected or measured using conventional
biochemical assay methods, which generally require large test samples and
are therefore unsuitable in most clinical applications. In contrast, modern
immunoassay- techniques -can- detect—and -measure ~cancer markers in

relatively much smaller samples, particularly when monocional antibodies that
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specifically recognize a targeted marker protein are used. Accordingly, it is
now routine to assay for the presence or absence, level, or activity of selected
cancer markers by immunohistochemically staining tissue specimens
obtained via conventional biopsy methods. Because of the highly sensitive
nature of immunohistochemical staining, these methods have also been
successfully employed to detect and measure cancer markers in smaller,
needle biopsy specimens which require less invasive sample gathering
procedures compared to conventional biopsy specimens. In addition, other
immunological methods have been developed and are now well known in the
art that allow for detection and measurement of cancer markers in non-
cellular samples such as serum and other biological fluids from patients. The
use of these alternative sample sources substantially reduces the morbidity
and costs of assays compared to procedures employing conventional biopsy
samples, which allows for application of cancer marker assays in early
screening and low risk monitoring programs where invasive biopsy
procedures are not indicated.

For the purpose of cancer evaluation, the use of conventional or
needle biopsy samples for cancer marker assays is often undesirable,
because a primary goal of such assays is to detect the cancer before it
progresses to a palpable or detectable tumor stage. Prior to this stage,
biopsies are generally contraindicated, making early screening and low risk
monitoring procedures employing such samples untenable. Therefore, there
is general need in the art to obtain samples for cancer marker assays by less
invasive means than biopsy, for example by serum withdrawal.

Efforts to utilize serum samples for cancer marker assays have met
with limited success,rlargely because the targeted markers are either not
detectable in serum, or because telltale changes in the levels or activity of the
markers cannot be monitored in serum. In addition, the presence of cancer
markers in serum probably occurs at the time of micro-metastasis, making
serum assays less useful for detecting pre-metastatic disease.

Previous attempts to develop non-invasive breast cancer marker

assays- utilizing mammary fluid samples have included studies 6f mammary

fluid obtained from patients presenting with spontaneous nipple discharge. In
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one of these studies, conducted by Inaji et al., Cancer 60: 3008-3013, 1987,
levels of the breast cancer marker carcinoembryonic antigen (CEA) were
measured using conventional, enzyme linked immunoassay (ELISA) and
sandwich-type, monoclonal immunoassay methods. These methods
successfully and reproducibly demonstrated that CEA levels in spontaneously
discharged mammary fluid provide a sensitive indicator of nonpalpable breast
cancer. In a subsequent study, also by Inaji et al., Jpn. J. Clin. Oncol. 19:
373-379, 1989, these results were expanded using a more sensitive, dry
chemistry, dot-immunobinding assay for CEA determination. This latter study
reported that elevated CEA levels occurred in 43% of patients tested with
palpable breast tumors, and in 73% of patients tested with nonpalpable
breast tumors. CEA levels in the discharged mammary fluid were highly
correlated with intratumoral CEA levels, indicating that the level of CEA
expression by breast cancer cells is closely reflected in the mammary fluid
CEA content. Based on these results, the authors concluded that
immunoassays for CEA in spontaneously discharged mammary fluid are
useful for screening nonpalpable breast cancer.

Although the evaluation of mammary fluid has been shown to be a
useful method for screening nonpalpable breast cancer in women who
experience spontaneous nipple discharge, the rarity of this condition renders
the methods of Inaji et al, inapplicable to the majority of women who are
candidates for early breast cancer screening. In addition, the first Inaji report
cited above determined that certain patients suffering spontaneous nipple
discharge secrete less than 10 ul of mammary fluid, which is a critically low
level for the ELISA and sandwich immunoassays employed in that study. It is
likely that other antibodies used to assay other cancer markers can exhibit
even lower sensitivity than the anti-CEA antibodies used- by Inaji and
coworkers, and can therefore not be adaptable or sensitive enough to be
employed even in dry chemical immunoassays of small samples of
spontaneously discharged mammary fluid.

In view of the above, an important need exists in the art for more
widely applicable, non-invasive methods and materials to obtain biological

samples for use in evaluating, diagnosing and managing breast and other
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diseases including cancer, particularly for screening early stage, nonpalpable
tumors. A related need exists for methods and materials that utilize such
readily obtained biological samples to evaluate, diagnose and manage
disease, particularly by detecting or measuring selected cancer markers, or
panels of cancer markers, to provide highly specific, cancer prognostic and/or
treatment-related information, and to diagnose and manage pre-cancerous
conditions, cancer susceptibility, bacterial and other infections, and other
diseases.

With specific regard to such assays, specific antibodies can only be
measured by detecting binding to their antigen or a mimic thereof. Although
certain classes of immunoglobulins containing the antibodies of interest can,
in some cases, be separated from the sample prior to the assay (Decker, et
al., EP 0,168,689 A2), in all assays, at least some portion of the sample
immunoglobulins are contacted with antigen. For example, in assays for
specific IgM, a portion of the total IgM can be adsorbed to a surface and the
sample removed prior to detection of the specific IgM by contacting with
antigen. Binding is then measured by detection of the bound antibody,
detection of the bound antigen or detection of the free antigen.

For detection of bound antibody, a labeled anti-human immunoglobulin
or labeled antigen is normally allowed to bind antibodies that have been
specifically adsorbed from the sample onto a surface coated with the antigen,
Bolz, et al., U.S. Pat. No. 4,020,151. Excess reagent is washed away and the
label that remains bound to the surface is detected. This is the procedure in
the most frequently used assays, or example, for hepatitis and human
immunodeficiency virus and for numerous immunohistochemical tests,
Nakamura, et al., Arch Pathol Lab Med 112:869-877 (1988). Although this
method is relatively sensitive, it is subject to interference from non-specific
binding to the surface by non-specific immunoglobulins that can not be
differentiated from the specific immunoglobulins.

Another method of detecting bound antibodies involves combining the
sample and a competing labeled antibody, with a support-bound antigen,
-Schuurs;- et al., U.S:-Pat. No: 3,654,090: This method -has-its limitations ~—

because antibodies in sera bind numerous epitopes, making competition
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inefficient.

For detection of bound antigen, the antigen can be used in excess of
the maximum amount of antibody that is present in the sample or in an
amount that is less than the amount of antibody. For example,
radioimmunoprecipitation ("RIP") assays for GAD autoantibodies have been
developed and are currently in use, Atkinson, et al., Lancet 335:1357-1360
(1990). However, attempts to convert this assay to an enzyme linked
immunosorbent assay ("ELISA") format have not been successful. The RIP
assay is based on precipitation of immunoglobulins in human sera, and led to
the development of a radioimmunoassay ("RIA") for GAD autoantibodies. In
both the RIP and the RIA, the antigen is added in excess and the bound
antigen:antibody complex is precipitated with protein A-Sepharose. The
complex is then washed or further separated by electrophoresis and the
antigen in the complex is detected.

Other precipitating agents can be used such as rheumatoid factor or
C1q, Masson, et al., U.S. Pat. No. 4,062,935; polyethylene glycol, Soeldner,
et al., U.S. Pat. No. 4,855,242; and protein A, lto, et al., EP 0,410,893 A2.
The precipitated antigen can be measured to indicate the amount of antibody
in the sample; the amount of antigen remaining in solution can be measured;
or both the precipitated antigen and the soluble antigen can be measured to
correct for any labeled antigen‘ that is non-specifically precipitated. These
methods, while quite sensitive, are all difficult to carry out because of the
need for rigorous separation of the free antigen from the bound complex,
which requires at a minimum filtration or centrifugation and multiple washing
of the precipitate.

'Alternatively, detectibn ofrthe bound antigén can be employed when
the amount of antigen is less than the maximum amount of antibody.
Normally, that is carried out using particles such as latex particles or
erythrocytes that are coated with the antigen, Cambiaso, et al., U.S. Pat. No.
4,184,849 and Uchida, et al., EP 0,070,527 A1. Antibodies can specifically

agglutinate these particles and can then be detected by light scattering or

other methods. It is necessary in these assays to Use a precise amount of -

antigen as too little antigen provides an assay response that is biphasic and
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high antibody titers can be read as negative, while too much antigen
adversely affects the sensitivity. It is therefore necessary to carry out
sequential dilutions of the sample to assure that positive samples are not
missed. Further, these assays tend to detect only antibodies with relatively
high affinities and the sensitivity of the method is compromised by the
tendency for all of the binding sites of each antibody to bind to the antigen on
the particle to which it first binds, leaving no sites for binding to the other
particle.

For assays in which the free antigen is detected, the antigen can also
be added in excess or in a limited amount although only the former has been
reported. Assays of this type have been described where an excess of
antigen is added to the sample, the immunoglobulins are precipitated, and the
antigen remaining in the solution is measured, Masson, et al., supra and
Soeldner, et al., supra. These assays are relatively insensitive because only a
small percentage change in the amount of free antigen occurs with low
amounts of antibody, and this small percentage is difficult to measure
accurately.

Practical assays in which the free antigen is detected and the antigen
is not present in excess of the maximum amount of antibody expected in a
sample have not been described. However, in van Erp, et al., Journal of
Immunoassay 12(3):425-443 (1991), a fixed concentration of monoclonal
antibody was incubated with a concentration dilution series of antigen, and
free antigen was then measured using a gold sol particle agglutination
immunoassay to determine antibody affinity constants.

There has been much research in the area of evaluating useful
markers for determinihg the risk factor forrpatients developing IDDM. Théée
include insulin autoantibodies, Soeldner, et al., supra and circulating
autoantibodies to glutamic acid decarboxylase ("GAD"), Atkinson, et al.,
PCT/US89/05570 and Tobin, et al., PCT/US91/06872. In addition, Rabin, et
al, U.S. Pat. No. 5,200,318 describes numerous assay formats for the
detection of GAD and pancreatic islet cell antigen autoantibodies. GAD
autoantibodies- are of particular diagnostic importance because they occur in

preclinical stages of the disease, which can make therapeutic intervention
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possible. However, the use of GAD autoantibodies as a diagnostic marker
has been impeded by the lack of a convenient, nonisotopic assay.

One assay method involves incubating a support-bound antigen with
the sample, then adding a labeled anti-human immunoglobulin. This is the
basis for numerous commercially available assay kits for antibodies such as
thé Syn ELISA kit which assays for autoantibodies to GADG65, and is
described in product literature entitled "Syn®""** GAD Il-Antibodies" (Elias
USA, Inc.). Substantial dilution of the sample is required because the method
is subject to high background signals from adsorption of non-specific human
immunoglobulins to the support.

Many of the assays described above involve detection of antibody that
becomes bound to an immobilized antigen. This can have an adverse affect
on the sensitivity of the assay due to difficulty in distinguishing between
specific immunoglobulins and other immunoglobulins in the sample, which
bind non-specifically to the immobilized antigen. There is not only a need to
develop an assay that avoids non-specific detection of immunoglobulins, but
there is also the need for an improved method of detecting antibodies that
combines the sensitivity advantage of immunoprecipitation assays with a
simplified protocol. Finally, assays that can help evaluate the risk of
developing diseases are medically and economically very important. The
present invention addresses these needs.

SUMMARY OF THE INVENTION

According to the present invention, there is provided a biosensor for
use in detecting the presence of diseases, the biosensor comprising a
detector for detecting a presence of at least one marker indicative of a
specific disease. Also provided is a method of determining efficacy of a
pharmaceutical for treating a disease or staging disease by administering a
pharmaceutical to a sample containing markers for a disease, detecting the
amount of at least one marker of the disease in the sample, and analyzing the
amount of the marker in the sample, whereby the amount of marker
correlates to pharmaceutical efficacy or disease stage. Markers for
gynecological disease selected- from-the list-in° Table 8 are provided. =~ An"

immuno-imaging agent comprising labeled antibodies, whereby the labeled
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antibodies are isolated and reactive to proteins overexpressed in vivo are
provided. Informatics software for analyzing the arrays discussed above is
provided, wherein the software includes analyzing means for analyzing the
arrays

DESCRIPTION OF THE DRAWINGS

Other advantages of the present invention are readily appreciated as
the same becomes better understood by reference to the following detailed
description when considered in connection with the accompanying drawings
wherein:

Figures 1A-D are photographs showing the identification of a phage
displaying peptide sequence of Sirt2 by plaque lift;

Figure 2 is a photograph showing the analysis of the PCR product of
the plaques by Southern Blot hybridization;

Figure 3 is a photograph showing the Dot Blot analysis of Sirt2 positive
plagues;

Figure 4 is a photograph showing green and red labeled detection of
serum antibodies indicative of the antibody reaction to the protein:

Figures 5 A-E are photographs showing the ECL detection of
phagotopes selected with a breast cancer patient's serum:

Figures 6 A-C are as follows: Figure 6A is a photograph showing the
comparison of serum reaction of | control and breast cancer patient with
phagotopes from BP4; and Figure 6B is a graph of the BP4 filters which were
scanned thereby showing the ratio of the pixel densities plotted in rank order;
Figure 6C is a scan of a microarray demonstrating the binding a Cy5-labeled
antihuman IgG to human IgG from patient #1's serum and the control Cy3-
labeled antibody to phage T7 capsid protein to phage clones microarrayed on
glass;

Figure 7 shows the method of finding informative epitopes: The spot
intensities are plotted on the vertical axis for 12 subjects (controls to the left
and patients to the right) the template defined on the left (shown in blue) was
used with a correlation distance, a correlation threshold of 0.8 selected the 46
epitopes shown here in red -(out of the total of 4x96=384 shown here in

yellow);
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Figure 8 shows an example comparison between the histogram of a
control subject (19218) with a high but non-specific reaction to the left, and
the histogram of a patient (19223), to the right; the histograms are calculated
on the ratios of the background corrected mean intensity of the human IgG
labeled with Cy5 vs. the background corrected mean intensity of the T7
labeled with Cy3;

Figure 9 shows a comparison between the scatterplot of a control
subject (19218) with a strong but non-specific reaction and the scatterplot of a
patient MEC1 (19223), the scattergrams plot the background corrected mean
intensity of the human IgG labeled with Cy5 vs. the background corrected
mean intensity of the T7 labeled with Cy3;

Figure 10 shows the matrix of reactivity between sets of clones coming
from patients 1-12 (in rows) and sera from same patients (in columns), at this
point (step 2 of Procedure 2), the matrix contains the results of the self-
reactions: patients 1-10 have a specific self-reaction whereas patients 11 and
12 do not, Patients 11 and 12 are eliminated from the clone selection
procedure;

Figure 11 shows a matrix of reactivity between sources of clones and
different sera ordered by reactivity; the clones from patient 2 react with sera
from self (column 2) and patients 4 and 8; the clones from patient 3 react with
sera from self (column 3) and patients 6 and 10, etc, note that the union of
the set of clones coming from patients 2, 3, 5, 7 and 1 ensures that the chip
made with these clones reacts with all patients;

Figures 12A-G are filter microarrays showihg antigen binding with IgGs
in the serum of Stage | ovarian cancer patients; and

Figures 13A-D are graphs showing the determination of a titerable

antigen-antibody binding in ELISA macroarray analysis.

DETAILED DESCRIPTION OF THE INVENTION

Generally, the present invention provides a method and markers for

~ use in detecting disease and stages of disease. In other words, the markers

can be used to determine the presence of disease without requiring the

presence of symptoms.
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The method and markers of the present invention can be used to
diagnose the presence of a disease or a disease stage in a patient. The
method of the present invention utilizes a detector device for detecting the
presence of at least one marker in the serum of the patient. The benefit of
such an analytical device is that the marker that is detected is one of a panel
of markers. The panel of markers can include markers that are known to
those of skill in the art and markers determined utilizing the methodology
disclosed herein. The markers of the present invention can be used to detect
diseases. Examples of diseases include, but are not limited to, gynecological
sickness, such as endometriosis, ovarian cancer, breast cancer, cervical
cancer, and primary peritoneal carcinoma. The method can also be used to
identify overexpressed or mutated proteins in tumor cells. That such proteins
are mutated or overexpressed presumably is the basis for the immune
reaction to these proteins. Therefore markers identified using these methods
could provide markers for molecular pathology as diagnostic or prognostic
markers.

The method can also be used for immunotherapy targeted to a
person’s immunoprofile based on the arrays. For personalized
immunotherapy, the reactivity to particular epitope clones can be correlated
using sera from patients having cancer. Using a comprehensive panel of
epitope markers that can accurately detect early stage ovarian cancer one
can utilize these antigen as immuno-therapeutic agents personalized to the
immuno-profile of each patient. When T-cells from the patient recognize
antigen biomarkers, they get stimulated, activated and therefore produce an
immune-response. Such reactivity demonstrates the potential of each
antigen as a component of'a vaccine ”to ihduce a T cell-mediated immune
response essential for generation of cancer vaccines. Individuals scoring
positive in the presymptomatic testing for OVCA can then be offered an anti-
tumor vaccine tailored to their immunoprofile against a panel of tumor
antigens.

The detector includes, but is not limited to an assay, a slide, a filter, a
‘microarray, macroarray,” computer software implementing the data analysis -

methods, and any combinations thereof. The detector can also include a two-
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color detection system or other detector system known to those of skill in the
art.

By “bodily fluid” as used herein it is meant any bodily fluid known to
those of skill in the art to contain antibodies therein. Examples include, but
are not limited to, blood, saliva, tears, spinal fluid, serum, and other fluids
known to those of skill in the art to contain antibodies.

By “biopanning”, it is meant a selection process for use in screening a
library (Parmley and Smith, Gene, 73:308 (1988); Noren, C.J., NEB
Transcript, 8(1);1(1996)). Biopanning is carried out by incubating phages
encoding the peptides with a plate coated with the proteins, washing away the
unbound phage, eluting, and amplifying the specifically bound phage. Those
skilled in the art readily recognize other immobilization schemes that can
provide equivalent technology, such as but not limited to binding the proteins
or other targets to beads.

By staging the disease, as for example in cancer, it is intended to
include determining the extent of a cancer, especially whether the disease
has spread from the original site to other parts of the body. The stages can
range from O to 5 with 0 being the presence of cancerous cells and 5 being
the spread of the cancer cells to other parts of the body including the lymph
nodes. Further, the staging can indicate the stage of a borderline histology.
A borderline histology is a less malignant form of disease. Additionally,
staging can indicate a relapse of disease, in other words the reoccurrence of
disease.

The term “marker” as used herein is intended to include, but is not
limited to, a gene or a piece of a gene which codes for a protein, a protein
such as a fusion protein, open reading frames such as ESTs, epitopes,
mimotopes, antigens, and any other indicator of immune response. The
marker can also be used as a predictor of disease or the recurrence of
disease.

The present invention further includes a random peptide epitope

(mimotope) that mimics a natural antigenic epitope during epitope

“presentation. Such mimotopes are useful in the applications and methods

discussed above. Also included in the present invention is a method of
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identifying a random peptide epitope. In the method, a library of random
peptide epitopes is generated or selected. The library is contacted with an
anti- antibody. Mimotopes are identified that are specifically immunoreactive
with the antibody. Sera (containing anti antibodies) or antibodies generated
by the methods of the present invention can be used. Random peptide
libraries can, for example, be displayed on phage (phagotopes) or generated
as combinatorial libraries.

"Antibody" refers to a polypeptide comprising a framework region from
an immunoglobulin gene or fragments thereof that specifically binds and
recognizes an antigen. The recognized immunoglobulin genes include the
kappa, lambda, alpha, gamma, delta, epsilon, and mu constant region genes,
as well as the various immunoglobulin diversity/joining/variable region genes.
Light chains are classified as either kappa or lambda. Heavy chains are
classified as gamma, mu, alpha, delta, or epsilon, which in turn define the
immunoglobulin classes, IgG, IgM, IgA, IgD and IgE, respectively.

An exemplary immunoglobulin (antibody) structural unit comprises a
tetramer. Each tetramer is composed of two identical pairs of polypeptide
chains, each pair having one "light" (about 25 kDa) and one "heavy" chain
(about 50-70 kDa). The N-terminus of each chain defines a variable region of
about 100 to 110 or more amino acids primarily responsible for antigen
recognition. The terms variable light chain (V) and variable heavy chain (Vy)
refer to these light and heavy chains respectively.

Antibodies exist, e.g., as intact immunoglobulins or as a number of
well-characterized fragments produced by digestion with various peptidases.
Thus, for example, pepsin digests an antibody below the disulfide linkages in
the hinge region to produce F(ab)';, a dimer of Fab which itself is a light chain
joined to Vy -Cy 1 by a disulfide bond. The F(ab)'; can be reduced under mild
conditions to break the disulfide linkage in the hinge region, thereby
converting the F(ab)'z dimer into an Fab' monomer. The Fab' monomer is
essentially Fab with part of the hinge region (see Fundamental Immunology

(Paul ed., 3d ed. 1993). While various antibody fragments are defined in

terms -of the digestion of ‘an intact antibody, one of skill can appreciate that =

such fragments can be synthesized de novo either chemically or by using
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recombinant DNA methodology. Thus, the term antibody, as used herein, also
includes antibody fragments either produced by the modification of whole
antibodies, or those synthesized de novo using recombinant DNA
methodologies (e.g., single chain Fv) or those identified using phage display
libraries (see, e.g., McCafferty et al., Nature 348:552-554 (1990)).

For preparation of monocional or polyclonal antibodies, any technique
known in the art can be used (see, e.g., Kohler & Milstein, Nature 256:495-
497 (1975); Kozbor et al., Immunology Today 4: 72 (1983); Cole et al., pp. 77-
96 in Monoclonal Antibodies and Cancer Therapy (1985)). Techniques for the
production of single chain antibodies (U.S. Pat. No. 4,946,778) can be
adapted to produce antibodies to polypeptides of this invention. Also,
transgenic mice, or other organisms such as other mammals, can be used to
express humanized antibodies. Alternatively, phage display technology can
be used to identify antibodies and heteromeric Fab fragments that specifically
bind to selected antigens (see, e.g., McCafferty et al., Nature 348:552-554
(1990); Marks et al., Biotechnology 10:779-783 (1992)).

A "chimeric antibody" is an antibody molecule in which (a) the constant
region, or a portion thereof, is altered, replaced or exchanged so that the
antigen binding site (variable region) is linked to a constant region of a
different or altered class, effector function and/or species, or an entirely
different molecule which confers new properties to the chimeric antibody, e.g.,
an enzyme, toxin, hormone, growth factor, drug, etc.; or (b) the variable
region, or a portion thereof, is altered, replaced or exchanged with a variable
region having a different or altered antigen specificity.

The term "immunoassay” is an assay wherein an antibody specifically
binds to an antigen. The immunoassay is characterized by the use of specific
binding properties of a particular antibody to isolate, target, and/or quantify
the antigen. In addition, an antigen can be used to capture or specifically bind
an antibody.

The phrase "specifically (or selectively) binds" to an antibody or

"specifically (or selectively) immunoreactive with," when referring to a protein

~or peptide, reférs to a binding reaction that is determinative of the presence of

the protein in a heterogeneous population of proteins and other biologics.
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Thus, under designated immunoassay conditions, the specified antibodies
bind to a particular protein at least two times the background and do not
substantially bind in a significant amount to other proteins present in the
sample. Specific binding to an antibody under such conditions can require an
antibody that is selected for its specificity for a particular protein. For example,
polyclonal antibodies raised to modified B-tubulin from specific species such
as rat, mouse, or human can be selected to obtain only those polyclonal
antibodies that are specifically immunoreactive, e.g., with p-tubulin modified
at cysteine 239 and not with other proteins. This selecfion can be achieved by
subtracting out antibodies that cross-react with other molecules. Monoclonal
antibodies raised against modified B-tubulin can also be used. A variety of
immunoassay formats can be used to select antibodies specifically
immunoreactive with a particular protein. For example, solid-phase ELISA
immunoassays are routinely used to select antibodies specifically
immunoreactive with a protein (see, e.g., Harlow & Lane, Antibodies, A
Laboratory Manual (1988), for a description of immunoassay formats and
conditions that can be used to determine specific immunoreactivity). Typically
a specific or selective reaction can be at least twice background signal or
noise and more typically more than 10 to 100 times background.

A "label" or a "detectable moiety" is a composition detectable by
spectroscopic, photochemical, biochemical, immunochemical, or chemical
means. For example, useful labels include p  fluorescent dyes, iodine,
electron-dense reagents, enzymes (e.g., as commonly used in an ELISA),
biotin, digoxigenin, or haptens and proteins for which antisera or monoclonal
antibodies are available, e.g., by incorporating a radiolabel into the peptide, or
any other label krrlownrto those of skill in the art. -

A "labeled antibody or probe" is one that is bound, either covalently,
through a linker or a chemical bond, or noncovalently, through ionic, van der
Waals, electrostatic, or hydrogen bonds to a label such that the presence of
the antibody or probe can be detected by detecting the presence of the label
bound to the antibody or probe.

" The terms "isolated" "purified" or "biologically pure" refer to material

that is substantially or essentially free from components that normally
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accompany it as found in its native state. Purity and homogeneity are typically
determined using analytical chemistry techniques such as polyacrylamide gel
electrophoresis or high performance liquid chromatography. A protein that is
the predominant species present in a preparation is substantially purified. The
term "purified" denotes that a nucleic acid or protein gives rise to essentially
one band in an electrophoretic gel. Particularly, it means that the nucleic acid
or protein is at least 85% pure, optionally at least 95% pure, and optionally at
least 99% pure.

The term "recombinant" when used with reference, e.g., to a cell, or
nucleic acid, protein, or vector, indicates that the cell, nucleic acid, protein or
vector, has been modified by the introduction of a heterologous nucleic acid
or protein or the alteration of a native nucleic acid or protein, or that the cell is
derived from a cell so modified. Thus, for example, recombinant cells express
genes that are not found within the native (non-recombinant) form of the cell
or express native genes that are otherwise abnormally expressed, under
expressed or not expressed at all.

An "expression vector" is a nucleic acid construct, generated
recombinantly or synthetically, with a series of specified nucleic acid elements
that permit transcription of a particular nucleic acid in a host cell. The
expression vector can be part of a plasmid, virus, or nucleic acid fragment.
Typically, the expression vector includes a nucleic acid to be transcribed
operably linked to a promoter.

By “support or surface” as used herein, the term is intended to include,
but is not limited to a solid phase which is typically a support or surface, which
is a porous or non-porous water insoluble material that can have any one of a
number of shapes, such as strip, rod, patrticle, including beads and the like.
Suitable materials are well known in the art and are described in, for example,
Ullman, et al. U.S. Pat. No. 5,185,243, columns 10-11, Kurn, et al., U.S. Pat.
No. 4,868,104, column 6, lines 21-42 and Milburn, et al.,, U.S. Pat. No.
4,959,303, column 6, lines 14-31, which are incorporated herein by reference.

Binding of ligands and receptors to the support or surface can be

‘accomplished by well-known techniques, readily available in the literature.

See, for example, "Immobilized Enzymes, "Ichiro Chibata, Halsted Press,
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New York (1978) and Cuatrecasas, J. Biol. Chem. 245:3059 (1970).
Whatever type of solid support is used, it must be treated so as to have
bound to its surface either a receptor or ligand that directly or indirectly binds
the antigen. Typical receptors include antibodies, intrinsic factor, specifically
reactive chemical agents such as sulfhydryl groups that can react with a
group on the antigen, and the like. For example, avidin or streptavidin can be
covalently bound to spherical glass beads of 0.5-1.5 mm and used to capture
a biotinylated antigen.

Signal producing system ("sps") includes one or more components, at
least one component being a label, which generate a detectable signal that
relates to the amount of bound and/or unbound label, i.e. the amount of label
bound or not bound to the compound being detected. The label is any
molecule that produces or can be induced to produce a signal, such as a
fluorescer, enzyme, chemiluminescer, or photosensitizer. Thus, the signal is
detected and/or measured by detecting enzyme activity, luminescence, or
light absorbance.

Suitable labels include, by way of illustration and not limitation,
enzymes such as alkaline phosphatase, glucose-6-phosphate dehydrogenase
("G6PDH") and horseradish peroxidase; ribozyme; a substrate for a replicase
such as Q-beta replicase; promoters; dyes; fluorescers such as fluorescein,
isothiocyanate, rhodamine compounds, phycoerythrin,  phycocyanin,
allophycocyanin, o-phthaldehyde, and fluorescamine; chemiluminescers such
as isoluminol; sensitizers; coenzymes; enzyme substrates; photosensitizers;
particles such as latex or carbon 'particles; suspendable particles; metal sol;
crystallite; liposomes; cells, etc., which can be further labeled with a dye,
catalyst, or other detectable group. Suitable enzymes and coenzymes are
disclosed in Litman, et al, U.S. Pat. No. 4,275,149, columns 19-28, and
Boguslaski, et al., U.S. Pat. No. 4,318,980, columns 10-14; suitable
fluorescers and chemiluminescers are disclosed in Litman, et al., U.S. Pat.
No. 4,275,149, at columns 30 and 31; which are incorporated herein by

reference. Preferably, at least one sps member is selected from the group

_ consisting of fluorescers, enzymes, chemiluminescers; photosensitizers-and - -

suspendable particles.
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The label can directly produce a signal, and therefore, additional
components are not required to produce a signal. Numerous organic
molecules, for example fluorescers, are able to absorb ultraviolet and visible
light, where the light absorption transfers energy to these molecules and
elevates them to an excited energy state. This absorbed energy is then
dissipated by emission of light at a second wavelength. Other labels that
directly produce a signal include radioactive isotopes and dyes.

Alternately, the label may need other components to produce a signal,
and the sps can then include all the components required to produce a
measurable signal, which can include substrates, coenzymes, enhancers,
additional enzymes, substances that react with enzymatic products, catalysts,
activators, cofactors, inhibitors, scavengers, metal ions, specific binding
substance required for binding of signal generating substances, and the like.
A detailed discussion of suitable signal producing systems can be found in
Uliman, et al. U.S. Pat. No. 5,185,243, columns 11-13, which is incorporated
herein by reference.

The label is bound to a specific binding pair (hereinafter “sbp”) member
which is the antigen, or is capable of directly or indirectly binding the antigen,
or is a receptor for the antigen, and includes, without limitation, the antigen; a
ligand for a receptor bound to the antigen; a receptor for a ligand bound to the
antigen; an antibody that binds the antigen; a receptor for an antibody that
binds the antigen; a receptor for a molecule conjugated to an antibody to the
antigen; an antigen surrogate capable of binding a receptor for the antigen; a
ligand that binds the antigen, etc. Binding of the label to the sbp member can
be accomplished by means of non-covalent bonding as for example by
formation 6f a comblex of the label with an antibody to the label or by means
of covalent bonding as for example by chemical reactions which result in
replacing a hydrogen atom of the label with a bond to the sbp member or can
include a linking group between the label and the sbp member. Such methods
of conjugation are well known in the art. See for example, Rubenstein, et al.,

U.S. Pat. No. 3,817,837, which is incorporated herein by reference. Other sps

“members ‘can also be bound covalently 1o sbp members. For example, in

Ullman, et al., U.S. Pat. No. 3,996,345, two sps members such as a
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fluorescer and quencher can be bound respectively to two sbp members that
both bind the analyte, thus forming a fluorescer-sbpq:analyte:sbp, -quencher
complex. Formation of the complex brings the fluorescer and quencher in
close proximity, thus permitting the quencher to interact with the fluorescer to
produce a signal. This is a fluorescent excitation transfer immunoassay.
Another concept is described in Ullman, et al., EP 0,515,194 A2, which uses
a chemiluminescent compound and a photosensitizer as the sps members.
This is referred to as a luminescent Oxygen channeling immunoassay. Both
the aforementioned references are incorporated herein by reference.

The analysis of mMRNA expression in tumors does not necessarily
reveal the status of protein levels in the cancer cells. Other factors such as
protein haif-life and mutation can be altered without an effect on mRNA levels
thus masking sfgnificant molecular changes at the protein level. Serum
antibody reactivity to cellular proteins occurs in cancer patients due to
presentation of mutated forms of proteins from the tumor cells or
overexpression of proteins in the tumor cells. The host inmune system can
direct individuals to molecular events critical to the genesis of the disease.
Using a candidate gene approach, experience has shown that the frequency
of serum positivity to any single protein is low. Therefore, to increase the
identification of such autoantigens, a more global approach is employed to
exploit immunoreactivity to identify large numbers of cDNAs coding for
proteins that are mutated or upregulated in cancer cells.

In order to develop an effective screening test for early detection of
ovarian cancer, cDNA phage display libraries are used to isolate cDNAs
coding for epitopes reacting with antibodies present specifically in the sera of
patients with ovarian cancer. The methods of the present invention detect
various antibodies that are produced by patients in reaction o proteins
overexpressed in their ovarian tumors. This is achievable by differential
biopanning technology using human sera collected both from normal
individuals and patients having ovarian cancer and phage display libraries

expressing cDNAs of genes expressed in ovarian epithelial ftumors and cell

“linés. Serum reactivity toward a cellular protein can occur because of the

presentation to the immune system of a mutated form of the protein from the
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tumor cells or overexpression of the protein in the tumor cells. The strategy
provides for the identification of epitope-bearing phage clones (phagotopes)
displaying reactivity with antibodies present in sera of patients having ovarian
cancer but not in control sera from unaffected women. This strategy leads to
the identification of novel disease-related epitopes for diseases including, but
not limited to ovarian cancer, that have prognostic/diagnostic value with
additional potential for therapeutic vaccines and medical imaging reagents.
This also creates a database that can be used to determine both the
presence of disease and the stage of the disease.

The series of experiments disclosed herein provide direct evidence
that biopanning a T7 coat protein fusion library can isolate epitopes for
antibodies present in polyclonal sera. This also showed that the technology
can be applied to direct microarray screening of large numbers of selected
phage against numerous patient and control sera. This approach provides a
large number of biomarkers for early detection of disease.

More specifically, the methods of the present invention provide four to
five cycles of affinity selection and biopanning which are carried out with
biological amplification of the phage after each biopanning, meaning growth
of the biological vector of the cDNA expression clone in a biological host.
Examples of biological amplification include but are not limited to growth of a
lytic or lysogenic bacteriophage in host bacteria or transformation of bacterial
host with selected DNA of the cDNA expression vector. The number of
biopanning cycles generally determines the extent of the enrichment for
phage that binds to the sera of patient with ovarian cancer. This strategy
allows for one cycle of biopanning to be performed in a single day. Someone
skilled in the art éan establish differéht schedﬁleé of biopanning that provide
the same essential features of the procedure described above.

Two biopanning experiments are performed with each library
differentially selecting clones between control and disease patient sera. The
first selection is to isolate phagotope clones that do not bind to control sera

pooled from control women but do bind to a pool of disease patient serum.

- This set of phagotope clones represent epitopes that are indicative of the

presence of disease as recognized by the host immune system. The second
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type of screening is performed to isolate phagotope clones that did not bind to
a pool of control sera but do bind to an individual patient's serum. Those sets
of phagotope clones represent epitopes that are indicative of the presence of
disease.

Subsequent to the biopanning, the clones so isolated can be used to
contact antibodies in sera by spotting the clones or peptide sequences of
amino acids containing those encoded by the clones. After spotting on a solid
support, the arrays are rinsed briefly in a 1% BSA/PBS to remove unbound
phage, then transferred immediately to a 1% BSA/PBS blocking solution and
allowed to sit for 1 hour at room temperature. The excess BSA is rinsed off
from the slides using PBS. This step insures that the elution step of
antibodies is more effective. The use of PBS elutes all of the antibodies
without harming the binding of the antibody. Antibody detection of reaction
with the clones or peptides on the array is carried out by labeling of the serum
antibodies or through the use of a labeled secondary antibody that reacts with
the patient’s antibodies. A second control reaction to every spot allows for
greater accuracy of the quantitation of reactivity and increases sensitivity of
detection.

The slides are subsequently processed to quantify the reaction of each
phagotopes. Such processing is specific to the label used. For instance, if
fluorophore cy3-cy5 labels are used, this processing is done in a laser
scanner that captures an image of the slide for each fluorophore used.
Subsequent image processing familiar to those skilled in the art can provide
intensity values for each phagotope.

The data analysis can be divided into the following steps:

1. Pfe—processing and normalization. '

2. ldentifying the most informative markers

3. Building a predictor for molecular diagnosis of ovarian cancer and
validating the results.

The purpose of the first step is to cleanse the data from artifacts and

prepare it for the subsequent steps. Such artifacts are usually introduced in

“-the laboratory-and-include: slide contamination, differential dye-incorporation, - - - -

scanning and image processing problems (e.g. different average intensities
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from one slide to another), imperfect spots due to imperfect arraying,
washing, drying, etc. The purpose of the second step is to select the most
informative phages that can be used for diagnostic purposes. The purpose of
the third step is to develop a software classifier able to diagnose cancer
based on the antibody reactivity values of the selected phages. The last step
also includes the validation of this classifier and the assessment of its
performance using various measures such as specificity, sensitivity, positive
predictive value and negative predictive value. The computation of such
measures can be done on cases not used during the design of the chip in
order to assess the real-world performance of the diagnosis tool obtained.

The pre-processing and normalization step is used for arrays using two
channels such as Cy5 for the human IgG and Cy3 for the T7 control, the
spots are segmented and the mean intensity is calculated for each spot. A
mean intensity value is calculated for the background, as well. A background
corrected value is calculated by subtracting the background from the signal. If
necessary, nhon-linear dye effects can be eliminated by performing .an
exponential normalization (Houts, 2000) and/or LOESS normalization of the
data and/or a piecewise linear normalization (see Figures 7 A-D). The values
coming from each channel are subsequently divided by their mean of the
intensities over the whole array. Subsequently, the ratio between the 1gG and
the T7 channels was calculated. The values coming from replicate spots
(spots printed in quadruplicates) are combined by calculating mean and
standard deviation. Outliers (outside +/- two standard deviations) are flagged
for manual inspection). Single channel arrays are pre-processed in a similar
way but without taking the ratios. This preprocessing sequence was shown to
provide good results for all preliminary data analyzed.

The step of selecting the most informative markers is used to identify
the most informative phages out of the large set of phages started with. The
better the selection, the better is the expected accuracy of the diagnosis tool.

A first test is necessary to determine whether a specific epitope is
suitable for inclusion in the final set to be spotted. The selection methods to

“be applied follow the principles of the methods successfully applied in (Golub
et al,, 1999; Alizadeh et al., 2000) and can be briefly described in the
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following.
Procedure 1

The procedure is initiated defining a template for the cancer case
(Figure 8). Unlike gene expression experiments where the expression level of
a gene can be either up or down in cancer vs. healthy subjects, here one is
testing for the presence of antibodies specific to cancer were tested for.
Therefore, epitopes with high reactivity in controls and low reactivity in
patients are not expected and the profile to the left in Figure 8 is sulfficient.
Each epitope can have a profile across the given set of patients (Figure 9A
and B). The profile of each epitope is compared with the templates using a
correlation-based distance. Those skilled in the art can recognize that the
other distances may be used without essentially changing the procedure.

The epitopes are then ordered based on the similarity between the
reference profile (Figure 8) and their actual profile. Figure 7 shows 46
epitopes found informative for a correlation threshold of 0.8. The final cutoff
threshold is calculated by doing 1000 random permutations once the whole
data set become available. Each such permutation moves randomly the
subjects between the 'patient' and 'control' categories. Calculating the score
of each epitope profile for such permutations allows us to establish a suitable
threshold for the similarity (Golub et.al. 1999).

The technique follows closely the one used in (Golub, 1999). However,
the technique can be further improved as follows. Firstly, this technique was
shown to provide good results if most controls are consistent by providing the
same type of reactivity. However, preliminary data showed that there are
control subjects that show a non-speéific reactivity with all clones (see Figure
1b). While still clearly different from patients'.' Fiéure 8 shows a comparison
between the histogram profile of a control subject showing a non-specific
reaction (19218) with and the profile of a patient (19223). Figure 9 shows the
scatterplots of the same subjects. While still clearly different from patients,
such control subjects with a high non-specific reaction introduces spikes in

the clone profile in the area corresponding to the control subjects (right left

" hand side of the template in Figure 8). Such spikes decrease the score of the - -

relevant clones making them more difficult to distinguish from the irrelevant
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ones. In order to reduce this effect, all control subjects with a non-specific
response (i.e a unimodal distribution such as in the left panel of Figure 7)
were eliminated from the analysis leading to the epitope selection.

A second essential modification is related to the set of epitopes
selected. There are rare patients who might react only to a small number of
very specific epitopes. If the selection of the epitopes is done on statistical
grounds alone, such very specific epitopes can be missed if the set of
patients available contains only few such rare patients. In order to maximize
the sensitivity of the penultimate test resulted from this work, every effort was
made to include epitopes which might be the only ones reacting to rare
patients. In order to do this, the information content of the set of epitopes is
maximized while trying to minimize the number of epitopes used using the
following procedure.

Procedure 2

Assume there are m patients and k controls. Select n random patients
from the m available. For each of the n patients used for epitope selection,
amplify (n x 4 biopannings) and do self-reactions. Eliminate those
patients/epitopes that do not react to self.

Make a chip with all available, self-reacting epitopes printed in
quadruplicates. React this chip with all patients and controls (n + k antibody
reactions). Eliminate controls with a non-specific reactivity. For the set of
epitopes coming from a single patient, apply Procedure 1 to order the
epitopes in the order of their informational content and select the ones that
can be used to differentiate patients from controls.

Order the epitopes by their reactivity in decreasing order of the number
of patients they react to. Scan this list from the top down, moving epitopes
from this list to the final set. Every time a set of epitopes coming from a
patient x is added to the final set, the patient x and all other patients that
these epitopes react to are represented in the current set of epitopes. Repeat
until all patients are represented in the current set of epitopes.

This procedure tries to minimize the number of epitopes used while
maximizing the number of patients that react to the chip containing the

selected epitopes.
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The following example shows how this procedure works using a simple
example. The matrix in Figure 10 contains a row i for the clones coming from
patient i and a column j for the serum coming from patient j. A serum is said
to react specifically with a set of clones if the histogram of the ratios is
bimodal (see subject 19218 in Figures 8 and 9). A serum is said to react non-
specifically if the histogram of the ratio is unimodal (see subject 19223 in
Figures 8 and 9). Furthermore, a serum might not react at all with a set of
clones. If the serum from patient j reacts specifically with the clones from
patient i, the matrix can contain a value of 1 at the position (/, /). The element
at position (i, j) is left blank if the there is no reaction or the reaction is non-
specific.

Each set of epitopes corresponding to a row of the matrix is pruned by
sub-selecting epitopes according to Procedure 1. The rows are now sorted in
decreasing reactivity (number of patients other than self that the clones react
to). For instance, in Figure 11, the clones from patient 2 react with sera from
self (column 2) and patients 4 and 8. The clones from patient 3 react with
sera from self (column 3) and patients 6 and 10, etc. The final set of clones
was obtained from patients 2, 3, 5, 7 and 1 (reading top-down in column 1).
Clones coming from patients 8, 9 and 10 are not included since these
patients already react to clones coming from other patients. This set ensures
that the chip made with these clones reacts with all patients in this example.
Procedure 3

Arrays using two channels such as Cy5 for the human IgG and Cy3 for
the T7 control are processed as follows. The spots are segmented and the
mean intensity is calculated for each spot. A mean intensity value is
calculated for the background, as well. A background corrected value is
calculated by subtracting the background from the signal. The values coming
from each channel are normalized by dividing by their mean. Subsequently,
the ratio between the IgG and the T7 channels are calculated and a
logarithmic function is applied. The values coming from replicate spots (spots

printed in quadruplicates) are combined by calculating mean and standard

deviation. - Outliers - (outside +/- two- standard- -deviations)- are - flagged- for-- - - --

manual inspection. Someone skilled in the art can recognize that various
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combinations and permutations of the steps above or similar could replace
the normalization procedure above without substantially changing rest of the
data analysis process. Such similar steps include without limitation taking the
median instead of the mean, using logarithmic functions in various bases, etc.

The histogram of the average log ratio is calculated. If the histogram is
unimodal (e.g subject 19223 in Figure 7), there is no specific response. If the
histogram is clearly bimodal (e.g. subject 19218 in Figure 7), there is a
specific response. All 25 subjects analyzed so far fell in one of these two
categories or had no response at all. A mixed probability model is used in less
clear cases to fit two normal distributions as in (Lee, 2000). If the two
distributions found under the maximum likelihood assumption are separated
by a distance d of more than 2 standard deviations (corresponding to a p-
value of approximately 0.05), there is a specific response. If the distance is
less than 2 standard deviations, the response can be considered as not
specific. The preliminary data analyzed so far showed a very good separation
of the distributions for the patients.

Once the chosen clones are spotted on the final version of the array, a
number of sera coming from both patients and controls can be tested. These
sera come from subjects not used in any of the phases that lead to the
fabrication of the array (i.e. not involved in clone selection, not used as
controls, etc.). Each test was evaluated using Procedure 3 above. The
performance on this validation data can be reported in terms of PPV, NPV,
specificity and sensitivity. Since these performance indicators are calculated
on data not previously used, they provide a good indication of the
performance of the test for screening purposes for the various categories of
pratientsr envisage in thve general population.

The present invention also provides a kit including all of the technology
for performing the above analysis. This is included in a container of a size
sufficient to hold all of the required pieces for analyzing sera, as well as a
digital medium such as a floppy disk or CDROM containing the software
necessary to interpret the results of the analysis. These components include

~ the array of clones or peptides spotted onto a solid support, prewashing

buffers, a detection reagent for identifying reactivity of the patients’ serum
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antibodies to the spotted clones or peptides, post-reaction washing buffers,
primary and secondary antibodies to quantify reactivity of the patients serum
antibodies with the spotted array and methods to analyze the reactivity so as
to establish an interpretation of the serum reactivity.

A biochip for detecting the presence of the disease state in a patient’s
sera is provided by the present invention. The biochip has a detector
contained within the biochip for detecting antibodies in a patient’s sera. This
aliows a patient's sera to be tested for the presence of a multitude of
diseases or reaction to disease markers using a single sample and the
analysis can be conducted and analyzed on a single chip. By utilizing such a
chip this lowers the time required for the detection of disease while also
enabling a doctor to determine the level of disease spread or infection. The
chip, or other informatics system can be altered to weigh the results. In other
words, the informatics can be altered to adjust the levels of sensitivity and/or
specificity of the chip.

The present invention is well suited for providing useful information
regarding the efficacy of pharmaceuticals at treating disease. Specifically, the
present invention is well suited in measuring the effects of drugs and other
medications based on the above-identified markers. The present invention
determines the minimum level of a pharmaceutical needed to achieve
therapeutic benefits. Thus, the present invention is useful in determining
effective treatment of various diseases and illnesses. The results of the
analysis can be utilized to determine if the treatment is effective or if such
treatment needs to be altered. ‘

7 Further, the treatment can be altered based upon the markers
detected. For exarhple, the treatment can'be specifically deéigned based
upon the markers identified. In other words, the therapy can be altered to
most suitably treat the identified markers, such that the treatment is designed
to most efficiently treat the identified marker. The ability to adjust the therapy
enables the treatment to be tailored to the person being treated’s needs. The

treatments that can be used range from vaccines to chemotherapy.

-~~~ ~The markers of the present invention can also be-used for-immuno-

imaging. Immuno-imaging is a process in which antibodies to a specific
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antigen are labeled such that the label can be detected externally. Examples
of externals detectors include, but are not limited to, x-rays, MRI, CT scan,
and PET scans. The imaging functions because an imaging reagent
containing the labeled antibody is administered to a patient.

The above discussion provides a factual basis for the use of the
combination of markers and method of making the combination. The
methods used with a utility of the present invention can be shown by the

following non-limiting examples and accompanying figures.

Examples:

Example 1:
The purpose of this study is to clone epitopes that are recognized by

sera from women with ovarian cancer but not recognized by normal sera from
unaffected women. As these epitopes are cloned, protein array assays are
developed capable of detecting ovarian cancer at an early stage by analyzing
antigens recognized in the sera of at risk women. Toward this end, individual
sera were screened using these protein biochips to determine the antibody
reactivity to each protein epitope. Antibody reactivity is detected that does
not appear in control sera. The patients and control sera obtained for this
study were used to calibrate the protein biochips and identify the most
informative epitope-clones. The women were monitored for the appearance
or reappearance of antibody reactivity and its correlation with tumor burden.
By following the serum reactivity to tumor reactive new epitopes on the arrays
of the phage display cDNA clones, the analysis of sera from women after their
initial diagnosis and semiannually thereafter allows the determination of the
markers in predicting tumor recurrence. » o

7 Some of the markers can bé pfedictive of recurrence, and thus can be
used to correlate specific ovarian tumor types (using the World Health
Organization Histological Classification of Ovarian Tumors), also the tumor
grade (where appropriate, since not all tumors all graded), and the surgical
stage. This can be done by review of the pathological material (glass slides,
patient records, and surgical pathology reports). Certain currently accepted

included in the new protein biochips in order to compare the sensitivity and
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specificity of the new and existing immunohistochemical technologies.
Testing for Her-2 neu and other biological markers is done by the
immunoperoxidase method using formalin fixed, paraffin embedded tumor
tissues.

For the purpose of comparison to the ovarian cancer patients, one can
analyze serum markers in women in good health who do not have ovarian or
any other type of cancer. These control subjects should not have a family
history of ovarian cancer or breast cancer. Because some serum markers
such as CA125 levels are increased in endometriosis, uterine leiomyoma,
pelvic inflammatory disease, early pregnancy, and benign cysts, control
subjects should be free of these conditions as well.

The series of experiments provides direct evidence that biopanning a
T7 coat protein fusion library can isolate epitopes for antibodies present in
polyclonal sera. This also showed that the technology can be applied to
direct microarray screening of large numbers of the selected phage against
numerous patient and control sera. This approach provides a large number
of biomarkers for early detection of ovarian cancer. The likelihood of success
of this approach is increased by the fact that the mRNA for human Sirt2 is
present in cells at very low abundance in human brain RNA thus indicating
that clones can be isolated for rare RNA transcripts by this approach.

To further demonstrate the feasibility of these methods for differential
detection of epitopes between test and control sera, four cycles of biopanning
of a commercial Novagen breast tumor cDNA library were performed using a
serum sample from a breast cancer patient and a control serum sample from
a woman without cancer. 100 plaques were picked from each biopanning.
Analysis of 100 plaques from the initial library and each successive
biopanning were amplified in microtitre plates and the lysates cleared by
centrifugation.  One half microliter of each sample was spotted onto
nitrocellulose filters and immunodetection performed using the breast cancer
patient serum at 1:20,000 dilution (figure 5). Clear enrichment during

biopanning is seen as was observed above with the anti-Sirt2 rabbit serum.

As ‘seen in figure 6 (using randomly picked plaques from BP 4) the filters™

contacted with the control serum on the left panels demonstrate weaker spot
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intensity as compared to a duplicate filter of the same clones on the right that
was contacted with the patient serum. Approximately 65% of the phage
selected for reactivity to the patient's serum were more than 3-fold more
reactive with the patient’'s serum than with the control serum as determined
by scanning densitometry.

Figure 6A shows a comparison of serum reaction of control and breast
cancer patient with phagotopes from BP4. Figure 6B shows the BP4 filters
that were scanned and the ratio of the pixel densities plotted in rank order.

This experiment demonstrates that one can differentially detect the
epitopes for which the process is selecting, i.e. those bound to protein G-
agarose beads in association with antibodies in the patient’s serum and not
the control serum. Someone skilled in the art can recognize that other solid
supports for biopanning could replace the protein-G beads without
substantively changing the biopanning process. These data also indicate that
the selection is imperfect. Not all of the selected phagotopes are more
reactive with the patient's serum that the control serum. Therefore, the
identification of the most informative phagotopes requires analysis of the
reactivity with multiple, individual patients’ sera tested at various serum
dilutions.

The immune reactivity to human tumors recognizes changes in the
expression levels and mutation status of proteins in the tumor cells. These
types of immunological reactivity are not observed in sera from control
subjects. The antibody titer to tumor specific epitopes can be proportional to
the tumor burden. The immune reactivity to human tumors can be used
diagnostically and prognrostiicrally to predict the presence and behavior of
rhuman turﬁors such as tumor recurrence. Serum reactivity o single proteins
tends to incompletely identify tumor bearing patients and therefore more
robust methods are necessary to accurately identify tumor occurrence and
recurrence. Whole genome-based proteomics such as the technology and
data analysis methods embodied in the application can more
comprehensively identify those proteins recognized by the host immune
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Those of skill in the art are familiar with the construction of cDNA
libraries and there are numerous published numerous papers on isolation of
cDNAs from human cells in culture using this technology (Chiao, et al., 1992;
shin et al., 1993; Buettner et al., 1993; Kim et al., 1996; Deyo et al., 1998;
Bauer et al 1998). cDNA libraries can be prepared from ovarian cancer cell
lines or from ovarian tumor tissue. Tumor tissue cDNA library can be
prepared from a pool of mMRNA preparations from each of the different stages
of cancer to increase the diversity of clones in the library.

METHODS

mRNA from one ovarian cancer cell line, SKOV3 and ovarian tumor
tissues, was copied into cDNA and libraries prepared. Tumor tissue in excess
of that needed for pathological evaluation was obtained by informed consent
from ovarian cancer patients.

Sera was obtfained from 1) ovarian cancer patients at the time of
diagnosis and at six month intervals during the follow up physician visits; 2)
unaffected women for control sera.

T7 cDNA phage display expression libraries are prepared for
biopanning experiments, to select phage bearing epitopes ie phagotopes that
are recognized by sera from women with ovarian cancer but not recognized
by normal sera from unaffected women. For the biopanning process, sera
from women in the control group was pooled to avoid individual variations
unrelated to the presence of ovarian cancer.

The selection of the most informative epitopes was done by comparing
the immune reaction profile of each individual epitope with templates defined
for each disease stage. Several distances and information entropy measures
were used. Several predictors were constructed based on three selected
machine learning techniques using only a part of the available data.
Specificity, sensitivity, positive predicted value and negative predicted value
were calculated for each such classifier. The validation of the predictors and
the selection of the best predictor was done by cross-validation on cases that
have not been used during the predictor construction.

"~ For example, to develop an effective screening test for early detection

of ovarian cancer, cDNA phage display libraries were used to isolate cDNAs
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coding for epitopes reacting with antibodies present in the sera of patients
with ovarian cancer. Screening of T7 phage cDNA library with serum
containing polyclonal antibodies against a known protein, leads to the
enrichment of one particular phage clone (which displays the peptide
sequence recognized by the antibody on its coat) after several rounds of
biopanning. Serum containing polyclonal antibodies were raised against a C-
terminal 12 amino acid peptide from the human homologue of the yeast
SIRT2 protein and screened against a T7 phage human brain cDNA library.
This Iibrary was used because the Sirt2 transcript is expressed in human
brain. Preimmune rabbit serum was bound to protein-G agarose beads and 6
x 10" phage were added to the beads. The unbound phage were then
bound to protein-G agarose beads to which the Sirt2p antibody was
previously bound. The nonspecifically bound phage were washed away with
PBS and the specifically bound phage eluted with 1% SDS. T7 phage is
stable in this solution. These phage are diluted to reduce the SDS
concentration and used to infect bacteria for amplification and another cycle
of biopanning. Table 1 shows the value of the titer of the T7 phage library
after each cycle of biopanning. This table reveals that the titer of the eluate
after each round of biopanning increased with each successive cycle of
antibody selection.

E.coli BLT5615 infected with amplified phage library after biopanning
1-4 were plated onto LB-Agar plates and plaque lifts were performed for all
the individual plates. The plaque lift filter membranes were then hybridized
with a P*-labeled Sirt2 cDNA probe. The percentage of positive plaques
(number of positive plaques/total number of plaques x 100) as determined for
each plates labeled BP1—4, Figure 1 Vincreasred with earch successive cycle of
biopanning. For BP1 and BP2 the percentage of positive plaques was
negligible. For BP3 and BP4, percentage of positive plaques was 1.7% and
8.6% respectively.

In order to confirm that those positive plaques contain phage clones

displaying the peptide sequence of Sirt2, 50 plaques were randomly picked

‘up and PCR amplified each ‘insert"using T7 ‘coat protein forward primer

(S TCTTCGCCCAGAAGCTGCAG3') and T7 coat protein reverse primer
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(5'CCTCCTTTCAGCAAAAAACCCCS’). Filter hybridization was performed
using the same Sirt2 cDNA probe as above. As shown in Figure 2, 7 out of
50 plaques (14%) hybridized to the Sirt2 probe, a frequency similar to that
observed in the plaque lifts. Plaques positively reacting with the Sirt2 probe
were picked and also hybridized on Southern Blots of PCR product.

Sirt2 positive plagues (upper two rows) and Sirt2-negative plagues
(lower two rows) were chosen and 1 pl (pfu indicated at left) of each amplified
phage clone was spotted onto the nitrocellulose membranes which were then
treated as if they were standard immunoblots using the rabbit polyclonal Sirt2
antibody (right panel) or a mouse monoclonal antibody to the T7 capsid
protein (left panel). The rabbit polyclohal antibody provides a sample for
testing as if it were a patient’s serum using the Sirt2 protein as a model. The
Sirt2 antibody in the rabbit polyclonal serum reacted specifically with the Sirt2
phage. The identity of the phage was confirmed by direct PCR sequence
analysis of the cDNA inserts in two independent Sirt2 positive phage. Thus
phage expressing the epitope to which the antiserum was directed were
isolated and distinguished from other phage.

Microarrays were spotted using Sirt2 T7 clones and other T7 clones
that do not express Sirt2. These arrays were used to analyze a mixture of
Cyb-labeled (red) rabbit Sirt2-immunized serum and Cy3-labeled (green) T7
coat protein antibody (Novagen) added to the pre-immune rabbit serum. The
scanned two-color image clearly shows specific detection of the Sirt2-
expressing T7 clones by the anti-Sirt2 antibody. The Sirt2 expressing clones
appear yellow because they bind both the red-labeled antibody to a rabbit
immunoglobulin G protein and the green-labeled anti-T7 capsid 10B antibody.
The nbn-SirtZ-expreséing T7 bloné aré greren as they only bind to the Cy3-
labeled anti-T7 antibody. This development of detection of protein epitopes in
bacteriophage bodes well for the applicability of phage arrays to the detection
of low abundance species and weak binders. The spots in the image are
approximately 100 microns in diameter.

The following is an example of the preparation of a tumor reactive

- cDNA -expression flibrary: - ‘Ovarian cancer cells" were grown in” monolayer

culture. Cells or fresh tumors from patients were lysed by the addition of 3 ml
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of TRIZOL reagent and the homogenized sample was incubated for five
minutes at room temperature. Chloroform, 0.6 ml, was added and the
mixture was shaken vigorously for 15 seconds and then incubated at room
temperature for 2-3 minutes. The extract was centrifuged at 12,000 X g for
30 minutes at 4°C. Following centrifugation, the mixture was separated a
lower red, phenolchloroform phase, an interphase, and a colorless aqueous
phase. Aqueous phase was transferred to a fresh tube and total RNA was
precipitated by adding 1.5 ml of isopropanol. The mixture was incubated at
room temperature for ten minutes and was centrifuged at 12,000g for 30
minutes at 4°C. The supernatant was discarded and the RNA pellets were
washed by adding 3 ml of 75% ethanol. The samples were centrifuged at
14,000 x g for 15 minutes. The RNA pellet was air-dried and was dissolved in
RNase-free water.

mRNA was isolated from total RNA following Oligotex mRNA spin
column protocol. Total RNA, 0.5 mg, was dissolved in 500 pl of RNase-free
water and 500 ul of binding buffer and 30 pl of Oligotex suspension was
added. The contents were mixed thoroughly, incubated for three minutes at
70°C in a water-bath, and then at room temperature for 10 minutes. The
OligotexxmRNA complex was pelleted by centrifugation for 2 minutes at
14,000 x g and the supernatant was discarded. The OligotexmRNA pellet
was resuspended in 400 pul washing buffer by vortexing and pipetted onto a
spin column placed in a 1.5 ml microcentrifuge tube. The samples were
centrifuged at maximum speed for one minute and the flow-through
discarded. The spin column was transferred to a new RNase-free 1.5 mi
microcentrifuge tube. Elution buffer at 70°C was then added to the column.
Poly (A)" mRNA was elufed, quan'titaited by UV spectroscbpy and the process
of poly A selection repeated one more time to further reduce contamination
with ribosomal RNA. Twice poly A selected mRNA was stored at -70°C for
use in library preparation.

Novagen’s OrientExpress cDNA Synthesis and Cloning systems were
used for the construction of ovarian cancer cDNA T7 phage libraries. For

- -first-strand-cDNA-synthesis, OrientExpress Random’ Primer Systerii was used

to ensure representation of both N-terminal and C-terminal amino acid
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sequences.

Ten ml of LB/carbenicilln medium were inoculated with a single colony
of BLT5615 from a freshly streaked plate. The mixture was shaken at 37°C
overnightt: Ten ml of the overnight culture was added to 90 ml of
LB/carbenicillin medium and was allowed to grow until ODgg reaches 0.4-
0.5.IPTG (1mM), M9 salts (1X) and glucose (0.4%) can be added and the
cells were allowed to grow for 20 minutes. An appropriate volume of culture
was infected with phage library at MOI of 0.001-0.01 (100-1000 cells for each
pfu). The infected bacteria were incubated with shaking at 37°C for one to
two hours until lysis is observed. Glycerol (0.02%), PMSF (0.02M) was added
to the cell lysate to block proteolysis of the capsid fusion proteins. The phage
were centrifuged at 8000 x g for 10 minutes. The supernatant was collected
and was stored at 4°C. The lysate was titered by plaque assay under
standard conditions. The libraries are stored after purification by
polyethylene-glycol precipitation and ultracentrifugation through a stepwise
CsCl gradient.

Using this approach, applicants have constructed the first library.
Using twice poly A selected mRNA from SKOV3 cells a T7 select cDNA
library was prepared containing 1.8 X 10" initial plaques after packaging. This
representation is comparable to the clonal representation of the commercial
libraries purchased. This library has been amplified and stored in aliquots in
two -70°C freezers.

Patients’ sera were obtained from multiple institutions for this project.
Three outside institutions have agreed to provide ovarian cancer patient sera
and the associated medical record information in anonymized form. Dr.
Steven Witkin from the Weill Medical College of Cornell 'Univeréity providéd
46 patient serum samples and 27 controls. Dr. Karen Lu from the M.D.
Anderson Cancer Center can provide 60 serum samples. Dr. David Fishman
from the Northwestern University Comprehensive Cancer Center provided 35
serum samples of patients who have been followed from time of diagnosis.

The ideal sera for the clone biopanning studies come from women just

- before-or after-surgery and -prior-to-chemotherapy:- -Fellow-up-sera were - -

obtained after chemotherapy and are important to determine whether the
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penultimate protein array technology can detect tumor recurrence.

In addition, a supply of tumor tissue was required for the preparation of
mMRNA for ¢cDNA library production and gene expression studies using
samples from patients. This tissue was harvested within 20 minutes of
surgical excision from the patients. This requires the coordinated effort of the
gynecologic surgeons and pathologists. Patients at the time of their original
surgery or prior to chemotherapy were accrued for serum collection. If tumor
tissue is available in excess of that needed for routine pathologic evaluation,
that tissue was used for RNA preparation for mRNA expression studies
associated with this study. Sections from tissue blocks were also acquired for
the purpose of expression studies of proteins in the patients’ tumors. Patients
at follow up visits to the OB/GYN clinics were also subjects for serum
acquisition. These latter patients can be at a time of recurrence or not. This
allows the observation of the reappearance of serum markers in the event of
tumor recurrence. Serum was obtained from eligible patient-subjects during
scheduled clinic visits. The initial serum acquisition occurs prior to surgery, if
possible, or if post surgery, prior to chemotherapy. A single red top 7cc vial of
blood was obtained during normal phlebotomy and the serum isolated after
clotting. Serum continues to be collected from these patients during follow up
visits for up to five years or until ovarian cancer recurrence. Tumor tissue in
excess of that required for pathological analyses were acquired at the time of
surgery for the preparation of tumor RNA needed for antibody screening.
Unaffected volunteers (controls) were be recruited through community |
outreach activities. |

THE BIOPANNING PROCESS

Steps in the Biopanning Process:

Affinity selection with sera from normal individuals: Twenty-five ul of
Protein G Plus-agarose beads were taken in 0.6 ul eppendorf tube and were
washed two times with 1X PBS. Washed beads were blocked with 1% BSA
at 4°C for one hour. The beads were then incubated at 4°C for one hour with
250 pl of pooled sera at a dilution 1:20 from 20 control women. After three
-hours of incubation, beads were washed-three times with 1X PBS and then
incubated with phage library (~10'" phage particles). After incubation, the
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mixture was centrifuged at 3000 rpm for two minutes to remove phage
nonspecifically bound to the beads and the supernatant (phage library) was
collected for immunoscreening.

Fresh protein G Plus agarose beads were placed into a 0.6 ml
eppendorf tube and were washed two times with 1X PBS. Washed beads
were blocked with 1% BSA at 4°C for one hour. The beads were then
incubated at 4°C for three hours with 250 pl of sera at a dilution 1:20 from
patients with ovarian cancer. After this incubation, the beads were washed
three times with 1X PBS and were incubated with phage library supernatant
from above (termed as Biopanning 1 (BP1)) collected for immunoscreening at
4°C for overnight (shorter times of incubation have not proven successful
using model antibody systems). After incubation, the mixture was centrifuged
at 3000 rpm for two minutes and supernatant can be discarded. Beads were
washed three times with 1X PBS. To elute the bound phage 1% SDS was
added to the washed beads and the mixture was incubated at room
temperature for ten minutes. The bound phage were removed from the
beads by centrifugation at 8000 rpm for seven minutes. Eluted phage were
transferred to liquid culture for amplification (100 pl elution to 20 ml culture).
Four rounds of affinity selection and immunoscreening was carried out with
amplified phage obtained after each biopanning. The number of biopanning
cycles generally determines the extent of the enrichment for phage that binds
to the sera of patient with ovarian cancer. This process allows for one cycle
of biopanning to be performed in a single day.

in the past serum markers have been identified using SEREX
technology that detected only a few gene products at a time. The biopanning
approach dévelopédican isolate large numbers of target epitopes. These
epitopes are displayed on the surface of bacteriophage as in-frame fusion
proteins with the T7 phage capsid protein and can be analyzed in large
numbers by arraying the selected phage on filter paper or glass slides (protein
microarrays). The method isolates large numbers of phage that react with
antibodies from pooled patient sera but not with normal sera.

- The titer -of the-T7-phage ‘library- obtained -after-amplification of each-
Biopanning (BP1-4) eluate was determined by plaque assay. E. Coli BLT

PCT/US2006/005830
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5616 were infected with the primary unamplified phage from biopanning
(BP3-4) and plaqued to limiting dilution onto LB/carbenicillin plates (150mm x
15 mm petri dish) so that sufficient numbers of single plaques can be isolated
to obtain 12 X 96 well plates for arraying. The plates were incubated at 37°C
for 3-4 hours until the plaques are visible and then picked for amplification in
the 12 X 96 well plates. After two hours, lysis of the host bacteria occurs in
the wells of the 96-well plates. One well of each plate was uninfected as a
control. Five 96 well plates of 200 pl phage lysates are clarified by
centrifugation of the phage. The phage were cleared by whole plate
centrifugation before robotic spotting in triplicate onto filters or glass slides.
Excess reactivity in the surface area of the slide not spotted with phage is
blocked using BSA, 1% solution in PBS for 60 minutes, followed by washing
in water three times. After blocking the arrays on glass slides or filters were
blocked with 1% BSA in PBS and incubated with a various dilutions of each of
the individual controls and patient’s sera spotted in triplicate or more for each
dilution of serum. Serum antibodies binding to recombinant proteins
expressed in the surface of the T7 bacteriophage were detected by incubation
a Cyb-labeled anti-human IgG goat antiserum and visualized and quantified
using GenePix and ImaGene software in a 4000B array scanner (AXON
Instrument). As positive control for each spot a Cy3-labeled antibody for the
T7 capsid protein was used. The ratio of the fluorescence intensity for the
human antibodies were normalized to the T7 capsid antibody reactivity. Initial
testing of phage solutions were performed on a spotting robot.

The optimal number of subtractive biopannings for each serum sample
is determined by picking individual phage clones, and then testing the
antibody reacti\)ity for the sérum used ih fhe biobanningvagainst those clones,
(referred to as its self reaction). Plates of 96 clones were picked for each
patient’s biopanning at cycles 3, 4, and 5 which were then tested for the
binding of the phage clones to antibodies in that serum, in a “self-reaction”.
Antibody binding is detected by spotting the filters with a 96 pin head on a
Biomek robot or detected on glass slides of microarrays of phagotopes. The

filters are then-treatedlike-a-western blot by blocking with 1% d ry milk powder
in PBS and adding diluted serum. After rocking for 2 hours the filter is
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washed and reacted with an anti-human IgG antibody link to horseradish
peroxidase (HRP) and detected by ECL. From the clones isolated from one
patient, (designated patient #1) a total of 480 plaques were picked from that
serum at biopanning 4. Biopanning four was chosen because about 35% of
the clones bound antibodies from that patient’s serum. Serum reactivity of
the phagotopes with the patient’s serum was detected at a 1:10,000 dilution
indicating a very high titer of the IgG molecules that react with the epitopes
(self reaction with 480 clones). Reactivity to these clones is detected at
similar dilutions using the clones arrayed on glass slides as an alternative
solid support.

When the serum reactivity with other patients (non-self reactions) was
analyzed using replicates of the robotically spotted filters, reactivity was found
in some patients again at a dilution of 1:10,000 (Figure 1b). Other patients
required a 1:3000 dilution of the serum for detection of the reactive clones
Table 1). Patients #23 reacted quite strongly while patient #16 reacted more
weakly (Figure 1b and Table 1). Positivity was scored only when 3 out of 3 of
the triplicates have similar intensity. In the subtractive biopanning scheme
plaques binding to normal serum proteins nonspecifically were removed by
loading protein-G beads with a pool of control sera. One can detectpositive
reaction on filters spotted with phage epitope clones on filter 13 of 21 other
patients using 153 reactive clones of the original 480 clones. Filters were-
tested with control sera not used in the initial subtractive step, and 5 of the 8
controls showed no reaction to the 480 phage on the filter arrays while a non-
specific and even pattern of reactivity to all clones (without the typical

triplicate pattern) was observed using 3 of the 8 different control sera (Table

1).

PCT/US2006/005830
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Patient's sera

# of phage Patient #1 BP4 clones reacted with

each patient's sera at indicated dilution

1: 10000 1:3000
PATIENT 1 153 (self reaction)
PATIENT 2 None 142
PATIENT 16 NS
PATIENT 20 70
PATIENT 23 137
PATIENT 29 NS
PATIENT 30 NS
PATIENT 33 NS
PATIENT 35 NS 72
PATIENT 37 None 120
PATIENT 01- 056 NS
PATIENT 01- 060 None 61
PATIENT 00- 007 NS
PATIENT 01- 108 NS
PATIENT 01- 045 NS
PATIENT 42501 40
PATIENT 400162 120
PATIENT 40036 Mostly NS
PATIENT 42780 85
PATIENT B755 NS
PATIENT 40015 NS
PATIENT 075 119
PATIENT 015 155
PATIENT 035 NS
PATIENT 007 114
PATIENT 005 133
PATIENT 083 150
PATIENT 054 92
PATIENT 064 NS
PATIENT 065 NS

NS indicates Non-Specific reaction only: None indicates No reaction detected.
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The filter arrays are incubated with a patient’s serum (pretreated with
150 pg of bacterial extract to block nonspecific reactions with E. coli proteins
for 2 hours at 4°C) at various dilutions for 1 hour at room temperature.
Bacterial extracts are used because some patients have antibodies to
bacterial protein, and therefore pre-treatment with extracts of E. coli proteins
blocks the nonspecific antibodies to bacterial protein present in the patient’s
serum. The membranes are then washed three times with TBST (0.24%
Tris, 0.8% NaCl, and 1% Tween-20) for 15 minutes each. After washing is
completed, the membranes are incubated with secondary antibody, goat-anti
human IgG-HRP conjugated (Pierce) at 1:5000 dilution for 1 hour at room
temperature. The membranes are again washed three times with TBST 15
minutes each. Finally, membranes are developed with Supersignal West
Pico chemiluminescent substrate (Pierce) and the images were captured on a
Kodak film. |

Phagotope Microarrays on Glass Biochips Preparation of
arrays Phage lysates are prepared as above. Phage lysates (usually five
06 well plates) from BP4 are transferred to 384-well plates, each lysate
spotted in quadruplicate, using 10 pl per well. A robotic microarrayer is used
to spot the phage in an ordered array onto FAST™ slides (Schleicher &
Schuell) at a 350 um spacing using 4 steel Micro-Spotting Pins. The arrays
are dried overnight at room temperature.

Preparation of fluorescent antibody probes T7 monoclonal
antibody and goat anti-human IgG are purchased from Novagen and Pierce
respectively. Monofunctional NHS-ester activated Cy3 and Cy5 dyes are
purchased from Amersham (PA33001 and PA35001). The antibodies are
labeled in pH 8.0 sodium carbonate buffer as per the instructions from the
manufacturer. Briefly, 100 pl of the protein solution with 5 pl of coupling
buffer is transferred to the vial of reactive dye and mixed thoroughly. The
reaction is incubated in the dark at room temperature for 30 minutes with
additional mixing approximately every 10 minutes. The reaction solutions are

then loaded into the gel filtration columns to separate the labeled protein from

‘non-conjugated dye. ' T7 -antibody is labeled-by Cy3 and anti-human-lgG is -

labeled by Cy5, respectively. The labeled protein is eluted and stored at 4°C

PCT/US2006/005830
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for future use. Reversing the dye-labeling scheme of the antibodies does not
affect the results. The advantage of this strategy is that the same reagents
were used on every phagotope array and the only variable is the patient’s
serum and therefore variations in labeling efficiency are not a factor.

Detection of fluorescent antibody probes  The arrays are rinsed
briefly in a 1% BSA/PBS to remove unbound phage, transferred immediately
to 1% BSA/PBS as a blocking solution, and then incubated in this blocking
solution for 1 hour at room temperature. The excess BSA is rinsed off from
the slides using PBS. Without allowing the array to dry, 2 ml of PBS
containing human serum at a dilution of 1:10,000 is applied to the surface in a
screw-top slide hybridization tube. Multiple dilutions are tested per patient to
obtain optimal detection. The arrays are incubated at room temperature for 1
hour with mixing. The arrays are rinsed in PBS to remove the serum, and
then washed gently three times in PBS/0.1% Tween-20 solution 10 minutes
each. All washes are performed at room temperature. After removing Tween-
20 using PBS, the arrays are incubated with 2 ml of PBS containing Cy3-
labeled-T7 anti-capsid antibody at a dilution of 1:50,000 and anti-human IgG
labeled with Cy5 at a dilution of 1:10,000 as probes for 1 hour in the dark.
The incubation solution is mixed every 20 minutes. Three washes are
performed using PBS/0.1% Tween-20 solution with 10 minutes each. The
array is then rinsed with filtered ddH,O twice and dried using a stream of
compressed air.

Analysis Phagotope Microarrays The arrays are scanned in an
Axon Laboratories scanner (Axon Laboratories, Palo Alto, CA) using 532 nm
and 635 nm lasers. The ratio of anti-T7 capsid and arnti-hruman IgG is
determined by comparing the ﬂuorescence intensiﬁes irn the Cy3- and Cy5-
specific channels at each spot. The location of each spot on the array is
outlined using the image processing software. The background, calculated as
the median of pixel intensities from the local area around each spot, is
subtracted from the average pixel intensity within each spot. This normalized

reactivity is entered into a database for analysis.

- - The information-in-this database can be analyzed in order to: i) select =

the most informative epitopes and ii) develop into a diagnostic test for tumor
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occurrence in high-risk women or tumor recurrence in women previously
treated for ovarian cancer. The gene products-thusly identified can provide
insight into molecular changes recognized by the host immune system.

The human antibodies reacting at each spot are detected with Cy5-
labeled human serum antibodies. The normalization of the fluorescence at
each spot is compared to a reaction with a Cy3-labeled antibody to the T7
phage capsid protein. Only a small fraction of the phage capsid protein is
substituted with the in-frame fusion of the human cDNAs of the library. The
majority of the capsid protein is produced by the host bacterium from an
episomic T7-capsid gene. Therefore the majority of the each capsid protein
is wild-type and can react with the anti-capsid antibody. An example of a Cyd
labeled anti-human IgG reacting with 1gG in patients #1 serum bound to
clones biopanned using patient #1 serum is shown in Figure 6c.

The data analysis proceeds according to the following steps:

4. Pre-processing and normalization.

5. ldentifying the most informative markers

6. Building a predictor for molecular diagnosis of ovarian cancer and
validating the results.

The pre-processing and normalization step is used for arrays using two
channels such as Cy5 for the human IgG and Cy3 for the T7 control. The
spots are segmented and the mean intensity is calculated for each spot. A
mean intensity value is calculated for the background, as well. A background
corrected value is calculated by subtracting the background from the signal. [f
necessary, non-linear dye effects can be eliminated by performing an
exponential normalization (Houts, 2000) and/or a piece-wise linear
normalivzation ofrthe data obtained in the first round. The exponential
normalization can be done by calculating the log ratio of all spots (excluding
control spots or spots flagged for bad quality) and fitting an exponential decay
to the log (Cy3/Cy5) vs. log (Cy5) curve. The curve fitted is of the form:

y = a+ b* exp(-cx)

where a, b and ¢ are the parameters to be calculated during curve fitting.

~Once the curve is fitted, the values-are ‘normalized by-subtracting the fitted-log- -

ratio from the observed log ratio.

PCT/US2006/005830
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This normalization has been shown to obtain good results for cDNA
microarrays but it relies on the hypothesis that the dye effect can be
described by an exponential curve. The pisce-wise linear normalization can
be done by dividing the range of measured expression values into small
intervals, calculating a curve of average expression values for each such
interval and correcting that curve using piece-wise linear functions.

The values coming from each channel are subsequently divided by the
mean of the intensities over the whole array. Subsequently, the ratio between
the 1gG and the T7 channels was calculated. The values coming from
replicate spots (spots printed in quadruplicates) are combined by calculating
mean and standard deviation. Outliers (outside +/- two standard deviations)
are flagged for manual inspection). Single channel arrays are pre-processed
in a similar way but without taking the ratios. This preprocessing sequence
was shown to provide good results for all preliminary data analyzed.

The step of selecting the most informative markers is used to identify
the most informative phages out of the large set of phages started with. The
better the selection, the better is the expected accuracy of the diagnosis tool.

A first test (Procedure 1 disclosed above) is necessary to determine
whether a specific epitope is suitable for inclusion in the final set to be
spotted.

Procedure 2 is used to maximize the information content of the set of
epitopes while trying to minimize the number of epitopes used using the
following procedure.

The arrays used in this example, (using two channels such as Cy5 for
the human 19G and Cy3 for the T7 control) are processed as follows. The
spots are segmented and the mean intenéity is calculated for each spot. A
mean intensity value is calculated for the background, as well. A background
corrected value is calculated by subtracting the background from the signal.
The values coming from each channel are normalized by dividing by their
mean. Subsequently, the ratio between the IgG and the T7 channels are
calculated and a logarithmic function is applied. The values coming from
replicate spots (spots- printed- in-quadruplicates) are combined ‘by calculating

mean and standard deviation. Outliers (outside +/- two standard deviations)
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are flagged for manual inspection.

The histogram of the average log ratio is calculated. If the histogram is
unimodal (e.g subject 19218 in Fig. 13), there is no specific response. If the
histogram is clearly bimodal (e.g. subject 19223 in Fig. 13), there is a specific
response. All 25 subjects analyzed so far fell in one of these two categories or
had no response at all. The preliminary data analyzed so far showed a very
good separation of the distributions for the patients.

Once the chosen clones are spotted on the final version of the array, a
number of sera coming from both patients and controls can be tested. These
sera come from subjects not used in any of the phases that lead to the
fabrication of the array (i.e. not involved in clone selection, not used as
controls, etc.). Each test was evaluated using Procedure 3 above.

Building the predictor

A number of machine learning and statistical techniques have been
considered for this task. The following algorithms were tested: CN2 (Clark,
1989), C4.5 (Quinlan, 1993; Breiman et al., 1984), CLEF 1998), 4.5 using
classification rules (Quinlan, 1993), incremental decision tree induction (ITI)
(Utgoff, 1989; quantization (LVQ) (Kohonen, 1988; Kohonen, 1995), induction
of oblique trees (OC1) (Health and Salzberg, 1993; Murthy, 1993), Nevada
backpropagation (NEVP); Rumelhart et al, 1987), Constraint Based
Decomposition (Draghici, 2001), k-nearest neighbors with k=5 (K5), Q* and
RBF’s (Musavi et al., 1992; Poggio and Girosi, 1990).

The generalization abilities and the reliability of these techniques have
been tested extensively on various problems and data sets from the UCI
machine learning repository (Blake et al., 1998). This repository contains a
large collection of mostly real world data from a large variety of domains
(including biological and medical), and constitutes a benchmark on which
various algorithms and techniques can be tested.

Table 2 presents the accuracies obtained by these techniques on the
selected problems. Table 3 presents the standard deviation of each such
algorithm on the same problems. Based on these tests applicant decided to
start the tests by using constraint based decomposition (CBD), radial basis.. .
functions (RBFs) and decision trees (C4.5) as the three main candidates.
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The CBD was selected because it offers a high reliability across multiple trials
(lowest standard deviation) and a good accuracy (second best). Furthermore,
the CBD algorithm can also produce a logical expression describing the
classifier produced. Such expressions allow one to understand the relative
importance of various epitopes. The decision trees have been selected
mainly because they can be mapped into logical expressions that can be
compared to the one produ.ced by the CBD. RBFs construct clusters by
placing high dimensionality Gaussian functions on groups of given data points
(one data point can be a set of expression values corresponding to a protein
chip). This technique calculates automatically the number of clusters, their
orientation (the eigenvectors of the correlation matrix of the expression
vectors) and their widths. RBFs were expected to perform much better than k-
means clustering and the other techniques already used in this context
because RBFs avoid guessing (e.g. k in k-means clustering). Furthermore,
extracting a model from the trained RBF architecture is straightforward.
Again, this model can be compared with the models provided by the CBD and
C4.5
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DATASE|C4.5]C4.5r] [Tl [LMD|CN2[ LVQ [ OC1 [NEVP| K5 | Q* [RBF|CBD
T T
GLASS |70.2(67.96|67.4|60.5|70.2|60.69|57.72|44.08(69.0(74.7|69.568.3
3 9|93 9| 8| 4|7
IONOSP|91.5(91.82(93.6(86.8(90.9|88.58(88.29| 83.8 |85.9(89.7(87.6[88.1
HERE | 6 5|98 1 7
LUNG |40.1|39.84]38.4(55.437.1|55.71|54.28|33.12[68.5| 60 [65.7| 60
CANCE | 7 719 |7 4
R
WINE |91.0 91.9 [91.0[95.4|91.0| 68.9 |87.31|95.41|69.4|74.3|67.894.4
9 9 9 9|5 7|4
PIMA |71.0|71.55|73.173.5|72.1|71.28| 50 |68.52|71.3]68.5/70.5/68.7
INDIAN | 2 6 |19 7 7| 2
S
BUPA |65.1|65.39| 63 |71.5|64.3|64.13|65.57|77.72]66.4|61.4/59.8|62.3
4 4 11 33|52
TICTAC |83.5(99.17|92.8|89.6|98.1|65.61|78.56(96.91|84.3(65.772.1{75.1
TOE | 2 9 |18 2 9
BALANC|64.6|75.01|76.7|93.2|80.8|89.54| 92.5 |91.04(83.9]69.2(89.0(90.0
E 1 6 (719 61|68
IRIS  |91.6]91.58]91.2|95.4|91.992.55(93.89|90.34|91.9]92.1(85.6 | 96
5|5 | 2 4 4
700  |90.2| 90 |90.9(96.6|91.9(91.42(66.68(92.86(67.6|74.9] X [94.2
7 301 |1 4 | 4 9
AVG  |75.9|78.42(77.8|81.8|78.8(74.84|73.48|77.38(75.8|73.0[74.2|79.7
2 714109 717125

Table 2 shows a comparison of several classification techniques. The

table presents the accuracies obtained in various problems from the UCI

machine learning respiratory. Each accuracy is the average of 10 trials.
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DATA- |C4./C4.5| ITI |LMD|CN2|LVQ|OC1|NEV| K5 | Q* |RBF|CBD

SET 51 r T =

GLASS [7.236.28(7.96|11.2/8.34(10.2| 9.1 |6.29|7.81|6.98|7.352.08
5 4

IONO- [2.82/2.58(2.71|3.51(3.29|3.36|2.21(3.81(4.14| 4.7 |6.45|2.56

SPHER

E

LUNG [14.218.9(13.5|32.2(13.7|12.4[17.5(14.8([11.9|18.6(16.2(12.6

CANCE 2 | 2 9| 8|3 |3|6 7

R

WINE 5.84/5.09|6.24|5.2216.11|4.8418.45|2.22(6.86|6.64|5.16|1.96
PIMA |2.1]3.92|2.16| 4.3 |2.36|4.46|22.4|3.19|3.67|8.19|2.39|3.02
INDIAN
S
BUPA |5.74/6.05|4.23(6.63|7.99|7.14|8.45|11.9(7.22|4.25|7.92|2.05

TICTAC 2.44/1.0512.38|8.79{0.95(2.9915.88|1.32| 2.7 |3.16|3.35|9.43
TOE
BALANC3.35/3.98| 3 [2.95|3.38/4.39|2.07|7.12|7.53|19.0|2.38|3.03

E 9
IRIS 5.09/5.09/4.81/4.71|5.95|3.73|4.68|7.45| 4.1 |5.28/27.3|4.35
7
700 [7.597.24|6.11|1.56|5.95|6.26|30.3|4.62{20.0{23.8| X |2.13
6 3

AVG 5.64/6.02|5.31(8.115.81|5.98|11.1/6.28{7.60|10.0/8.73|4.32

Table 3 shows a comparison of several classification techniques. The
table presents the standard deviations obtained in a set of 10 trials on various
problems from the UCI machine learning repository.

Furthermore, one can also implement and try the predictors used in
B A(Gohj"b et al,1999)and (Aliiédeh et al,, 2060) which were shown to work well

in cancer diagnosis problems similar to applicants. The selection of the final
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predictor was based on the validation results obtained in the last step of the
data analysis.
Validating the predictor

In order to validate the predictors, the classical method of cross-
validation was used (Breiman et al., 1984). The idea behind cross-validation
is that the predictor is tested, not based on its abilities to simply memorize the
data presented during the training, but based on its abilities to generalize the
knowledge acquired during the training to previously unseen cases. For this
reason, the predictor must be checked on data that belongs to the same
distribution but was not used during the trairﬁng. This can be implemented in
several ways depending on the number of examples available. If only few
examples (such as stage | patients, ~40 total) are available, reducing the size
of the training set even further by setting patterns aside for generalization
testing could jeopardize the training. In such cases, the algorithm is used with
only n-1 of the n available patterns and tested on the remaining one. This is
done n times, each time leaving out a different pattern. An average is
calculated over the n experiments. This is known as the leave-one-out
method. If more patterns are available, the pattern set can be divided into n
different subsets of patterns. Then one subset can be left out of the training
and used to test the generalization. Again, the value reported is an average
of the n trials performed leaving out each of the n subsets. This method is
known as n-fold cross validation. Finally, if the pattern set is very large
(patients with stage Ill or IV cancer), it can simply be divided into a training set
and a validation set. In this case, the generalization abilities of the technique
can be characterized by its performance on the validation set.

Forr each predictor the specificity; rsensitivity, positive predictive value
and negative predicted value can be calculated using cross-validation data
(i.e. values that have not been used in constructing the predictor itself). This
ensures that the quality measures obtained in this study reflect the real world
performance to be expected in the field.

Once informative phagotopes are found the gene encoding the

1. Identification genes encoding the phagotopes. Phage
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clones specitically reacting with patient sera, as determined by microarray
immunoscreening, can be amplified by PCR using T7 capsid forward and
reverse primers. PCR fragments were purified and 100 ng of fragment was
analyzed to determine the nucleotide sequence of the cDNA insets.
Sequence alignments are performed using BLAST software and GenBank
databases. The sequence information can be used in several ways. Initially,
the DNA sequence information provides a database of the frequency of
reactivity to a particular epitope.

Diagnostic Markers Derived from the Combined Processes including
biopanning, assay of patients’ sera with epitopes on filters and

biochips, and identifying the best predictor/marker of disease.

DNA Sequence Analysis of Phagotope Clones

PCR amplified DNA sequences from 96 phagotopes that reacted with
patient #1 and at least one other OVCA serum are shown in the table below.
Some clones were isolated multiple times and one clone was represented 23
times out of the 96 clones analyzed. This was the human homologue of the
oncogenic gene Bmi-1, (GenBank NM0051 80.1) that inhibits the expression
of p14ARF and cooperates with c-myc (Lindstrom et al., 2001. The insert
sizes for the Bmi-1 phage clones varied in coding capacity depending on the
isolate between 67-94 amino acids in length. Eight other clones were
represented twice and one was isolated three times. One of these genes
isolated twice was the heat shock protein 70, which has been shown to be
overexpressed and antigenic in ovarian cancer tumors and was found to have
been identified in the SEREX database 5 times. The size of the open reading
frame in the HSP70 clone is 109 amino acids in length. Another clone
isolated two times of the 96 sequenced is a known cancer antigen called
RCAS1 which is overexpressed in 58% of ovarian cancer and many others as
well (Sonoda et al., 1996) RCAS1 is an estrogen regulated gene which can
inhibit the immune system from killing a tumor (Nakashima et al., 1999). This

information clearly indicates that this- technology is ‘capable of detecting

cancer antigens that can be used for diagnostic and immunotherapy
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purposes. If overbiopanning occurred, only a few different clones would be
found. However, as the remaining clones were isolated once each, it is
therefore convincing that 4-5 biopannings is appropriate. In this first group of
480 clones there were isolated clones that reacted with approximately 60% of
the OVCA patients using the macroarray filters and more efficiently using the
microarray technology. Additional epitope clones provide additional sensitivity

for this assay.

Clone Name GenBank ID
Clone found 23 times Bmi-1 (oncogene)  NM_005180.1

Clones found 2-3 times

HSP-70 XM_050984.1
RCAS1 (EBAGY) BC005249.1

A-kinase anchoring protein 220 XM_038666.1
G-protein gamma-12 subunit NM_018841.1
Neuronal apoptosis inhibitory protein 6 AF242431.1

hypothetical protein DC42 XM_028240.1
WD repeat domain 1 (WDR1) XM_034454.1
zinc finger protein 313 XM_009507.1

54 other clones isolated once each.

Serum reactivity toward a cellular protein can occur for two possible
reasons: 1) expression of a mutated form of the protein by the tumor cells and
2) overexpression of the protein in the tumor cells. Identification of proteins
detected by the host immune system in this fashion therefore provides
patienthanistic information about protein(s) that can be mutated or
overexpresséd in ovarian cancer. Such information provides insight into the
molecular targets and mechanisms giving rise to ovarian cancer. Lastly, the
sequences identified using the epitope-biopanning/phage microérray
approach can be useful for early detection of cancer occurrence and
recurrence by screening patients’ sera and peritoneal fluids and providing

immunogens for immunotherapy vaccines.
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Example 2:

A strategy was developed for serological detection of large numbers of
antigens indicative of the presence of cancer, thereby using the humoral
immune system as a biosensor. The high-throughput selection strategy
involved biopanning of an ovarian cancer phage display library using serum
immunoglobulins from an ovarian cancer patient as bait. Protein macroarrays
containing 480 of these selected antigen clones revealed 44 clones that
interacted with immunoglobulins in sera from all (32/32) ovarian cancer
patients, but not with sera from either healthy women (0/25) or patients
having other benign or malignant gynecological diseases (0/14). An
informative subset of 26 antigen clones was chosen based on the criterion
that the serum from each of a group of 16 patients interacted with at Iéast one
of the clones. When another, independent group of 16 serum samples was
used, all 16 samples interacted with one or more of the 26 clones, and none
from 12 healthy women. The process of globally profiling disease relevant
epitopes is known as “epitomics”.

In searching for a method for the early detection of ovarian cancer
(OVCA), large numbers of potential diagnostic antibodies were identified and
a high-throughput strategy was developed to clone antigen biomarkers.
Because antibodies to any single antigen tend to detect only a small fraction
of cancer patients, the necessity to screen a large panel of potential antigen
markers was recognized. Therefore a differential biopanning technique was
used to screen T7 phage display cDNA libraries to isolate cDNAs coding for
epitopes binding with antibodies present specifically in the sera of patients
with early or late stage ovarian cancer but not with antibodies in the sera of
healthy women. Using a single OVCA patient’s immuhoglobulins (IgG) as
bait, there were identified both established and novel antigen biomarkers.
Large numbers of cancer-associated antigens can be found by this phage
display technique more rapidly than using standard SEREX analysis. This is
due to the power of repeated cycles of selective enrichment possible with
viable phage display cDNA biopanning, especially when screening is
performed with serum -containing -a -complex - mixture—of -low titer of IgGs,
compared to the single step screening possible with SEREX, which is biased
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toward the identification of antigens that can be detected at a relatively high
titer of IgGs.

The antigens that were identified through this process have diagnostic
value with additional potential for development of therapeutic vaccines or
imaging reagents. Since the host immune system can unravel molecular
events (overexpression or mutation) critical to the genesis of ovarian cancer,
this novel proteomics technology can identify genes with significant‘
mechanistic involvement in the etiology of the disease. Our initial goal is to
develop a serum-based test that can detect ovarian epithelial cancer at an
early and curable stage.

METHODS

Serum Samples. Blood samples from ovarian cancer patients (Stages
I-IV) and healthy controls were obtained from the Barbara Ann Karmanos
Cancer Institute. Processing of blood to extract serum was performed in the
laboratory. Briefly, blood samples were centrifuged at 2500 rpm at 4°C for
10-15 minutes and supernatant were stored at -70°C until use.

Construction of T7 phage display cDNA library from ovarian
cancer cell line, SKOV3. /solation of mRNA from total RNA. Ovarian cancer
cells were grown in monolayer culture. Total RNA was prepared using trizol
reagent according to manufacturer’s instructions (Invitrogen, Carlsbad, CA,
USA). Total RNA, 0.5 mg, was used for the purification of Poly(A)+ mRNA
following the method as suggested by the manufacturer (QIAGEN Inc,
Valencia, CA). Poly(A)" mRNA was quantitated by UV spectroscopy and the

process of poly A selection was repeated once. Twice poly (A) selected

‘ mRNA was stored at —70°C for use in library preparation.

Construction of T7 phage display cDNA library. Novagen's
OrientExpress cDNA Synthesis and Cloning systems were used in the
construction of the ovarian cancer T7 phage cDNA libraries (Novagen, cDNA
manual, TB247). The OrientExpress Random Primer System was used to
achieve orientation — specific cloning between EcoRI and Hindlll sites. First

and second strand cDNA synthesis were sequentially carried out in the

presence of 5-methyl dCTP: After-second -strand-synthesis, the cDNA was .

treated with T4 DNA polymerase to blunt the ends. The addition of
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EcoRI/Hindlll Directional Linker d(GCTTGAATTCAAGC) at the d(A)n:d(T)n
end created a Hindlll site d(AAGCTT) in which the two underlined bases were
derived from cDNA. The two dT's were provided on the 5' end of each first
strand by the Hindlll random primer d(TTNNNNNN). Excess linkers and
small cDNAs (< 300 bp) were removed by a gel filtration step as described in
Novagen’s manual TB 247. The digestion of the cDNA with both Hindlll and
EcoRl thus yielded cDNA molecules ready for directional insertion into
EcoRI/Hindlll vector T7Select 10-3 arms. After vector ligation and packaging
using T7 packaging extracts, the phage were plated to determine the library
titer. About 50 phage clones were randomly picked up and PCR was
performed with the T7 forward primer (TCTTCGCCCAGAAGCAG) and T7
reverse primer (CCTCCTTTCAGCAAAAAACCCC), in order to determine the
insert sizes. The insert size range was found to be between 300 bp-1.5 kb.
Amplification of packaged libraries by liquid culture method. 10 ml of
LB/carbenicillin medium was inoculated with a single colony of E. coli strain
BLT5615 from a freshly streaked plate. The mixture was shaken at 37°C
overnight. Five ml of the overnight culture was added to 90 ml of
LB/carbenicillin medium and was allowed to grow until the ODggg reached 0.4-
0.5. After obtaining the appropriate OD, 1 mM Isopropyl--D-thiogalacto-
pyranoside (IPTG), (1X) M-9 Minimal salts and 0.4% glucose were added and
the cells were allowed to grow for 20 .minutes. An appropriate volume of
culture was infected with phage library at multiplicity of infection (MOI) of
0.001-0.01 (100-1000 celis for each pfu). The infected bacterial culture was
incubated with shaking at 37°C for 1-2 hours until lysis was observed. After
lysis, 0.02 % glycerol and 0.02M phenyl-methyl sulphonyl fluoride (PMSF)
and protease inhibitor cocktail (PIC) were added to the cell lysate to block
proteolysis of the capsid fusion proteins. The phage lysate was centrifuged at
8000 x g for 10 minutes. The supernatant was collected and stored at 4°C.
The lysate was titered by plaque assay under standard conditions. The
libraries were stored at —80°C after purification by polyethylene-glycol

precipitation and ultracentrifugation through a cesium chloride step gradient.

Selection of T7 phage displayed cDNA libraries with human sera.
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Affinity selection with sera from normal individuals. wenty-Tive pi Ot
Protein G Plus-agarose beads were placed into a 0.6 ml microcentrifuge tube
and washed twice with 1X phosphate buffered saline (PBS). The washed
beads were blocked with 1% bovine serum albumin (BSA) at 4°C for 1 hour
and then incubated at 4°C for 1 hour with 250 pl of pooled sera from 20
healthy women at a 1:20 dilution. After 3 hours of incubation, beads were
washed three times with 1X PBS and then incubated with phage library
(~10'° phage particles) made from an ovarian cancer cell fine, SKOV3. The
mixture was centrifuged at 3000 rpm for 2 minutes to remove phage
nonspecifically bound to the beads and the supernatant (phage library) was
collected for immunoselection.

Immunoselection of the phage mixture with serum from an ovarian
cancer patient. Protein G Plus agarose beads were placed into a 0.6 ml
microcentrifuge tube and washed two times with 1X PBS. The washed beads
were blocked with 1% BSA at 4°C for 1 hour and then incubated at 4°C with
250 ul of a 1:20 dilution of serum from the ovarian cancer patient, MEC1.
After 3 hours, the beads were washed three times with 1X PBS and incubated
for immunoselection overnight at 4°C with the phage library supernatant. After
this incubation, the mixture was centrifuged at 3000 rpm for 2 minutes and
the supernatant was discarded. The beads were washed three times with 1X
PBS and the phage was eluted from the washed beads as per the
manufacturers instructions. The bound phage was removed from the beads
by centrifugation at 8000 rpm for 8 minutes. Eluted phage (200 ul) were
transferred to liquid culture for amplification (100 pl elution to 20 ml culture).
Four rounds of affinity selection were carried out on the amplified phage
obtained for each series of biopannings. The number of biopanning cycles
generally determines the extent of the enrichment for phage that binds to the
sera of patient with ovarian cancer. Four other serum samples from ovarian
cancer patients were also used for immunoselection of clones. MEC1 gave
the strongest binding with its clones and therefore those clones were selected
for the remainder of this study.

Macroarray  immunoscreening.. The titer of the T7. phage library

obtained after amplification of each Biopanning (BP1-BP4) eluate was
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determined by plaque assay. E. coli BLT5615 was infected with the primary
unamplified phage from biopanning (BP1-BP4) and plaqued to limiting dilution
onto LB/carbenicillin plates (150mm x 15 mm petri dish) so that sufficient
numbers of single plaques could be isolated to obtain 12 x 96 well plates for
arraying. The plates were incubated at 37°C for 3-4 hours until the plaques
were visible and then picked for amplification in the 96-well plates. Lysis of
the host bacteria generally occured after 2 hours. After bacterial lysis, the
plates were centrifuged at 3000 rpm for 20 minutes. The samples from the
96-well plates were arrayed onto a nitrocellulose membrane (Osmonics) using
the Beckman Biomek 2000 liquid handling robot. This robot, equipped with a
96-pin printing head spotted the samples contained in 96 well plates onto
nitrocellulose membranes. The patterns were printed in a 4 x 4 configuration.
Position A1 contained 16 spots, each representing a phage sample (Figure
12A). Triplicates were printed from well A1 of each of five different 96 well
plates (15 spots) and the 16" spot contained a positive control of diluted
human serum used in the 4 corners of the plate only as shown by black
arrows (Figure 12A). After each round of spotting, the pins were washed in
0.1% SDS, sterile water, and then ethanol. After the spotting was completed,
nitroceliulose membranes were blocked with 5% non-fat dry milk for 1 hour at
room temperature. The membranes were then incubated with a patient’s
serum (pretreated with 150 pg of bacterial extracts for 2 hours at 4°C) at a
dilution of 1:10000 or 1:3000 for 1 hour at room temperature. Bacterial
extract was used because some patients and controls had antibody binding to
bacterial protein(s). The membranes were then washed three times with
0.24% Tris, 0.8% NaCl, 1% Tween-20 (TBST) for 15 minutes each and then
incubated with Secondary éntibody,r goat-anti human IgG—HRP conjugated
(Pierce, Rockford, Il, USA) at 1:5000 dilution for 1 hour at room temperature.
The membranes were again washed three times with TBST for 15 minutes
each, developed with Supersignal West Pico chemiluminescent substrate
(Pierce, Rockford, Il, USA) and the images captured on X-ray film.

Stability of Serum Specimens. One source of error in the
immunodetection on macroarrays could be" variability "in ‘sérum sample

preparations or storage. Therefore, a test was performed to determine
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whether some common handling conditions adversely affect the usefulness of
the sera for the assays. For this test, several aliquots of the same serum
sample from one ovarian cancer patient were subjected to various treatments;
repeated freeze-thaw cycles (10 times), incubation of the blood sample at 37°
C for 72 hours before processing the serum, extended storage at 4°C,
treatment at room temperature overnight, and heat treatment at 65°C for 10
minutes. Freshly thawed serum, processed normally, served as a control.
Robotically printed nitrocellulose membranes containing the set of 480 clones
were later processed with each of those treated and untreated serum
samples.

ELISA Macroarray analysis. Forty-four Stage I-IV clones, in triplicate,

were arrayed onto a nitrocellulose membrane (Osmonics) using the Beckman
Biomek 2000 liquid handling robot. Nitrocellulose membranes were blocked
with 5% non-fat dry milk for 1 hour at room temperature and then incubated
with patient or control serum (pretreated with 150 ng of bacterial extract for 2
hours at 4°C) at dilutions of 1:1000, 1:3000, 1:10000 and 1:30000 for 1 hour
at room temperature. Immunoreactivity was performed with serum from
patients or healthy controls. For one set, the immunoreactivity was also
performed with a monoclonal antibody to the N-terminus of the T7 gene 10
protein at dilution 1:10000. This was performed as described in the
macroarray immunoscreening. The intensity of each spot was measured
using ImaGene software from BioDiscovery Inc, with background subtraction
and calculated using the following equation:
Intensity Ratio = (Mean of Clone)/(Mean of T7 for 12 replicates of that Clone)-
(Mean of Blank Phage)/(Mean of T7 for 12 replicates of that Blank Phage).
'fhe Irrltensvity Ratb vs Serum concéntraﬁon was plottéd for each éntigen
clone.

Sequencing of phage cDNA clones. Individual phage clones were
PCR amplified using forward PCR primer 5' GTTCTATCCGCAACGTTATGG
3' and reverse PCR primer 5 GGAGGAAAGTCGTTTTTTGGGG 3. PCR

products were purified on 1% agarose gels. The bands were excised from

gels under UV light and DNA "was extracted/purified using a Qiagen gel =

extraction kit (Qiagen Inc, Valencia, CA, USA). Fifty ng of each purified PCR
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product was analyzed wusing forward Sequencing primer 5'
TGCTAAGGACAACGTTATCG 3 by Wayne State University DNA
Sequencing Core Facility.
RESULTS
Differential Biopanning of T7 phage cDNA expression libraries
employing sera obtained from women with ovarian cancer and healthy
controls

A method of differential biopanning to screen a T7 phage cDNA library
prepared from an ovarian cancer cell line, SKOV3, was developed using a
late stage ovarian cancer patient’'s serum (MEC1) as the bait to isolate tumor-
specific antigens. First the library was pre-adsorbed with sera pooled from 20
healthy controls so as to remove the antigen clones binding with common
antibodies unrelated to cancer. The resulting phage were then bound to
antibodies present in the serum of a cancer patient and the unbound phage
removed. This selection procedure was repeated four times, amplifying the
phage between cycles of biopanning. Groups of 96 clones were picked from
the patient’s biopanning at cycles 1, 2, 3 and 4. Amplified phage clones were
spotted on nitrocellulose membranes, and useful phage clones were
identified by their binding with patient IgG antibodies at a dilution of 1:10000.
There was a significant enrichment for phage-bearing epitopes that bound
serum IgGs after the fourth round of biopanning. Because about 35% of the
selected phage clones interacted with MEC1 serum IgGs after the fourth
round of biopanning, further biopanning was not performed to avoid reducing
the diversity of phage clones.
Serological Detection of Antigens using Macroarrays , o

Trhe utility of such phage display antigen clone sets for the serological
detection of cancer is best demonstrated by their interaction with sera from
patients other than those used in the selection step. A set of 480 clones from
the fourth round of biopanning was robotically spotted on nitrocellulose
membranes. The binding of the cloned antigens with the IgGs in patients’

sera was analyzed at a dilution of 1:10000. The strong positive interactions

~ observed with the MEC1 serum indicated a relatively high titer of the IgG

molecules that bound with the MEC1 clones (Fig 12A). Several dilutions of
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the MEC1 serum were previously used for antigen detection and a dilution of
1:10000 produced the cleanest pattern of strong binding. Although 480
clones were identified from the biopanning with MEC1 serum as the bait, not
all 480 clones interacted with the MEC1 serum (Figure 12A). This can be
explained by a non-specific interaction between phage clones and the
Protein-G+ beads bearing the serum antibodies. When serum IgG-binding
with sera from other patients (non-self reaction) was analyzed using replicates
of these robotically spotted macroarrays, cross-reactivity was observed in
most patients at a dilution of 1:10000 (Figure 12B-E). Sera from other
patients required either a 1:3000 or 1:30000 dilution to detect positive clones.
Binding was scored positive only when 3 of the triplicates had similar
intensity and when the intensity was significantly higher than the background
intensity of other spots within the same patch. Sera from 71 individuals were
tested; 10 were from women with early stage OVCA (Stage | and Stage |
borderline), 22 from women with late stage OVCA, 14 from women with
benign or other gynecological diseases, and 25 from healthy controls. Tumor
histology and stage of all the patients’ used for the study are listed in Table 4.
Late stage patients OVCO015 and MEC23 bound more intensely than the
Stage | patients 4679 and 4387 (Figure 12B-E). In the subtractive biopanning
scheme, phage epitope clones binding IgGs were isolated in control sera
even though these control sera were not used in the initial subtractive
biopanning steps. As expected, a fraction of the 480 phage clones on the
macroarrays interacted with approximately 10% of the controls. All clones
that interacted with the control sera were eliminated from further
consideration. One hundred and forty-nine clones interacted with sera from
Stage I-IV ovarian cancer patients but with none of the 25 control sera. Forty-
four out of 149 clones interacted specifically with these Stage I-IV sera. The
remaining 105 clones interacted with sera from women who had benign
tumors, endometrial cancers or other gynecological diseases and may
represent biomarkers of gynecological sickness. These clones were excluded

because these conditions are a common source of false positive results in

" CA-125 clinical testing. A matrix summarizing the binding of the 44 Stage I-IV

selected antigen clones to sera from patients and controls is shown in Table
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SA. The derivation of this matrix was based on an agreement between two
observers who analyzed the data independently, with 87% concordance.

Only 2/44 selected clones, 2G4 and 3B12, bound with MEC1 serum
IgGs despite the fact that T7 cDNA library was biopanned with MEC1 serum
as the bait. A large number of clones interacting with the MEC1 serum were
eliminated because they bound with either healthy control or with patients
having benign or other gynecological diseases. The best markers are those
interacting with the most patients; these include such clones as 2H9 (13/32),
2G2 (13/32), 2B4 (12/32), and 2G4 (12/32) that had the highest frequency of
IgG binding with sera from ovarian cancer patients. Three antigens, 2F7/2B4,
5C3/2G4, 2E1/4A3 were found in multiple clones resulting in a panel of 41
markers binding with IgGs in Stage I-IV ovarian cancer sera (Table 5A).

Although 41 antigens interacted with sera from all 32 patients, the
number of clones in the set needed to detect all 32 ovarian cancer patients
were reduced. The serum set from 32 patients was randomly divided into two
groups. The first group (Group 1) consisted of 16 patients and 25 healthy
women; and the second group (Group 2) consisted of the other 16 patients
and 12 different healthy women. Group 1 was used to select the minimum
number of clones necessary to detect all patients. The strategy of clone
selection involved ranking of clones in order of decreasing binding with sera
from ovarian cancer patients (Table 7A). Next, a combination of clones was
selected for binding with IgGs in sera from all of the ovarian cancer patients in
the set. Twenty-six clones of Group 1 detected all of the ovarian cancer
patients (16/16) (Table 7A); all but one patient's serum bound with more than
one of the selected clones. These 26 clones were then tested on sera from
Group 2 (16 patients and 12 heaItI;ty cbntfols), for antibody binding (Table
7B). Sera from all of the patients in Group 2, (16/1 6), bound with at least one
of these clones and none of the sera from the healthy women (0/12) bound to
these clones.

A second group of 21 clones was found to interact with (18/22) late
Stage patients’ sera but not with sera from early stage patients, with sera

-from- 25 healthy- women -or with ‘sera from 14 patients “with &ithier benign

tumors, endometrial cancers or other gynecological diseases (Table 5B).
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Although 4 late stage patients were not detected by these 21 clones (Table
5B), they were detected by 44 Stage I-IV clones (Table 5A).  Among these
21 clones, antigen 2B3 interacted with the greatest number of patients sera
(10/22), clone 5A2 with 8/22, clones 2D7 and 2E7 with 5/22 sera. Although
these clones did not detect women with early stage ovarian cancer, further
analysis may show them to be useful as markers of recurrence.

Stability of Serum Specimen.

An important feature of a test for widespread clinical use is the stability
of the analyte in the test sample. To identify any inaccuracy in detecting IgG
molecules in this multianalyte assay due to serum sample preparation
problems or serum storage, a test of the durability of the serum samples was
carried out. Repeated freeze-thaw cycles (10 times), heated to 65°C for 10
minutes, or left the unprocessed blood at 37°C for 72 hours were performed.
Only heat treatments of the serum affected the positive signals on the
macroarrays, because heat treatment is sufficient to denature
immunoglobulins (IgG). Therefore, the complex set of IgG molecules in
serum samples are very stable and provide a reliable analyte for clinical

studies of diagnostic arrays of cloned antigens.

ELISA Macroarray Analysis.

The set of 44 (Stage I-IV) phage display cDNA clones listed in Table
5A, were printed robotically on nitrocellulose membrane and an enzyme-
linked immunosorbent assay (ELISA)-like experiment was performed. For
clones 4A11, 2H9, 2G4 and 2F7, the binding of antigens decreased with
increasing dilution of serum (Figure 13A-D). Although clones bound
nonspecifically with control sera at high serum cbncentrations, their binding
decreased to zero as the sera were diluted, whereas the interaction of the
same clones with IgGs in patients’ sera persisted at even 1:10000 serum
dilution. This demonstrated that the interaction of antigen clones with
patients’ sera was indicative of a typical, titerable antigen-antibody interaction.
Phage-coded Antigen Sequence Analysis

- To identify the selected gene-products; phage DNAs were-amplified by
PCR and the cDNA products sequenced. The DNA sequences were checked
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for homology to the GenBank databases using BLAST. The predicted amino
acids in-frame with the T7 gene 10 capsid protein were determined. Eleven
sequences were homologous to known gene products while other clones had
no homology to any annotated sequences in the public databases (Table 6A).
Among the gene products, 11 represented known gene products in the
correct orientation and in the correct reading frame with the T7 gene 10
capsid protein indicating that the serum IgG binding region was localized to a
portion of the natural open reading frame of the protein. Of the remaining 33
clones, 13 clones contained an open reading frame with the T7 10B gene with
a frameshift within the natural reading frame of the gene; 7 clones contained
portions of either 5” or 3" untranslated regions of known genes; 13 clones
contained segments of genomic sequences. This in turn resulted in the
formation of recombinant fusion proteins in which the predicted amino acid of
the in-frame fusion with the T7 10B protein was not similar to the original
protein coded by the gene. The size of the additional peptide sequences
ranged from 5-48 amino acids. This result indicated that the recombinant
gene products of these clones must be coding for proteins that mimic some
other natural antigens, and hence can be termed mimotopes (Table 6A).
BLASTp search of the SWISSPROT database for homology to each in-frame
mimotope confirmed this observation. For example, clone 2H5 contained a
nucleotide sequence homologous to the ATP synthase, H+ transporter.
Using BLASTp, there was observed a sequence homology of (8/10) amino
acids with the leukocyte common antigen precursor. Each mimotope had
significant homology to a natural open reading frame (Table 6A).
DISCUSSION

The early detection of cancer is a significant challenge in clinical
oncology. Once accurate methods become available, early detection can
result in a significant reduction in morbidity and mortality of these diseases.
The detection of ovarian cancer at Stage | could result in a cure rate of 90%.
To this end there has been devised an approach of high-throughput selection
of antigen biomarkers using phage display libraries and marker selection
using.a_highly paralle! analysis -on ‘macroarrays.- The process began with a

representative sample of 480 cloned markers from biopanning an ovarian
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cancer T7 phage display cDNA library with one patient's serum. There was
first demonstrated that these clones bound to IgG molecules found in the sera
of patients other than the one used for antigen selection. One hundred and
forty nine markers that bound to IgGs in sera from OVCA patients showed no
interaction with sera from cancer-free women. Forty-one of these antigen
biomarkers had positive interactions with early (including cancers with
borderline histology) and late stage ovarian cancer patients and there were no
false positive interactions with 1gGs in sera from either women having benign
gynecological syndromes such as ovarian cysts and endometrial fibroids or
sera from women with endometrial cancer. Because Stage | and Stage |
borderline tumors can elicit a detectable immune response in this assay, this
technology is sensitive to very small tumor burdens as (Table 5A). Sera from
women with other cancers can be used to distinguish markers that are
specific to ovarian cancer from those that bind to antibodies in sera from
individuals with other cancers. Based on this representative sample of 480
clones from a single selection experiment, discovery of these markers to
larger numbers of epitope clones were scaled up, cloning from additional
libraries using sera from these and other women with ovarian cancer.
Although the epitope markers were cloned using serum from a patient having
the most common histologic type of ovarian cancer, serous adenocarcinoma,
there has been shown that these markers are capable of detecting other
histologic types of ovarian cancer, including endometrioid and clear cell
tumors as well (Table 5A, Table 4). When the top ranking 26 (Table 7A) were
applied, to the dataset comprised of 16 patients and 12 healthy women, these
clones bound to IgGs in the sera from 16 out of 16 patients (Table 7B). As
none of these 26 clones shoWed bindirng rfo I[gGs in sera from 25 healthy
women in Group 1 or 12 healthy women in Group 2, it is likely they represent
a promising discriminator between the healthy and cancer sera. Larger
studies with additional antigen biomarkers in other populations can be used to
verify that the rate of diagonistic misclassification with this approach is small

enough to justify its use in a clinical setting as sceening test for ovarian

cancer.
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Knowledge regarding the immunogenicity and expression pattern of
serologically-defined tumor antigens is critical in assessing the therapeutic
and diagnostic potential of those antigens. The present study demonstrates
that the use of T7 phage display selected clones is an effective technique for
molecular profiling of the humoral immune response in ovarian cancer.
Within this initial panel of 41 biomarkers, 8/9 contained large portions of open
reading frames of the parental proteins; 1F6 is the receptor-binding cancer
antigen expressed on SiSo cells (Human uterine adenocarcinoma cell line)
(RCAS1); 3A9 is the signal recognition protein (SRP-19); 5C11 is the AHNAK-
related sequence; 2B4, nuclear autoantogenic sperm protein (NASP); 3C11 is
the Ribosomal protein L4 (RPL4); 4H3 is the Nijmegen breakage syndrome 1
(nibrin) (NBS1); 2G4 is the eukaryotic initiation factor 5A (elF-5A); and 5F8 is
the Homo sapiens KIAA0419 gene product. With the exception of clone
4A11 that is the Homo sapiens chromodomain helicase DNA binding protein
1, CHD1, all of the aforementioned gene products have a known or suspected
etiological association with cancer. One of these markers, RCAS1, is
overexpressed in many cancers such as uterine, breast and pancreatic
cancer. As indicated by the broad overexpression of RCAS1 in human
cancers, some of the antigens identified may not be specific to ovarian
cancer. However, this does demonstrate that the epitomics profiling of the
humoral immune response in cancer patients can identify serum antibody
markers that are relevant to the etiology of their cancer (e.g. overexpressed or
mutated) with diagnostic and therapeutic value. Interestingly, these 9 antigens
with parental open reading frames are predicted to be intracellular products.
This finding is in agreement with reports using the SEREX procedure,
whereby the majority of those antigens are also mtracellular and their
probable release by necrosis or cell lysis at the tumor site is an initiating factor
in eliciting an immune response.

The remaining 32 clones are mimotopes, defined as peptides capable
of binding to the paratope of an antibody, but are unrelated in sequence to
the natural protein that the antibody actually recognizes. Such peptides are
usually identified by testing. .combinatorial -peptide-libraries obtained by -
chemical synthesis or phage display for their ability to bind monoclonal
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previous studies that have selected randomized peptide libraries on serum
from Hepatitis B patients. Peptide mimotopes can potentially be used as a
novel form of immunotherapy to induce a beneficial antitumor response. A
mimotope derived from a phage display library can induce specific inhibition
of the binding between tumor-inhibitory antibody and the Erb-2 receptor.
Such mimotopes may represent a superior form of immunotherapy that may
not elicit side effects due to autoimmunity to a natural protein.

In conclusion, using a combination of high throughput selection and
array-based serological profiling that are called epitomics®, there was
isolated a panel of 41 antigens, including 8 antigens previously associated
with cancer. Further work with larger panels of antigens analyzed on
macroarrays or microarrays provide a comprehensive set of markers that can
be evaluated using sera from other cancers for the specificity of an ovarian
cancer test. This epifomics approach to antigenic profiling has applications to
cancer, autoimmune diseases, and infectious diseases for diagnostic,
therapeutic, and epidemiologic studies.

Throughout this application, various publications, including United
States patents, are referenced by author and year and patents by number.
Full citations for the publications are listed below. The disclosures of these
publications and patents in their entireties are hereby incorporated by
reference into this application in order to more fuily describe the state of the
art to which this invention pertains.

The invention has been described in an illustrative manner, and it is to
be understood that the terminology that has been used is intended to be in
the nature of words of description rather than of limitation. o

Obviously, many modifications and variations of the present invention
are possible in light of the above teachings. It is, therefore, to be understood
that within the scope of the appended claims, the invention can be practiced

otherwise than as specifically described.
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TABLE 4 Tumor Histology and Stage of Patients’

sera used for screening of ovarian cancer
Blood Specimen Histology Stage
ID #
MEC1* serous adenocarcinoma Unknown
MEC2 serous adenocarcinoma IIA
MEC16 serous adenocarcinoma IV
MEC20 serous adenocarcinoma Unknown
MEC23 serous adenocarcinoma II1IC
MEC35 serous adenocarcinoma I1IC
MEC37 serous adenocarcinoma ITIC
TB01-060 serous adenocarcinoma ITIIC
TBO1-108 serous adenocarcinoma ITIC
42501 adenocarcinoma NOS late
400162 adenocarcinoma NOS late
40036 adenocarcinoma NOS late
42780 adenocarcinoma NOS late
B755 adenocarcinoma NOS late
40015 adenocarcinoma NOS late
ovVCO075 serous adenocarcinoma IIC
OoVCO015 serous adenocarcinoma ITIC
QVCO035 serous adenocarcinoma IIIC
ovC007 mixed epithelial IIIC
OvVC005 Malignant Mized Mesodermal Tumor IT1IC
QvCo063 serous adenocarcinoma ITI
QvCco045 serous adenocarcinoma ITIC
NW0629 (4387) endometrioid adenocarcinoma IC
NWO453 (4679) adenocarcinoma NOS IC
NW0046 (4555) borderline serous cystadenofibroma IA
NW1181 (4283) endometrioid adenocarcinoma IA
ovC019 mixed epithelial Ic
oveos’7 clear cell IA
QVvCco78 endometriod IC
ovco70 borderline serous IC
ovC045 mixed epithelial IA
ovCcOo79 borderline serous I
33-38 benign ovarian cyst N/A
92-96 uterine myoma N/A
80-82 endometrial adenocarcinoma IIIA
79-62 endometrial adenocarcinoma ITIA
35-27 benign ovarian cyst N/A
30-141 benign ovarian cyst N/A
70-153 endometrial adenocarcinoma IB
81-80 endometrial adenocarcinoma IA
31-55 benign ovarian cyst N/A
39-55 benign ovarian cyst N/A
36-11 endometrial polyp N/A
32-43 Benign, thickening of endometrium N/A
0OVC068-1B papillary serous adenoma (benign) & N/A

endometriosis
ovC054 benign serous cystadenoma N/A

~ * Serum used for biopanning
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Table 5A: Binding of 44 Clones with Late Stage and

Stage I Ovarian Cancer Patient Sera

The binding of a panel pf 44 clones with 22 Late Stage ,
10 Stage I ovarian cancer patients wasdetermined. These

44 antigens listed below bound exclusively with serum
IgGs derived from both late stage and stage I ovarian
cancer patients (including borderline histology) but not
with serum IgG from normal control or patients with other
gyenecological diseases. The grey colored boxes represent
positive binding of phage clones with patient’s sera. TP
Total number of patients whose serum IgGs bound to each
phage clone.
A : Serum Dilution 1:3000 ; A Serum Dilution
1:30000; for others 1:10000 serum dilution was used.
Late Stage Sera, Stage (II-IV) Stage I sera
<
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Table 5B: Binding of 21 Clones with Late Stage Ovarian
Cancer Patient Sera

The binding of a panel of 21 clones with 22 Late Stage
was determined on macroarrays. These 21 antigens listed
below bound exclusively with serum IgGs derived from late
stage ovarian cancer patients but not with serum IgG from
normal control of patients with other gyenecological
diseases.

A : Serum Dilution 1:3000 ; A : Serum Dilution
1:30000; all others were analyzed at a serum dilution of
1:10000; TP : Total number of patients whose serum IgGs
bound to each phage clone.

Late Stage Sera, Stage (II-IV)

7v

TB01-0601 A
TBO1-108Rp
42501
400162
40036
42780
B755 A
40015
ovC075
ovCo15
ovVC035
OovVCO007
OvC005
ovC063
OovCo045

TP

2B3
2B9
2C12
2D7
2D12
287
2G10
2G11
2H8
3H1
4C5
4H6
S5A2
5A4
S5A7
5BY
5B12
5D6
S5E3
SE7
5H8
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Table 7A: Selection of most significant clones from Group 1 dataset

26 Clones ordered according to binding with the 16 patients in Group 1. None of
the 25 healthy women'’s sera (belonging to Group 1) contained IgGs that any of
these clones. Clones are shown in rows. Patients numbers are shown in the
columns. The last column, TP, Total number of patients whose serum IgGs
bound to each phage clone.

A : Serum Dilution 1:3000 ; all others were analyzed at a serum dilution of
1:10000.

M|M Me|MeTB|400/40) OV|OV|OV OV |N|N|OV|OV|OV|T
ec|ec|c1|c3|01/162/01|C01|C03/C00|CO0|W|W|C01|C08|C04|P
1126 5] - 5|5 5|7 |5 46429 |7 |5
A |10 79|83
8A
2 8
G
2
2 8
G +
al
2 7
H
9
2 6
B
D T T R AN S Y I
4 5
A
3
5 5
A
3
3 4
B
12)
2 4
H
5
2 4
E
12) | 1=
2 3
E
10
Tor - — T3
C
7
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rTable /B: Binding of Z26 clones with 16 Patients on a new
dataset (Group 2)

The rows represent the 26 clones and the columns represent the 16 patients. As
shown in this table, sera from 16 out of the 16 patients in Group 2 contained
lgGs that bound at least one clone. None of IgGs in sera 12 healthy women
interacted with any of these 26 clones.

A : Serum Dilution 1:3000 ; A : Serum Dilution 1:30000; all others were
analyzed at a serum dilution of 1:10000.

Me[Me[Me[TB[42[40[42[B7[ OV OV [NW[N[OV[oV]OV]OV [T
c2 |c2|c3|01|50|03 |78 |55/C07|C06| 438|W|C07|C07|C04|CO7|P
0|37A-|1|6|0|A| 5|3 |7 458|090

06 55
0
A

2 5

G

|2

2 4

G

4]

2| 6

H

ol

2B 6

4 | 1

4A | 4

5A 3

3

3B 5

12

2 4

H.

5

2E[ 3

12

2E[ 5

10

2 4

C

7

oF 4

12

2E 3

11

4 1T 3

H
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. CLAIMS
What is claimed is:
1. A biosensor for use in detecting the presence of diseases, said biosensor

comprising detection means for detecting a presence of at least one marker
indicative of a specific disease. '

2. The biosensor according to claim 1, wherein the disease is a
gynecological illness.

3. The biosensor according to claim 1, wherein said detection means is
selected from the group consisting essentially of an assay, a microarray, a

macroarray, a slide, and a filter containing specific biomarkers of disease.

4. The biosensor according to claim 1, wherein said detection means is an
immunoassay.
5. A panel for use in detecting the presence of diseases, said panel

comprising detection means for detecting a presence of at least one marker
indicative of a specific disease.

6. The biosensor according to claim 5, wherein the disease is a
gynecological iliness.

7. The biosensor according to claim 5, wherein said detection means is
selected from the group consisting essentially of an assay, a microarray, a

macroarray, a slide, and a filter containing specific biomarkers of disease.

8. The biosensor according to claim 5, wherein said detection means is an
immunoassay.
0. A diagnostic tool for determining the efficacy of a pharmaceutical for

treating a disease, said tool comprising:

detection means for detecting a presence of at least one marker
indicative of a specific disease; and

analyzing means operatively connected to said detection means, said
analyzing means for determining fluctuations in amount of marker present in
said detection means, whereby fluctuations correlate to pharmaceutical efficacy.
10. A diagnostic tool for staging the progression of a disease, said tool

comprising:.
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detection means for detecting a presence of at least one marker
indicative of disease recurrence; and
analyzing means operatively connected to said detection means, said
analyzing means for determining fluctuations in amount of marker present in
said detection means, whereby fluctuations correlate to disease stage.
11.  The biosensor according to claim 1 for use as detecting means for
detecting the efficacy of a pharmaceutical.
12. The biosensor according to claim 1 for use as staging means for
detecting the disease stage.
13. A method of determining efficacy of a pharmaceutical for treating a
disease by:
administering a pharmaceutical to a sample containing markers for a
disease;
detecting the amount of at least one marker of the disease in the sample;
analyzing the amount of the marker in the sample, whereby the amount of
marker correlates to response to therapy.
14. The method according to claim 13, wherein said analyzing step includes
automatically analyzing results of said detecting step using software.
15. A method of staging a disease by:
administering a therapy to a sample containing markers for a disease;
detecting the amount of at least one marker of the disease in the sample;
analyzing the amount of the marker in the sample, whereby the amount of
marker correlates to disease stage.
16. The method according to claim 15, wherein said analyzing step includes
automatically analyzing results of said detecting step using software.
17.  An antigen array for use in detecting the presence of disease.
18.  The array according to claim 17, wherein said array is selected from the
group consisting essentially of a microarray, spinning disk, antigens bound to
colored beads, and a macroarray.
19.  The array according to claim 17, wherein the disease is a gynecological
disease.
20.  The array according to claim 19;-wherein said gynecological disease-is

selected from the group consisting essentially of endometriosis, ovarian cancer,
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breast cancer, cervical cancer, and primary peritoneal carcinoma.
21. Therapeutic targets for treating disease, said targets comprising the
antigens in the array set forth in claim 17.
22. The targets according to claim 21, wherein said targets a personalized to
the individual receiving treatment.
23. A method of treating disease by:

detecting at least one marker of the disease in a sample;

analyzing the type of the marker in the sample, whereby the type of
marker correlates to a specific therapy.
24.  Markers for gynecological disease selected from the list in Table 8.
25.  An immuno-imaging agent comprising labeled antibodies, whereby said
labeled antibodies are isolated and reactive to proteins overexpressed in vivo.
26. The agent according to claim 25, wherein said protein is identified by the
biosensor of claim 1.
27. Informatics software for analyzing the arrays of claim 17, said software
comprising analyzing means for analyzing the arrays.
28. The informatics software according to claim 27, further including
weighting means for modifying the analyzing means.
29. Diagnostic or prognostic markers for molecular pathology said markers

being overexpressed or mutated proteins in tumor cells.
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tainsky2.sT25
SEQUENCE LISTING

<110> Tainsky, Michael
Draghici, sorin
chatterjee, Madhumita

<120> Neoepitope Detection of Disease Using Protein Arrays
<130> 0788.00067

<150> uUs 10/004,587
<151> 2001-12-04

<160> 139
<170> PatentIn version 3.2

<210> 1

<211> 302

<212> ‘- DNA

<213> homo sapien

<220>

<221> misc_feature

<222> (238)..(238)

<223> nis a, c, g, or t

<220> }

<221> misc_feature

<222> (247)..(0247)

<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (274)..(274)

<223> nis a, ¢, g, or t

<220>

<221>- misc_feature

<222> (298)..(298)

<223> nis a, ¢, g, or t

<220>

<221> misc_Teature

<222> (300)..(300)

<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (302) .(302)

<223> is a, c, g, or t
<400> 1
aattcaagca cagatcaaag cagcatatct ccaggaaaca ggaaagcccc tggatgaaac 60

actgaagaaa gcccttacag gtcaccttga ggaggttgtt ttagctctge taaaaactcc 120
agcgcaattt gatgctgatg aacttcgtgc tgccatgaag ggccttggaa ctgatgaaga 180
" tactctaatt gagattttgg catcaagaac taacaaagaa agcttgcggc cgcactcnag 240

taactantta accccttggg gcctctaaac gggntcttga ggggttrrttt gctgaaangn 300
Page 1
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tainsky2.sT25
gn 302

<210> 2

<211> 15

<212> PRT

<213> homo sapien

<400> . 2

Thr Asp Gln Ser Ser Ile Ser Pro Gly Asn Arg Lys Ala Pro Gly
1 5 10 15

<210> 3

<211> 106

<212> DNA

<213> homo sapien

<220>

<221> misc_feature
<222> (94)..(94)
<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (98)..(98)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (103)..(103)

<223> n is a, ¢, g, or t

<400> 3 .
aattcaagcg cagcctggca agcagaagaa gttctgagac agcagaaact agcagacaga 60

gaaaagagag cagccgaaca acaaacgaac aaanatghaa aangcc 106
<210> 4

<211> 25

<212> PRT

<213> homo sapien

<400> 4

Ala Ala Trp GIn Ala Glu Glu val Leu Arg Gln Gln Lys Leu Ala Asp
1 5 10 15

Arg Glu Lys Arg Ala Ala Glu Gln GlIn
20 25

<210> 5§

<211> 698
- <212> DNA- L o L
<213> homo sapien

Page 2
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tainsky2.sT25
<220>
<221> misc_feature
<222> (531)..(53L)
<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (585)..(585)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (609)..(609)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

222> (627)..(627)

<223> nis a, c, g, or t

<220> .

<221> misc_feature

<222> (637)..(637)

<223> nisa, ¢, g, or t
<220>

<221> misc_feature

<222> (674)..(674)

<223> nisa, ¢, g, or t
<220>

<221> misc_feature

<222> (686)..(686)

<223> nis a, ¢, g, or t

<400> 5 :
aattcttcag caaaggcgag agccctggec cgccgaagcg agccctgttc gactgggaag 60

ttacagctga gataaaggct ggagcgatca gtcctgccca ggccccagcg ctgegtttcec 120
ctggtgctga ggctcacage cgcttctccc cgtgcagact tgggggatgg agaggtgctg 180
tgtccctcte attctctage ctttcctcegt gtatacacag cactaaggga gccactgagg 240
cccctaaage tctctggcgg agacggagcec atagtctggg ggectctgca gegettttct - 300
gtcctcacct tcgcagcgac ccctggtctt tggcccgtce acatggccag gttttttcge 360
cagccftggc cctccgctee tggecctgtgg ctctggagac tgaaaaatgg ggccactggg 420
tatctctcac cctgcagctg aaggctccag gtgccccttce ccacctcaag tagcagatca 480
acctcaagta ggagatcagc ctcaagtagg ggaatgtaaa gccaccagcc naggcacagg 540
ccgaaggcca caactttccc ttgctccttg gagaccccag ggcangaggc caggtgatgg 600
ggcttttant gtcatcctct caaccanaat ggctcantct ctctctgett geaccggeac 660
ccagaaagga aacntgcggt cactgntttt cctttatc 698

<210> 6
211> 21

Page 3
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<212> PRT
<213>
<400> 6

homo sapien

PCT/US2006/005830

tainsky2.sT25

Ala Lys Ala Arg Ala Leu Ala Arg Arg Ser Glu Pro Cys Ser Thr Gly -
1 5 10 15

Lys Leu GIn Leu Arg

20

tatggacccc
tgttgctaac
aagtgctgat
ctagtcttgt
gatattgttt

caagcaaaaa

<210> 7

<211> 339

<212> DNA

<213> homo sapien

<220>

<221> misc_feature

<222> (80)..(80)

<223> n is a, ¢, g, or t
<400> 7

aattcaagcc agatattgtt
ttgaaatagt taatgcaacn
actaacctgg acttccgatc
caaatccatt tcagtcatgt
gacaacaggt tgagttggca
aatctcagtt ttattgaatt
<210> 8

<211> 7

<212> PRT

<213> homo sapien

<400> 8

Gln Ile Leu Phe Met Asp Pro
1 5

<210> 9

<211> 461

<212> DNA

<213> homo sapien

<220>

<221> misc_feature

<222> (449)..(449)

<223> nis a, ¢, g, or t
<220> - -
<221> misc_feature

<222> (456)..(461)

tgaggttgtt ttttttaaag gcagtaattt
acaataataa tagtactcct ggcttcacat
tagcccagta agggaggtca ccaaaaaacc

accctccatt ctcctttttt agcatttgaa

atggacccct gaggttgttt ttaccgattc

aaaaaaaga

Page 4
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tainsky2.sT25
<223> n is a, ¢, g, or t

<400> 9
aattcaagcc tttctacaag cagctttgat gaacaaaact gatgccaact ctgcctcact 60

ccatgagatg atccataaca aatacagata aaaacaccca gctgggtgca gtggctcaca 120
cctgtaatcc cagcactttg ggaggctgag gcaggtggat cacctgaggt caggagtttg 180
agaccagcct ggccaacatg gtgaaactcc ttccccacta aaaatacaga aattagctgg 240
gcatagtgéc gggtgcctgt aatcccaget atgcgggagg ctaaggcagg agaattgett 3Q0
gaacccaaga ggcagaggtt gcagtgagcc aagatcgcgt cattgcactc cagcctgage 360

aacaagagcg aaagcttgcg gccgcactcg agtaactagt taaccccttg gggcctctaa 420

acgggtcttg aggggttttt tgctgaaang gagggnnnnn n ' 461
<210> 10

<211> 10

<212> PRT

<213> homo sapien

<400> 10

Leu Ser Thr Ser Ser Phe Asp Glu GIn Asn
1 5 1

<210> 11

<211> 701

<212> DNA~

<213> homo sapien

<220>

<221> misc_feature

222> (77)..Q77)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (654)..(654)

<223> nis a, ¢, g, or t

<400> 11
aattcaagcg aaaaaggagg tcaggagaag cagggagagg taattgtgag catagaggag 60

aagccaaaag aagtttnaga agagcagcct gtggtgactc tagaaaagca gggcactgca 120
gtggaggtag aagcagagtc tttagacccg acagtcaagc cagtggatgt gggtggggac 180
gagccagagg agaaggtagt tacctctgaa aacgaggcag gaaaggcggt tcttgaacaa 240
ctggtaggtc aagaagtacc acctgctgaa gagtcaccag aggtgacaac agaggctgca 300
gaggcctcag ctgtagaggc tggatcagaa gtctctgaaa agcétgggca ggaggctcca 360
gttcteccta aggatggtge agtcaatgga ccgtcagttg téggégaféaAéacfﬁéfétf 420
gaaccacaga cttctataga aagactgaca gaaacagaag gtggctcagg actagaggag 480
age
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tainsky2.sT25
aaggtcaggg caaagctggt tcctagtcag gaggagacta agctgtctgt agaagagtct 540
‘gaggcagctg gagatggggt tgataccaag gtagcccagg gagctactga gaaatcacct 600

gaagacaaag ttcagatagc tgctaatgaa gagacacaag agagaagctt gcgnccgcac 660
tcgagtaact agttaacccc ttggggcctc taaacggtct a : 701
<210> 12

<211l> 212

<212> PRT

<213> homo sapien

<220>

<221> misc_feature

<222> (23)..(023)

<223> Xaa can be any naturally occurring amino acid

<400> 12

Glu Lys Gly Gly GIn Glu Lys GIn Gly Glu val Ile val ser Ile Glu
1 5 10 15

Glu Lys Pro'Lys Glu val Xaa Glu Glu Gln Pro val val Thr Leu Glu
20 25 30 .

Lys GIn Gly Thr Ala val Glu val Glu Ala Glu ser Leu Asp Pro Thr
35 40 45

val Lys Pro val Asp val Gly Gly Asp Glu Pro Glu Glu Lys val val
50 . 55 60

Thr ser Glu Asn Glu Ala Gly Lys Ala val Leu Glu Gln Leu val Gly
65 70 . 75 80

Gln Glu val Pro Pgo Ala Glu Glu Ser ggo Glu val Thr Thr ggu Ala
8 .

Ala Glu Ala ser Ala val Glu Ala Gly Ser Glu val Ser Glu Lys Pro '
100 105 110

Gly Gln Glu Ala Pro val Leu Pro Lys Asp Gly Ala val Asn Gly Pro
115 120 125

ser val val Gly Asp Gln Thr Pro ITe Glu Pro Gln Thr Ser Ile Glu
130 135 140

Arg Leu Thr Glu Thr Lys Asp Gly Ser Gly Leu Glu Glu-Lys val- Arg -
145 150 155 160

Page 6
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tainsky2.sT25
Ala Lys Leu val Pro ser Gln Glu Glu Thr Lys Leu Ser val Glu Glu
165 170 175

ser Glu Ala Ala Gly Asp Gly val Asp Thr Lys val Ala Gln Gly Ala
180 185 190

Thr Glu Lys Ser Pro Glu Asp Lys Vval Gln Ile Ala Ala Asn Glu Glu
195 200 205

Thr GIn Glu Arg
210

<210> 13

<211> 711

<212> DNA

<213> homo sapien

<220>

<221> misc_Ffeature

<222> (515)..(515)

<223> nisa, c, g, or t

<220>

<221> misc_Feature

<222> (524)..(524)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (526)..(526)

<223> n is a, ¢, g, or t

<220>

<221> misc_Teature

<222> (554)..(554)

<223> n is a, c, g, or t

<220>

<221> wmisc_feature

<222> (584)..(584)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (599)..(599)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (628)..(628)

<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (660)..(660) . ... R I
<223> n is a, ¢, g, or t

<220>
Page 7
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<221> misc_feature

<222> (662)..(662)

<223> nis a, ¢, g, or t )

<220> o

<221> misc_feature

<222> (673)..(673)

<223> n s a, ¢, g, or t

<220>

<221> misc_feature

<222> (694)..(694)

<223> nis a, ¢, g, or t

<220> .

<221> misc_feature

<222> (708)..(708)

<223> nisa, ¢, g, or t

<400> 13

aattcaagcg ttatagtagt attaatagct

ttataactgt agggaaggtt ttaaaaccct

ttaatattta ttatggacat ctttctgaaa

taaataactt aaaaaaataa acaatacatt

ccatataagt gaaaaaattg agttttcaat
- acaattttga actaatatta aatgtatttt

tgctcttggt actttatgtc agaagtattt

ctgtttttac ttgctctata atgaaaagtt

atatctcccc aaggagaagg gggacagcat

tatagatatc cagngcatgc gacttcatat

ggtattcctg taatccaact ggactttncg

anagggaaga aangtccttt gagaaacttg

<210> 14

<211> 18

<212> PRT

<213> homo sapien

<400> 14

tainsky2.sT25

gttatatcat
aaggcagttt
aaccttaagt
atattgtagc
aatagactag
cttttttgac
ttatgtgaaa
tactctaaat
aaccnaaaac
tttctaatag
gataggcgat

ttcentttcca

val ITe val val Leu Ile Ala val Ile ser phe
1 5 10

Trp Leu

<210> 15
211> 516
<212> DNA

Page

ttccacaaaa
tttaaaaaat
ctagctatgt
aaaatagctc
accttctaaa
tatgccaagt
cactaggttg
ctaaataagt
acancnaaaa
tggnagaaag
ctcataaaat

gaaaaccntt

PCT/US2006/005830
ttacacgtgg 60
accattgttt 120
atattaacat 180
cattttaaag A240
ggtattttta 300
atattcacac 360
tttcatttgt 420
ttgctcccaa 480
cctaatgata 540
taactttcna 600
ggaacattcn 660
t 711

Pro Gln Asn Tyr Thr
15

8



<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

<221>

<222>
<223>

WO 2006/089219

homo sapien

misc_feature
(330)..(33L)
nis a, c, g,

misc_feature
(338)..(338)
nis a, ¢, g,

misc_feature
(355)..(355)
nis a, ¢, g,

misc_feature
(376)..(376)
n is a, ¢, g,

misc_feature
(328)..(378)
nis a, ¢, g,

misc_feature
(391)..(391)
nis a, ¢, ¢,

misc_feature
(393)..(393)
n is a, ¢, g,

misc_feature
(405) .. (405)
nis a, c, g,

misc_feature
(410)..(410)
n is a, ¢, g,

misc_feature
(412)..(412)
nis a, c, g,

misc_feature
(414) ..(414)
nisa, ¢, g,

misc_Tfeature.

(418)..(418)
nisa ¢, g,

or

or

or

or.

or

or

or

or

or

or

or

or

tainsky2.sT25

Page 9
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<220>
<221> misc_feature
<222> (423)..(423)
<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (426)..(427)

<223> nisa, c, g, ort

<220>

<221> misc_feature
<222> (429)..(429)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (431)..(431)

<223> n is a, ¢, g, or t

<220> .

<221> misc_feature

<222> (438)..(438)

<223> n1is a, ¢, g, or t

<220>

<221> misc_feature

<222> (446)..(447)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature
<222> (452)..(452)

<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (457)..0457)

<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (460)..(460)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature
<222> (462)..(463)

<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (467)..(468)

<223> n is a, c, g, or t

<220>

<221> misc_feature

<222> (474)..(474)

<223> nis a, c, g, or t
<220>

<221> misc_feature

<222> (479)..0479)

Page 10
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aaccgtttct
atcattacaa
aactctagct
tccagttgec
caccagtgtt
taacacacan

aggtaaaatg

<223> n is a, ¢, g,
<220>

<221> misc_Ffeature
<222> (482)..(482)
<223> n 1is a, c, ¢,
<220> .

<221> misc_feature
<222> (484)..(484)
<223> n 1is a, ¢, g,
<220>

<221> misc_feature
<222> (489)..(491)
<223> n 1is a, ¢, g,
<220>

<221> misc_feature
<222> (496)..(497)
<223> n is a, c, g,
<220>

<221> misc_feature
<222> (499)..(499)
<223> n 1is a, ¢, g,
<220>

<221> misc_feature
<222> (503)..(503)
<223> n is a, ¢, g,
<220>

<221> misc_feature
<222> (505)..(505)
<223> n 1is a, ¢, g,
<220>

<221> misc_Ffeature
<222> (512)..(512)
<223> n is a, ¢, ¢,
<220>

<221> misc_feature
<222> (515)..(515)
<223> nis a, ¢, g, or t
<400> 15

aattcaagcg cttgttcttc
aaaagtttat gtttgaaatc
ccctttggat ttttcgccag
cttaactctc catcctctat
ccctcattaa acattagcag
ccctetttaa attctgettt
‘tcctgecact atgttngnct
tcncgnnang naaaatgnaa

ctcecchnagg

tainsky2

ttcatctgga
atgaacttgt
ttgccacagg
tgcttgatct
tgaaaaagag
ngtcctangg
ﬁéhtgaaaéf

Chaaatntgn

.ST25

tttgattgat
caccatcttc
ctaatgactg
cttctaaact
agacctggag
ttgactgccc

ctccngaagn

cnncccninaa

Page 11
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ctttatcctg 60
aatgtctttyg 120
cagtgttctc 180
gaactcctct 240
Ttccttttta 300
actgnaagtt 360
fﬁtﬁﬁcchté< 426
accncaaang 480
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tainsky2.5T25

ananggatnn ncaaannanha acnchcccat thcanc

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

<400>

16
11
PRT

16

homo sapien

é1a cys ser Ser Thr val ser phe Ile Igp Ile
5

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

17
511
DNA

<220>
<221>
<222>
. <223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400> 17
aattcaagcc

ggtgccagaa
tgatttagge
aacctatcct
actgtttctg
taaaagagaa
tttcttaaac
aagcttgcgg
ggggtrttttg

<210> 18
<211> 37

homo sapien

misc_feature
(493)..(493)
n is a, ¢, g,

misc_feature
(496) .. (496)
nisa, ¢, g,

misc_feature
(506)..(506)
n is a, ¢, g,

misc_feature
(508)..(511)
n is a, ¢, g,

ccatgaggtg
gaagaaaagc
ctatgatgca
tctcactgtg
ggattgcttc
actgatactt
tgattgctga
ccgcactcga

ccntghnaaaa

or t

or t

ctcatgcaca
tgttccttct
ttgaaaaact
ttcaacattg
tttgctaact
aatattcaga
aaaggacaac
gtaactagtt

ggaggnhannn

atgggagaaa
tccaaggata
aagtttccac
tctaaaggca
gatttttcct
atctggatat
caaatgactg
aaccccttgg

n

ttcaaatgca
atgtccaaag
aaaaaacatt
taaaggcatc
tccaccacga
caatatatgg
aaataatttt

ggcctctaaa

Page 12

PCT/US2006/005830

516
gatacactgt 60
tagtgcacac 120
caataaagqg 180
aaaaagatac 240
cgtctaagat 300
ttgacfccaa 360
agaataaagg 420
cgggtcttga 480

511



WO 2006/089219

<212> PRT
<213> homo sapien

<400> 18

tainsky2.sT25

PCT/US2006/005830

Pro Met Arg Cys Ser Cys Thr Met Gly Glu Ile Gln Met Gln Ile His
1 5 : 10

Cys Gly Ala Arg Arg Arg Lys Ala val Pro Ser Ser Lys Asp Asn Val
20 25 30

Gln Ser Ser Ala His
35

<210> 19

<211> 266,

<212> DNA

<213> homo sapien

<220>

<221> misc_feature
<222> (215)..(0215)
<223> n is a, ¢, g,

<220>

<221> misc_feature
<222> (223)..(0223)
<223> . n is a, ¢, g,

<220>

<221> misc_feature
<222> (230)..(230)
<223> n is a, ¢, g,

<220>

<221> misc_feature

<222> (234)..(Q234)
<223> n is a, c, g,

<220>

<221> misc_feature
<222> (252)..(252)
<223> n is a, ¢, g,

<220>

<221> misc_feature
<222> (255)..(255)
<223> n s a, ¢, g,

<220>

<221> misc_feature
<222> (260)..(260)
<223> n 1is a, ¢, g,

<220>

. <221> .misc_feature

<222> (263)..(263)
<223> n is a, ¢, g,

or

or

or

or

or

or

or

or

Page 13



WO 2006/089219 PCT/US2006/005830

tainsky2.ST25
<220>
<221> misc_feature
<222> (265)..(265)
<223> nis a, ¢, g, or t

<400> 19
aattcaagcg gagacagaag tcagctttgg agaaaataga gatatttatg aaaaaactac 60

técaaatcac atttccatta ccaatcctgg ggatggaaat attgccttca gttitttactc 120
cagccctata cgacactctc actaaccttt cactgacaac atcatggcct tgaaagcagg 180
gatctcctcc cacaaaggct tcaaaaatta caggnactgg tchctcttan tacnttagtc 240

ctgctttatt tnccentaggn ccnant 266

<210> 20

<211> 9

<212> PRT

<213> homo sapien

<400> 20
g?y Asp Arg Ser an Leu Trp Arg Lys

<210> 21
<211> 238
<212> DNA
<213> homo sapien

<220>

<221> misc_feature

<222> (224)..(224)

<223> nis a, c, g, or t

<400> 21
aattcaagcg ggggagggag taatggcagg acaagcgttt agaaagtttc ttccactctt 60

tgaccgagta ttggttgaaa ggagtgctgc tgaaactgta accaaaggag gcattatgct - 120
tccagaaaaa tctcaaggaa aagtattgca agcaacagta gtcgctgttg gatcgggttc 180
taaaggaaag ggtggagaga ttcaacéatt tagégtgaaa gttngagata aagttctt - 238
<210> 22

<211> 10

<212> PRT

<213> homo sapien

<400> 22

Gly Gly Gly Ser Asn Gly Arg Thr Ser val

1 5 10

<210> 23

<211> 664

<212> DNA .
Page 14



WO 2006/089219 PCT/US2006/005830

tainsky2.sT25

<213> homo sapien

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

misc_feature
(644)..(647)

nisa, c, g, ort

misc_feature
(649)..(649)

nisa, ¢, g, or t

misc_feature
(658)..(658)

nisa, ¢, g, or t

misc_feature
(662) ..(664)
<223> nis a, ¢, g,

<400> 23

or t

aattcaagca
ggaatgaaat
tgaacaatcc
tgtcaatgga
ttccgttttt
tttcaatgtt
gtggctgttc
attgtgtaaa
ttgtaaacct
ttccagccag
gttaacccct
annn

<210>
<211>
<212>
<213>
<400>

24
5
PRT

24

ttttgcactt
cctggaactc
ccgatgattc
taatcatttﬁ
gtrtgrtrtt
gtgaccaagt
ttactgtcca
ctgcaaatta
gtggatactc
acttgctgaa

tggggcctct

homo sapien

ITe Leu His Leu His
1 5

<210> 25
<211> 361
<212> DNA

gcactaaatt
agagttaaat
cctctgettt
ctgctgactt
tctaatatt:
attgtcactc
aatgaagcta
taatataatt
attaattctt
aatctactgg
aaacgggtct

gaacatgacc
taagaacaag
ttgaatgctt
fgcacgccaa
ggtacttccc
agccaacaac
aaaagaaagg
tgaatttatg
ttgttaatat
tgaaagcttg
tgagggtttt

ctgttagaga
gcatcccaca
ccaagactta
ggaatgctac
agaatggtgt
Ttttccacac
catctttctt
attattttcc
ttatttccat
€ggccgeact

ggcnnnnana

Page 15

tgttataaag
gaacctaatc
tcatgaaaac
tagggattgt
aaatacttct
ctgggggttg
cccttttaaa
agaagaaatc
gatagcatca
cgagtaacta

aaaggaanga

60
120
180
240

300

360
420
480
540
600
660
664



WO 2006/089219 PCT/US2006/005830

tainsky2.sT25
<213> Rattus norvegicus

<220>

<221> misc_feature

<222> (346)..(0347)

<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (351)..(35L)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (359)..(361)

<223> nis a, c, g, or t

<400> 25
aattcaagcc ttagagggac aagtggcgtt cagccacccg agattgagca ataacaggtc 60

tgtgatgccce ttagatgtcc ggggctgcac gcgcgctaca ctgactggct cagcgtgtge 120
ctaccctacg ccggcaggcg cgggtaaccc gttgaacccc attcgtgatg gggatcgggg 180
attgcaatta ttccccatga acgaggaatt cccagtaagt gcgggtcata agcttgegtt 240
gattaagtcc ctgccctttg tacacaccgc ccaagcttgc ggccgcactc gagtaactag 300

ttaacccectt ggggcctcta aacgggtctt gaggggtttt tgcttnnaaa nggaggaann ' 360

n 361
<210> 26

<211> 14

<212> PRT )

<213> Rattus horvegicus

<400> 26 ‘

"Leu Arg Gly Thr ser Gly val GIn Pro Pro Glu Ile Glu Gln
1 , 5 10

<210> 27

<211> 221

<212> DNA

<213> homo sapien

<220>

<221> misc_feature

<222> (140)..(140)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (142)..(142)

<223> n.is a,.c, g, or t

<220>
<221> misc_feature
Page 16



WO 2006/089219 PCT/US2006/005830
tainsky?2.sT25
<222> (144)..(144)
<223> nis a, c, g, or t
<220>
<221> misc_feature
<222> (167)..(168)
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (190)..(190)
<223> nis a, c, g, or t
<220>
<221> misc_feature
<222> (193)..(193)
<223> nis a, c, g, or t
<220>
<221> misc_Tfeature
<222> (195)..(195)
<223> nis a, c, g, or t
<220>
<221> misc_TFeature
<222> (197)..(198)
<223> nis a, c, g, or t
<220>
<221> misc_feature
<222> (214)..(214)
<223> nis a, ¢, g, Oor t
<220>
<221> misc_feature
<222> (216)..(218)
<223> nis a, c, g, or t
<400> 27
aattcaagca agaaacagag cagctggtat caaatctgaa ggaagaaaat actttgctga 60
agcaagaaaa agaagccctc aatcaccgeca tcgtgcagca ggctaaggag atgacagaaa 120
ctatggagaa gaagttaagn tnanaagaaa cgaaacaact ggaactnnac cttaatgatg 180
aaaggctgan atntnannaa ccttitctgaa tgancnnnat t 221

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

<400>

Lys Lys GIin Ser Ser Trp Tyr Gln Ile
1 5

<210> ..

<211>
<212>
<213>

28

9

PRT

homo sapien

28

29

537

DNA

homo sapien

Page 17



<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

222> .

<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

. 222>

<223>
<220>

WO 2006/089219

misc_feature
(415)..(415)
n is a, ¢, g,

misc_feature
(424)..(424)
nis a, ¢, g,

misc_feature
(433)..(4348
n is a, ¢, g,

misc_feature
(456) ..(456)
nis a, ¢, g,

misc_feature
(458 ..(458)
n is a, ¢, g,

misc_feature
(468) ..(468)
nisa, ¢, g,

misc_Teature
(471)..(470)
n is a, c, g,

misc_feature
(474)..(474)
nis a, ¢, d,

misc_Teature
(476) ..(476)
nisa, ¢, g,

misc_feature
(480)..(480)
n is a, ¢, g,

misc_feature
(489) .. (489)
nisa, c, g,

misc_feature
(491)...(490D)
nis a, ¢, g,

or

or

or

or

or

or

or

tainsky2.ST25

Page 18
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WO 2006/089219 PCT/US2006/005830

tainsky2.sT25

Page 19

<221> misc_feature

<222> (495)..(496)

<223> nisa, c, g, or t

<220> .

<221> misc_feature

<222> " (502)..(502)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (506)..(506)

<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (509)..(509)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (513)..(514)

<223> nisa, c, g, or t

<220>

<221>  misc_feature

<222> (519)..(521)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (523)..(523)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (529)..(529)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (531)..(531)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (534)..(536)

<223> nis a, ¢, g, or t

<400> 29

aattcaagcg cttctttcac actgaaattg cagagctgag tagctgccac agagaccatc 60
tggcctgcaa acccaaaaca gtttgcagaa agtttccaat gectgagcta ctatactatc 120
aatccaagag gcttttcaaa taaaatcagg ataaatttgc tgtttgagaa gtctaattgg 180
aaccactaca gatctgcttg ggtagataat agaattacac gtataaaaaa tcaaatcttg 240
aaattaaaac aaaccttaaa ttcatactga tgataatcat taactttata aagccttatt 300
‘ftctctgttt ttaacatcat gattatgttc cgtgcttaaa gatccaagtg ttccttgaga 360
atttaatggg aaaaaactat gaagaaattg gctttttaaa aactaatatt atgtntgtgg 420



WO 2006/089219

tainsky2.sT25

PCT/US2006/005830

gtgnataaag gannttgagc tttgtatgga aatttngnct cataaatnca ntananttch

cctatcctna hgachncccg gnacantanc cannaaaannh nhanaaaatnt ngchnna

<210> 30
<211> 9
<212> PRT
<213>

<400> 30

homo sapien

Ala ser Phe Thr geu Lys Leu GIn Ser
1

gagtgaatac
aaatagattt
tagggcctcet
taaaacagta
tgtaagaatt
Ttccactagc
aattttgagt

tgtcccanaa

<210> 31

<211> 450

<212> DNA

<213> homo sapien
<220>

<221> misc_feature
<222> (416)..(416)
<223> nisa, c, g, or t
<220>

<221> misc_feature
<222> (448)..(448)
<223> nis a, ¢, g, or t
<400> 31

aattcaagct gggacttaaa
tgtgtcaggt atgaggaaga
tgagcatagt ttgtgatttt
cgcagacatg agggctaggce
gggtgcggtc ctggctcttyg
tagtgtcttt caggtatccg
aatggtaatc tctttttcag
tgtgggaact cattcattct
<210> 32

<211> 8

<212> PRT

<213> homo sapien
<400> 32

Trp Asp Leu Lys éer Glu Tyr Ser
1 . : L ) S

<210> 33

agctgaagga
tggaagttat
aacagtacca
aggtcaagtt
ctgaccgegce
tacaggtgag
ctgtaattca

gccggggage
gagaaatgta
aagcagcgge
gtttggacag
ttgaattcaa
cattttaccc

tttgtacatyg

Page 20

agaaagtata
gagagtgagt
agccgctgca
aaaggctaca
gctcctgtgg
attgttggat

aaccahaaaa

480

537

60
120
180
240

300

360
420
450



<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

><220>
<221>
<222>

WO 2006/089219

325
DNA _
homo sapien

misc_Teature
(199)..(199)

nis a, ¢, g,

misc_feature
(210)..(210)

n is a, ¢, g,

misc_feature
(219)..0219

nisa, ¢, g,

misc_feature
(226)..(226)

nisa, ¢, g,

misc_feature
(233)..(233)

nis a, ¢, g,

misc_feature
(237)..Q237)

n is a, ¢, g,

misc_Teature
(246) ..(246)

n is a, c, g,

misc_feature
(262)..(262)

n is a, ¢, g,

misc_feature
(267)..(268)

n is a, c, g,

misc_feature
(R71)..(272)

nis a, ¢, g,

misc_feature
(282)..(282)

nis a, ¢, g,

misc_feature
(289)..0290)

or

or

or

or

or

or

or

or

or

or

or

tainsky2.sT25

Page 21
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/089219

nis a, c, g,

misc_feature
(292)..(292)
nisa, ¢, g,

misc_feature
(294)..(295)
nis a, c, g,

misc_feature
(299)..(299)
n is a, c, g,

misc_feature
(302)..(302)
nis a, ¢, g,

misc_feature
(304) .. (304)
nis a, ¢, g,

misc_feature
(306)..(0307)
nis a, ¢, g,

misc_feature
(309)..(309)
nhis a, ¢, g,

misc_feature
(313)..(313)
nis a, c, g,

misc_feature
(317)..(319)
nis a, ¢, g,

misc_feature
(321)..(321)
nis a, c, g,

misc_feature
(323)..(323)
nis a, ¢, g,

misc_feature

(325)..(325) .

n is a, c, g,

33

or

or

or

or

or

or

or

or

or

or

or

ar

or

tainsky2.sT25
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WO 2006/089219

aattcaagcg
tcagtgtgect
cctcatcggé
acagcatggg
tgcagncttc
chthgnntnc
<210>
<211>
<212>
<213>

<400>

34
15
PRT

34

cacctttcac
cacggggctg
gctcatgtac
gggcccegnce

caaccctcat

‘canatgnnnc

homo sapien

ctgetggect
ctgttcggca
ttcattgtgc
cccecggeagn
cntatanntg

ngnan’

tainsky2.sT25
acagtggcta caaatacgtg ggaatgatcc

PCT/US2006/005830

gcgatggeta ctacgtggeg ctggoectgga

gctctttgcg gacagcagcc ctgggccccy

gtctccagng tctacntgta ctntggnagc

nntgtaattt cnaccctgnn cnthngacnc

Ala Pro Phe Thr Cys Trp Pro Thr val Ala Thr Asn Thr Trp Glu
1 5 10 15

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

35
649
DNA

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400> 35
aattcaagcg

cctgaagact
tgtagtccca
tatcacaaag
gttcttgtaa
tacctgacaa
aaaggttcaa
acagttttecc

tgagtgatac

- €caaatacac

gcctctaaac

homo sapien

misc_feature
(628)..(632)
nisa, c, g, or t

"misc_feature
(645) ..(649)
nisa, c, g, or t

ttctttcagc
tacgatatca
gtttagcgcc
aacattatag
cataatccaa
attatcaagc
tatatcctgg
cagctcaaaa

catgtttccg

cagattgtga- agettgegge-

gggtcttgag

tctaccagaa
gcattgcagc
catgatggac
cacatgacag
gaccttggag
aaatagttca
gtaaggggat
ggtagaactc

agttctgcgg

ggttttgnnn

aaaaactgta
tcaagatttc
agtagccgta
aaaacaaggc
gtggttgttc
gcagccgtct
ttcctttcag
gtaacaggtt

gtaagctacg

cgcactcgag

nNnaaaaagga

atactgttcc
ttgaataatg
taactgccgg
agttggcctt
tgttgtaatt
tgttccatct
gcctaaagtc
gttatttaaa

aattttatta

taactagtta

ggaannnnn

Page 23

gtttcaacct
gcctttttcc
gtcgcatatt
gtcctatcfg
ctttttgcag
ggttcctgat
tgcaactgaa
tggagctccc

gatgacaggt

accccttggg -

60
120
180
240
300
325

60
120
180
240
300
360
420
480
540
600
649



WO 2006/089219

<210> 36
<211> 32
<212> PRT
<213>
<400> 36

homo sapien

tainsky2.sT25

val Leu Ser Ala Leu Pro Glu Lys Asn Eys Asn
1 5 0

Pro Pro Glu égp Leu Arg Tyr Gln ggs Cys ser

<210> 37
<211> 467
<212> DNA
<213>
<400> 37
aattcaagcg
aaaagagtga
gggcagagac
aaatatcctc
ccatgatcaa
aaatgtaatc
tgcagaaaag
aggtattgat
<210> 38
<211> 23
<212> PRT
<213>
<400> 38

val GIn Arg Gly §1e Gly Thr Ile Pro Ser Glu
1

homo sapien

tacaaagagg
atcctcccta
acaaccaaaa
aatcaaatac
gtgggcttca
cagcatataa
gcctttgaca

gagacatatc

homo sapien

aattggtacc
actcatttta
aagagaattt
tggcaaactg
tccctgggat
acagagccaa
aaattcaaca

tcaaaataat

Arg Lys Arg val Asn Pro Pro
20

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

39
139
DNA

220>
221>
<222>

homo sapien

misc_feature
(138)..(138)

attccttctg
tgaggccagc
tagaccaata
aatccagcag
gcaaggctgg
agacaaaaac
acccttcatg

aagacctatc

PCT/US2006/005830

Thr val Pro Phe Gln
1

Ser Arg Phe Leu Glu
30

aaactattcc
atcatcctga
tccttgatga
cacatcaaaa
ttcaatatat
cacatgatta
ctaaaaactc

tatgaca

agtcaataga
caccaaagcc
acattgatgc
agcttatcca
gcaaatcaat
tctcaataga

tcaataaatt

Thr Ile Pro val Asn
15

Page 24

60
120
180
240
300

360

420
467



WO 2006/089219 PCT/US2006/005830

tainsky?2.sT125
<223> n is a, ¢, g, or t

<400> 39
aattcaagcc ggggtttggg ccctctagec gcagcctgcg ggcggagcedg tggcggcegge

ggcggcggtg ctggtggtac cggcagcagc aatgttaaca aaaaaacacc acccaactga

tcecectectt cctcgcthg

<210> 40

<211> 36

<212> PRT

<213> homo sapien

<400> 40

Arg Gly Leu Gly Pro Leu Ala Ala Ala Cys Gly Arg Ser Gly Gly Gly

1 5 10 15

Gly Gly Gly g]y Ala Gly Gly Thr Ggy Ser ser Asn val égn Lys Lys
0 2

Thr Pro Pro Asn
35

<210> 41

<211> 72

<212> DNA

<213> homo sapien

<400> 41 ,
aattcaagcg aaaaaggagg tcaggagaag cagggagagg taattgtgag catataggat

aagttcttaa ta

<210> 42,

<211> 15

<212> PRT

<213> homo sapien

<400> 42

Glu Lys Gly Gly Gin Glu Lys Gln Gly Glu val Ile val Ser Ile
1 5 10 15

<210> 43

<211> 645

<212> DNA

<213> homo sapien

<220>

<221> mwmisc_feature

<222>  (559)..(559) . . . -
<223> n is a, ¢, g, or t

<220>
Page 25

60
120
139

60
72



~<220> -

WO 2006/089219

<221>
<222>
<223>

<400> 43
aattcaagct

(640

gtaacgcttt
tgctttagca
Ttcttecttt
tccttgttte
tgcaccacat
aaggaaaaaa
gatgcttatc
taccaagccg
gtttrtctat
taaacgggtc
<210>
<211>
<212>
<213>

<400>

44
20
PRT
homo

44

misc_feature

)..(645)

gggggttcaa

agaaacagat
gatgtgacat
tcatttaatt
ctagaattcc
ctctgtagga
tcagtgacag
ttttcaactg
aagtattggg
tgcgaagent

ttgaggggtt

sapien

nisa, ¢, g, or t

tgaaagggac
catccaattt
ctttctctga
caggaatcaa
taaggaggaa
gagctctggce
gtttataaat
ctggttccaa
gttcaatgac
gcggecgeac

tttggcttga

tainsky2.sT25

aggctctcca
tgtattcttt
gacatagctt
ttctaacaca
caacaacaaa
atcatccacc
tgcaaactga
ctgctcctet
tttattctct
tcgagtaact

aaggagggan

Trp Gly Phe Asn Glu Arg Asp Arg Leu Ser Ser
1 5

cys val Thr

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

45
468
DNA
homo

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

misc

(88)

misc
(102

<221> m{sc
<222>

<223>

Leu
20

sapien

_feature
..(88)

_feature
)..(102)

_TFeature

(131)..(131)
nisa, c, g, or t

nisa, ¢, g, or t

nis a, ¢, g, or t

10

gcatacttca
gaagtcaaat
ttcatgaggg
gatttcacag
atcggggttt
ttgcctgeat
ttggccaatc
attacttttc
gaagtaagca
agttaacccc

nnnnn

PCT/US2006/005830
gcaaagatgc 60
gttcatacag 120
aattgtatgc 180
ttgatgcctt 240
gttcagcaat 300
ccacaagttg 360
tctcegecat 420
tgaataagta 480
tattttcaat 540
ttggggcctc 600

645

ITe Leu GIn Gln Arg
15

Page 26



<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

<223>

<220>
<221>

WO 2006/089219

misc_feature
(136)..(136)
nis a, c, g,

misc_feature
(142)..(142)
nisa, ¢, g,

misc_feature
(157)..Q157)

n is a, ¢, g,

misc_feature
Q77)..QA77)
nisa, c, g,

misc_feature
(181)..(181L)
nis a, c, g,

misc_feature
(187)..(187)
nisa, c, g,

misc_feature
(190)..(190)
nis a, c, g,

misc_feature
(197)..(197)
nas a, C, g,

misc_feature
(207)..Q207)
nis a, ¢, g,

misc_feature
(214)..(2148)
n is a, ¢, g,

misc_feature
(240) ..(240)
nis a, ¢, g,

misc_feature
(252)..(252)
n is.a, c,. g,

misc_feature

or

or

or

or

or

or

or

or

or

or

or

or.

tainsky2.sT25
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<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

WO 2006/089219

(258)..(258)
nisa, ¢, g,

misc_feature
(267)..(267)
nis a, ¢, g,

misc_feature
(271)..(271)
nis a, c, g,

misc_feature
(284) .. (284)
nis a, c, g,

misc_featufe
(292)..(292)
nis a, c, g,

misc_feature
(296)..(296)
nis a, ¢, g,

misc_feature
(307)..(307)
nis a, c, g,

misc_feature
(317)..(318)
nis a, ¢, g,

misc_feature
(333)..(333)
nis a, c, g,

misc_feature
(344)..(344)
nisa, c, g,

misc_feature
(346) ..(346)
nis a, ¢, g,

misc_Tfeature
(355)..(355)
nis a, ¢, g,

_misc_feature.
(381)..(381)
nis a, ¢, ¢,

or

or

or

or

or

or

or

or

or

or

or

or

or

tainsky2.sT25
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tainsky2.5T25
<220>
<221> misc_feature
<222> (394)..(394)
<223> nis a, ¢, g,.or t

<220>

<221> misc_feature

1 <222>  (397)..(397)

<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (405)..(405)

<223> nis a, c, g, ort

<220>

<221> misc_feature

<222> (413)..(413)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (422)..(422)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (433)..(433)

<223> nisa, ¢, g, ort

<220>

<221> misc_feature

<222> (448)..(448)

<223> nis a, c, g, or t

<220>

- <221> misc_feature

<222> (462)..(467)

<223> nisa, c, g, ort

<400> 45
aattcaagcg ttgtttctgg atttttctct acattttctt tgtgagaaac atactgtgtt 60

gtggcaccct tgctgctttt trttttttnct tctttgaaag gnagttttgc tcttgttgcc 120
caggctggag hacagnggca chatctcagc tcactgnaac ctccgettcc cgggttnaag 180
ngattcnccn gcctcancct cccaaghagc tggnactaca ggcacctgcc accaagcccn 240

gctaattttt gngttttnag aaaaaahggg natttcacca tgthggccag ghtggnctca 300

aactccngac ctcaggnnat ccacctgcct cancctccca aagngnaggc atganccacc 360
gcacccggcc caaaaaagct ngcggccgca ctchaghaac tagthaaccc ctnggggéct 420
chaaacgggt ctngaggggt tttttgcnca aaaaggagga annnnnna 468
<210> 46

.<211> 11
<212> PRT

<213> homo sapien

Page 29
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tainsky?2.sT25

<400> 46

val val ser Gly Phe Phe Ser Thr Phe Ser Leu
1 5 10
<210> 47

<211> 109

<212> DNA

<213> homo sapien

<220>

<221> misc_feature

<222> (101)..(102)

<223> nis a, c, g, or t

<400> 47
aattcaagca aaaaaaaaaa aaaaaaaaaa agggttgggg gcccccttca ataaattatt 60

aaccccttgg ggcccttaaa agggttttgg ggggtttttt nntaaaagg 109

<210>- 48

<211> 14

<212> PRT

<213> homo sapien

<400> 48

iys Lys Lys Lys Eys Lys Lys Arg val g1y Gly Pro Leu Gln
0

<210> 49

<211> 564

<212> DNA

<213> homo sapien

<220>

<221> misc_TFeature

<222> (482)..(482)

<223> nisa, c, g, or t

<220> '

<221> misc_feature

<222> (487)..(487)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (513)..(513)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (520)..(520)

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (526)..(526)

Page 30
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tainsky2.sT25
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (530)..(531)
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (534)..(534)
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (536)..(536)
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (539)..(539
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (543)..(543)
<223> nis a, c, g, or t
<220>
<221> misc_fTeature
<222> (546)..(546)
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (551)..(551)
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (554)..(554)
<223> n is a, ¢, g, or t
<220>
<221> misc_feature
<222> (556)..(556)
<223> n is a, ¢, g, or t
<220>
<221> misc_feature
<222> (558)..(558)
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (562)..(562)
<223> nis a, ¢, g, or t
<400> 49
aattcaagcc gcaagttgga atcgaagcct cttaaaatgg cagatgactt ggacttcgag 60

acaggagatg caggggcctc agccaccttc ccaatgcagt gotcagcatt acgtaagaat 120

ggctttgtgg tgctcaaagg ccggccatgt aagatcgtcg agatgtctac ttcgaagact 180
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ggcaagcacg gccacgccaa
tatgaagata tctgcccgtc
ttccagctga ttggcatcca
cgagaggacc ttcgtctccc
tgtggagaac agatcctgat
antcaangcc atggcaaaat
tthtgnacct ncanangncc
<210> 50

<211> 179

<212> PRT

<213> homo sapien
<220>

<221> misc_feature
<222> (149)..(149)
<223> Xaa can be any
<220>

<221> misc_feature
<222> (151)..(151)
<223> Xaa can be any
<220>

<221> misc_feature
<222> (159)..(159)
<223> Xaa can be any
<220>

<221> wmisc_Tfeature
<222> (162)..(162)
<223> Xaa can be any
<220>

<221> misc_feature
<222> (164)..(170)
<223> Xaa can be any
<220>

<221>_ misc_feature
<222> (172)..(174)
<223> Xaa can be any
<220>

<221> misc_feature
<222> (176)..(179)
<223> Xaa can be any
<400> 50

ggtccatctg

aactcataat

ggatgggtac
tgagggagac
cacggtgctg
aactggcttt

cntc

naturally

naturally

naturally

naturally

naturally

naturally

naturally

_ Met Ala Asp Asp-Leu-Asp Phe Glu
1 5

tainsky2.5T25

gttggtattg acatctttac
atggatgtcc ccaacatcaa
ctatcactgc tccaggacag
cttggcaagg agattgagca
tctgccatga cagaagaggc

canggtggen ggtggnggen

occurring

occurring

occurring

occurring

occurring

occurring

occurring

Thr Gly Asp-Ala
10

amino

amino

amino

amino

amino

amino

amino

Page 32

acid

acid

acid

acid

acid

acid

acid

PCT/US2006/005830
tgggaagaaa 240
aaggaatgac 300
cggggaggta 360
taagttcgac 420
acttgttgca 480
ncanthatnc 540

564

Gly Ala Ser-Ala
15



WO 2006/089219

Thr pPhe Pro Met Gln Cys Ser
20
Leu Lys ggy Arg Pro Cys Lys
Gly Lys His Gly His Ala Lys
50 55
Thr Gly Lys Lys Tyr Glu Asp
65 70
val Pro Asn Ile Lgs Arg Asn
8
Gly Tyr Leu Ser Leu Leu Gin
100
Arg Leu Pro Glu Gly Asp Leu
115
Cys Gly Glu GIn Ile Leu Ile
130 135
Ala Leu val Ala Xaa Gln Xaa
145 150
Gly Xaa Trp Xaa Xaa Xaa Xaa
165
Xaa Xaa Xaa
<210> 51
<211> 726
<212> DNA
<213> homo sapien
<220>
<221> misc_feature
<222> (535)..(535)
<223> nis a, c, g, or t
<220>
<221> misc_feature
<222> (537)..(537)
<223> nis a, ¢, g, or t
S
<221> misc_feature
<222> (606)..(606)

Ala

Ile

40

val

Ile

Asp

Asp

His

Xaa

tainsky?2.sT25
Egu Arg Lys Asn Gly

val Glu Thr

45

Met Ser

His Leu val Gly Ile
60

Cys Pro ser Thr His

75

Gln Ile

90

Phe Leu Gly

Ser Gly Glu val

Arg
105

His
125

Lys Glu Ile Glu

Ala
140

val Leu Ser Met

Ile Thr

155

Gly Lys Gly

Xaa Thr

170

Xaa Xaa Xaa

Page 33

Phe

30

ser

Asp

Asn

Ile

Glu

110

Lys

Thr.

Phe

Xaa

val

Lys

Ile

Met

GlIn

95

Asp

Phe

Glu

Xaa

Pro
175

PCT/US2006/005830

val

Thr

Phe

Asp

80

Asp

Leu

Asp

Glu

Gly

160

Xaa



WO 20

06/089219

<223> nis a, ¢, g,
<220>

<221> misc_feature
<222> (636)..(636)
<223> n1is a, ¢, 49,
<220>

<221> misc_feature
<222> (642)..(642)
<223> n is a, ¢, g,
<220>

<221> misc_feature
<222> (665)..(665)
<223> n is a, ¢, g,
<400> 51

aattcaagcg acctacagcc
cccggecaggt gcgatgettce
ctcctgttca ggtatactgg
tcaaaacaga ataagctgga
aaggaaccca aagtggctgc
aaaagcctaa atgacatcac
aatttgcttg ctgaaaatgg
accatgatga gtgtccatcg
gaagaagcca cactctctga
gtattgaaat tggaggctaa
ggcganaaat atgttgacat
ggganatgtc taaagtgttg
aagctt

<210> 52

<211> 35

<212> PRT

<213> homo sapien
<400> 52

or t

or t

or t

or t

gcccgggaga
agtacctctg
tattgaaggt
gcaagtagaa
Ttctgttttg
agcaaaagag
tcgattaage
cggagaggta
attaaaaact
gactgatccg
gtctgtcaag
gtttctgect

tainsky2.sT25

agatggctgce
tggtcagacc
cgctatgcca
aaggagttgt
aatccctatg
aggttctctc
aatacccaag
ccttgcacag
gtcctcaaga
tcaatcttgg
accaanattc

cagtgaaaat

cccagcagtg
atttgccaag
cagctcttta
tgagagtagc
tgaagcgttc
ccctcactac
gagtcgtttc
tgacctctgc
gcttcctaag
gtggaatgat
anaagctggg
cttaacttgg

PCT/US2006/005830
tcecgggcetcet 60
cttgtgaggc 120
ttctgctgea 180
acaaatcctg 240
cattaaagtg 360
caacctgatc 360
tgccttttct 420
atctccttta 480
tcaangncaa 540
tgtgcgcatt 600
cagggctatc 660
agcaccatta 720

726

Asp Leu Gln Pro Pro Gly Arg Arg Trp Leu Pro Gln GIn Cys Pro Gly
1 5 10 15

ser Pro Gly Arg Cys Asp Ala Ser Vv
20 25

" Pro Ser Leu
35

30

Page 34
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tainsky2.sT25

<210> 53

<211> 543

<212> DNA .

<213> homo sapien

<220> .

<221> misc_feature

<222> (526)..(527)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (538)..(543)

<223> nis a, ¢, g, or t

<400> 53

aattcaagcc tcacccggcc cggacacgga caggattgac agattgatag
attccgtggg tggtggtgca tggccgttct tagttggtgg agcgatttgt
ccgataacga acgagactct ggcatgctaa ctagttacgc gacccccgag
cccccaactt cttagaggga caagtggcgt tcagccaccc gagattgagc
ctgtgatgcc cttagatgtc cggggctgca cgcgcgctac actgactgge
cctaccctac gccggcaggc gcgggtaacc cgttgaaccc cattcgtgat
gattgcaatt attccccatg aacgaggaat tcccagtaag tgcgggtcat
tgattaagtc cctgcccttt. gtacacaccg cccaagcttg cggccgcact
gttaacccct tggggcectct aaacgggtct tgaggggttt ttgctnnaaa
nnn

<210> 54

<211> 9

<212> PRT

<213> homo sapien

<400> 54

ieu Thr- Arg Pro g1y His Gly GIn Asp

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

<220>
<221>
<222>
<223>

<220>
<221>

55

364

DNA

homo sapien

misc_feature
(242)..Q242)

nisa, c, g, ort

misc_feature

Page 35

PCT/US2006/005830
ctctttctcg 60
ctggttaatt 120
cggtcggegt 180
aataacaggt 240
tcagcgtgtg 300
ggggatcggg 360
aagcttgcgt 420
cgagtaacta 480
ggaagaannn 540

543



<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

. <221> .

<222>
<223>

WO 2006/089219

(253)..(253)
nisa, ¢, g,

misc_feature
(264)..(264)
n is a, ¢, g,

misc_feature
(266) .. (266)
nis a, ¢, g,

misc_feature
(281)..(281L)
n is a, ¢, g,

misc_feature
(284) ..(284)
nis a, ¢, g,

misc_feature
(290)..(290)
nis a, ¢, 4,

misc_feature
(301)..(301)
n is a, ¢, g,

misc_feature
(303)..(303)
nis a, ¢, g,

misc_feature
(305)..(305)
nis a, ¢, g,

misc_feature
(308)..(308)
nis a, ¢, g,

misc_feature
(313)..(313)
nis a, ¢, g,

misc_feature
(322)..(322)
nis a, ¢, g,

misc_feature.
(325)..(325)
nis a, ¢, g,

or

or

or

or

or

or

or

or

or

or

or

or

or

tainsky2.sT25
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tainsky2.sT25
<220>
<221> misc_feature
<222> (327)..(327)
<223> nis a, ¢, g, or t

<220>

<221> misc_fTeature

<222> (332)..(332)

<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (335)..(335)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (340)..(340)

<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (344)..(344)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (346)..(346)

<223> n 1is a, ¢, g, or t

<220>

<221> misc_feature

<222> (350)..(350)

<223> nis a, ¢, g, or t

<220>
<221> misc_feature
<222> (357)..(357) )
<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (359)..(361)

<223> nis a, ¢, g, or t

<400> 55 .
- aattcaagcg aattacttcg aacatgagga gttaactgtg agccagctcc tgctgtgect 60

aagggaaggg aatcagaagg tggagagact tgaagttgca ctcaaggagg ccaaagaaad 120
agtttcagat tttgaaaaga aaacaagtaa tcgttctgag attgaaaccc agacagaggg 180

gagcacagag aaagagaatg atgaagagaa aggcccggag actgttggaa gcgaagtgga 240

ancactgaac cthcaggtga catntntgtt taaggagctt naanaggctn atacaaaact 300
nanchaanct ganctaatga anaahanact thaanaaaan tgtnangccn ttgaaangnn 360
naat : 364
<210> 56

<211> 5
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<212>
<213>

<400>

WO 2006/089219

PRT .
homo sapien

56

Glu Leu Leu Arg Thr
1 5

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

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

<221>
<222>

57

233

DNA

homo sapien

misc_Teature
(113)..(113
n is a, ¢, g,

misc_feature
(138)..(138)
n is a, ¢, 9,

misc_feature
(146)..(146)
n is a, ¢, g,

misc_feature
(164)..(164)
n is a, ¢, g,

misc_feature
(168)..(169)
n is a, ¢, g,

misc_feature
a77)..(178)
n is a, ¢, g,

misc_feature-

(182)..(182)
n is a, ¢, g,

misc_feature
(197)..Q197)
nis a, ¢, d,

misc_feature
(205)..(206)

nis a, ¢, g,

misc_feature
(208)..(209)

or

or

or

or

or

or

or

or

tainsky2.sST25
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<223> nis a, ¢, g, or t
<220>

. <221> misc_feature

<222> (214)..(215)

<223> nis a, ¢, g, or t
<220>

<221> misc_feature
<222> (219)..(219)

<223> nisa, ¢, g, or t
<220>

<221> misc_feature
<222> (222)..(Q222)

<223> nis a, ¢, g, or t
<220>

<221> misc_feature

<222> (226)..(227)

<223> nisa, c, g, ort
<400> 57

PCT/US2006/005830

tainsky2.s5T25

aattcaagcc aaaaaacagg aggtgctgac caaagtcttc

aaagggaaag gaaagaaaaa gaagtaacct agtatcagca

taatagacat gaatgganac ttcttntttg tatcggaggg

ghatgattga actgaantgg gagchngnng ggchnaatha

<210> 58

<211> 25

<212> PRT .
<213> homo sapien
<400> 58

GIn Lys Thr Gly Gly Ala Asp GIn Ser Leu Gln
1 5

10

Lys Lys Gly Lys Gly Lys Lys Lys Lys
20 25

<210> 59

<211> 287

<212> DNA .
<213> homo sapien
<400> 59

aattcaagcg gacaaaccag
tacactggec cttttgaagce
gtataaaaat tccacatccc
atgttaactg gctctactcc

ttcaaataga agtaacataa

tatgtaggca
cacaatgtac
catattggcc
cctaatatta

acctgtcata

gttttctttg
caaaagtact
acctcaagat
aacataaaaa

aatcgtaaac

aacaaggaga gggaagtaaa
tcaagtatgt ggnactactg
aaahaaannc tttttgnngt

tntacnhnccc tcc

Gln Gly Glu Gly ser
15

cttagacatg gaagcagttt
atgccaaaca cttataactt
gaaaacagat aactccctaa
ccacatggga aatatagaaa

aaaaaac
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tainsky2.sT25

<210> 60

<211l> 5

<212> PRT

<213> homo sapien
<400> 60

§1y GIn Thr Ser get

<210> 61

<211> 222

<212> DNA

<213> homo sapien

<400> 61
aattcaagcg cactacaagc caaatcagat gagaaggcdg cggttgcagg caagaagcct 60

gtggtaggta agaaaggaaa gaaggctgct gttggtgtta agaagcagaa gaagcctctg 120
gtgggaaaaa aggcagcagc taccaagaaa ccatcccctg aaaagaagcc tgcggaaaac 180
aaacctacta cagaggataa taagcctgct gcataaactc tt 222
<210> 62

<211> 68

<212> PRT

<213> - homo sapien

<400> 62 |
Ala Leu GIn Ala Lys Ser Asp Glu Lys Ala Ala val Ala Gly Lys Lys
1 5 10 15

Pro val val Gly Lys Lys Gly Lys Lys Ala Ala val Gly val Lys Lys
20 25 . 30
GIn Lys Lys Pro Leu val Gly Lys Lys Ala Ala Ala Thr Lys Lys Pro
35 40 45

Ser ggo Glu Lys Lys Pro é}a Glu Asn Lys:Pro ggr Thr Glu Asp Asn

Lys Pro Ala Ala
65

<210> 63

<211> 600

<212> DNA

<213> homo sapien

<220>
<221> misc_feature
<222> (398)..(398)
Page 40



<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
- <222>
<223>

<220>

WO 2006/089219

n is a, ¢, g,

misc_feature
(402) . . (402)
n is a, c, g,

misc_feature
(407)..(407)
nis a, ¢, g,

misc_feature
(440) . . (440)
nis a, ¢, g,

misc_Teature
(444)..(444)
nis a, c, g,

misc_feature
(451)..(451)
nis a, ¢, g,

misc_feature
(466) . . (466)
nis a, ¢, g,

misc_feature
(475) ..(475)
nis a, ¢, g,

misc_feature
(483)..(483)
nis a, ¢, d,

misc_feature
(485)..(487)
nis a, ¢, g,

misc_feature
(495)..(496)
nis a, ¢, g,

misc_feature
(498) . . (498)
n-is a, ¢, g,

misc_feature

-(503)..(503) -

n is a, ¢, g,

or

or

or

or

or

or

or

or

or

or

or

or

or

tainsky2.sT25
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

<222> .

<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

. <220>
<221>
<222>
<223>

WO 2006/089219

misc_feature
(506) ..(506)
nis a, ¢, g,

misc_feature
(509)..(509)
nis a, ¢, g,

misc_feature
(517)..(517)
nis a, c, g,

misc_feature
(522)..(523)
n is a, ¢, g,

misc_feature
(525)..(525)
nis a, ¢, g,

misc_feature
(527) . .(529)
nis a, ¢, g,

misc_feature
(533)..(533)
n is a, ¢, g,

misc_feature
(535)..(537)
nis a, ¢, g,

misc_feature
(541)..(543)
nis a, c, g,

misc_feature
(549)..(549
nisa, c, 9,

misc_feature
(553)..(553)
nisa, ¢, g,

misc_feature
(556)..(556)
n is a, c, g,

misc_feature

(558) . .(558)
nis a, ¢, g,

or

or

or

or

or

or

or

or

or

or

or

or

or

tainsky2.sT25
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<220>

<221> misc_feature
<222> (564)..(565)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (568)..(569)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (574)..(574)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature
<222> (578)..(578)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (584)..(585)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (587)..(589)

<223> nis a, ¢, g, or t
<220> )

<221> misc_feature

<222> (592)..(600)

<223> nis a, ¢, g, Oor t

<400> 63 )
aattcaagcg aaattttgaa gccagaagga caacatatga agcttaggag tgaagagact 60

tcctgagcag aaatgggcga acttcagtct ttttactgtg trtttgcagt attctatata 120
taatttcctt aatttgtaaa trtagtgacc attagctagt gatcatttaa tggacagtga 180
ttctaacagt ataaagttca caatattcta tgtccctagc ctgtcatttt tcagctgcat 240
gtaaaaggag gtaggatgaa ttgatcatta taaagattta actattttat gctgaagtga 300
ccatattttc aaggggtgaa accatctcgc acacagcaat gaaggtagtc atccatagac 360
ttgaaatgag accacatatg gggatgagat ccttctantt ancctantac tgctgtactg 420

gcctgtatgt acatggggth cttnaactga ngccttgcaa gtcaanctgg ctgtnccatg 480

ttngnnnatg gggchnanga ttntanacna tgggaanctt gnngnchnnc ttnannnact 540
nnntacccnt tgnggncntt aaannggnnt tgangggntt ttinntnnng gnnannnnnn 600
<210> 64

<211> -18 SRR S e e

<212> PRT

<213> homo sapien
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<400> 64

tainsky2.sT25

PCT/US2006/005830

Glu Ile Leu Lys Pro Glu Gly GIn His Met Lys Leu Arg Ser Glu Glu
1 5 10 . 15

Asp Asp Asp Ser Asp Tyr Gly Ser Ser Lys Lys Lys Asnh Xaa
1 5 10

tgactatggce
aaaagaaaag
aggcaaaggg
tcccaaagaa
cccacccgag
aaagtgatga

ggggcctcta

Thr ser
<210> 65
<211> 429
<212> DNA
<213> homo sapien

- <220>
<221> misc_feature
<222> (50)..(50)
<223> n is a, ¢, g, or t
<220>
<221> misc_feature
<222> (426)..(429)
<223> n is a, ¢, g, or t
<400> 65
aattcaagcg atgacgatag
aagaagtcca aacctgaaag
gtgacgccaa gtccagtgaa
tcaaaggaaa agactccttc
aagaaaacat ctataagccc
gccccttctg gggaggatta
gagtaactag ttaacccctt
gaggannnn
<210> 66
<211> 103
<212> PRT .
<213> homo sapien
<220>
<221> misc_feature
<222> (14)..(148)
<223> Xaa can be any natura
<400> 66

agttcgaaaa
aaaatgccca
aaagtgggtc
gaagatgagg
aaatctgggg

tggtctgggg
aacgggtctt

agaaaaacan
aacccagact
gccccacagce
aaccggaaagd
atgaagggtc
agaagcttgc

gaggggtttt

11y occurring amino acid

aaagatggtt
aaaggctaca
ttcaaaggca
cccgccagaa
tgaagatgaa
ggccgcactc

ttgctgaaag

Lys Met
15

val Lys Lys Ser Lys Pro Glu Arg Lgs Glu Lys Lys Met Pro Lys Pro
20 25° 30
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Arg Leu ggs Ala Thr val Thr Pro Ser Pro val Lys ggy Lys Gly Lys
val g1y Arg Pro Thr Ala ggr Lys Ala Ser Lys ggu Lys Thr Pro Ser
0

Pro Lys Glu Glu Asp Glu Glu Pro Glu Ser Pro Pro Glu Lys Lys Thr
65 70 80

ser Ile Ser Pro ggo Pro Glu Lys Ser ggy Asp Glu Gly ser S}u Asp

Glu Ala Pro Ser Gly Glu Asp

100
<210> 67
<211> 347
<212> DNA
<213> homo sapien
<400> 67
aattcaagcc agcagcagca gcaacaacaa catcaagcct catctaatag cggatcagaa 60

gaggattcct ctagcagtga agattccgat gactcatcaa gtgaggtcaa aaggaaaaag 120
cataaagatg aagattggca aatgtctggg tcaggatctc catctcagtc tggttcagat .180
tcagaatctg aégaagagag agagaaaagc agttgtgatg aaacagaatc tgattatgag 240
CCaaaaaaca aagtcaaaag cagaaagctt gcggccgcac tcgagtaact agttaacccc 300
- ttggggcctc taaacgggtc ttgaggggtt ttttgctgaa aaggagg 347
<210> 68

<211> 86

<212> PRT

<213> homo sapien

<400> 68

g1n GIn GIn GlIn g1n GIn GIn His GIn Ala Ser Ser Asn Ser g}y.sar

Glu Glu Asp Ser Ser Ser Ser Glu Asp Ser Asp Asp Ser Ser Ser Glu
, 20 25 30

val Lys ggg Lys Lys His Lys Asp Glu Asp Trp Gln Mgt Ser Gly ser
40 4

.4Giy ggr Pro Ser Gln Ser Gly Ser Asp Ser Glu Ser Glu Glu Glu Arg
55 6
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tainsky2.sT25

PCT/US2006/005830

Glu Lys Ser Ser Cys Asp Glu Thr Glu Ser Asp Tyr Glu Pro Lys Asn
65 70 75 80

Lys val Lys Ser Arg Lys
: 85

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

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

69

501

DNA

homo sapien

misc_feature
(138)..(138)
nis a, c, g,

misc_feature
(141)..(141)
n is a, ¢, g,

misc_feature
(187)..(187)
nis a, ¢, g,

misc_feature
(194) .. (194)
n is a, ¢, g,

misc_feature
(310)..(310)
n is a, ¢, g,

misc_Ffeature
(351)..(351)
n1is a, ¢, g,

misc_feature
(392)..(392)
nis a, c, g,

misc_Tfeature
(398)..(398)
nis a, ¢, g,

misc_feature
(415)..(415)
nis a, c, g,

misc_feature
(428)..(428)

or

or

or 1

or

or

or

or

or
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

. <222>.

<223>
<220>

WO 2006/089219

nis a, c, g,

misc_feature
(434)..(434)
nisa, c, g,

misc _feature
(437)..(0437)
nis a, c, g,

misc_feature
(447)..(447)
nis a, c, g,

misc_feature
(450 .. (450)
nis a, ¢, g,

misc_feature

(456)..(456)
nis a, ¢, g,

miéc_feature
(459)..(459)
nis a, c, g,

misc_Ffeature
(462) ..(462)
nis a, ¢, g,

misc_feature
(465)..(465)
nis a, c, g,

misc_feature
(468) . . (468)
n1is a, ¢c, g,

misc_Tfeature
(476)..(476)
nis a, ¢, g,

misc_feature
(478)..(478)
nis a, ¢, g,

misc_feature

(481)..(481) .

nis a, ¢, g,

or

or

or

or

or

ar

or

or

or

or

or

or

or

tainsky2.sT25
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<221> misc_feature
<222> (483)..(483)
<223> n is a, ¢, g, or t

<220>

<221> mwisc_feature

<222> (494)..(494)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (498)..(498)

<223> nisa, ¢, g, or t

<400> 69

aattcaagca agaaacagag cagctggtat caaatctgaa ggaagaaaat actttgctga 60
agcaagaaaa agaagccctc aatcaccgca tcgtgcagca ggctaaggag atgacagaaa 120
ctatggagaa gaagttanta naagaaacga aacaactgga actcgacctt aatgatgaaa 180

ggctganata tcanaacctt ctgaatgagt tcagtcgcct ggaagaaaga tatgatgacc 240
tcaaggaaga gatgaccctt atggtgcatg tgcctaagct tggacacaag agaacagact 300
ccacccacan cagcaacaag tctgaatata tctttagctc tgaaattgca naaatggaag 360

acattccatc aaggacagag gaaccaagtg anaagaangt acctctggac atgtnattgt 420

tccttaanct ccahaancgg gtcacanaanh ctggancang ahaancangt gatgcngnat 480
nanctggacc gcanagcntt g 501
<210> 70

<211> 9

<212> PRT .

<213> homo sapien

<400> 70

Lys Lys GIn Ser Ser Trp Tyr Gin Ile
1 5

<210> 71
<211> 547
<212> DNA

<213> homo sapien

<220>

<221> misc_fTeature

<222> (431)..(431)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (450)..(450)

<223> n is a, c, g, or t

<220>
<221> misc_feature
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1

<222> (470)..(470)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (479)..(479)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (492)..(492)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (498)..(498)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (505)..(505)

<223> n is a, c, g, or t

<400> 71

aattcaagcg caaaggtcat tatgaggtga
aggggagtgg ggtgtccctg gcctctaaga
acagtgggaa taaggttggc atccagcttc
aagagtagca ggcctttgta tgtgtgtaca
gggtggtgtg ttcctatata aactccaaag
caaagacctt gcctggcccg gtggcaagcg
aactatacag ataggtaaag agttccaagt
tttgccttaa natttcatat atatatattn
cttgcggccg chctcaanta actanttaac
ggttttt

<210> 72

<211> 6

<212> PRT

<213> homo sapien

<400> 72

Ala Lys val Ile ?et Arg

<210> 73

<211> 702

<212> DNA

<213> homo- sapien-

<220>

PCT/US2006/005830

tainsky2.sT25

ctgggagcga
agtcccgact
ccgaggtgga
tatatatata
ggaaacacac
ctgaaaaacc
tcgtccagec
ttttgcattg

ccctttgggg

tgatgagaca ggcaagttac
gtcctcctct tctagcaatg
gctgtcagtt tccacaaaga
tataacaaaa catcagcctt
cgactgcctc agcaatcatg
gaccgcctgt aggctcctgg
catgtgcaaa gtcaacagta
actgcctgan agctccaanc

cctctaaacg ggttttgagg
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<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/089219

misc_feature
(508)..(508)
nis a, ¢, g,

misc_feature
(541)..(541)
nis a, ¢, g,

misc_Tfeature
(557)..(557)
nis a, ¢, g,

misc_feature
(562)..(562)
nis a, ¢, g,

misc_feature
(569)..(569)
nis a, ¢, g,

misc_feature
(608) .. (608)
his a, c, g,

misc_feature
(621)..(621)
nis a, ¢, g,

misc_feature
(646) ..(646)
nis a, ¢, g,

misc_feature
(648)..(648)
nis a, ¢, g,

misc_feature
(654)..(655)
nis a, ¢, g,

misc_feature
(669)..(669)
n is a, ¢, g,

73

or

or

or

or

or

or

or

or

or

or

ar

t

tainsky2.sT25
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aattcaagcc ggattatggg aggcgggatc cagagggaaa cctggataag cagetgaget 60

ttaagtgcaa tgtttcaaat acattttcga gtctggcact aaagaatact attgtggagg 120

. cttctattca gcttcctect tcccttttct caccaaagea-aaaaagagaa-ctcagaccaa - 180 -

ctgatgactc tctitacaag cttcaactca ttgcattccg caatggaaag ctttttccag 240
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ccactggaaa ttcaacaaat ttggctgatg atggaaaacg acgtactgtg gttacccctg 300
tgattctcac caaaatagat ggtgtgaatg tagataccca ccacatccct gttaatgtga 360
cactgcgtcg aattgcacat ggagcagatg ctgttgcagc ccggtgggat ttcgatttge 420
tgaacggaca aggaggctgg aagtcagatg ggtgccatat actctattca gatgaaaata 480
tcactacgat tcagtgctac tcccttanta actatgcagt tttaatggat ttgacgggat 540
ntgaactata cacccangcg ghcagcctnc tgcatcctgt ggttatacta ccgctatcat 600
ttctectntt atgtctctta nccgtcaaag cttgcggeccg cactcnanta ctanntaacc 660
ccttggggne tttaaacggg tcttgagggg tttttgctga aa 702
<210> 74
<211> 15
<212> PRT
<213> homo sapien
<400> 74
Arg Ile Met Gly Gly Gly Ile GIn Arg Glu Thr Trp Ile Ser Ser
1 5 10 15
<210> 75
<211> 270
<212> DNA
<213> homo sapien
<220>
<221> misc_feature
<222> (264)..(266)
<223> nisa, c, g, or t
<220>
<221>. misc_feature
<222> (268)..(0270)
<223> nis a, c, g, or t
<400> 75
aattctctga atactgtcaa cactcttatc taagtttgcc tttatgatgc agtggcagca 60
ttttgaatta cttttcaaag aatactgttc atatgcattg tttttgtgtt tcaaactaaa 120
tacaggcagt tttgtgccag ctgtgatatt gtgcatacca tatggaccat tttaaagaaa 180
attttaaaat ttcaaataga ttcaacaatt acattacttg ctttcacatt ttaaaggcac 240
tttaaaaaaa tctacttctc ttgnnngnnn 270
<210> 76
<211> 8
<212> PRT .
<213> homo sapien - - - - R
<400> 76
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&eu Asn Thr val Asn Thr Leu Ile
5

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

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
. <221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/089219

77

702

DNA

homo sapien

misc_feature
(495) .. (495)
nis a, c, g,

misc_feature
(611)..(611)
nis a, ¢, g,

misc_feature
(629)..(629)
nis a, c, g,

misc_feature
(649)..(649)
n is a, c, g,

misc_feature
(683)..(683)
nis a, ¢, g,

misc_feature
(685)..(686)
nisa c, g,

misc_feature
(691)..(691)
nis a, ¢, g,

misc_feature
(694) . . (694)
nis a, ¢, g,

misc_feature
(699)..(702)
nis a, ¢, g,

77

or

or

or

or

or

or

or

or

or

t

tainsky2.s5T25

PCT/US2006/005830

aattcaagcc tgtatatcaa tgaaatgaaa tccaagaagc tttaaccctt tggcatcaga 60

aatccagatt tttccaatta tgtaaatgct tatttcttac atgccaagag tgggagaagt 120

gaatgtgcca atgtggaaag aaaaaaagcc accactcact gggacaccca gagaattggce 180

tttaacagac aattaggggg ttaggcagaa acccagaaat ggttattagc tgcttgtgtce 240



WO 2006/089219

atcaatttaa
tgtatgctga
tggcagcata
tcatactgct
gactgaagga
tttcctgaac
ctattctccc
acgggtcttg
<210>
<211>
<212>
<213>

<400>

78
11
PRT

78

gtggagatga
gtcgtagttt
cacccaagtc
gtttctcata
atccnaagaa
aaactgcatt
nagcttgcgg
aggggttttt

homo sapien

ctgagtccta
taaaécaaaa
agagagctct
aggactcaac
tgcagtcatt
atattatgaa
ccgcactcna

tgnchngaaa

tainsky2.sT25

aggtacaatg
caagaaaaca
gccattagga
aaaaatgaat
ttagtaaagt
aacaaaaggdg
gtaactagtt

nggnaggann

Leu Tyr Ile Asn Glu Met Lys Ser Lys Lys Leu
1 5

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

79
536
DNA

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

homo sapien

misc_Ffeature
(149)..(149)
nisa, ¢, g,

misc_feature
417)..0417)
n is a, ¢, g,

misc_feature
(433)..(433)
n is a, c, g,

misc_feature
(474)..(474)
nis a, ¢, g,

misc_feature
(491)..(491)
n is a, c, g,

misc_feature
(495)..(495)

10

taaaaatgta
aagtatgaaa
cgggcagaaa
ctttagtgac
actatcaggc
aaaagaagaa
taacccctng

nn
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tgtgggaaaa 300
gtacccagcc 360
ccgtcaagat 420
ttgaaccata 480
tttgtgctga 540
ataataaaaa 600
ggdcctctaa 660

702
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tainsky2.sT25
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

nis a, c, g, or t

misc_feature
(517)..(517)

nisa, ¢, g, ort

misc_feature
(519)..(522)

nisa c, g, or t

misc_feature
(527)..(527)

nisa, ¢, g, or t

misc_feature
(530)..(532)

nisa, c, g,ort

misc_feature
(534)..(534)

nisa, ¢, g, or t

misc_Tfeature
(536)..(536)
<223> n is a, ¢, g,

<400> 79

or t

aattcaagcg
cttgatttct
tatgtccggg
cctgeccectc
cttccactcc
tggcatcaca
cagaatcctc
atctgaaccc
taaaggggtc
<210> 80
<211> 8
<212> PRT
<213>

<400> 80

gcaactccat
ccagcccaca
gttcagttgt
tggattatga
cattctctct
gtgacttaga
acagtgaatc
Ccchaagcttg

ntgangggtt

homo sapien

tcttttgatt
tccagtccat
cctggccanc
ctttecgtttc
acagcagctg
taccatcaca
cccaggecect
cggccgcact

gtttgctgaa

_Gly Asn Ser Ile Leu Leu Ile Ala -

1

5

gcttaagcca
cggcaagccc
ctgctgctgt
ctcacagtgg
ggctgattcc
aagacctccc
agaggatgtg
cggattaact

aggatgnchn

ggcatccgat
tgttggtcct
aaccatggtc
tcctgettgg
tttagcaccc
attcaactta
aacccccagg
agttaacccc

nnctccncecn

Page 54

tgagtacttt
accttcagaa
agaactccat
gctctaggece
aaggatatgt
gagtgaaagt
cccctanagg
ttgngggctc

nngntn

60
120
180
240
300
360
420
480
536
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<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

81
126
DNA
homo sapien

misc_feature
(99)..(100)
nis a, ¢, ¢,

misc_feature
(109)..(109)
nis a, ¢, g,

misc_feature
(115)..(115)
n is a, ¢, 9d,

misc_feature
(118)..(118)
nis a, ¢, g,

misc_feature
(120)..(120)
n is a, ¢, g,

misc_feature
(122)..(122)
nis a, c, g,

misc_feature
(124)..(126)
n is a, c, g,

81

or

or

or

or

or

or

or

tainsky2.sT25

PCT/US2006/005830

aattcaagcc cggaaggcgg tacagatgca agcaggtagg gattgttaag ggcaaaactt 60

taaatctgtc agcaatagtg gtataccact gggcaaatnn gtctttggng gatangangn 120

angnnn

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

<400>

:Iim Glu Gly Gly 'ghr Asp Ala Ser Arg

<210>
<211>
<212>

82

9

PRT

homo sapien

82

83
238
DNA

pPage 55
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tainsky2.s725
<213> homo sapien
<220>
<221> misc_feature
<222> (166)..(166)
<223> nis a, c, g, or t
<220>
<221> misc_feature
<222> (1?6)..(176)
<223> nisa, c, g, or t
<220>
<221> misc_feature
<222> (183)..(183)
<223> nisa, c, g, ort
<220>
<221> misc_feature
<222> (198)..(199)
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (205)..(C205)
<223> nisa, c, g, or t
<220>
<221> misc_feature
<222> (209)..0210
<223> n is a, c, g, or t
<220>
<221> misc_TFeature
<222> (213)..(Q213)
<223> n is a, ¢, g, or t
<220>
<221> misc_feature
<222> (220)..Q220)
<223> nis a, c, g, or t
<220>
<221> misc_feature
<222> (233)..(233)
<223> n is a, ¢, g, or t
<220>
<221> misc_feature
<222> (235)..(236)
<223> n is a, ¢, g, or t
<400> 83
aattcaagcg gcccagtgtt catatgctct tccaattget ttaaaataac ctgagggtca 60

caggaaccca gaaaattctt aatttgctgg tgtcttttct ctgagtgggg catgagcatc 120

agacaagcta atgcaaaagc cggaagtttt aactggatat actganctgg cgactncgat 180

cangtcaaga tcacctgnna ctggncatnn nangacaatn attatacttt tanannat 238

Page 56



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

<400>

§1y Pro val Phe g1e Cys Ser Ser Asn gys Phe Lys Ile Thr
0

<210>
<211>

<212> .

<213>

<220>

<221>.

<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

WO 2006/089219

84

14

PRT .
homo sapien

84

85
336
DNA
homo sapien

misc_feature
€252)..(252)
nis a, ¢, g,

misc_feature
(265) .. (265)
nis a, ¢, g,

misc_feature
Q7L..Q70
n is a, c, g,

misc_feature
(275)..(275)
n is a, ¢, g,

misc_feature
(295)..(295)
nisa c, g,

misc_Tfeature
(305)..(305)
nis a, ¢, g,

misc_feature
(312)..012>
nis a, ¢, ¢,

misc_feature
(319)..(319)
nis a, ¢, g,

misc_feature

n is a, ¢, g,

or

or

or

or

ar

or

or

or

(323)..(323) - -

or

tainsky2.sT25
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attgccaagt
cagaaactac
gtcttcatgc
tgctacaccc
cacanactca

tchgcegnnn

naturally

naturally

naturally

naturally

naturally

<221> misc_feature
<222> (328)..(331D)
<223> nis a, ¢, g, ort
<220>

<221> mwisc_feature
<222> (333)..(333)
<223> n is a, c, g, or t
<220>

<221> misc_feature
<222> (336)..(336)
<223> nis a, ¢, g, or t
<400> 85

aattcaagct caccaactaa
cagcagcaga ccaactccat
gatgaagaaa atcaagaaat
cttttagaac aaacacaacc
tctgagaatg anhcctgtgga
agachcggtt gngaataant
<210> 86

<211> 101

<212> PRT

<213> homo sapien
<220>

<221> misc_feature
<222> (80)..(80)
<223> Xaa can be any
<220>

<221> wmisc_feature
<222> (85)..(85)
<223> Xaa can be any
<220>

<221> misc_feature
<222> (87)..(88)
<223> Xaa can be any
<220>

<221> misc_feature
<222> (95)..(95)
<223> Xaa can be any
<220>

<221> wmwisc_feature
<222> (98)..(98)
<223> Xaa can be any
<220> .. -
<221> misc_feature
<222> (100)..(100)
<223> Xaa can be any

naturally

PCT/US2006/005830
tainsky2.sT25
ataaataaaa gtaaagatag ggcttctcag 60
tttcagccgt ctaccaaaaa aagggaaagg 120
aaatcagcaa gaatagaaac gtcttgttct 180
tcattgtgga aaaataagga gcagcatcta 240
naccntaact tatttacggg atacngattt 300
nantgn 336

occurring amino

occurring amino

occurring amino

occurring amino

occurring amino

occurring amino
Page 58
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acid

acid

acid

acid

acid
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tainsky2.sT25
<400> 86 ‘

Pro Thr Lys Leu Pro Ser Ile Asn Lys Ser Lys Asp Arg Ala Ser GIn
1 5 10 15

GIn GIn GIn Thr Asn Ser Ile Arg Aén Tyr Phe GIn Pro Ser Thr Lys
20 2 30

Lys Arg Glu Arg Asp Glu Glu Asn GIn Glu Met Ser Ser Cys Lys Ser
35 40 45

Ala Arg Ile Glu Thr ser Cgs Ser Leu Leu Glu GIn Thr Gln Pro Ala
50 5 60

Thr Pro Ser Leu Trp Lys Ash Lys Glu Gln His Leu Ser Glu Asn Xaa
65 70 75 80

Pro val Asp Thr Xaa Ser Xaa Xaa Asn Leu Phe Thr Gly Tyr Xaa Phe
85 90 95

Arg Xaa Gly Xaa Glu
100

<210> 87

<211> 150

<212> DNA

<213> homo sapien

<220>

<221> misc_feature
<222> (92)..(092)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (97)..(97)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (100)..(C100)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (107)..(108)

<223> nis a, ¢, g, ort

<220>

<221> misc_feature

<222> (130)..(130) . . S RS
<223> nis a, ¢, g, or t

<220>
Page 59
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tainsky2.s725

pPage 60

<221> misc_feature

<222> (134)..(134)

<223> nisa, c, g, ort

<220>

<221> misc_feature

<222> (136)..(136)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (138)..(138)

<223> nis a, ¢, g, or t

<220> .

<221> misc_feature

<222> (140)..(140)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (144)..(145)

<223> n is a, ¢, g, or t

<400> 87

aattcaagcc caaggtgctc caccactctt tcttgaacat ctactctcta ttaacaacag 60
tgcattcaga aagggctcgt atgggaaaac thactgngcn tatgcanncg cctgaatgat 120
gaaaataacn aacnanantn tggnntgctc 150
<210> 88

<211> 8

<212> PRT

<213> homo sapien

<400> 88

Pro Arg Cys Ser Thr Thr Leu Ser

1 5

<210> 89

<211> 697

<212> DNA

<213> homo sapien

<400> 89

aattcaagcc ttcctcaatg tcctagtaga ggttctctgt aagggccctg cccctgcage 60
aaactttggc ctggacatcc aggcatttcc atacatcctc tgaaatgtag gtggaggttc 120
ccaaacctca attcttgact tctgtgcacc cacaggctca acactatgtg gaaactggcc 180
aggcttggag cttgcactct ctgcagccgt ggcccaagct ctaccttgge ccctitttago 240
catggctgga gtggctggaa cacagggcac caagttccca ggctgcgcac agcagagggg 300
~tccctgggtc agtcacctga aacctttttt tcccactagg caccgggect gtgatgggag ™ — 360
gggctgccac aaaggtctct gacatgccct agagacattt tccccattgt cttggtgatt 420
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tainsky2.sT25
aacatttggc tcctcactgc ttatgcaaat ttctgcagcc agcttgaatt tctcctcaga 480

aaatgggttt ttattctcta tcacattgtc aggctgcaaa trttctggac tittatgctc 540
tgtttccctt ttaaaacgga atgcttttaa cagcacccaa gtcacctctt gaaatgcttt 600
gctgcttaga aattcttctg ccagataccc gaaatcatct ccctcaagtt tcaaagttcc 660

acatacctct agggcagggg caaaaatgct gtcagtc 697

<210> 90
<211> 10
<212> PRT
<213> homo sapien

<400> 90

Leu Pro GIn Cys Pro Ser Arg Gly Ser Leu
1 5 10

<210> 91
<211> 244
<212> DNA
<213> homo sapien

<220>

<221> misc_feature

<222> (230)..(230)

<223> n is a, ¢, g, or t

<220>

<221> misc_TFeature

<222> (240)..(244)

<223> nis a, ¢, g, or t

<400> 91
aattcaagcc cagggtggga ctgccggctc cctgaggcag agagttgccg atttctattg - 60

tcttccecgtg gagaagattg aaattgccaa atactttccc gaaaagttcg agtggettcc 120
gatatctagc tggaaccaac aaataaccaa gaggaaagct tgcggccgca ctcgagtaac 180
tagttaaccc cttggggcect ctaaacgggt cttgaggggt tttttgctgn aaaggaggan 240
nnnn 244
<210> 92

<211> 23

<212> PRT .

<213> homo sapien

<400> 92

Pro Gly Trp Asp Cys Arg Leu Pro Glu Ala Glu Ser Cys Arg Phe Leu

1 5 10 15

Leu Ser Ser Arg Gly Glu Asp
20
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<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

<221> -

<222>
<223>

WO 2006/089219

93
298
DNA
homo sapien

misc_feature
(184)..(184)
nis a, ¢, ¢,

misc_feature
(207)..0207)
n is a, ¢, g,

misc_feature
(209)..(209
nis a, ¢, g,

misc_feature
(237)..(238)
nis a, ¢, g,

misc_feature
(256)..(256)
nis a, ¢, g,

misc_feature
(260) ..(260)
nis a, c, d,

misc_fFfeature
(262)..(263)
nisa, ¢, g,

misc_feature
(265)..(265)
nis a, ¢, g,

misc_Teature
(270)..0270)
nis a, ¢, g,

misc_feature
(273)..02748)
n is a, ¢, g,

-misc_feature

(278)..(278)
nis a, c, g,

or

or

or

or

or

or

“ar

or

tainsky2.sT25
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tainsky2.sT25
<220>
<221> misc_feature
<222> (282)..(282)
<223> nis a, ¢, g, or t

<220>

<221> misc_feature
<222> (287)..(287)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature
<222> (289)..(289)

<223> nis a, ¢, g, or t

<220>

<221> misc_Tfeature
<222> (291)..(29D)

<223> nis a, c, g, or t

<220>

<221> misc_feature
<222> (297)..(297)

<223> nis a, c, g, or t

<400> 93
aattcaagct atgcttgtct caaagattaa gccatgcatg tctaagtacg cacggccggt 60

acagtgaaac tgcgaatggc tcattaaatc agttatggtt cctttggtcg ctcgctcctc 120
tcctacttgg ataactgtgg taattctaga gctaatacat gccgacggge gcotgaccccc 180

ttcncggggg ggatgcgtge atttatnana tcaaaaccaa cccggtcagc ccctctnngg 240

ccccggacgg ggggcnggcen chngnggatn agnntgantc tnaatancnt ncgtccna 298
<210> 94

<211> 6

<212> PRT .

<213> homo sapien

<400> 94

Tyr Ala Cys Leu Eys Asp
1

<210> 95

<211> 639

<212> DNA

<213> homo sapien

<220>

<221> misc_feature
<222> (616)..(616)

<223> nis a, ¢, g, or t

<220> . . e . S e e -
<221> misc_feature
<222> (618)..(619)
<223> nis a, ¢, g, or t
Page 63
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<222> (605)..(605)

<223> nis a, ¢, g,-or t
<220>

<221> misc_feature

<222> (653)..(653)

<223> nis a, ¢, g, or t
<220>

<221> misc_feature

<222>  (655)..(655)
<223> n is a, ¢, g, or t
<220>

tainsky2.sT25

gagatgaggt
tgagaaagtt
caaaggcctc
ggcaggaaca
gtctttgttg
gcctgetggag
gggtcacttc
ctccagttga
tcccacccca
actagttaac

ggaannnnn

tagaatgact
taaggaaggc
agcctgtgcc

agccccccta:

acaaaggtgc
aggttaggtc
tgggcagaag
aaccctcctc
ccaacccaca

cccttggggc

<220>
<221> misc_feature
<222> (635)..(639)
<223> n is a, ¢, g, or t
<400> 95
aattcaagcg ttgtttcaca gctgacggct
gaacattcca aattggattt caccatctgc
aggtcacaga agctcccaag cccagctttc
tcagtcctgg gagatagggg agaacctgca
ccctccatca gcagtctccc ctccgtggtc
ctcctgggca cctgtaacat gtgatgeget
cggcgagtgg agcatgagca gaaccgccga
ctgggtccag gttgccacat agaagcagct
gggtcctaag cgatgagcag aatcccccac
agtgagcaag cttgcggccg cactcgagta
gtcttgaggg tttgtntnna aaaaaagaaa
<210> 96
<211> 12
<212> PRT .

- <213> homo sapien
<400> 96
val val ser Glin Leu Thr Ala Glu Met Arg Leu Glu
1 5 10
<210> 97
<211> 671
<212> DNA
<213> homo sapien
<220>
<221> misc_feature

Page 64
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gggcccggcet 60
aaagcttgcc 120
tgtgtcgage 180
ctcctgacca 240
agtttctecct 300
ggggctgccc 360
ctttgagagc 420
tgccagcctg . 480
atggatatgt 540
ctctaaacgg 600

639



Cg222>

WO 2006/089219

<221>
<222>
<223>

<400> 97
aattcaagca

agaataaaga
ctttctggge
tgtgcattgt
attaccggtg
taagatttcc
aaaatagcat
tcaaattttt
tatgaaaaga
aaaaaggaaa
agtanctagt
ggaggannnn
<210>
<211>
<212>
<213>

<400>

98
7
PRT

98

misc_feature
(667)..(671)
nisa ¢, g, or t

aaaaaatgag
ctggaaacct
atataagatc
gactgtctgt
gtaagtacct
tttgaaatct
agggattttt
aatgtattaa
gttttatgag
tggtgtattt
taaccccttg

n

homo sapien

aactaaaatg
gtgtctttat
tattatgtct
gtgactattg
atttgtggat
atcaagtgga
ttccagttat
tggagtactg
aagcattgct
atggtcactg

gggcctctaa

Lys Lys Met Arg Thr Lys Met
1 5

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

99
700
DNA

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

<223>
<220>

homo sapien

misc_feature
(625)..(625)
nisa, c, g, or t

misc_feature
(647) ..(647)
nisa, ¢, g, ort

misc_feature
(657).:(657) -
nisa, c, g, ort

tainsky2.sT25

‘tgagactcac
tgcatttact
atggcttcat
tgtgcacata
agaaatttgg
gtaaagagct
aaaaatgata
tgttagaaat
ccattctaaa
gtaataggga

acgggtcttg

gaagagcaga
taggtatttc
gatgctggtg
ttttctacta
ggaaccataa
gtatagaaat
catattttag
attttttaca
cacaaggaaa
taagcttgcg

aggggttttt

page 65
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gtgagcttta 60
atcttcacgt 120
ctggttatcc 180
aatgcagaag 2@0
tattttaaaa 300
gttgttactt 360
agaaaaaata 420
aagtgcttga 480
cttagatatg 540
gccgcactcg 600
gcntngaaaa 660

671
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<221> misc_feature

<222> (663)..(663)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (665)..(665)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (671)..(671)

<223> nis a, ¢, g, or t

<220>

<221> wmisc_feature

<222> (686)..(686)

<223> nisa, ¢, g, or t

<220>

<221> misc_Tfeature

<222> (700)..(700)

<223> n is a, ¢, g, or t

<400> 99

aattcaagcg ggggcaggcg gagcttgagg
agatagagat taatacaact acttaaaaaa
agcgttaagt ttttaacgta attttaatag
tagaagagta gcatgaggaa ggaaaagata
atgaagcttc ttcatggagt aaaaaatgta
gagccccgaa ttaataccaa tagaagggca
aacagéttaa agtttagttt aaaagttgta
taaaaagaga ttaaaccgaa ggtgattaaa
ttgcgtcatt taaagcctag ttaacgcatt
attgggagtg gtaggatgaa acaatttggg
aagacagaag tacgggaagg cgaanaaaag
acntnctttt ngaagaaaaa gataanttta
<210> 100

<211> 18

<212> PRT _

<213> homo sapien

<400> 100

tainsky2.sT25

aaaccgcaga
tatagtcaat
cttaagattt
aaaggtttct
tttaaaagaa
atgcttttag
ggtgattaaa
agaccttgaa
tactaaacgc
agaagataga
atagagaaga

acctgaaagn

taagtttttt
aggttactaa
taagagaaaa
aaaacatgac
aattgagaga
attaaaatga
ataatttgaa
atccatgacg
agacgaaaat
agtttgaagt

‘tgggaantta

PCT/US2006/005830
tctctttgaa 60
gatattgctt 120
tatgaagact 180
ggaggttgag 240
aaggactaca 300
aggtgactta 360
ggcgatcttt - 420
caggggagaa 480
ggaaagatta 540
ggaaaactgg 600
gaagathaaa 660

700

Gly Gly Arg Arg Ser Leu Arg Lys Pro Gin Ile Ser Phe Phe Leu Phe
1 5 10

Glu Arg
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<210> 101

<211> 516

<212> DNA

<213> Mus musculus
<220>

<221> misc_feature
<222> (494)..(494)
<223> n is a, c, g,
<220>

<221> misc_feature
<222> (497)..(498)
<223> n is a, ¢, g,
<220>

<221> wmisc_feature
<222> (510)..(510)
<223> n 1is a, ¢, g,
<220>

<221> misc_feature
<222> (513)..(516)
<223> n is a, ¢, g,
<400> 101

aattcaagcc agattgatag
tagttggtgg agcgatttgt
ctagttacgc gacccccgag
tcagccaccc gagattgage
cgcgcgctac actgactggce
cgttgaaccc cattcgtgat
tcccagtaag tgcgggtcat
cccaagcttg cggccgecact
tgaggggttt ttgnttnnaa
<210> 102

<211> 17

<212> PRT

<213> Mus musculus
<400> 102

or t

or t

or t

ctctttcteg
ctggttaatt
cggtcggegt
aataacaggt
tcagcgtgtg
ggggatcggg
aagcttgegt
cgagtaacta

aaaaggaagn

tainsky2.sT25

attccgtggg
ccgataacga
cccccaactt
ctgtgatgcc
cctaccctac
gattgcaatt
tgattaagtc
gttaacccct

aannnn

tggtggtgca
acgagactct
cttagaggga
cttagatgtc
gccggecagge
attccccatg
cctgececttt

tggggcctct

PCT/US2006/005830
tggeccgttct 60
ggcatgctaa 120
caagtggcgt 180
cggggctgca 240
gcgggtaacc 300
aacgaggaat 360
gtacacaccg 420
aaacgggtct 480

516

"Gln Ile Asp Ser Ser Phe Ser Ile Pro Trp Vval val val His Ggy Arg
1 5

ser

10
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<210>
<211>
<212>
<213>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

WO 2006/089219

103
523
DNA
streptomyces coelicolo

misc_feature
(386) ..(386)
nisa, c, g, ort

misc_feature
(410)..(410)
hisa, ¢, g, or t

misc_feature
(415)..(415)
n is a, ¢, g, or t

misc_feature
(419)..(419)
nis a, ¢, g, or t

misc_feature
(431)..(431)
nisa c, g, or t

misc_fTeature
(433)..(433)
nisa c, g, or t

misc_feature
(435)..(435)
nis a, ¢, g, or t

misc_feature
(446) ..(446)
nisa c, g, ort

misc_feature
(452)..(454)
nis a, c, g, or t

misc_feature
(463)..(464)
nisa c, g, ort

misc_feature
(468)..(468)
‘n-is a; ¢, g, ort -

misc_feature

tainsky2.sT25
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tainsky2.s725
<222> (473)..(473)
<223> n is a, ¢, g, or
<220>
<221> misc_feature
<222> (475)..(475)
<223> nisa, ¢, g, or t
<220>
<221> misc_feature
<222> (479)..(0479)
<223> nisa, ¢, g, or t
<220>
<221> misc_Teature
<222> (482)..(482)
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (484)..(485)
<223> nisa, ¢, g, or t
<220>
<221> misc_feature
<222> (487)..(487)
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (492)..(493)
<223> nis a, ¢, g, or t
<220>
<221> misc_Teature
<222> (497)..(499)
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (503)..(503)
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (506)..(509)
<223> nis a, ¢, g, or t
<220>
<221> wisc_feature
<222> (515)..(515)
<223> nis a, ¢, g, or t
<220>
<221> misc_feature
<222> (519)..(523)
<223> nisa, c, g, or t
<400> 103
-aattcaagcc ccaagtttaa gatgcctgat gtacatttca aaagcccaca aatctccatg 60

agtgacattg atttgaattt gaaaggacct aagataaaag gagatatgga catttccgtt 120
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tainsky2.sT25
cctaaactgg agggagatct gaaaggtccc aaagtggatg tcaaaggccc taaagtgggc 180

attgacactc ctgatattga cattcatggt ccagaaggga aactgaaggg ccccaaattt 240
aaaatgcctg acttacacct caaggcaccg aagatctcta tgcctgaagt tgacctgaat 300
ctgaaaggtc caaaggtgaa gggcgacatg gacatttctc tgcccaaagt ggaaggcgac 360
ctcaagggcc cctaagttga catcanggac cccaaagtgg acattgatgn accanatgng 420
gacctctacg nchcnccttg cgtcencact cnnncactat tthhccentt ggngnctcnc 480
ahcnngnttt gnngggnnnc ttnttnnnng gtttncccnn nnn 523
<210> 104

<211> 121

<212> PRT

<213> streptomyces coelicolo

<400> 104°

Pro Lys Phe Lys Met Pro Asp Vval His Phe Lys Ser Pro Gln Ile Ser

1 5 10 15

Met Ser Asp %ge Asp Leu Asn Leu Egs Gly Pro Lys Ile %gs Gly Asp

Met Asp Ile Ser Val Pro Lys Leu Glu Gly Asp Leu zgs Gly Pro Lys
35 40

val Asp val Lys Gly Pro~§¥s val Gly Ile Asp Thr Pro Asp ITe Asp
50 60

Ile His Gly Pro Glu Gly Lys Leu Lys Gly Pro Lys Phe Lys Met Pro
65 70 75 80

Asp Leu His Leu Lys Ala Pro Lys Ile Ser Met Pro Glu val Asp lLeu

Asn Leu Lys Gly Pro Lys val Lys Gly Asp Met Asp Ile Ser Leu Pro
100 105 110

Lys val Glu Gly Asp Leu Lys Gly Pro
115 : 120

<210> 105
<211> 241
<212> DNA
<213> homo sapien

<220>
<221> misc_Teature
<222> (111)..(11D
Page 70



<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>.

<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>

<222>

<223>
<220>

WO 2006/089219

nis a, c, g,

misc_feature
(127)..(Q27)
nis a, c, g,

misc_feature
(1493 . . (149)
nis a, c, g,

misc_feature
(155)..(155)
nis a, c, g,

misc_feature
(159)..(159)
nis a, c, g,

misc_feature
(184)..(184)
nis a, ¢, g,

misc_TFfeature
(188)..(188)
nis a, ¢, g,

misc_feature
(195)..(195)
nis a, c, g,

misc_feature
(203)..(203)
nis a, ¢, g,

misc_feature
(208)..(208)
n is a, c, g,

misc_feature
(210)..Q210)
nis a, ¢, g,

misc_feature
(215)..(215)
nis a, c, g,

misc_feature

(219)-. . (219)-

nis a, ¢, g,

or t

or €

or t

or t

or t

or t

or t

or t

or t

or t

tainsky2.sT25
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PCT/US2006/005830
tainsky2.sT25
<221> misc_feature
<222> (222)..(223)
<223> n is a, ¢, g, or t
<220>
<221> misc_feature
<222> (235)..(236)
<223> n is a, ¢, g, or t
<400> 105
aattctaatg tgagttggtt cccctcctgg gcccggtect gecgggaggca gactcctetg 60

ggagcgacat acaaggacac gctactacct gtgtagatgt atatcgtcga natggccgta 120

gtatccngag cttgctgtca agcaaccang aggangtant gaacccaagc taataatctg 180

tatntgangc acctngaatg ttnatcgntn acttnaaant gnnatacctg atganntcaa 240

T

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

<400>

106

28

PRT

homo sapien

106

241

val ser Trp Phe Pro ser Trp Ala Arg Ser Cys Gly Arg Gln Thr Pro
1 5 10 15

Leu Gly Ala ggr Tyr Lys Asp Thr Egu Leu Pro val

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

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

107

700

DNA )
homo sapien

misc_Ffeature
(458)..(458)
n is a, ¢, g,

misc_feature
(462)..(462)
n is a, ¢, g,

misc_feature
(466) . . (466)
nis a, ¢, g,

misc_feature
(468)..(468)
n is a, ¢, d,

or t

or t’

or t

or t

pPage 72



<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>.

<221>
222>
<223>

WO 2006/089219

misc_feature
(475)..(475)
n is a, c, g,

misc_feature
(481)..(481)
nis a, ¢, g,

misc_feature
(483)..(483)
nis a, ¢, g,

.misc_feature
(490)..(490)
nis a, ¢, g,

misc_feature
(503)..(503)
n is a, ¢, g,

misc_feature
(508)..(508)
nis a, ¢, g,

misc_feature
(512)..(512)
nisa, ¢, g,

misc_feature
(517)..(517)
n is a, ¢, 4,

misc_feature
(524)..(524)
nis a, ¢, g,

misc_feature
(531)..(53D)
n is a, ¢, g,

misc_feature
(534)..(534)
nis a, ¢, g,

misc_Teature
(536)..(537)
nis a, ¢, g,

misc_feature
(541)..(541)
nis a, ¢, g,

or

tainsky2.sT25
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tainsky2.5T25

<220>

<221> misc_feature

<222> (545)..(545)

<223> nis a, ¢, g, or t

<220> .

<221> misc_feature

<222> (560)..(560)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (567)..(568)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (572)..(572)

<223> n is a, ¢, g, or t

<220>

<221> misc_feature

<222> (574)..(574)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (577)..(577)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (581)..(581)

<223> n is a, ¢, g, or t

<220>
<221> misc_feature
<222> (584)..(584)
<223> nis a, ¢, g, or t

<220>

<221> misc_Tfeature

<222> (592)..(592)

<223> nisa, c, g, ort

<220>

<221> misc_feature

<222> (594)..(594)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (597)..(597)

<223> nisa, c, g, or t

<220>

<221> misc_feature

<222> (601)..(601)

. .<223> nis a, €,.g, OFr- Tt - - = e e e

<220>
<221> misc_Teature



<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>

- .<221>

<222>
<223>

WO 2006/089219

(614)..(614)
nis a, c, g,

misc_feature
(623)..(624)
nis a, ¢, g,

misc_feature
(633)..(633)
nis a, ¢, g,

misc_feature
(635)..(635)
nis a, c, g,

misc_feature
(637)..(637)
nis a, ¢, g,

misc_feature
(641)..(641)
nis a, ¢, g,

misc_Tfeature
(649)..(650)
nis a, ¢, g,

misc_feature
(653)..(653)
nisa, ¢, g,

misc_feature
(655)..(655)
nis a, ¢, g,

misc_feature
(659)..(659)
nisa, ¢, g,

misc_feature
(669) ..(670)
n is a, c, g,

misc_feature
(672)..(672)
nis a, ¢, g,

misc_feature

(674) ..(674)
h1is a, C, g,

or

or

or

or

or

or

tainsky2.sT25
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tainsky2.sT25
<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

misc_feature
(684)..(684)

nisa, ¢, g, or t

misc_feature
(686) . . (686)

nisa,c, g, ort

misc_feature
(689)..(689)

nisa, ¢, g, or t

misc_feature
(691)..(691)

nisa, c, g, ort

misc_feature
(693)..(693)

nisa, c, g, ort

misc_feature
(700)..(700)
<223> n is a, ¢, g,

<400> 107

or t

aattcaagcc
gagttggaat
ggggcctcag
ctcaaaggcc
cacgccaagg
tgcccgtcaa
ggcatccagg
cctctecctg
nanattctgn
ntgghaaaaa
naaaggcccc
tatatttgnn
<210>
<211>
<212>
-<213>
<400>

108
118
PRT

108

agcggttggg
cgaagcctct
ccaccttccce
ggccatgtaa
tccatctggt
ctcataatat
atgggtacct
agggagaccc
tcacggtgct
Taattttctn
tacnagacct

thtntttatt

homo sapien

ctcgcggcega
taaaatggca
aatgcagtgc
gatcgtcgag
tggtattgac
ggatgtcccc
atcactgctc
ttggcaagga
gtntgcentg
ccaaggnngc
agnnttggtt
gttntntana

gcggacggdg
gatgacttgg

tcagcattac
atgtctactt
atctttactg
aacatcaaaa
caggacagcg
gatttganca
anaaaangat
cngnggngta
ttngncntgce

ncnatctttn

tcgagtcagt
acttcgagac
gtaagaatgg
cgaagactgg
ggaagaaata
ggaatgactt
gggaggtacg
thattncnac
gcanctgttg
ncantgattc

nataactthn

Page 76

gcgttegege
aggagatgca
ctttgtggtg
caagcacggc
tgaagatatc
ccagctgatt
agaggacctt
ttgtngagaa
natnannggc
tntnaanatt

ttntntaant

60
120
180
240
300
360
420
480
540
600
660
700



WO 2006/089219 PCT/US2006/005830

tainsky2.s725
Met Ala Asp Asp Leu Asp pPhe Glu Thr ggy Asp Ala Gly Ala igr Ala

Thr Phe Pro Met Gln Cys Ser Ala Egu Arg Lys Asn Gly gge val val
20

Leu Lys g}y Arg Pro Cys Lys ﬁge val Glu Met Ser Zgr Sser Lys Thr

Gly Lys His Gly His Ala Lys val His Leu val Gly Ile Asp Ile Phe

Thr‘GTy Lys Lys Tyr Glu Asp Ile Cys Pro Ser Thr His Asn Met Asp
65 70 75 80

val Pro Asn Ile Lys Arg Asn Asp Phe GIn Leu Ile Gly Ile Gln Asp

Gly Tyr Leu-Ser Leu Leu GIn Asp Ser Gly Glu val Arg Glu Asp Leu
100 105 110

Pro Leu Pro Glu Gly Asp
115

<210> 109
<211> 256
<212> DNA
<213> homo sapien

<220>

<221> misc_feature

<222> (252)..(256)

<223> nis a, c, g, or t

<400> 109 .
aattcaagca tttgtgggtc ctgggggaag tacaaccttt ggcagtcatc atcttccaaa 60

tagggtgggg tctggagctt atgaacaagt tgtgatcaaa cgctagaagt caagteggtg 120
aaaacatttc cttgtggatt taagatgtga gtagttgatg tatcaaggca agcttgcggce 180
cgcactcgag taactagtta accccttggg gcctctaaac gggtcttgag gggttttttg 240
ctgaaaggag ghnnnn 256
<210> 110
<211> 17
<212> PRT
<213> homo sapien

| <400> 110

ITe Cys Gly Ser Trp Gly Lys Tyr Asn Leu Trp GlIn Ser Ser Ser Ser
Page 77



Lys

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

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

WO 2006/089219

111
439
DNA
homo sapien

misc_feature
(298)..(298)
nis a, ¢, g,

misc_feature
(329)..(329)
n is a, ¢, 9,

misc_feature
(384)..(384)
nis a, ¢, g,

misc_Teature
(392)..(392)
nisa, ¢, g,

misc_feature
(412)..(412)
n is a, ¢, g,

misc_feature
(418) ..(419)
nis a, c, g,

misc_feature
(422)..(424)
nis a, ¢, 9,

misc_feature
(428)..(428)
nisa, ¢, g,

misc_feature
(430)..(430)
nis a, ¢, g,

misc_feature
(432)..(434)
nis a, C, g,

or

or

or

or

or

or

or

tainsky2.sT25
10

Page 78
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<220>
<221>
<222>
<223>

<400> 111
aattcaagcc

ggrgccagaa
tgatttaggc
aacctatcct
actgtttctg
taaaagagaa
tttcttaaac
anhnttgngn
<210>
<211>
<212>
<213>

<400>

112
37
PRT

112

misc_feature
(438)..(439
nisa, ¢, g, or t

ccatgaggtg
gaagaaaagc
ctatgatgca
tctcactgtg
ggattgcttc
actgatactt
tgattgctga

chnnctcnn

homo sapien

ctcatgcaca
tgttcctict
ttgaaaaact
ttcaacattg
tttgctaact
aatattcana

aaangacaac

tainsky2

atgggagaaa
tccaaggata
aagtttccac
tctaaaggca
gatttttcct
atctggatat

chaatgactg

.ST25

ttcaaatgca
atgtccaaag
aaaaaacatt
taaaggcatc
tccaccacga
caatatatgg

aaataatttt

PCT/US2006/005830
gatacactgt 60
tagtgcacac 120
caataaaggg 180
aaaaagatac 240
cgtctaanat 300
ttgactccaa 360
ahaataanng 420

439

Pro Met Arg Cys Ser Cys Thr Met Gly ggu ITe G1n Met Gln Ile His
1 5

Cys Gly Ala Arg Arg Arg Lys Ala val Pro Ser Ser Lys égp Asn val
20 25

Gln Ser Ser Ala His

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

<400> 113
aattcaagcg

113
710
DNA

tctagtttgg
gcattcagtt
agagaatcga
caagcagtac
cgcttaaact
{gggtgtétc

acatcaaaag

homo sapien

ggatacgagt
catctcgaag
cttcaaatcg
tctcaatact
ggaggcgtct
cagcaataaa
gégcfgfaga

tgccacctece

agaaccacca
ggctttctct
ggcacgggta
ggcctgggtg

tacagctctc
atggttgacc
cttgacctca

caggtcaaag

accaggacaa
actgggtcca
atggaggtat
ctggaagaga
Ttgttctcac

attcggttgt

aagattccat

atgagcacgt

tatcatgaat
gggtgccacg
agaagtcgat
gggtacgctt
tgatgtcctt
caaagtctt;
cctcaatagt

ttctttctge

Page 79

ctgtgacttg
gaacaggtca
tccttcatag
agcacgttca

cttatgcttg

tccacccaag

gaggattgac

tccaaccttt

60
120
180
240
300

360

420
480



WO 2006/089219 PCT/US2006/005830
tainsky2.sT25

ttgtctaagc cgtaagcaat agcagcagca gttggctcat taataattct aagtacattg 540
agaccagcaa tagttccagc atctttggta gcctgacgct gagagtcatt aaagtaaagc 600
tggcactgtg accacagcét tggtaacagt cttcccaagg taggctictg caatttcctt 660
catctttgtc agaaccatag aagacacctc ctctggatag aagcttgcgg 710
<210> 114
<211> 12
<212> PRT
<213> homo sapien
<400> 114
Gly Ile Arg val Glu Pro Pro Thr Arg Thr Ile ser
1 5 10
<210> 115
<211> 364
<212> DNA
<213> homo sapien
<220>
<221> misc_feature
<222> (360)..(364)
<223> nisa, ¢, g, or t
<400> 115
aattcaagca aaaaaggacc catatagcca agaccatact aagcaaaaag aacaaagctg 60
aaggcatcac actacctgac ttcaaactat cctacaaggc tacagtaacc aaaacagcat 120
aatactggta ccaaaacaga gatatagacc aatgaaacag aacagaggcc tcagaaataa — 180
cgtagcacat ctacaaccat ctgatctttg acaaacctga caaaaacaag caatggcctt 240
gcatcctggg gatgaagcca cctcaatcgt ggtcgataag cttgcggccg  cactcgagta 300
actagttaac cccttgggge ctctaaacgg gtcttgaggg gttttttgct gaaaggaggn 360
nnnn 364
<210> 116
<211> 5§
<212> PRT
<213> homo sapien
<400> 116

Lys Lys Gly Pro Ile
1 5

-<210> - 117-
<211> 645
<212> DNA
<213>

homo sapien
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zﬁgg;ag%%; Caatagatat agtaccgcaa gggaaagatg aaaaattata accaagcata 60
atatagcaag gactaacccc tataccttct gcataatgaa ttaactagaa ataactttgc 120
aaggagagcc aaagctaaga cccccgaaac cagacgagct acctaagaac agctaaaaga 180
gcacacccgt ctatgtagca aaatagtggg aagatttata ggtagaggcg acaaacctac 240
Cgagcctggt gatagctggt tgtccaagat agaatcttag ttcaacttta aatttgccca 300
cagaaccctc taaatcccct tgtaaattta actgttagtc caaagaggaa cagctctttg 360
gacactagga aaaaaccttg tagagagagt aaaaaattta acacccatag taggcctaaa 420
agcagccacc aattaagaaa gcgttcaagc tcaacaccca ctacctaaaa aatcccaaac 480
atataactga actcctcaca cccaattgga ccaatctatc accctataga agaactaatg 540
ttagtataag taacatgaaa acattctcct ccgcataagce ctgcgtcaga ttaaaacact 600
gaactgacaa ttaacagccc aaacctcccc cctttttttt ttttt 645
<210> 118

<211> 10

<212> PRT

<213> homo sapien

<400> 118

Arg Asn Arg Tyr Ser Thr Ala Arg Glu Arg
1 5 10

<210> 119

<211> 547

<212>. DNA

<213> homo sapien

<220>

<221> misc_feature

<222> (525)..(525)

<223> nisa, ¢, g, or t
<220> ‘

<221> wmisc_feature

<222> (528)..(529)

<223> nis a, c, g, or t
<220>

<221> misc_feature

<222> (539)..(539)

<223> nis a, c, g, or t
<220>

<221> misc_feature

<222> (544)..(547) : N ot Tt T
<223> nis a, ¢, g, or t
<400> 119
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aattcaagca gagcctgtca aagaagcacc tggaaaacga aagaaggaaa tggccaaaca 60

gaaagcagct cctgaagcca agaaacagaa agtggaaggc acagaaccga ctacggcettt 120
caatctcttt gttggaaacc taaactttaa caaatctgct cctgaattaa aaactggtat 180
cagcgatgtt tttgctaaaa atgatcttgc tgttgtggat gtcagaattg gtatgactag 240
gaaatttggt tatgtggatt ttgaatctgc tgaagacctg gagaaagcgt tggaactcac 300
tggtttgaaa gtctttggca atgaaattaa actagagaaa ccaaaaggaa aagacagtaa 360
gaaagagcga gatgcgagaa cacttttggc taaaaatctc ccttacaaag tcactcagga 420
tgaattgaaa gaagtgtttg aagatgctgc ggagaagctt gcggccgecac tcgagtaact 480
agttaacccc ttggggcctc taaacgggtc ttgaggggtt ttgcnttnna aaaaggggng 540

gaannnn 547

<210> 120
<211> 21
<212> PRT
<213> homo sapien

<400> 120
grg Ala Cys Gln érg Sser Thr Trp Lys Igr Lys Glu Gly Asn g}y Gln

Thr Glu Ser Ser Sser
20

<210> 121
<211> 528
<212> DNA
<213> homo sapien

<220>

<221> misc_feature

<222> (390)..(390)

<223> nisa, ¢, g, or t

<220>

<221> misc_feature

<222> (461)..(461)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (470)..(470)

<223> nis a, c, g, or t

<220>

<221> misc_feature
<222> (481)..(481) .
<223> nis a, c, g, or t

<220>
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<221> misc_feature
<222> (493)..(493)
<223> n is a, c, g,
<220> i

<221> misc_feature
<222> (502)..(502)
<223> n is a, ¢, g,
<220>

<221> misc_feature
<222> (505)..(505)
<223> n is a, ¢, g,
<220>

<221> wmisc_feature
<222> (515)..(515)
<223> n is a, ¢, g,
<220>

<221> misc_feature
<222> (522)..(522)
<223> n is a, ¢, g,
<220>

<221> misc_feature
<222> (524)..(527)
<223> n is a, ¢, g,
<400> 121

aattcaagcg gagtttgttc
gaagatgtgg ttttaggtaa
aataaagtta ctcatggact
gcacacataa tgaacagtac
agtcagtgta tagcaagtcc
ttagagaaaa actgcagttt
tctcctttat tgatgcaaaa
tgtggaaatg aacaattttt
natattgatg gcntgcaaaa
<210> 122

<211> 173

<212> PRT

<213> homo sapien
<220>

<221> misc_feature
<222> (127)..(127)
<223>

<220>

<221> misc_feature

<222>

(151)..(151)

aagcaaggtt
atcaaatcag
tgttactgtg
ctgtgctgceg
aaactttgga
gcaaacagaa
ccagaatacn
ggataacagt

anaanactgc

tainsky2.sT25

tatgtgggca
gtatgtcaat
gaaggtcagt
atgccaaagc
actgtgagtg
ctgaataagt
agacagcagé
tttgagaaag
ccttntgtct

aaaatacatc
cttcaggaaa
taacatccga
tgcatgaacc
gactcaagcc
cttatgatgt
tggacacacc
ntaaacggan

ancnnnng

Xaa can be any naturally occurring amino acid
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tgaagtcaaa
tcatttagaa
tgagagaggt
atatgccagc
agccagtatg
aaaaaaccct
tatggtgtcc
acttgattta
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<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<400>

Gly val
1

Lys Glu
Gly Asn

Gly Gln
50

Xaa can be any

misc_feature
(154)..(154)

Xaa can be any

misc_feature
(158)..(158)

Xaa can be any

misc_feature
(162)..(162)

Xaa can be any

misc_feature
(165) ..(166)

Xaa can be any

misc_feature
(169)..(169)

Xaa can be any

misc_feature
(171)..(173)

Xaa can be any

122

Cys ser

Asp val
20

His Leu
35

Leu Thr

Cys Ala Ala Met

65

Ile Ala Ser Pro

Met Leu

Asp val

Glu Lys

100. .

Lys Asn

Ser
5
val
Glu
Ser
Pro
Asn
85
Asn

Pro

Lys

Leu

Ash

Asp

Lys

70

Phe

Cys

ser

naturally

naturally

naturally

naturally

naturally

naturally

naturally

val Tyr
Gly Lys
Lys val
40

Glu ‘Arg
55

Leu His
Gly Thr
Ser Leu

Pro Leu

tainsky2.sT25

occurring amino
occurring amino
qccurr{ng amino
occurring amino
occurring amino
occurring amino

occurring amino
val Gly Lys Asn
10

Ser Asn Gln val
25

Thr His Gly Leu

Gly Ala His Ile
60

Glu Pro Tyr Ala
. 75

val ser Gly Leu
a0

Gln Thr Glu Leu

-105

Leu Met Gln Asnh
Page 84

acid

acid

acid

acid

acid

acid

acid
Thr
Cys
val
45
Met
Ser
Lys
per

GIn

ser

Gln

30

Thr

Asn

Ser

Pro

Lys

Glu

15

Ser

val

Ser

Gln

Ala
95

sSer

110 -

Asn

Xaa

PCT/US2006/005830

val
Ser
Glu
Thr
Cys
80

Ser

Tyr

Arg



WO 2006/089219 PCT/US2006/005830

tainsky2.sT25
115 120 125

Gln Gln Met Asp Thr Pro Met val Ser Cys Gly Ash Glu Gln Phe Leu
130 135 140

Asp Asnh Ser Phe Glu Lys Xaa Lys Arg Xaa Leu Asp Leu Xaa Ile Asp

145 150 155 160
Gly Xaa Gin Lys Xaa Xaa Cys Pro Xaa Val Xaa Xaa Xaa
165 170
<210> 123
<211> 439
<212> DNA

<213> homo sapien

<220>

<221> misc_feature

<222> (387)..(387)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (391)..(391)

<223> nisa, ¢, g, or t

<220>

<221> misc_feature
<222>. (396)..(396)

<223> n.is a, c, g, or t

<220>

<221> misc_feature

<222> (418)..(418)

<223> nisa, ¢, g, or t

<220>

<221> misc_feature

<222> (421)..(422)

<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (432)..(433)

<223> nis a, c, g, or t

<220>

<221> misc_feature

<222> (435)..(435)

<223> nis a, ¢, g, or t

<220>

<221> misc_feature

<222> (437)..(439)
.<223> n is.a, ¢, g, or t

<400> 123
aattcttcat ggaggactac atatatttca atcctgaatc tggctcaatt ctattattca 60
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cttattactg
agcactttgg
gccaacatgg
cgcacctgta
gtggaggttg
actctgtetc
nncccctaaa
<210>
<211>
<212>
<213>

<400>

124
48
PRT

124

tattaaaaac
gaggccaagg
caaaaccccg
atcacagcta
cagtgagccg
agtaaaaaaa

thnchannn

homo sapien

gtttaattgg
caggcggatc
cctctactaa
cttaggaggc
agatcacacc

aaataantaa

tainsky?2.sT25
ccaggcacag tggttcacgc
acttgaggtc aggagttcga
aaatacaaaa attagccagg
tgaggtggca gaattgtttg
actgcactca agccttggca

ntaaanatgt ttatttaacc

PCT/US2006/005830
ctgtaatccc 120
caccagcctg 180
cgtggtggca 240
aacccaggag 300
tcagagtgag 360
atgaaaanac 420

439

Trp Arg Thr Thr Tyr Ile Ser Ile Leu Asn Leu Ala Gln Phe Tyr Tyr
1 5 10 15

Ser Leu Ile Thr val Leu Lys Thr Phe Asn Trp Pro Gly Thr val val
20 25 30

His Ala gys Asn Pro Ser Thr Leu Gly Gly Gln Gly Agg Arg Ile Thr
5 40 4

caccactctt
aagggaaaac

taaaaggtgc

ccggacagga

ctataggaac

<210> 125

<211> 525

<212> DNA

<213> homo sapien

<220>

<221> misc_feature

<222> (509)..(509)

<223> nis a, ¢, g, or t
<220>

<221> misc_feature

<222> (521)..(525)

<223> nisa, c, g, or t
<400> 125

aattcaagcc cagggtgctc
tgcattcaga aagggctcgt
gaaatgaaaa atctgatctg
aacttgttgc ctcgcacctt
attctctage aaaatttttg
‘tggaagcttg ctgttaatca

acaaatatag

tcttgaacat ctactctcta
ggtctgcgca tctgcaagcg
tgccagaaac tcctctgtga
gttgtaagta aagtgcaatg
fégaééféa;~£cagégta££

agacctataa tacccattgt
Page 86

ttaacaacag
ccggaatgat

aggctgtaaa

gttttagaac

caatacttga

gaatcatgta

60
120
180

240

300
360
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gtgcaaaatt tgttcaatca ctgacaccac atagctagca tcttgtaaaa caggcaagta

agtattctca gacgaaagct tgcggccgca ctcgagtaac tagttaaccc cttggggect

ctaaacgggt cttgaggggt tttttgcent gaaaggagga nnnnn

<210> 126
<211> 8
<212> PRT
<213>
<400> 126

homo sapien

Pro Gly Cys Ser Thr Thr Leu Ser
1 5

gatgacttct
aactctctgt
tcaacatact
cactcaccca
tcatacacct

cctcttgaaa

<210> 127

<211> 378

<212> DNA .
<213> homo sapien
<220>

<221> misc_feature
<222> (372)..(372)
<223> nisa, c, g, or t
<220>

<221> misc_feature
<222> (376)..(376)
<223> n is a, c, g, or t
<400> 127

aattcaagca atagcttttt
cactattaac ctactgggag
cactctccta cttacaggac
taccacaaca caatggggct
acgagaaaac accctcatgt
cgacatcatt accgggtttt
aaaaaaaaaa ahgggngg
<210> 128

<211> 11

<212> PRT

<213> homo sapien
<400> 128

Asn Ser Phe Leu get Thr ser Ser Lys ;80 Arg
1 . . . 10 . -

<210> 129

agcaagcctc
gctagtaacc
agtcacagcc
cccgattaac
atcccccatt

daaacCaaaaaa

gctaacctcg
acgttctect
ctatactccc
aacataaaac
ctcctcctat

aaaaaaaaaa
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ccttaccccc
gatcaaatat
tctacatatt
cctcattcac
ccctcaaccc

ddaaaadaaa

420
480
525
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<211> 379
<212> DNA
<213> homo sapien

<220>

<221> misc_feature

<222> (363)..(364)

<223> his a, ¢, g, or t

<220>

<221> misc_feature

<222> (376)..(379)

<223> n is a, ¢, g, or t

<400> 129
aattcaagcg ggaaacgcca tatcgggggc accgattatt aggggaacta gtcagttgcc 60

aaagcctccg attatgatgg gtattactat gaagaagatt attacaaatg catgggctgt 120
gacgataacg ttgtagatgt ggtcgttacc tagaaggttg cctggctgge ccagctcgge 180
tcgaataagg aggcttagag ctgtgcctag gactccagct catgcgccga ataataggta 240
tagtgttcca atgtctttgt ggtttgtaga gaatagtcaa cggtcgacga agcttgcggce 300

cgcactcgag taactagtta accccttggg gcctctaaac gggtcttgag gggtttttge 360

tthnaaaagg aggaannnn 379
<210> 130

<211> 10

<212> PRT

<213> homo sapien

<400> 130

Gly Lys Arg His Ile Gly Gly Thr Asp Tyr
1 5 10

<210> 131

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> primer

<220>

<221> misc_feature
<222> (1)..(020)
<223> primer

<400> 131
tcttcgecca gaagctgcag 20

<210> 132
<211> 22
<212> DNA
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<213> Artificial sequence
<220>
<223> primer
<220>
<221> misc_feature
<222> (..22)
<223> primer
<400> 132 _ _
cctcctttca gcaaaaaacc ccC 22
<210> 133
211> 14
- <212> DNA
<213> Artificial sequence
<220>
<223> primer
<220>
<221> misc_feature
<222> (..
<223> primer
<400> 133
gcttgaattc aagc 14
<210> 134
<211> 8
<212> DNA
<213> Artificial sequence
<220>
<223> primer
<220>
<221> misc_feature
<222> (1)..(8
<223> primer
<400> 134
ttnnnnnn 8
<210> 135
<211> 17
<212> DNA
<213> Artificial sequence
<220>
<223> primer
<220>
<221> wmisc_feature
<222> (L..@A7n
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WO 2006/089219

primer

135

tcttcgeccca gaagcag

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

136

22

DNA

Artificial sequence

primer

misc_feature

(1)..Q2)
primer
136

cctcctttca gcaaaaaacc ccC

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

137

21

DNA .

Artificial sequence

primer .

misc_feature

L..2n
primer
137

gttctatccg caacgttatg g

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

138

22

DNA

Artificial sequence

primer

misc_feature

1..2)
primer
138

ggaggaaagt cgttttttgg gg

'<210>
<211>
<212>

139

20
DNA

tainsky2.sT25
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<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

WO 2006/089219

Artificial sequence

primer

misc_feature

(1).7(20)
primer
139

tgctaaggac aacgttatcg

tainsky2.sT25

Page 91

PCT/US2006/005830

20



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

