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(57) ABSTRACT

Cancer associated antigens have been identified by autolo-
gous antibody screening of libraries of nucleic acids
expressed in small cell lung cancer cells using antisera from
cancer patients. The invention relates to nucleic acids and
encoded polypeptides which are cancer associated antigens
expressed in patients afflicted with small cell lung cancer.
The invention provides, among other things, isolated nucleic
acid molecules, expression vectors containing those mol-
ecules and host cells transfected with those molecules. The
invention also provides isolated proteins and peptides, anti-
bodies to those proteins and peptides and cytotoxic T
lymphocytes which recognize the proteins and peptides.
Fragments of the foregoing including functional fragments
and variants also are provided. Kits containing the foregoing
molecules additionally are provided. The molecules pro-
vided by the invention can be used in the diagnosis, moni-
toring, research, or treatment of conditions characterized by
the expression of one or more cancer associated antigens.
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SMALL CELL LUNG CANCER ASSOCIATED
ANTIGENS AND USES THEREFOR

RELATED APPLICATIONS

This application is a divisional of U.S. application Ser.
No. 09/489,101, filed Jan. 21, 2000, now abandoned, the
disclosure of which is incorporated by reference herein in its
entirety.

FIELD OF THE INVENTION

The invention relates to nucleic acids and encoded
polypeptides which are cancer associated antigens expressed
in patients afflicted with a variety of cancers. The invention
also relates to agents which bind the nucleic acids or
polypeptides. The nucleic acid molecules, polypeptides
coded for by such molecules and peptides derived there-
from, as well as related antibodies and cytolytic T lympho-
cytes, are useful, inter alia, in diagnostic and therapeutic
contexts.

BACKGROUND OF THE INVENTION

The mechanism by which T cells recognize foreign mate-
rials has been implicated in cancer. A number of cytolytic T
lymphocyte (CTL) clones directed against autologous mela-
noma antigens, testicular antigens, and melanocyte differ-
entiation antigens have been described. In many instances,
the antigens recognized by these clones have been charac-
terized.

The use of autologous CTLs for identifying tumor anti-
gens requires that the target cells which express the antigens
can be cultured in vitro and that stable lines of autologous
CTL clones which recognize the antigen-expressing cells
can be isolated and propagated. While this approach has
worked well for melanoma antigens, other tumor types, such
as epithelial cancers including breast and colon cancer, have
proved refractory to the approach.

More recently another approach to the problem has been
described by Sahin et al. (Proc. Natl. Acad. Sci. USA
92:11810-11813, 1995). According to this approach, autolo-
gous antisera are used to identify immunogenic protein
antigens expressed in cancer cells by screening expression
libraries constructed from tumor cell cDNA. Antigen-en-
coding clones so identified have been found to have elicited
an high-titer humoral immune response in the patients from
which the antisera were obtained. Such a high-titer 1gG
response implies helper T cell recognition of the detected
antigen. These tumor antigens can then be screened for the
presence of MHC/HLA class I and class II motifs and
reactivity with CTLs.

Presently there is a need for additional cancer antigens for
development of therapeutics and diagnosis applicable to a
greater number of cancer patients having various cancers.

SUMMARY OF THE INVENTION

Autologous antibody screening has now been applied to
small cell lung cancer using antisera from cancer patients.
Numerous cancer associated antigens have been identified.
The invention provides, inter alia, isolated nucleic acid
molecules, expression vectors containing those molecules
and host cells transfected with those molecules. The inven-
tion also provides isolated proteins and peptides, antibodies
to those proteins and peptides and CTLs which recognize the
proteins and peptides. Fragments including functional frag-
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2

ments and variants of the foregoing also are provided. Kits
containing the foregoing molecules additionally are pro-
vided. The foregoing can be used in the diagnosis, moni-
toring, research, or treatment of conditions characterized by
the expression of one or more cancer associated antigens.

Prior to the present invention, only a handful of small cell
lung cancer associated genes had been identified in the past
20 years. The invention involves the surprising discovery of
several genes, some previously known and some previously
unknown, which are expressed in individuals who have
cancer. These individuals all have serum antibodies against
the proteins (or fragments thereof) encoded by these genes.
Thus, abnormally expressed genes are recognized by the
host’s immune system and therefore can form a basis for
diagnosis, monitoring and therapy.

The invention involves the use of a single material, a
plurality of different materials and even large panels and
combinations of materials. For example, a single gene, a
single protein encoded by a gene, a single functional frag-
ment thereof, a single antibody thereto, etc. can be used in
methods and products of the invention. Likewise, pairs,
groups and even panels of these materials and optionally
other cancer associated antigen genes and/or gene products
can be used for diagnosis, monitoring and therapy. The pairs,
groups or panels can involve 2, 3, 4, 5 or more genes, gene
products, fragments thereof or agents that recognize such
materials. A plurality of such materials are not only useful in
monitoring, typing, characterizing and diagnosing cells
abnormally expressing such genes, but a plurality of such
materials can be used therapeutically. An example of the use
of a plurality of such materials for the prevention, delay of
onset, amelioration, etc. of cancer cells, which express or
will express such genes prophylactically or acutely. Any and
all combinations of the genes, gene products, and materials
which recognize the genes and gene products can be tested
and identified for use according to the invention. It would be
far too lengthy to recite all such combinations; those skilled
in the art, particularly in view of the teaching contained
herein, will readily be able to determine which combinations
are most appropriate for which circumstances.

As will be clear from the following discussion, the
invention has in vivo and in vitro uses, including for
therapeutic, diagnostic, monitoring and research purposes.
One aspect of the invention is the ability to fingerprint a cell
expressing a number of the genes identified according to the
invention by, for example, quantifying the expression of
such gene products. Such fingerprints will be characteristic,
for example, of the stage of the cancer, the type of the cancer,
or even the effect in animal models of a therapy on a cancer.
Cells also can be screened to determine whether such cells
abnormally express the genes identified according to the
invention.

The invention, in one aspect, is a method of diagnosing a
disorder characterized by expression of a cancer associated
antigen precursor coded for by a nucleic acid molecule. The
method involves the steps of contacting a biological sample
isolated from a subject with an agent that specifically binds
to the nucleic acid molecule, an expression product thereof,
or a fragment of an expression product thereof complexed
with an MHC, preferably an HLA, molecule, wherein the
nucleic acid molecule is a NA Group 1 nucleic acid mol-
ecule, and determining the interaction between the agent and
the nucleic acid molecule, the expression product or frag-
ment of the expression product as a determination of the
disorder.

In one embodiment the agent is selected from the group
consisting of (a) a nucleic acid molecule comprising NA
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Group 1 nucleic acid molecules or a fragment thereof, (b) a
nucleic acid molecule comprising NA Group 3 nucleic acid
molecules or a fragment thereof, (c) a nucleic acid molecule
comprising NA Group 5 nucleic acid molecules or a frag-
ment thereof, (d) an antibody that binds to an expression
product, or a fragment thereof, of NA group 1 nucleic acids,
(e) an antibody that binds to an expression product, or a
fragment thereof, of NA group 3 nucleic acids, (f) an
antibody that binds to an expression product, or a fragment
thereof, of NA group 5 nucleic acids, (g) and agent that binds
to a complex of an MHC, preferably HLA, molecule and a
fragment of an expression product of a NA Group 1 nucleic
acid, (h) an agent that binds to a complex of an MHC,
preferably HLA, molecule and a fragment of an expression
product of a NA group 3 nucleic acid, and (i) an agent that
binds to a complex of an MHC, preferably HLLA, molecule
and a fragment of an expression product of a NA Group 5
nucleic acid.

The disorder may be characterized by expression of a
plurality of cancer associated antigen precursors. Thus the
methods of diagnosis may include use of a plurality of
agents, each of which is specific for a different human cancer
associated antigen precursor (including at least one of the
cancer associated antigen precursors disclosed herein), and
wherein said plurality of agents is at least 2, at least 3, at
least 4, at least 5, at least 6, at least 7, at least 8, at least 9
or at least 10 such agents.

In each of the above embodiments the disorder preferably
is selected from the group consisting of lung cancers includ-
ing small cell lung cancer and non-small cell lung cancer,
melanoma, colon cancer, breast cancer, head and neck
cancer, transitional cancer, leiomyosarcoma and synovial
sarcoma.

In some embodiments, the nucleic acid molecule is
selected from the group consisting of SOX2 nucleic acids,
SOXI nucleic acids, ZIC2 nucleic acids, SOX3 nucleic acids
and SOX21 nucleic acids. Preferably the nucleic acid mol-
ecule is selected from the group consisting of SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:11 and SEQ ID
NO:12.

In certain embodiments, the biological sample is isolated
from a tissue selected from the group consisting of non-
brain, non-testis, non-prostate, non-small intestine and non-
colon tissues.

In another aspect the invention is a method for determin-
ing regression, progression or onset of a condition charac-
terized by expression of abnormal levels of a protein
encoded by a nucleic acid molecule that is a NA Group 1
molecule. The method involves the steps of monitoring a
sample, from a subject who has or is suspected of having the
condition, for a parameter selected from the group consist-
ing of (i) the protein, (ii) a peptide derived from the protein,
(i) an antibody which selectively binds the protein or
peptide, and (iv) cytolytic T cells specific for a complex of
the peptide derived from the protein and an MHC molecule,
as a determination of regression, progression or onset of said
condition. In one embodiment the sample is a body fluid, a
body effusion or a tissue.

In another embodiment the step of monitoring comprises
contacting the sample with a detectable agent selected from
the group consisting of (a) an antibody which selectively
binds the protein of (i), or the peptide of (ii), (b) a protein or
peptide which binds the antibody of (iii), and (c) a cell which
presents the complex of the peptide and MHC molecule of
(iv). In a preferred embodiment the antibody, the protein, the
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peptide or the cell is labeled with a radioactive label or an
enzyme. The sample in a preferred embodiment is assayed
for the peptide.

According to another embodiment the nucleic acid mol-
ecule is one of the following: a NA Group 3 molecule or a
NA Group 5 molecule. In still another embodiment, the
nucleic acid molecule is selected from the group consisting
of SOX2 nucleic acids, SOX1 nucleic acids, ZIC2 nucleic
acids, SOX3 nucleic acids and SOX21 nucleic acids. Pref-
erably the nucleic acid molecule is selected from the group
consisting of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:11 and SEQ ID NO:12.

In yet another embodiment the protein is a plurality of
proteins, the parameter is a plurality of parameters, each of
the plurality of parameters being specific for a different of
the plurality of proteins, at least one of which is a cancer
associated protein encoded by a NA group 1 molecule. In
certain embodiments the protein is a plurality of proteins, at
least one of which is encoded by SOX2 (SEQ ID NO:3) or
ZI1C2 (SEQ ID NO:5), and wherein the parameter is a
plurality of parameters, each of the plurality of parameters
being specific for a different of the plurality of proteins.

The invention in another aspect is a pharmaceutical
preparation for a human subject. The pharmaceutical prepa-
ration includes an agent which when administered to the
subject enriches selectively the presence of complexes of an
HLA molecule and a human cancer associated antigen, and
a pharmaceutically acceptable carrier, wherein the human
cancer associated antigen is a fragment of a human cancer
associated antigen precursor encoded by a nucleic acid
molecule which comprises a NA Group 1 molecule. In one
embodiment the nucleic acid molecule is a NA Group 3
nucleic acid molecule or a NA group 5 nucleic acid mol-
ecule.

The agent in one embodiment comprises a plurality of
agents, each of which enriches selectively in the subject
complexes of an HLA molecule and a different human
cancer associated antigen. Preferably the plurality is at least
two, at least three, at least four or at least 5 different such
agents.

In certain embodiments, the agent comprises a plurality of
agents, at least one of which is a nucleic acid molecule
selected from the group consisting of SOX2 nucleic acids,
SOX1 nucleic acids, ZIC2 nucleic acids, SOX3 nucleic
acids and SOX21 nucleic acids, and preferably at least one
of which is a nucleic acid molecule selected from the group
consisting of SEQ ID NO:3, SEQ ID NO:4, SEQ 1D NO:5,
SEQ ID NO:11 and SEQ ID NO:12, or an expression
product thereof, and each of which enriches selectively in
the subject complexes of an HLA molecule and a different
human cancer associated antigen.

In another embodiment the agent is selected from the
group consisting of (1) an isolated polypeptide comprising
the human cancer associated antigen, or a functional variant
thereof, (2) an isolated nucleic acid operably linked to a
promoter for expressing the isolated polypeptide, or func-
tional variant thereof, (3) a host cell expressing the isolated
polypeptide, or functional variant thereof, and (4) isolated
complexes of the polypeptide, or functional variants thereof,
and an HLA molecule.

The agent may be a cell expressing an isolated polypep-
tide. In one embodiment the agent is a cell expressing an
isolated polypeptide comprising the human cancer associ-
ated antigen or a functional variant thereof. In another
embodiment the agent is a cell expressing an isolated
polypeptide comprising the human cancer associated anti-
gen or a functional variant thereof, and wherein the cell
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expresses an HLA molecule that binds the polypeptide. The
cell can express one or both of the polypeptide and HLA
molecule recombinantly. In preferred embodiments the cell
is nonproliferative. In other preferred embodiments, the
isolated polypeptide is or includes a polypeptide encoded by
a nucleic acid molecule selected from the group consisting
of SOX2 nucleic acids, SOX1 nucleic acids, ZIC2 nucleic
acids, SOX3 nucleic acids and SOX21 nucleic acids, and
preferably at least one of which is a nucleic acid molecule
selected from the group consisting of SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:5, SEQ ID NO:11 and SEQ ID NO:12.
In yet another embodiment the agent is at least two, at least
three, at least four or at least five different polypeptides, each
representing a different human cancer associated antigen or
functional variant thereof.

The agent in one embodiment is a PP Group 2 polypep-
tide. In other embodiments the agent is a PP Group 3
polypeptide or a PP Group 4 polypeptide.

In an embodiment each of the pharmaceutical prepara-
tions described herein also includes an adjuvant.

According to another aspect the invention, a composition
is provided which includes an isolated agent that binds
selectively a PP Group 1 polypeptide. In separate embodi-
ments the agent binds selectively to a polypeptide selected
from the following: a PP Group 2 polypeptide, a PP Group
3 polypeptide, a PP Group 4 polypeptide, and a PP Group 5
polypeptide. In other embodiments, the agent is a plurality
of different agents that bind selectively at least two, at least
three, at least four, or at least five different such polypep-
tides. In each of the above described embodiments the agent
may be an antibody. In a preferred embodiment, at least one
of polypeptides is encoded by a nucleic acid molecule
selected from the group consisting of SOX2 nucleic acids,
SOX1 nucleic acids, ZIC2 nucleic acids, SOX3 nucleic
acids and SOX21 nucleic acids, and preferably at least one
of which is a nucleic acid molecule selected from the group
consisting of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:11 and SEQ ID NO:12, or a fragment thereof.

In another aspect the invention is a composition of matter
composed of a conjugate of the agent of the above-described
compositions of the invention and a therapeutic or diagnos-
tic agent. Preferably the conjugate is of the agent and a
therapeutic or diagnostic that is a toxin, particularly an
antineoplastic.

The invention in another aspect is a pharmaceutical
composition which includes an isolated nucleic acid mol-
ecule selected from the group consisting of: (1) NA Group
1 molecules, and (2) NA Group 2 molecules, and a phar-
maceutically acceptable carrier. In one embodiment the
isolated nucleic acid molecule comprises a NA Group 3 or
NA Group 4 molecule. In another embodiment the isolated
nucleic acid molecule comprises at least two isolated nucleic
acid molecules coding for two different polypeptides, each
polypeptide comprising a different cancer associated anti-
gen. In preferred embodiments, at least one of the polypep-
tides is encoded by a nucleic acid molecule selected from the
group consisting of SOX2 nucleic acids, SOX1 nucleic
acids, ZIC2 nucleic acids, SOX3 nucleic acids and SOX21
nucleic acids, and preferably at least one of which is a
nucleic acid molecule selected from the group consisting of
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:11 and SEQ ID NO:12.

Preferably the pharmaceutical composition also includes
an expression vector with a promoter operably linked to the
isolated nucleic acid molecule. In another embodiment the
pharmaceutical composition also includes a host cell recom-
binantly expressing the isolated nucleic acid molecule.
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According to another aspect of the invention a pharma-
ceutical composition is provided. The pharmaceutical com-
position includes an isolated polypeptide comprising a PP
Group 1 or a PP Group 2 polypeptide, and a pharmaceuti-
cally acceptable carrier. In one embodiment the isolated
polypeptide comprises a PP Group 3 or a PP Group 4
polypeptide.

In another embodiment the isolated polypeptide com-
prises at least two different polypeptides, each comprising a
different cancer associated antigen at least one of which is
encoded by a NA group 1 molecule as disclosed herein. In
certain embodiments at least one of the polypeptides is
encoded by a nucleic acid molecule selected from the group
consisting of SOX2 nucleic acids, SOX1 nucleic acids, ZIC2
nucleic acids, SOX3 nucleic acids and SOX21 nucleic acids,
and preferably at least one of which is a nucleic acid
molecule selected from the group consisting of SEQ 1D
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:11 and
SEQ ID NO:12. In separate embodiments the isolated
polypeptides are selected from the following: PP Group 3
polypeptides or HLA binding fragments thereof and PP
Group 5 polypeptides or HLA binding fragments thereof.

In an embodiment each of the pharmaceutical composi-
tions described herein also includes an adjuvant.

Another aspect the invention is an isolated nucleic acid
molecule comprising a NA Group 3 molecule. Another
aspect the invention is an isolated nucleic acid molecule
comprising a NA Group 4 molecule.

The invention in another aspect is an isolated nucleic acid
molecule selected from the group consisting of (a) a frag-
ment of a nucleic acid selected from the group of nucleic
acid molecules consisting of SEQ ID Nos numbered below
and comprising all nucleic acid sequences among SEQ ID
Nos:3-17, of sufficient length to represent a sequence unique
within the human genome, and identifying a nucleic acid
encoding a human cancer associated antigen precursor, (b)
complements of (a), provided that the fragment includes a
sequence of contiguous nucleotides which is not identical to
any sequence selected from the sequence group consisting of
(1) sequences having the GenBank accession numbers of
Table 4, (2) complements of (1), and (3) fragments of (1) and
).

In one embodiment the sequence of contiguous nucle-
otides is selected from the group consisting of: (1) at least
two contiguous nucleotides nonidentical to the sequences in
Table 4, (2) at least three contiguous nucleotides noniden-
tical to the sequences in Table 4, (3) at least four contiguous
nucleotides nonidentical to the sequences in Table 4, (4) at
least five contiguous nucleotides nonidentical to the
sequences in Table 4, (5) at least six contiguous nucleotides
nonidentical to the sequences in Table 4, or (6) at least seven
contiguous nucleotides nonidentical to the sequences in
Table 4.

In another embodiment the fragment has a size selected
from the group consisting of at least: 8 nucleotides, 10
nucleotides, 12 nucleotides, 14 nucleotides, 16 nucleotides,
18 nucleotides, 20, nucleotides, 22 nucleotides, 24 nucle-
otides, 26 nucleotides, 28 nucleotides, 30 nucleotides, 50
nucleotides, 75 nucleotides, 100 nucleotides, 200 nucle-
otides, 1000 nucleotides and every integer length therebe-
tween.

In yet another embodiment the molecule encodes a
polypeptide which, or a fragment of which, binds a human
HLA receptor or a human antibody.

Another aspect of the invention is an expression vector
comprising an isolated nucleic acid molecule of the inven-
tion described above operably linked to a promoter.
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According to one aspect the invention is an expression
vector comprising a nucleic acid operably linked to a
promoter, wherein the nucleic acid is a NA Group 1 or
Group 2 molecule. In another aspect the invention is an
expression vector comprising a NA Group 1 or Group 2
molecule and a nucleic acid encoding an MHC, preferably
HLA, molecule.

In yet another aspect the invention is a host cell trans-
formed or transfected with an expression vector of the
invention described above.

In another aspect the invention is a host cell transformed
or transfected with an expression vector comprising an
isolated nucleic acid molecule of the invention described
above operably linked to a promoter, or an expression vector
comprising a nucleic acid operably linked to a promoter,
wherein the nucleic acid is a NA Group 1 or 2 molecule and
further comprising a nucleic acid encoding HLA.

According to another aspect of the invention an isolated
polypeptide encoded by the isolated nucleic acid molecules
the invention, described above, is provided. These include
PP Group 1-5 polypeptides. The invention also includes a
fragment of the polypeptide which is immunogenic. In one
embodiment the fragment, or a portion of the fragment,
binds HLA or a human antibody. In still another aspect the
invention provides as isolated polypeptide comprising a
fragment of a polypeptide selected from the group consisting
of ZIC2, SOX1, SOX2, SOX3 and SOX21 polypeptides,
which is immunogenic, wherein the polypeptide is not a
full-length ZIC1, SOX1, SOX2, SOX3 or SOX21 polypep-
tide.

The invention includes in another aspect an isolated
fragment of a human cancer associated antigen precursor
which, or portion of which, binds HLA or a human antibody,
wherein the precursor is encoded by a nucleic acid molecule
that is a NA Group 1 molecule. In one embodiment the
fragment is part of a complex with HLA. In another embodi-
ment the fragment is between 8 and 12 amino acids in
length. In another embodiment the invention includes an
isolated polypeptide comprising a fragment of the polypep-
tide of sufficient length to represent a sequence unique
within the human genome and identifying a polypeptide that
is a human cancer associated antigen precursor.

According to another aspect of the invention a kit for
detecting the presence of the expression of a cancer asso-
ciated antigen precursor is provided. The kit includes a pair
of isolated nucleic acid molecules each of which consists
essentially of a molecule selected from the group consisting
of (a) a 12-32 nucleotide contiguous segment of the nucle-
otide sequence of any of the NA Group 1 molecules and (b)
complements of (“a”), wherein the contiguous segments are
nonoverlapping. In one embodiment the pair of isolated
nucleic acid molecules is constructed and arranged to selec-
tively amplify an isolated nucleic acid molecule that is a NA
Group 3 molecule. Preferably, the pair amplifies a human
NA Group 3 molecule.

According to another aspect of the invention a method for
treating a subject with a disorder characterized by expres-
sion of a human cancer associated antigen precursor is
provided. The method includes the step of administering to
the subject an amount of an agent, which enriches selec-
tively in the subject the presence of complexes of an HLA
molecule and a human cancer associated antigen, effective to
ameliorate the disorder, wherein the human cancer associ-
ated antigen is a fragment of a human cancer associated
antigen precursor encoded by a nucleic acid molecule
selected from the group consisting of (a) a nucleic acid
molecule comprising NA group 1 nucleic acid molecules,
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(b) a nucleic acid molecule comprising NA group 3 nucleic
acid molecules, (¢) a nucleic acid molecule comprising NA
group 5 nucleic acid molecules.

In one embodiment the disorder is characterized by
expression of a plurality of human cancer associated antigen
precursors and wherein the agent is a plurality of agents,
each of which enriches selectively in the subject the pres-
ence of complexes of an HLA molecule and a different
human cancer associated antigen. Preferably the plurality is
at least 2, at least 3, at least 4, or at least 5 such agents. In
a preferred embodiment, at least one of the human cancer
ssociated antigens is a polypeptide encoded by a nucleic acid
molecule selected from the roup consisting of SOX2 nucleic
acids, SOX1 nucleic acids, ZIC2 nucleic acids, SOX3
nucleic acids and SOX21 nucleic acids, and preferably at
least one of which is a nucleic acid molecule selected from
the group consisting of SEQ 1D NO:3, SEQ ID NO:4, SEQ
ID NO:5, SEQ ID NO:11 and SEQ ID NO:12, or a fragment
thereof.

In another embodiment the agent is an isolated polypep-
tide selected from the group consisting of PP Group 1, PP
Group 2, PP Group 3, PP Group 4, and PP group 5
polypeptides.

In yet another embodiment the disorder is cancer.

According to another aspect the invention is a method for
treating a subject having a condition characterized by
expression of a cancer associated antigen precursor in cells
of the subject. The method includes the steps of (i) removing
an immunoreactive cell containing sample from the subject,
(ii) contacting the immunoreactive cell containing sample to
the host cell under conditions favoring production of
cytolytic T cells against a human cancer associated antigen
which is a fragment of the precursor, (iii) introducing the
cytolytic T cells to the subject in an amount effective to lyse
cells which express the human cancer associated antigen,
wherein the host cell is transformed or transfected with an
expression vector comprising an isolated nucleic acid mol-
ecule operably linked to a promoter, the isolated nucleic acid
molecule being selected from the group of nucleic acid
molecules consisting of NA Group 1, NA Group 2, NA
Group 3, NA Group 4, NA Group 5.

In one embodiment the host cell recombinantly expresses
an HLA molecule which binds the human cancer associated
antigen. In another embodiment the host cell endogenously
expresses an HLA molecule which binds the human cancer
associated antigen.

The invention includes in another aspect a method for
treating a subject having a condition characterized by
expression of a cancer associated antigen precursor in cells
of the subject. The method includes the steps of (i) identi-
fying a nucleic acid molecule expressed by the cells asso-
ciated with said condition, wherein said nucleic acid mol-
ecule is a NA Group 1 molecule (ii) transfecting a host cell
with a nucleic acid selected from the group consisting of (a)
the nucleic acid molecule identified, (b) a fragment of the
nucleic acid identified which includes a segment coding for
a cancer associated antigen, (c¢) deletions, substitutions or
additions to (a) or (b), and (d) degenerates of (a), (b), or (c);
(ii1) culturing said transfected host cells to express the
transfected nucleic acid molecule, and; (iv) introducing an
amount of said host cells or an extract thereof to the subject
effective to increase an immune response against the cells of
the subject associated with the condition. Preferably, the
antigen is a human antigen and the subject is a human. In
certain preferred embodiments the nucleic acid molecule is
selected from the group consisting of SOX2 nucleic acids,
SOX1 nucleic acids, ZIC2 nucleic acids, SOX3 nucleic
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acids and SOX21 nucleic acids, and preferably at least one
of which is a nucleic acid molecule is selected from the
group consisting of SEQ ID NQ:3, SEQ 1D NO:4, SEQ ID
NO:5, SEQ ID NO:11 and SEQ ID NO:12.

In one embodiment the method also includes the step of
(a) identifying an MHC molecule which presents a portion
of an expression product of the nucleic acid molecule,
wherein the host cell expresses the same MHC molecule as
identified in (2) and wherein the host cell presents an MHC
binding portion of the expression product of the nucleic acid
molecule.

In another embodiment the method also includes the step
of treating the host cells to render them non-proliferative.

In yet another embodiment the immune response com-
prises a B-cell response or a T cell response. Preferably the
response is a T-cell response which comprises generation of
cytolytic T-cells specific for the host cells presenting the
portion of the expression product of the nucleic acid mol-
ecule or cells of the subject expressing the human cancer
associated antigen.

In another embodiment the nucleic acid molecule is a NA
Group 3 molecule.

Another aspect of the invention is a method for treating or
diagnosing or monitoring a subject having a condition
characterized by expression of an abnormal amount of a
protein encoded by a nucleic acid molecule that is a NA
Group 1 molecule. The method includes the step of admin-
istering to the subject an antibody which specifically binds
to the protein or a peptide derived therefrom, the antibody
being coupled to a therapeutically useflil agent, in an amount
effective to treat the condition.

In one embodiment the antibody is a monoclonal anti-
body. Preferably the monoclonal antibody is a chimeric
antibody or a humanized antibody.

In another aspect the invention is a method for treating a
condition characterized by expression in a subject of abnor-
mal amounts of a protein encoded by a nucleic acid molecule
that is a NA Group 1 nucleic acid molecule. The method
involves the step of administering to a subject at least one of
the pharmaceutical compositions of the invention described
above in an amount effective to prevent, delav the onset of,
or inhibit the condition in the subject. In one embodiment
the condition is cancer. In another embodiment the method
includes the step of first identifying that the subject
expresses in a tissue abnormal amounts of the protein.

The invention in another aspect is a method for treating a
subject having a condition characterized by expression of
abnormal amounts of a protein encoded by a nucleic acid
molecule that is a NA Group 1 nucleic acid molecule. The
method includes the steps of (i) identifying cells from the
subject which express abnormal amounts of the protein; (ii)
isolating a sample of the cells; (iii) cultivating the cells, and
(iv) introducing the cells to the subject in an amount
effective to provoke an immune response against the cells.

In one embodiment the method includes the step of
rendering the cells non-proliferative, prior to introducing
them to the subject.

In another aspect the invention is a method for treating a
pathological cell condition characterized by abnormal
expression of a protein encoded by a nucleic acid molecule
that is a NA Group 1 nucleic acid molecule. The method
includes the step of administering to a subject in need
thereof an effective amount of an agent which inhibits the
expression or activity of the protein.

In one embodiment the agent is an inhibiting antibody
which selectively binds to the protein and wherein the
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antibody is a monoclonal antibody, a chimeric antibody, a
humanized antibody or a fragment thereof. In another
embodiment the agent is an antisense nucleic acid molecule
which selectively binds to the nucleic acid molecule which
encodes the protein. In yet another important embodiment
the nucleic acid molecule is a NA Group 3 nucleic acid
molecule. In other preferred embodiments, the nucleic acid
molecule is a nucleic acid molecule selected from the group
consisting of SOX2 nucleic acids, SOX1 nucleic acids, ZIC2
nucleic acids, SOX3 nucleic acids and SOX21 nucleic acids,
and preferably at least one of which is a nucleic acid
molecule selected from the group consisting of SEQ 1D
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:11 and
SEQ ID NO:12.

The invention includes in another aspect a composition of
matter useful in stimulating an immune response to a
plurality of proteins encoded by nucleic acid molecules that
are NA Group 1 molecules. The composition is a plurality of
peptides derived from the amino acid sequences of the
proteins, wherein the peptides bind to one or more MHC
molecules presented on the surface of the cells which
express an abnormal amount of the protein. In preferred
embodiments, at least one of the proteins is encoded by a
nucleic acid molecule selected from the group consisting of
SOX2 nucleic acids, SOX1 nucleic acids, ZIC2 nucleic
acids, SOX3 nucleic acids and SOX21 nucleic acids, and
preferably at least one of which is a nucleic acid molecule
selected from the group consisting of SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:5, SEQ ID NO:11 and SEQ ID NO:12.

In one embodiment at least a portion of the plurality of
peptides bind to MHC molecules and elicit a cytolytic
response thereto. In another embodiment the composition of
matter includes an adjuvant. In another embodiment the
adjuvant is a saponin, GM-CSF, or an interleukin. In still
another embodiment, the compositions also includes at least
one peptide useful in stimulating an immune response to at
least one protein which is not encoded by nucleic acid
molecules that are NA Group 1 molecules, wherein the at
least one peptide binds to one or more MHC molecules.

According to another aspect the invention is an isolated
antibody which selectively binds to a complex of: (i) a
peptide derived from a protein encoded by a nucleic acid
molecule that is a NA Group 1 molecule and (ii) and an
MHC molecule to which binds the peptide to form the
complex, wherein the isolated antibody does not bind to (i)
or (i) alone.

In one embodiment the antibody is a monoclonal anti-
body, a chimeric antibody, a humanized antibody or a
fragment thereof.

The invention also involves the use of the genes, gene
products, fragments thereof, agents which bind thereto, and
so on in the preparation of medicaments. A particular
medicament is for treating cancer and a more particular
medicament is for treating small cell lung cancer.

For all of the foregoing, preferred disorders include
cancers, particularly lung cancers including small cell lung
cancer and non-small cell lung cancer, melanoma, colon
cancer, breast cancer, head and neck cancer, transitional
cancer, leiomyosarcoma and synovial sarcoma. Preferred
tissues include non-brain, non-testis, non-prostate, non-
small intestine and non-colon tissues.

These and other aspects of the invention will be described
in further detail in connection with the detailed description
of the invention.
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BRIEF DESCRIPTION OF THE FIGURE

FIG. 1 shows the alignment of predicted protein
sequences of SOXI, 2, 3 and 21 (GenBank accession
numbers Q00570, P48431, P41225, AAC95381.1, respec-
tively; SEQ ID Nos:18-21). Sequences encoded within the
SEREX-isolated clones are in bold face type, and sequences
absent in these clones are in gray italics. The DNA-binding
HMG domain is boxed. Amino acids identical between three
and four SOX proteins are highlighted in two shades of gray.

DETAILED DESCRIPTION OF THE
INVENTION

In the above summary and in the ensuing description, lists
of sequences are provided. The lists are meant to embrace
each single sequence separately, two or more sequences
together where they form a part of the same gene, any
combination of two or more sequences which relate to
different genes, including and up to the total number on the
list, as if each and every combination were separately and
specifically enumerated. Likewise, when mentioning frag-
ment size, it is intended that a range embrace the smallest
fragment mentioned to the full-length of the sequence (less
one nucleotide or amino acid so that it is a fragment), each
and every fragment length intended as if specifically enu-
merated. Thus, if a fragment could be between 10 and 15 in
length, it is explicitly meant to mean 10, 11, 12, 13, 14, or
15 in length.

The summary and the claims mention antigen precursors
and antigens. As used in the summary and in the claims, a
precursor is substantially the full-length protein encoded by
the coding region of the isolated DNA and the antigen is a
peptide which complexes with MHC, preferably HL A, and
which participates in the immune response as part of that
complex. Such antigens are typically 9 amino acids long,
although this may vary slightly.

As used herein, a subject is a human, non-human primate,
cow, horse, pig, sheep, goat, dog, cat or rodent. In all
embodiments human cancer antigens and human subjects
are preferred.

The present invention in one aspect involves the cloning
of cDNAs encoding human small cell lung cancer associated
antigen precursors using autologous antisera of subjects
having cancer. The sequences of the clones representing
genes identified according to the methods described herein
are presented in the attached Sequence Listing. Of the
foregoing, it can be seen that some of the clones are novel
but may have some homology to sequences deposited in
databases (mainly EST sequences). Nevertheless, the entire
gene sequence was not previously known. In some cases no
function was suspected and in other cases, even if a function
was suspected, it was not know that the gene was associated
with cancer. In all cases, it was not known or suspected that
the gene encoded a cancer antigen which reacted with
antibody from autologous sera. Analysis of the clone
sequences by comparison to nucleic acid and protein data-
bases determined that still other of the clones surprisingly
are closely related to other previously-cloned genes. The
sequences of these related genes is also presented in the
Sequence Listing. The nature of the foregoing genes as
encoding antigens recognized by the immune systems of
cancer patients is, of course, unexpected.

The invention thus involves in one aspect cancer associ-
ated antigen polypeptides, genes encoding those polypep-
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tides, functional modifications and variants of the foregoing,
useful fragments of the foregoing, as well as diagnostics and
therapeutics relating thereto.

Homologs and alleles of the cancer associated antigen
nucleic acids of the invention can be identified by conven-
tional techniques. Thus, an aspect of the invention is those
nucleic acid sequences which code for cancer associated
antigen precursors. Because this application contains so
many sequences, the following chart is provided to identify
the various groups of sequences discussed in the claims and
in the summary:

Nucleic Acid Sequences

NA Group 1.

(a) nucleic acid molecules which hybridize under strin-
gent conditions to a molecule consisting of a nucleic
acid sequence selected from the group consisting of
SEQ ID NOs: 3-17 and which code for a cancer
associated antigen precursor,

(b) deletions, additions and substitutions which code for
a respective cancer associated antigen precursor,

(¢) nucleic acid molecules that differ from the nucleic acid
molecules of (a) or (b) in codon sequence due to the
degeneracy of the genetic code, and

(d) complements of (a), (b) or (c).

NA Group 2. Fragments of NA Group 1, which code for a
polypeptide which, or a portion of which, binds a MHC
molecule to form a complex recognized by an autologous
antibody or lymphocyte.

NA Group 3. The subset of NA Group 1 where the nucle-
otide sequence is selected from the group consisting of:
(a) previously unknown human nucleic acids coding for a

human cancer associated antigen precursor set forth as
SEQ ID NO:17,

(b) deletions, additions and substitutions which code for
a respective human cancer associated antigen precur-
sof,

(c) nucleic acid molecules that differ from the nucleic acid
molecules of () or (b) in codon sequence due to the
degeneracy of the genetic code, and

(d) complements of (a), (b) or (c).

NA Group 4. Fragments of NA Group 3, which code for a
polypeptide which, or a portion of which, binds to a MHC
molecule to form a complex recognized by an autologous
antibody or lymphocyte.

NA Group 5. A subset of NA Group 1, comprising human
cancer associated antigens that react with allogeneic can-
cer antisera.

Polypeptide Sequences

PP Group 1. Polypeptides encoded by NA Group 1.
PP Group 2. Polypeptides encoded by NA Group 2
PP Group 3. Polypeptides encoded by NA Group 3.
PP Group 4. Polypeptides encoded by NA Group 4.
PP Group 5. Polypeptides encoded by NA Group 5.

The term “stringent conditions™ as used herein refers to
parameters with which the art is familiar. Nucleic acid
hybridization parameters may be found in references which
compile such methods, e.g. Molecular Cloning: A Labora-
tory Manual, J. Sambrook, et al., eds., Second Edition, Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.,
1989, or Current Protocols in Molecular Biology, F. M.
Ausubel, et al., eds., John Wiley & Sons, Inc., New York.
More specifically, stringent conditions, as used herein,
refers, for example, to hybridization at 65° C. in hybridiza-
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tion buffer (3.5xSSC, 0.02% Ficoll, 0.02% polyvinyl pyr-
rolidone, 0.02% Bovine Serum Albumin, 2.5 mM NaH,PO,
(pH?), 0.5% SDS, 2 mM EDTA). SSC is 0.15M sodium
chloride/0.15M sodium citrate, pH7; SDS is sodium dodecyl
sulphate; and EDTA is ethylenediaminetetracetic acid. After
hybridization, the membrane upon which the DNA is trans-
ferred is washed, for example, in 2xSSC at room tempera-
ture and then at 0.1-0.5xSSC/0.1xSDS at temperatures up to
68° C.

There are other conditions, reagents, and so forth which
can be used, which result in a similar degree of stringency.
The skilled artisan will be familiar with such conditions, and
thus they are not given here. It will be understood, however,
that the skilled artisan will be able to manipulate the
conditions in a manner to permit the clear identification of
homologs and alleles of cancer associated antigen nucleic
acids of the invention (e.g., by using lower stringency
conditions). The skilled artisan also is familiar with the
methodology for screening cells and libraries for expression
of such molecules which then are routinely isolated, fol-
lowed by isolation of the pertinent nucleic acid molecule and
sequencing.

In general homologs and alleles typically will share at
least 75% nucleotide identity and/or at least 90% amino acid
identity to the sequences of cancer associated antigen
nucleic acid and polypeptides, respectively, in some
instances will share at least 90% nucleotide identity and/or
at least 95% amino acid identity and in still other instances
will share at least 95% nucleotide identity and/or at least
99% amino acid identity. The homology can be calculated
using various, publicly available software tools developed
by NCBI (Bethesda, Md.) that can be obtained through the
internet  (ftp:/ncbi.nlm.nih.gov/pub/). Exemplary tools
include the BLAST system available at http://www.ncbi.n-
Im.nih.gov, using default settings. Pairwise and Clustal W
alignments (BLOSUM30 matrix setting) as well as Kyte-
Doolittle hydropathic analysis can be obtained using the
MacVector sequence analysis software (Oxford Molecular
Group). Watson-Crick complements of the foregoing
nucleic acids also are embraced by the invention.

In screening for cancer associated antigen genes, a South-
ern blot may be performed using the foregoing conditions,
together with a radioactive probe. After washing the mem-
brane to which the DNA is finally transferred, the membrane
can be placed against X-ray film to detect the radioactive
signal. In screening for the expression of cancer associated
antigen nucleic acids, Northern blot hybridizations using the
foregoing conditions (see also the Examples) can be per-
formed on samples taken from breast cancer patients or
subjects suspected of having a condition characterized by
expression of breast cancer associated antigen genes. Ampli-
fication protocols such as polymerase chain reaction using
primers which hybridize to the sequences presented also can
be used for detection of the cancer associated antigen genes
or expression thereof.

The small cell lung cancer associated genes correspond to
SEQ ID NOs. 3-17. The preferred cancer associated antigens
for the methods of diagnosis disclosed herein are those
which were found to react with allogeneic cancer antisera
(i.e. NA Group 5). Especially preferred are the ZIC2 and
SOX Group B sequences (SEQ ID Nos: 3, 4, 5, 11 and 12).
Encoded polypeptides (e.g., SEQ ID NOS:18-22), peptides
and antisera thereto are also preferred for diagnosis.

The invention also includes degenerate nucleic acids
which include alternative codons to those present in the
native materials. For example, serine residues are encoded
by the codons TCA, AGT, TCC, TCG, TCT and AGC. Each
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of the six codons is equivalent for the purposes of encoding
a serine residue. Thus, it will be apparent to one of ordinary
skill in the art that any of the serine-encoding nucleotide
triplets may be employed to direct the protein synthesis
apparatus, in vitro or in vivo, to incorporate a serine residue
into an elongating breast cancer associated antigen polypep-
tide. Similarly, nucleotide sequence triplets which encode
other amino acid residues include, but are not limited to:
CCA, CCC, CCG and CCT (proline codons); CGA, CGC,
CGG, CGT, AGA and AGG (arginine codons); ACA, ACC,
ACG and ACT (threonine codons); AAC and AAT (aspar-
agine codons); and ATA, ATC and ATT (isoleucine codons).
Other amino acid residues may be encoded similarly by
multiple nucleotide sequences. Thus, the invention
embraces degenerate nucleic acids that differ from the
biologically isolated nucleic acids in codon sequence due to
the degeneracy of the genetic code.

The invention also provides modified nucleic acid mol-
ecules which include additions, substitutions and deletions
of one or more nucleotides. In preferred embodiments, these
modified nucleic acid molecules and/or the polypeptides
they encode retain at least one activity or function of the
unmodified nucleic acid molecule and/or the polypeptides,
such as antigenicity, enzymatic activity, receptor binding,
formation of complexes by binding of peptides by MHC
class I and class II molecules, etc. In certain embodiments,
the modified nucleic acid molecules encode modified
polypeptides, preferably polypeptides having conservative
amino acid substitutions as are described elsewhere herein.
The modified nucleic acid molecules are structurally related
to the unmodified nucleic acid molecules and in preferred
embodiments are sufficiently structurally related to the
unmodified nucleic acid molecules so that the modified and
unmodified nucleic acid molecules hybridize under stringent
conditions known to one of skill in the art.

For example, modified nucleic acid molecules which
encode polypeptides having single amino acid changes can
be prepared. Each of these nucleic acid molecules can have
one, two or three nucleotide substitutions exclusive of
nucleotide changes corresponding to the degeneracy of the
genetic code as described herein. Likewise, modified nucleic
acid molecules which encode polypeptides having two
amino acid changes can be prepared which have, e.g., 2-6
nucleotide changes. Numerous modified nucleic acid mol-
ecules like these will be readily envisioned by one of skill in
the art, including for example, substitutions of nucleotides in
codons encoding amino acids 2 and 3, 2 and 4, 2 and 5, 2 and
6, and so on. In the foregoing example, each combination of
two amino acids is included in the set of modified nucleic
acid molecules, as well as all nucleotide substitutions which
code for the amino acid substitutions. Additional nucleic
acid molecules that encode polypeptides having additional
substitutions (i.e., 3 or more), additions or deletions (e.g., by
introduction of a stop codon or a splice site(s)) also can be
prepared and are embraced by the invention as readily
envisioned by one of ordinary skill in the art. Any of the
foregoing nucleic acids or polypeptides can be tested by
routine experimentation for retention of structural relation or
activity to the nucleic acids and/or polypeptides disclosed
herein.

The invention also provides isolated unique fragments of
cancer associated antigen nucleic acid sequences or comple-
ments thereof. A unique fragment is one that is a ‘signature’
for the larger nucleic acid. It, for example, is long enough to
assure that its precise sequence is not found in molecules
within the human genome outside of the cancer associated
antigen nucleic acids defined above (and human alleles).
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Those of ordinary skill in the art may apply no more than
routine procedures to determine if a fragment is unique
within the human genome. Unique fragments, however,
exclude fragments completely composed of the nucleotide
sequences of any of GenBank accession numbers listed in
Table 4 or other previously published sequences as of the
filing date of the priority documents for sequences listed in
a respective priority document or the filing date of this
application for sequences listed for the first time in this
application which overlap the sequences of the invention.

A fragment which is completely composed of the
sequence described in the foregoing GenBank deposits is
one which does not include any of the nucleotides unique to
the sequences of the invention. Thus, a unique fragment
must contain a nucleotide sequence other than the exact
sequence of those in GenBank or fragments thereof. The
difference may be an addition, deletion or substitution with
respect to the GenBank sequence or it may be a sequence
wholly separate from the GenBank sequence.

Unique fragments can be used as probes in Southern and
Northern blot assays to identify such nucleic acids, or can be
used in amplification assays such as those employing PCR.
As known to those skilled in the art, large probes such as
200, 250, 300 or more nucleotides are preferred for certain
uses such as Southern and Northern blots, while smaller
fragments will be preferred for uses such as PCR. Unique
fragments also can be used to produce fusion proteins for
generating antibodies or determining binding of the
polypeptide fragments, or for generating immunoassay com-
ponents. Likewise, unique fragments can be employed to
produce nonfused fragments of the cancer associated antigen
polypeptides, useful, for example, in the preparation of
antibodies, and in immunoassays. Unique fragments further
can be used as antisense molecules to inhibit the expression
of cancer associated antigen nucleic acids and polypeptides,
particularly for therapeutic purposes as described in greater
detail below.

As will be recognized by those skilled in the art, the size
of the unique fragment will depend upon its conservancy in
the genetic code. Thus, some regions of cancer associated
antigen sequences and complements thereof will require
longer segments to be unique while others will require only
short segments, typically between 12 and 32 nucleotides
(e.g-12,13,14,15,16,17, 18,19, 20, 21, 22, 23, 24, 25, 26,
27,28,29, 30,31 and 32 or more bases long, up to the entire
length of the disclosed sequence. As mentioned above, this
disclosure intends to embrace each and every fragment of
each sequence, beginning at the first nucleotide, the second
nucleotide and so on, up to 8 nucleotides short of the end,
and ending anywhere from nucleotide number &, 9, 10 and
so on for each sequence, up to the very last nucleotide
(provided the sequence is unique as described above).

Virtually any segment of the polypeptide coding region of
novel cancer associated antigen nucleic acids, or comple-
ments thereof, that is 18 or more nucleotides in length will
be unique. Those skilled in the art are well versed in methods
for selecting such sequences, typically on the basis of the
ability of the unique fragment to selectively distinguish the
sequence of interest from other sequences in the human
genome of the fragment to those on known databases
typically is all that is necessary, although in vitro confirma-
tory hybridization and sequencing analysis may be per-
formed.

Especially preferred include nucleic acids encoding a
series of epitopes, known as “polytopes”. The epitopes can
be arranged in sequential or overlapping fashion (see, e.g.,
Thomson et al., Proc. Natl. Acad. Sci. USA 92:5845-5849,
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1995; Gilbert et al., Nature Biotechnol. 15:1280-1284,
1997), with or without the natural flanking sequences, and
can be separated by unrelated linker sequences if desired.
The polytope is processed to generate individual epitopes
which are recognized by the immune system for generation
of immune responses.

Thus, for example, peptides derived from a polypeptide
having an amino acid sequence encoded by one of the
nucleic acid disclosed herein, and which are presented by
MHC molecules and recognized by CTL or T helper lym-
phocytes, can be combined with peptides from one or more
other cancer associated antigens (e.g. by preparation of
hybrid nucleic acids or polypeptides) to form “polytopes”.
The two or more peptides (or nucleic acids encoding the
peptides) can be selected from those described herein, or
they can include one or more peptides of previously known
cancer associated antigens. Exemplary cancer associated
peptide antigens that can be administered to induce or
enhance an immune response are derived from tumor asso-
ciated genes and encoded proteins including MAGE-A1,
MAGE-A2, MAGE-A3, MAGE-A4, MAGE-AS5, MAGE-
A6, MAGE-A7, MAGE-A8, MAGE-A9, MAGE-A10,
MAGE-A1l, MAGE-A12, GAGE-1, GAGE-2, GAGE-3,
GAGE-4, GAGE-5, GAGE-6, GAGE-7, GAGE-8, GAGE-
9, BAGE-1, RAGE-1, LB33/MUM-1, PRAME, NAG,
MAGE-B2, MAGE-B3, MAGE-B4, tyrosinase, brain gly-
cogen phosphorylase, Melan-A, MAGE-C1, MAGE-C2,
MAGE-C3, MAGE-C4, MAGE-C5, NY-ESO-1, LAGE-1,
SSX-1, SSX-2 (HOM-MEL-40), SSX-4, SSX-5, SCP-1 and
CT-7. See, for example, PCT application publication no.
W096/10577. Other examples will be known to one of
ordinary skill in the art and can be used in the invention in
a like manner as those disclosed herein.

Other examples of HLA class I and HLA class II binding
peptides will be known to one of ordinary skill in the art. For
example, see the following references: Coulie, Stem Cells
13:393-403, 1995; Traversari et al., J. Exp. Med. 176:1453-
1457,1992; Chaux et al., J. Immunol. 163:2928-2936, 1999;
Fujie et al., Int. J. Cancer 80:169-172, 1999; Tanzarella et
al., Cancer Res. 59:2668-2674, 1999; van der Bruggen et al.,
Eur. J. Immunol. 24:2134-2140, 1994; Chaux et al., J. Exp.
Med. 189:767-778, 1999; Kawashima et al, Hum. Immunol.
59:1-14, 1998; Tahara et al., Clin. Cancer Res. 5:2236-2241,
1999; Gaugler et al., J. Exp. Med. 179:921-930, 1994; van
der Bruggen et al., Fur. J. Immunol. 24:3038-3043, 1994;
Tanaka et al., Cancer Res. 57:4465-4468, 1997; Oiso et al.,
Int. J. Cancer 81:387-394, 1999; Herman et al., Immuno-
genetics 43:377-383, 1996; Manici et al., J. Exp. Med.
189:871-876, 1999; Duffour et al., Eur J. Immunol.
29:3329-3337, 1999; Zom et al., Eur. J. Immunol. 29:602-
607, 1999; Huang et al., J. Immunol. 162:6849-6854, 1999;
Boél et al., Immunity 2:167-175,1995; Van den Eynde et al.,
J. Exp. Med. 182:689-698, 1995; De Backer et al., Cancer
Res. 59:3157-3165, 1999; Jager et al., J. Exp. Med. 187:
265-270, 1998; Wang et al., J. Immunol. 161:3596-3606,
1998; Aamoudse et al., Int. J. Cancer 82:442-448, 1999,
Guilloux et al., J. Exp. Med. 183:1173-1183, 1996; Lupetti
etal., J. Exp. Med. 188:1005-1016, 1998; Wolfel et al., Eur.
J. Immunol. 24:759-764, 1994, Skipper et al., J. Exp. Med.
183:527-534, 1996; Kang et al., J. Immunol. 155:1343-
1348, 1995; Morel et al., Int. J. Cancer 83:755-759, 1999;
Brichard et al., Eur. J. Immunol. 26:224-230, 1996, Kittlesen
et al., J. Immunol. 160:2099-2106, 1998; Kawakami et al.,
J. Immunol. 161:6985-6992, 1998; Topalian et al., J. Exp.
Med. 183:1965-1971, 1996; Kobayashi et al., Cancer
Research 58:296-301, 1998; Kawakami et al., J. Immunol.
154:3961-3968, 1995; Tsai et al., J. Immunol. 158:1796-
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1802, 1997, Cox et al., Science 264:716-719, 1994
Kawakami et al., Proc. Natl. Acad. Sci. USA 91:6458-6462,
1994; Skipper et al., J. Immunol. 157:5027-5033, 1996;
Robbins etal., J. Immunol. 159:303-308, 1997; Castelli et al,
J. Immunol. 162:1739-1748, 1999; Kawakami et al., J. Exp.
Med. 180:347-352, 1994; Castelli et al., J. Exp. Med. 181:
363-368, 1995; Schneider et al., Int. J. Cancer 75:451-458,
1998; Wang et al., J. Exp. Med. 183:1131-1140, 1996; Wang
et al., J. Exp. Med. 184:2207-2216, 1996; Parkhurst et al.,
Cancer Research 58:4895-4901, 1998; Tsang et al., J. Natl
Cancer Inst 87:982-990, 1995; Correale et al., J Natl Cancer
Inst 89:293-300, 1997, Coulie et al., Proc. Natl. Acad. Sci.
US4 92:7976-7980, 1995; Wolfel et al., Science 269:1281-
1284, 1995; Robbins et al., J. Exp. Med. 183:1185-1192,
1996; Brandle et al., J. Exp. Med. 183:2501-2508, 1996; ten
Bosch et al., Blood 88:3522-3527, 1996, Mandruzzato etal.,
J. Exp. Med. 186:785-793, 1997; Gueguen et al., J. Immu-
nol. 160:6188-6194, 1998; Gjertsen et al., Int. J. Cancer
72:784-790, 1997; Gaudin et al., J. Immunol. 162:1730-
1738, 1999; Chiari et al., Cancer Res. 59:5785-5792, 1999;
Hogan et al., Cancer Res. 58:5144-5150, 1998; Pieper et al.,
J. Exp. Med. 189:757-765, 1999; Wang et al., Science
284:1351-1354, 1999; Fisk et al., J. Exp. Med. 181:2109-
2117, 1995; Brossart et al., Cancer Res. 58:732-736, 1998;
Ropke et al., Proc. Natl. Acad. Sci. USA 93:14704-14707,
1996; Tkeda et al., Immunity 6:199-208, 1997; Ronsin et al.,
J. Immunol. 163:483-490, 1999; Vonderheide et al., Immu-
nity 10:673-679,1999.

One of ordinary skill in the art can prepare polypeptides
comprising one or more peptides and one or more of the
foregoing cancer associated peptides, or nucleic acids
encoding such polypeptides, according to standard proce-
dures of molecular biology.

Thus polytopes are groups of two or more potentially
immunogenic or immune response stimulating peptides
which can be joined together in various arrangements (e.g.
concatenated, overlapping). The polytope (or nucleic acid
encoding the polytope) can be administered in a standard
immunization protocol, e.g. to animals, to test the effective-
ness of the polytope in stimulating, enhancing and/or pro-
voking an immune response.

The peptides can be joined together directly or via the use
of flanking sequences to form polytopes, and the use of
polytopes as vaccines is well known in the art (see, e.g,,
Thomson et al., Proc. Acad. Natl. Acad. Sci USA 92(13):
5845-5849, 1995; Gilbert et al., Nature Biotechnol. 15(12):
1280-1284, 1997; Thomson et al., J. Immunol. 157(2):822-
826, 1996; Tam et al., J. Exp. Med. 171(1):299-306, 1990).
For example, Tam showed that polytopes consisting of both
MHC class 1 and class II binding epitopes successfully
generated antibody and protective immunity in a mouse
model. Tam also demonstrated that polytopes comprising
“strings” of epitopes are processed to yield individual
epitopes which are presented by MHC molecules and rec-
ognized by CTLs. Thus polytopes containing various num-
bers and combinations of epitopes can be prepared and
tested for recognition by CTLs and for efficacy in increasing
an immune response.

It is known that tumors express a set of tumor antigens, of
which only certain subsets may be expressed in the tumor of
any given patient. Polytopes can be prepared which corre-
spond to the different combination of epitopes representing
the subset of tumor rejection antigens expressed in a par-
ticular patient. Polytopes also can be prepared to reflect a
broader spectrum of tumor rejection antigens known to be
expressed by a tumor type. Polytopes can be introduced to
a patient in need of such treatment as polypeptide structures,
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or via the use of nucleic acid delivery systems known in the
art (see, e.g.. Allsopp et al., Fur J. Immunol. 26(8):1951-
1959, 1996). Adenovirus, pox virus, Ty-virus like particles,
adeno-associated virus, plasmids, bacteria, etc. can be used
in such delivery. One can test the polytope delivery systems
in mouse models to determine efficacy of the delivery
system. The systems also can be tested in human clinical
trials.

In instances in which a human HLA class [ molecule
presents tumor rejection antigens derived from cancer asso-
ciated nucleic acids, the expression vector may also include
a nucleic acid sequence coding for the HLA molecule that
presents any particular tumor rejection antigen derived from
these nucleic acids and polypeptides. Alternatively, the
nucleic acid sequence coding for such a HLA molecule can
be contained within a separate expression vector. In a
situation where the vector contains both coding sequences,
the single vector can be used to transfect a cell which does
not normally express either one. Where the coding
sequences for a cancer associated antigen precursor and the
HLA molecule which presents it are contained on separate
expression vectors, the expression vectors can be cotrans-
fected. The cancer associated antigen precursor coding
sequence may be used alone, when, e.g. the host cell already
expresses a HLA molecule which presents a cancer associ-
ated antigen derived from precursor molecules. Of course,
there is no limit on the particular host cell which can be used.
As the vectors which contain the two coding sequences may
be used in any antigen-presenting cells if desired, and the
gene for cancer associated antigen precursor can be used in
host cells which do not express a HLA molecule which
presents a cancer associated antigen. Further, cell-free tran-
scription systems may be used in lieu of cells.

As mentioned above, the invention embraces antisense
oligonucleotides that selectively bind to a nucleic acid
molecule encoding a cancer associated antigen polypeptide,
to reduce the expression of cancer associated antigens. This
is desirable in virtually any medical condition wherein a
reduction of expression of cancer associated antigens is
desirable, e.g., in the treatment of cancer. This is also useful
for in vitro or in vivo testing of the effects of a reduction of
expression of one or more cancer associated antigens.

As used herein, the term “antisense oligonucleotide” or
“antisense” describes an oligonucleotide that is an oligori-
bonucleotide, oligodeoxyribonucleotide, modified oligori-
bonucleotide, or modified oligodeoxyribonucleotide which
hybridizes under physiological conditions to DNA compris-
ing a particular gene or to an mRNA transcript of that gene
and, thereby, inhibits the transcription of that gene and/or the
translation of that MRNA. The antisense molecules are
designed so as to interfere with transcription or translation of
a target gene upon hybridization with the target gene or
transcript. Those skilled in the art will recognize that the
exact length of the antisense oligonucleotide and its degree
of complementarity with its target will depend upon the
specific target selected, including the sequence of the target
and the particular bases which comprise that sequence. It is
preferred that the antisense oligonucleotide be constructed
and arranged so as to bind selectively with the target under
physiological conditions, i.e., to hybridize substantially
more to the target sequence than to any other sequence in the
target cell under physiological conditions. Based upon the
sequences of nucleic acids encoding breast cancer associated
antigen, or upon allelic or homologous genomic and/or
c¢DNA sequences, one of skill in the art can easily choose
and synthesize any of a number of appropriate antisense
molecules for use in accordance with the present invention.
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In order to be sufficiently selective and potent for inhibition,
such antisense oligonucleotides should comprise at least 10
and, more preferably, at least 15 consecutive bases which are
complementary to the target, although in certain cases
modified oligonucleotides as short as 7 bases in length have
been used successfully as antisense oligonucleotides (Wag-
ner et al., Nature Biotechnol. 14:840-844, 1996). Most
preferably, the antisense oligonucleotides comprise a
complementary sequence of 20-30 bases. Although oligo-
nucleotides may be chosen which are antisense to any region
of the gene or MRNA transcripts, in preferred embodiments
the antisense oligonucleotides correspond to N-terminal or
5" upstream sites such as translation initiation, transcription
initiation or promoter sites. In addition, 3'-untranslated
regions may be targeted. Targeting to MRNA splicing sites
has also been used in the art but may be less preferred if
alternative mRNA splicing occurs. In addition, the antisense
is targeted, preferably, to sites in which mRNA secondary
structure is not expected (see, e.g., Sainio et al., Cell Mol.
Neurobiol. 14(5):439-457, 1994) and at which proteins are
not expected to bind. Finally, although the listed sequences
are cDNA sequences, one of ordinary skill in the art may
easily derive the genomic DNA corresponding to the cDNA
of a cancer associated antigen. Thus, the present invention
also provides for antisense oligonucleotides which are
complementary to the genomic DNA corresponding to
nucleic acids encoding cancer associated antigens. Simi-
larly, antisense to allelic or homologous cDNAs and
genomic DNAs are enabled without undue experimentation.

In one set of embodiments, the antisense oligonucleotides
of the invention may be composed of “natural” deoxyribo-
nucleotides, ribonucleotides, or any combination thereof.
That is, the 5' end of one native nucleotide and the 3' end of
another native nucleotide may be covalently linked, as in
natural systems, via a phosphodiester internucleoside link-
age. These oligonucleotides may be prepared by art recog-
nized methods which may be carried out manually or by an
automated synthesizer. They also may be produced recom-
binantly by vectors.

In preferred embodiments, however, the antisense oligo-
nucleotides of the invention also may include “modified”
oligonucleotides. That is, the oligonucleotides may be modi-
fied in a number of ways which do not prevent them from
hybridizing to their target but which enhance their stability
or targeting or which otherwise enhance their therapeutic
effectiveness.

The term “modified oligonucleotide” as used herein
describes an oligonucleotide in which (1) at least two of its
nucleotides are covalently linked via a synthetic internucleo-
side linkage (i.e., a linkage other than a phosphodiester
linkage between the 5' end of one nucleotide and the 3' end
of another nucleotide) and/or (2) a chemical group not
normally associated with nucleic acids has been covalently
attached to the oligonucleotide. Preferred synthetic inte-
mucleoside linkages are phosphorothioates, alkylphospho-
nates, phosphorodithioates, phosphate esters, alkylphospho-
nothioates, phosphoramidates, carbamates, carbonates,
phosphate triesters, acetamidates, carboxymethyl esters and
peptides.

The term “modified oligonucleotide” also encompasses
oligonucleotides with a covalently modified base and/or
sugar. For example, modified oligonucleotides include oli-
gonucleotides having backbone sugars which are covalently
attached to low molecular weight organic groups other than
a hydroxyl group at the 3' position and other than a phos-
phate group at the 5' position. Thus modified oligonucle-
otides may include a 2'-O-alkylated ribose group. In addi-
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tion, modified oligonucleotides may include sugars such as
arabinose instead of ribose. Base analogs such as C-5
propyne modified bases also can be included (Nature Bio-
technol. 14:840-844, 1996). The present invention, thus,
contemplates pharmaceutical preparations containing modi-
fied antisense molecules that are complementary to and
hybridizable with, under physiological conditions, nucleic
acids encoding the cancer associated antigen polypeptides,
together with pharmaceutically acceptable carriers.

Antisense oligonucleotides may be administered as part of
a pharmaceutical composition. Such a pharmaceutical com-
position may include the antisense oligonucleotides in com-
bination with any standard physiologically and/or pharma-
ceutically acceptable carriers which are known in the art.
The compositions should be sterile and contain a therapeu-
tically effective amount of the antisense oligonucleotides in
a unit of weight or volume suitable for administration to a
patient. The term “pharmaceutically acceptable” means a
non-toxic material that does not interfere with the effective-
ness of the biological activity of the active ingredients. The
term “physiologically acceptable” refers to a non-toxic
material that is compatible with a biological system such as
a cell, cell culture, tissue, or organism. The characteristics of
the carrier will depend on the route of administration.
Physiologically and pharmaceutically acceptable carriers
include diluents, fillers, salts, buffers, stabilizers, solubiliz-
ers., and other materials which are well known in the art, as
further described below.

As used herein, a “vector” may be any of a number of
nucleic acids into which a desired sequence may be inserted
by restriction and ligation for transport between different
genetic environments or for expression in a host cell. Vectors
are typically composed of DNA although RNA vectors are
also available. Vectors include, but are not limited to,
plasmids, phagemids and virus genomes. A cloning vector is
one which is able to replicate autonomously or integrated in
the genone in a host cell, and which is further characterized
by one or more endonuclease restriction sites at which the
vector may be cut in a determinable fashion and into which
a desired DNA sequence may be ligated such that the new
recombinant vector retains its ability to replicate in the host
cell. In the case of plasmids, replication of the desired
sequence may occur many times as the plasmid increases in
copy number within the host bacterium or just a single time
per host before the host reproduces by mitosis. In the case
of phage, replication may occur actively during a lytic phase
or passively during a lysogenic phase. An expression vector
is one into which a desired DNA sequence may be inserted
by restriction and ligation such that it is operably joined to
regulatory sequences and may be expressed as an RNA
transcript. Vectors may further contain one or more marker
sequences suitable for use in the identification of cells which
have or have not been transformed or transfected with the
vector. Markers include, for example, genes encoding pro-
teins which increase or decrease either resistance or sensi-
tivity to antibiotics or other compounds, genes which encode
enzymes whose activities are detectable by standard assays
known in the art (e.g., f-galactosidase, luciferase or alkaline
phosphatase), and genes which visibly affect the phenotype
of transformed or transfected cells, hosts, colonies or
plaques (e.g., green fluorescent protein). Preferred vectors
are those capable of autonomous replication and expression
of the structural gene products present in the DNA segments
to which they are operably joined.

As used herein, a coding sequence and regulatory
sequences are said to be “operably” joined when they are
covalently linked in such a way as to place the expression or
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transcription of the coding sequence under the influence or
control of the regulatory sequences. If it is desired that the
coding sequences be translated into a functional protein, two
DNA sequences are said to be operably joined if induction
of a promoter in the 5' regulatory sequences results in the
transcription of the coding sequence and if the nature of the
linkage between the two DNA sequences does not (1) result
in the introduction of a frame-shift mutation, (2) interfere
with the ability of the promoter region to direct the tran-
scription of the coding sequences, or (3) interfere with the
ability of the corresponding RNA transcript to be translated
into a protein. Thus, a promoter region would be operably
joined to a coding sequence if the promoter region were
capable of effecting transcription of that DNA sequence such
that the resulting transcript might be translated into the
desired protein or polypeptide.

The precise nature of the regulatory sequences needed for
gene expression may vary between species or cell types, but
shall in general include, as necessary, 5' non-transcribed and
5" non-translated sequences involved with the initiation of
transcription and translation respectively, such as a TATA
box, capping sequence, CAAT sequence, and the like. Espe-
cially, such 5' non-transcribed regulatory sequences will
include a promoter region which includes a promoter
sequence for transcriptional control of the operably joined
gene. Regulatory sequences may also include enhancer
sequences or upstream activator sequences as desired. The
vectors of the invention may optionally include 5' leader or
signal sequences. The choice and design of an appropriate
vector is within the ability and discretion of one of ordinary
skill in the art.

Expression vectors containing all the necessary elements
for expression are commercially available and known to
those skilled in the art. See, e.g., Sambrook et al., Molecular
Cloning: A Laboratory Manual, Second Edition, Cold
Spring Harbor Laboratory Press, 1989. Cells are genetically
engineered by the introduction into the cells of heterologous
DNA (RNA) encoding a breast cancer associated antigen
polypeptide or fragment or variant thereof. That heterolo-
gous DNA (RNA) is placed under operable control of
transcriptional elements to permit the expression of the
heterologous DNA in the host cell.

Preferred systems for MRNA expression in mammalian
cells are those such as pRe/CMYV (available from Invitrogen,
Carlsbad, CA) that contain a selectable marker such as a
gene that confers G418 resistance (which facilitates the
selection of stably transfected cell lines) and the human
cytomegalovirus  (CMV) enhancer-promoter sequences.
Additionally, suitable for expression in primate or canine
cell lines is the pCEP4 vector (Invitrogen), which contains
an Epstein Barr Virus (EBV) origin of replication, facilitat-
ing the maintenance of plasmid as a multicopy extrachro-
mosomal element. Another expression vector is the pEF-
BOS plasmid containing the promoter of polypeptide
Elongation Factor 1a, which stimulates efficiently transcrip-
tion in vitro. The plasmid is described by Mishizuma and
Nagata (Nuc. Acids Res. 18:5322, 1990), and its use in
transfection experiments is disclosed by, for example,
Demoulin (Mol. Cell. Biol. 16:4710-4716, 1996). Still
another preferred expression vector is an adenovirus,
described by Stratford-Perricaudet, which is defective for E1
and E3 proteins (J. Clin. Invest. 90:626-630, 1992). The use
of the adenovirus as an Adeno.P1A recombinant for the
expression of an antigen is disclosed by Wamier et al., in
intradermal injection in mice for immunization against PIA
(Int. J. Cancer, 67:303-310, 1996). Additional vectors for
delivery of nucleic acid are provided below.
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The invention also embraces so-called expression kits,
which allow the artisan to prepare a desired expression
vector or vectors. Such expression kits include at least
separate portions of a vector and one or more of the
previously discussed cancer associated antigen nucleic acid
molecules. Other components may be added, as desired, as
long as the previously mentioned nucleic acid molecules,
which are required, are included. The invention also
includes kits for amplification of a cancer associated antigen
nucleic acid, including at least one pair of amplification
primers which hybridize to a cancer associated antigen
nucleic acid. The primers preferably are 12-32 nucleotides in
length and are non-overlapping to prevent formation of
“primer-dimers”. One of the primers will hybridize to one
strand of the cancer associated antigen nucleic acid and the
second primer will hybridize to the complementary strand of
the cancer associated antigen nucleic acid, in an arrangement
which permits amplification of the cancer associated antigen
nucleic acid. Selection of appropriate primer pairs is stan-
dard in the art. For example, the selection can be made with
assistance of a computer program designed for such a
purpose, optionally followed by testing the primers for
amplification specificity and efficiency.

The invention also permits the construction of cancer
associated antigen gene “knock-outs” in cells and in ani-
mals, providing materials for studying certain aspects of
cancer and immune system responses to cancer.

The invention also provides isolated polypeptides (includ-
ing whole proteins and partial proteins) encoded by the
foregoing cancer associated antigen nucleic acids. Such
polypeptides are useful, for example, alone or as fusion
proteins to generate antibodies, as components of an immu-
noassay or diagnostic assay or as therapeutics. Cancer
associated antigen polypeptides can be isolated from bio-
logical samples including tissue or cell homogenates, and
can also be expressed recombinantly in a variety of prokary-
otic and eukaryotic expression systems by constructing an
expression vector appropriate to the expression system,
introducing the expression vector into the expression sys-
tem, and isolating the recombinantly expressed protein.
Short polypeptides, including antigenic peptides (such as are
presented by MHC molecules on the surface of a cell for
immune recognition) also can be synthesized chemically
using well-established methods of peptide synthesis.

A unique fragment of a cancer associated antigen
polypeptide, in general, has the features and characteristics
of unique fragments as discussed above in connection with
nucleic acids. As will be recognized by those skilled in the
art, the size of the unique fragment will depend upon factors
such as whether the fragment constitutes a portion of a
conserved protein domain. Thus, some regions of cancer
associated antigens will require longer segments to be
unique while others will require only short segments, typi-
cally between 5 and 12 amino acids (e.g. 5, 6, 7, 8, 9, 10, 11
or 12 or more amino acids including each integer up to the
full length).

Unique fragments of a polypeptide preferably are those
fragments which retain a distinct functional capability of the
polypeptide. Functional capabilities which can be retained in
a unique fragment of a polypeptide include interaction with
antibodies, interaction with other polypeptides or fragments
thereof, selective binding of nucleic acids or proteins, and
enzymatic activity. One important activity is the ability to
act as a signature for identifying the polypeptide. Another is
the ability to complex with HLA and to provoke in a human
an immune response. Those skilled in the art are well versed
in methods for selecting unique amino acid sequences,
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typically on the basis of the ability of the unique fragment
to selectively distinguish the sequence of interest from
non-family members. A comparison of the sequence of the
fragment to those on known databases typically is all that is
necessary.

The invention embraces variants of the cancer associated
antigen polypeptides described above. As used herein, a
“variant” of a cancer associated antigen polypeptide is a
polypeptide which contains one or more modifications to the
primary amino acid sequence of a cancer associated antigen
polypeptide. Modifications which create a cancer associated
antigen variant can be made to a cancer associated antigen
polypeptide 1) to reduce or eliminate an activity of a cancer
associated antigen polypeptide; 2) to enhance a property of
a cancer associated antigen polypeptide, such as protein
stability in an expression system or the stability of protein-
protein binding; 3) to provide a novel activity or property to
a cancer associated antigen polypeptide, such as addition of
an antigenic epitope or addition of a detectable moiety; or 4)
to provide equivalent or better binding to an HLA molecule.
Modifications to a cancer associated antigen polypeptide are
typically made to the nucleic acid which encodes the cancer
associated antigen polypeptide, and can include deletions,
point mutations, truncations, amino acid substitutions and
additions of amino acids or non-amino acid moieties. Alter-
natively, modifications can be made directly to the polypep-
tide, such as by cleavage, addition of a linker molecule,
addition of a detectable moiety, such as biotin, addition of a
fatty acid, and the like. Modifications also embrace fusion
proteins comprising all or part of the cancer associated
antigen amino acid sequence. One of skill in the art will be
familiar with methods for predicting the effect on protein
conformation of a change in protein sequence, and can thus
“design” a variant cancer associated antigen polypeptide
according to known methods. One example of such a
method is described by Dahiyat and Mayo in Science
278:82-87, 1997, whereby proteins can be designed de novo.
The method can be applied to a known protein to vary a only
a portion of the polypeptide sequence. By applying the
computational methods of Dahiyat and Mayo, specific vari-
ants of a cancer associated antigen polypeptide can be
proposed and tested to determine whether the variant retains
a desired conformation.

In general, variants include cancer associated antigen
polypeptides which are modified specifically to alter a
feature of the polypeptide unrelated to its desired physi-
ological activity. For example, cysteine residues can be
substituted or deleted to prevent unwanted disulfide link-
ages. Similarly, certain amino acids can be changed to
enhance expression of a breast cancer associated antigen
polypeptide by eliminating proteolysis by proteases in an
expression system (e.g., dibasic amino acid residues in yeast
expression systems in which KEX2 protease activity is
present).

Mutations of a nucleic acid which encode a cancer
associated antigen polypeptide preferably preserve the
amino acid reading frame of the coding sequence, and
preferably do not create regions in the nucleic acid which are
likely to hybridize to form secondary structures, such a
hairpins or loops, which can be deleterious to expression of
the variant polypeptide.

Mutations can be made by selecting an amino acid
substitution, or by random mutagenesis of a selected site in
a nucleic acid which encodes the polypeptide. Variant
polypeptides are then expressed and tested for one or more
activities to determine which mutation provides a variant
polypeptide with the desired properties. Further mutations
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can be made to variants (or to non-variant cancer associated
antigen polypeptides) which are silent as to the amino acid
sequence of the polypeptide, but which provide preferred
codons for translation in a particular host. The preferred
codons for translation of a nucleic acid in, e.g., E. coli, are
well known to those of ordinary skill in the art. Still other
mutations can be made to the noncoding sequences of a
cancer associated antigen gene or cDNA clone to enhance
expression of the polypeptide. The activity of variants of
cancer associated antigen polypeptides can be tested by
cloning the gene encoding the variant cancer associated
antigen polypeptide into a bacterial or mammalian expres-
sion vector, introducing the vector into an appropriate host
cell, expressing the variant cancer associated antigen
polypeptide, and testing for a functional capability of the
cancer associated antigen polypeptides as disclosed herein.
For example, the variant cancer associated antigen polypep-
tide can be tested for reaction with autologous or allogeneic
sera as disclosed in the Examples. Preparation of other
variant polypeptides may favor testing of other activities, as
will be known to one of ordinary skill in the art.

The skilled artisan will also realize that conservative
amino acid substitutions may be made in cancer associated
antigen polypeptides to provide functionally equivalent vari-
ants of the foregoing polypeptides, i.e, the variants retain the
functional capabilities of the cancer associated antigen
polypeptides. As used herein, a “conservative amino acid
substitution” refers to an amino acid substitution which does
not alter the relative charge or size characteristics of the
protein in which the amino acid substitution is made. Vari-
ants can be prepared according to methods for altering
polypeptide sequence known to one of ordinary skill in the
art such as are found in references which compile such
methods, e.g. Molecular Cloning: A Laboratory Manual, 1.
Sambrook, et al., eds., Second Edition, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., 1989, or Cur-
rent Protocols in Molecular Biology, F. M. Ausubel, et al.,
eds., John Wiley & Sons, Inc., New York. Exemplary
functionally equivalent variants of the cancer associated
antigen polypeptides include conservative amino acid sub-
stitutions of in the amino acid sequences of proteins dis-
closed herein. Conservative substitutions of amino acids
include substitutions made amongst amino acids within the
following groups: (a) M, L L, V; (b)) E, Y, W; (¢) K, R, H;
@A, G; (S, T, () Q. N; and (g) E, D.

For example, upon determining that a peptide derived
from a cancer associated antigen polypeptide is presented by
an MHC molecule and recognized by CTLs (e.g., as
described in the Examples), one can make conservative
amino acid substitutions to the amino acid sequence of the
peptide, particularly at residues which are thought not to be
direct contact points with the MHC molecule. For example,
methods for identifying functional variants of HLA class 11
binding peptides are provided in a published PCT applica-
tion of Strominger and Wucherpfennig (PCT/US96/03182).
Peptides bearing one or more amino acid substitutions also
can be tested for concordance with known HLA/MHC
motifs prior to synthesis using, e.g. the computer program
described by D’Amaro and Drijthout (ID’Amaro et al.,
Human Immunol. 43:13-18, 1995; Drijthout et al., Human
Immunol. 43:1-12, 1995). The substituted peptides can then
be tested for binding to the MHC molecule and recognition
by CTLs when bound to MHC. These variants can be tested
for improved stability and are useful, inter alia, in vaccine
compositions.

Conservative amino-acid substitutions in the amino acid
sequence of cancer associated antigen polypeptides to pro-
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duce functionally equivalent variants of cancer associated
antigen polypeptides typically are made by alteration of a
nucleic acid encoding a cancer associated antigen polypep-
tide. Such substitutions can be made by a variety of methods
known to one of ordinary skill in the art. For example, amino
acid substitutions may be made by PCR-directed mutation,
site-directed mutagenesis according to the method of Kunkel
(Kunkel, Proc. Nat. Acad. Sci. U.S.A. 82: 488-492, 1985), or
by chemical synthesis of a gene encoding a cancer associ-
ated antigen polypeptide. Where amino acid substitutions
are made to a small unique fragment of a cancer associated
antigen polypeptide, such as an antigenic epitope recognized
by autologous or allogeneic sera or cytolytic T lymphocytes,
the substitutions can be made by directly synthesizing the
peptide. The activity of functionally equivalent fragments of
cancer associated antigen polypeptides can be tested by
cloning the gene encoding the altered cancer associated
antigen polypeptide into a bacterial or mammalian expres-
sion vector, introducing the vector into an appropriate host
cell, expressing the altered cancer associated antigen
polypeptide, and testing for a functional capability of the
cancer associated antigen polypeptides as disclosed herein.
Peptides which are chemically synthesized can be tested
directly for function, e.g., for binding to antisera recognizing
associated antigens.

The invention as described herein has a number of uses,
some of which are described elsewhere herein. First, the
invention permits isolation of the cancer associated antigen
protein molecules. A variety of methodologies well-known
to the skilled practitioner can be utilized to obtain isolated
cancer associated antigen molecules. The polypeptide may
be purified from cells which naturally produce the polypep-
tide by chromatographic means or immunological recogni-
tion. Alternatively, an expression vector may be introduced
into cells to cause production of the polypeptide. In another
method, mRNA transcripts may be microinjected or other-
wise introduced into cells to cause production of the
encoded polypeptide. Translation of mRNA in cell-free
extracts such as the reticulocyte lysate system also may be
used to produce polypeptide. Those skilled in the art also can
readily follow known methods for isolating cancer associ-
ated antigen polypeptides. These include, but are not limited
to, immunochromatography, HPLC, size-exclusion chroma-
tography, ion-exchange chromatography and immune-af-
finity chromatography.

The isolation and identification of cancer associated anti-
gen genes also makes it possible for the artisan to diagnose
a disorder characterized by expression of cancer associated
antigens. These methods involve determining expression of
one or more cancer associated antigen nucleic acids, and/or
encoded cancer associated antigen polypeptides and/or pep-
tides derived therefrom. In the former situation, such deter-
minations can be carried out via any standard nucleic acid
determination assay, including the polymerase chain reac-
tion, or assaying with labeled hybridization probes. In the
latter situation, such determinations can be carried out by
screening patient antisera for recognition of the polypeptide.

The invention also makes it possible isolate proteins
which bind to cancer associated antigens as disclosed herein,
including antibodies and cellular binding partners of the
cancer associated antigens. Additional uses are described
further herein.

The invention also provides, in certain embodiments,
“dominant negative” polypeptides derived from cancer asso-
ciated antigen polypeptides. A dominant negative polypep-
tide is an inactive variant of a protein, which, by interacting
with the cellular machinery, displaces an active protein from
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its interaction with the cellular machinery or competes with
the active protein, thereby reducing the effect of the active
protein. For example, a dominant negative receptor which
binds a ligand but does not transmit a signal in response to
binding of the ligand can reduce the biological effect of
expression of the ligand. Likewise, a dominant negative
catalytically-inactive kinase which interacts normally with
target proteins but does not phosphorylate the target proteins
can reduce phosphorylation of the target proteins in response
to a cellular signal. Similarly, a dominant negative transcrip-
tion factor which binds to a promoter site in the control
region of a gene but does not increase gene transcription can
reduce the effect of a normal transcription factor by occu-
pying promoter binding sites without increasing transcrip-
tion.

The end result of the expression of a dominant negative
polypeptide in a cell is a reduction in function of active
proteins. One of ordinary skill in the art can assess the
potential for a dominant negative variant of a protein, and
using standard mutagenesis techniques to create one or more
dominant negative variant polypeptides. For example, given
the teachings contained herein of small cell lung cancer
associated antigens, especially those which are similar to
known proteins which have known activities, one of ordi-
nary skill in the art can modify the sequence of the cancer
associated antigens by site-specific mutagenesis, scanning
mutagenesis, partial gene deletion or truncation, and the
like. See, e.g., U.S. Pat. No. 5,580,723 and Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Second Edition,
Cold Spring Harbor Laboratory Press, 1989. The skilled
artisan then can test the population of mutagenized polypep-
tides for diminution in a selected and/or for retention of such
an activity. Other similar methods for creating and testing
dominant negative variants of a protein will be apparent to
one of ordinary skill in the art.

The invention also involves agents such as polypeptides
which bind to cancer associated antigen polypeptides. Such
binding agents can be used, for example, in screening assays
to detect the presence or absence of cancer associated
antigen polypeptides and complexes of cancer associated
antigen polypeptides and their binding partners and in
purification protocols to isolated cancer associated antigen
polypeptides and complexes of cancer associated antigen
polypeptides and their binding partners. Such agents also
can be used to inhibit the native activity of the cancer
associated antigen polypeptides, for example, by binding to
such polypeptides.

The invention, therefore, embraces peptide binding agents
which, for example, can be antibodies or fragments of
antibodies having the ability to selectively bind to cancer
associated antigen polypeptides. Antibodies include poly-
clonal and monoclonal antibodies, prepared according to
conventional methodology.

Significantly, as is well-known in the art, only a small
portion of an antibody molecule, the paratope, is involved in
the binding of the antibody to its epitope (see, in general,
Clark, W. R. (1986) The FExperimental Foundations of
Modem Immunology Wiley & Sons, Inc., New York; Roitt,
1. (1991) Essential Immunology, 7Tth Ed., Blackwell Scien-
tific Publications, Oxford). The pF¢' and Fc regions, for
example, are effectors of the complement cascade but are not
involved in antigen binding. An antibody from which the
pFc' region has been enzymatically cleaved, or which has
been produced without the pFc¢' region, designated an F(ab'),
fragment, retains both of the antigen binding sites of an
intact antibody. Similarly, an antibody from which the Fc
region has been enzymnatically cleaved, or which has been
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produced without the Fc region, designated an Fab fragment,
retains one of the antigen binding sites of an intact antibody
molecule. Proceeding further, Fab fragments consist of a
covalently bound antibody light chain and a portion of the
antibody heavy chain denoted Fd. The Fd fragments are the
major determinant of antibody specificity (a single Fd frag-
ment may be associated with up to ten different light chains
without altering antibody specificity) and Fd fragments
retain epitope-binding ability in isolation.

Within the antigen-binding portion of an antibody, as is
well-known in the art, there are complementarity determin-
ing regions (CDRs), which directly interact with the epitope
of the antigen, and framework regions (FRs), which main-
tain the tertiary structure of the paratope (see, in general,
Clark, 1986; Roitt, 1991). In both the heavy chain Fd
fragment and the light chain of IgG immunoglobulins, there
are four framework regions (FR1 through FR4) separated
respectively by three complementarity determining regions
(CDR1 through CDR3). The CDRs, and in particular the
CDR3 regions, and more particularly the heavy chain
CDR3, are largely responsible for antibody specificity.

It is now well-established in the art that the non-CDR
regions of a mammalian antibody may be replaced with
similar regions of conspecific or heterospecific antibodies
while retaining the epitopic specificity of the original anti-
body. This is most clearly manifested in the development
and use of “humanized” antibodies in which non-human
CDRs are covalently joined to human FR and/or Fe/pFc'
regions to produce a functional antibody. See, e.g., U.S. Pat.
Nos. 4,816,567, 5,225,539, 5,585,089, 5,693,762 and 5,859,
205.

Thus, for example, PCT International Publication Num-
ber WO 92/04381 teaches the production and use of human-
ized murine RSV antibodies in which at least a portion of the
murine FR regions have been replaced by FR regions of
human origin. Such antibodies, including fragments of intact
antibodies with antigen-binding ability, are often referred to
as “chimeric” antibodies.

Thus, as will be apparent to one of ordinary skill in the art,
the present invention also provides for F(ab'),, Fab, Fv and
Fd fragments; chimeric antibodies in which the Fc and/or FR
and/or CDR1 and/or CDR2 and/or light chain CDR3 regions
have been replaced by homologous human or non-human
sequences; chimeric F(ab'), fragment antibodies in which
the FR and/or CDR1 and/or CDR2 and/or light chain CDR3
regions have been replaced by homologous human or non-
human sequences; chimeric Fab fragment antibodies in
which the FR and/or CDR1 and/or CDR2 and/or light chain
CDR3 regions have been replaced by homologous human or
non-human sequences; and chimeric Fd fragment antibodies
in which the FR and/or CDR1 and/or CDR2 regions have
been replaced by homologous human or non-human
sequences. The present invention also includes so-called
single chain antibodies.

Thus, the invention involves polypeptides of numerous
size and type that bind specifically to cancer associated
antigen polypeptides, and complexes of both cancer associ-
ated antigen polypeptides and their binding partners. These
polypeptides may be derived also from sources other than
antibody technology. For example, such polypeptide binding
agents can be provided by degenerate peptide libraries
which can be readily prepared in solution, in immobilized
form or as phage display libraries. Combinatorial libraries
also can be synthesized of peptides containing one or more
amino acids. Libraries further can be synthesized of peptoids
and non-peptide synthetic moieties.
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Phage display can be particularly effective in identifying
binding peptides useful according to the invention. Briefly,
one prepares a phage library (using e.g. m13, fd, or lambda
phage), displaying inserts from 4 to about 80 amino acid
residues using conventional procedures. The inserts may
represent, for example, a completely degenerate or biased
array. One then can select phage-bearing inserts which bind
to the cancer associated antigen polypeptide. This process
can be repeated through several cycles of reselection of
phage that bind to the cancer associated antigen polypeptide.
Repeated rounds lead to enrichment of phage bearing par-
ticular sequences. DNA sequence analysis can be conducted
to identify the sequences of the expressed polypeptides. The
minimal linear portion of the sequence that binds to the
cancer associated antigen polypeptide can be determined.
One can repeat the procedure using a biased library con-
taining inserts containing part or all of the minimal linear
portion plus one or more additional degenerate residues
upstream or downstream thereof. Yeast two-hybrid screen-
ing methods also may be used to identify polypeptides that
bind to the cancer associated antigen polypeptides. Thus, the
cancer associated antigen polypeptides of the invention, or
a fragment thereof, can be used to screen peptide libraries,
including phage display libraries, to identify and select
peptide binding partners of the cancer associated antigen
polypeptides of the invention. Such molecules can be used,
as described, for screening assays, for purification protocols,
for interfering directly with the functioning of cancer asso-
ciated antigen and for other purposes that will be apparent to
those of ordinary skill in the art.

As detailed herein, the foregoing antibodies and other
binding molecules may be used for example to identify
tissues expressing protein or to purify protein. Antibodies
also may be coupled to specific diagnostic labeling agents
for imaging of cells and tissues that express cancer associ-
ated antigens or to therapeutically useful agents according to
standard coupling procedures. Diagnostic agents include,
but are not limited to, barium sulfate, iocetamic acid,
iopanoic acid, ipodate calcium, diatrizoate sodium, diatri-
zoate meglumine, metrizamide, tyropanoate sodium and
radiodiagnostics including positron emitters such as fluo-
rine-18 and carbon-11, gamma emitters such as iodine-123,
technitium-99m, iodine-131 and indium-111, nuclides for
nuclear magnetic resonance such as fluorine and gado-
linium. Other diagnostic agents useful in the invention will
be apparent to one of ordinary skill in the art. As used herein,
“therapeutically useful agents” include any therapeutic mol-
ecule which desirably is targeted selectively to a cell
expressing one of the cancer antigens disclosed herein,
including antineoplastic agents, radioiodinated compounds,
toxins, other cytostatic or cytolytic drugs, and so forth.
Antineoplastic therapeutics are well known and include:
aminoglutethimide, azathioprine, bleomycin sulfate, busul-
fan, carmustine, chlorambucil, cisplatin, cyclophosphamide,
cyclosporine, cytarabidine, dacarbazine, dactinomycin,
daunorubicin, doxorubicin, taxol, etoposide, fluorouracil,
interferon-a, lomustine, mercaptopurine, methotrexate,
mitotane, procarbazine HCI, thioguanine, vinblastine sulfate
and vincristine sulfate. Additional antineoplastic agents
include those disclosed in Chapter 52, Antineoplastic Agents
(Paul Calabresi and Bruce A. Chabner), and the introduction
thereto, 1202-1263, of Goodman and Gilman’s “The Phar-
macological Basis of Therapeutics”, Eighth Edition, 1990,
McGraw-Hill, Inc. (Health Professions Division). Toxins
can be proteins such as, for example, pokeweed anti-viral
protein, cholera toxin, pertussis toxin, ricin, gelonin, abrin,
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diphtheria exotoxin, or Pseudomonas exotoxin. Toxin moi-
eties can also be high energy-emitting radionuclides such as
cobalt-60.

In the foregoing methods, antibodies prepared according
to the invention also preferably are specific for the small cell
lung cancer associated antigen/MHC complexes described
herein.

When “disorder” is used herein, it refers to any patho-
logical condition where the cancer associated antigens are
expressed. An example of such a disorder is cancer, with
lung cancers including small cell lung cancer and non-small
cell lung cancer, melanoma, colon cancer, breast cancer,
head and neck cancer, transitional cancer, leiomyosarcoma
and synovial sarcoma as particular examples.

Samples of tissue and/or cells for use in the various
methods described herein can be obtained through standard
methods such as tissue biopsy, including punch biopsy and
cell scraping, and collection of blood or other bodily fluids
by aspiration or other methods.

In certain embodiments of the invention, an immunore-
active cell sample is removed from a subject. By “immu-
noreactive cell” is meant a cell which can mature into an
immune cell (such as a B cell, a helper T cell, or a cytolytic
T cell) upon appropriate stimulation. Thus immunoreactive
cells include CD34* hematopoietic stem cells, immature T
cells and immature B cells. When it is desired to produce
cytolytic T cells which recognize a cancer associated anti-
gen, the immunoreactive cell is contacted with a cell which
expresses a cancer associated antigen under conditions
favoring production, differentiation and/or selection of
cytolytic T cells; the differentiation of the T cell precursor
into a cytolytic T cell upon exposure to antigen is similar to
clonal selection of the immune system.

Some therapeutic approaches based upon the disclosure
are premised on a response by a subject’s immune system,
leading to lysis of antigen presenting cells, such as breast
cancer cells which present one or more cancer associated
antigens. One such approach is the administration of autolo-
gous CTLs specific to a cancer associated antigen/MHC
complex to a subject with abnormal cells of the phenotype
at issue. It is within the ability of one of ordinary skill in the
art to develop such CTLs in vitro. An example of a method
for T cell differentiation is presented in International Appli-
cation number PCT/US96/05607. Generally, a sample of
cells taken from a subject, such as blood cells, are contacted
with a cell presenting the complex and capable of provoking
CTLs to proliferate. The target cell can be a transfectant,
such as a COS cell. These transfectants present the desired
complex of their surface and, when combined with a CTL of
interest, stimulate its proliferation. COS cells are widely
available, as are other suitable host cells. Specific production
of CTL clones is well known in the art. The clonally
expanded autologous CTLs then are administered to the
subject.

Another method for selecting antigen-specific CTL clones
has recently been described (Altman et al., Science 274:94-
96, 1996; Dunbar et al., Curr. Biol. 8:413-416, 1998), in
which fluorogenic tetramers of MHC class I molecule/
peptide complexes are used to detect specific CTL. clones.
Briefly, soluble MHC class I molecules are folded in vitro in
the presence of [3,-microglobulin and a peptide antigen
which binds the class I molecule. After purification, the
MHC/peptide complex is purified and labeled with biotin.
Tetramers are formed by mixing the biotinylated peptide-
MHC complex with labeled avidin (e.g. phycoerythrin) at a
molar ratio or 4:1. Tetramers are then contacted with a
source of CTLs such as peripheral blood or lymph node. The
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tetramers bind CTLs which recognize the peptide antigen/
MHC class I complex. Cells bound by the tetramers can be
sorted by fluorescence activated cell sorting to isolate the
reactive CTLs. The isolated CTLs then can be expanded in
vitro for use as described herein.

To detail a therapeutic methodology, referred to as adop-
tive transfer (Greenberg, J. Immunol. 136(5): 1917, 1986;
Riddel et al., Science 257: 238, 1992; Lynch et al, Fur J.
Immunol. 21: 1403-1410,1991; Kast et al., Cell 59: 603-614,
1989), cells presenting the desired complex (e.g., dendritic
cells) are combined with CTLs leading to proliferation of the
CTLs specific thereto. The proliferated CTLs are then
administered to a subject with a cellular abnormality which
is characterized by certain of the abnormal cells presenting
the particular complex. The CTLs then lyse the abnormal
cells, thereby achieving the desired therapeutic goal.

The foregoing therapy assumes that at least some of the
subject’s abnormal cells present the relevant HLA/cancer
associated antigen complex. This can be determined very
easily, as the art is very familiar with methods for identifying
cells which present a particular HLA molecule, as well as
how to identify cells expressing DNA of the pertinent
sequences, in this case a cancer associated antigen sequence.
Once cells presenting the relevant complex are identified via
the foregoing screening methodology, they can be combined
with a sample from a patient, where the sample contains
CTLs. If the complex presenting cells are lysed by the mixed
CTL sample, then it can be assumed that a cancer associated
antigen is being presented, and the subject is an appropriate
candidate for the therapeutic approaches set forth supra.

Adoptive transfer is not the only form of therapy that is
available in accordance with the invention. CTLs can also be
provoked in vivo, using a number of approaches. One
approach is the use of non-proliferative cells expressing the
complex. The cells used in this approach may be those that
normally express the complex, such as irradiated tumor cells
or cells transfected with one or both of the genes necessary
for presentation of the complex (i.e. the antigenic peptide
and the presenting HLA molecule). Chen et al. (Proc. Natl.
Acad. Sci. USA 88: 110-114,1991) exemplifies this
approach, showing the use of transfected cells expressing
HPVET peptides in a therapeutic regime. Various cell types
may be used. Similarly, vectors carrying one or both of the
genes of interest may be used. Viral or bacterial vectors are
especially preferred. For example, nucleic acids which
encode a cancer associated antigen polypeptide or peptide
may be operably linked to promoter and enhancer sequences
which direct expression of the cancer associated antigen
polypeptide or peptide in certain tissues or cell types. The
nucleic acid may be incorporated into an expression vector.
Expression vectors may be unmodified extrachromosomal
nucleic acids, plasmids or viral genomes constructed or
modified to enable insertion of exogenous nucleic acids,
such as those encoding cancer associated antigen, as
described elsewhere herein. Nucleic acids encoding a cancer
associated antigen also may be inserted into a retroviral
genome, thereby facilitating integration of the nucleic acid
into the genome of the target tissue or cell type. In these
systems, the gene of interest is carried by a microorganism,
e.g., a Vaccinia virus, pox virus, herpes simplex virus,
retrovirus or adenovirus, and the materials de facto “infect”
host cells. The cells which result present the complex of
interest, and are recognized by autologous CTLs, which then
proliferate.

A similar effect can be achieved by combining the cancer
associated antigen or a stimulatory fragment thereof with an
adjuvant to facilitate incorporation into antigen presenting
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cells in vivo. The cancer associated antigen polypeptide is
processed to yield the peptide partner of the HLA molecule
while a cancer associated antigen peptide may be presented
without the need for further processing. Generally, subjects
can receive an intradermal injection of an effective amount
of the cancer associated antigen. Initial doses can be fol-
lowed by booster doses, following immunization protocols
standard in the art. Preferred cancer associated antigens
include those found to react with allogeneic cancer antisera,
shown in the examples below.

The invention involves the use of various materials dis-
closed herein to “immunize” subjects or as “vaccines”. As
used herein, “immunization” or ‘“vaccination” means
increasing or activating an immune response against an
antigen. It does not require elimination or eradication of a
condition but rather contemplates the clinically favorable
enhancement of an immune response toward an antigen.
Generally accepted animal models can be used for testing of
immunization against cancer using a cancer associated anti-
gen nucleic acid. For example, human cancer cells can be
introduced into a mouse to create a tumor, and one or more
cancer associated antigen nucleic acids can be delivered by
the methods described herein. The effect on the cancer cells
(e.g., reduction of tumor size) can be assessed as a measure
of the effectiveness of the cancer associated antigen nucleic
acid immunization. Of course. testing of the foregoing
animal model using more conventional methods for immu-
nization include the administration of one or more cancer
associated antigen polypeptides or peptides derived there-
from, optionally combined with one or more adjuvants
and/or cytokines to boost the immune response. Methods for
immunization, including formulation of a vaccine compo-
sition and selection of doses, route of administration and the
schedule of administration (e.g. primary and one or more
booster doses), are well known in the art. The tests also can
be performed in humans, where the end point is to test for
the presence of enhanced levels of circulating CTLs against
cells bearing the antigen, to test for levels of circulating
antibodies against the antigen, to test for the presence of
cells expressing the antigen and so forth.

As part of the immunization compositions, one or more
cancer associated antigens or stimulatory fragments thereof
are administered with one or more adjuvants to induce an
immune response or to increase an immune response. An
adjuvant is a substance incorporated into or administered
with antigen which potentiates the immune response. Adju-
vants may enhance the immunological response by provid-
ing a reservoir of antigen (extracellularly or within mac-
rophages), activating macrophages and stimulating specific
sets of lymphocytes. Adjuvants of many kinds are well
known in the art. Specific examples of adjuvants include
monophosphoryl lipid A (MPL, SmithKline Beecham), a
congener obtained after purification and acid hydrolysis of
Salmonella minnesota Re 595 lipopolysaccharide; saponins
including QS21 (SmithKline Beecham), a pure QA-21 sapo-
nin purified from Quillja saponaria extract; DQS2I,
described in PCT application W096/33739 (SmithKline
Beecham); QS-7, QS-17, QS-18, and QS-L1 (So et al., Mol.
Cells 7:178-186, 1997); incomplete Freund’s adjuvant; com-
plete Freund’s adjuvant; montanide; and various water-in-oil
emulsions prepared from biodegradable oils such as
squalene and/or tocopherol. Preferably, the peptides are
administered mixed with a combination of DQS21/MPL.
The ratio of DQS21 to MPL typically will be about 1:10 to
10:1, preferably about 1:5 to 5:1 and more preferably about
1:1. Typically for human administration, DQS21 and MPL
will be present in a vaccine formulation in the range of about
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1 ug to about 100 pg. Other adjuvants are known in the art
and can be used in the invention (see, e.g. Goding, Mono-
clonal Antibodies. Principles and Practice, 2nd Ed., 1986).
Methods for the preparation of mixtures or emulsions of
peptide and adjuvant are well known to those of skill in the
art of vaccination.

Other agents which stimulate the immune response of the
subject can also be administered to the subject. For example,
other cytokines are also useful in vaccination protocols as a
result of their lymphocyte regulatory properties. Many other
cytokines useful for such purposes will be known to one of
ordinary skill in the art, including interleukin-12 (IL-12)
which has been shown to enhance the protective effects of
vaccines (see, e.g., Science 268: 1432-1434, 1995), GM-
CSF and 1L-18. Thus cytokines can be administered in
conjunction with antigens and adjuvants to increase the
immune response to the antigens.

There are a number of immune response potentiating
compounds that can be used in vaccination protocols. These
include costimulatory molecules provided in either protein
or nucleic acid form. Such costimulatory molecules include
the B7-1 and B7-2 (CD80 and CDS86 respectively) mol-
ecules which are expressed on dendritic cells (DC) and
interact with the CD28 molecule expressed on the T cell.
This interaction provides costimulation (signal 2) to an
antigen/MHC/TCR stimulated (signal 1) T cell. increasing T
cell proliferation and effector function. B7 also interacts
with CTLA4 (CD152) on T cells and studies involving
CTLA4 and B7 ligands indicate that the B7-CTL A4 inter-
action can enhance antitumor immunity and CTL prolifera-
tion (Zheng P., et al. Proc. Natl. Acad. Sci. USA 95 (11):
6284-6289 (1998)).

B7 typically is not expressed on tumor cells so they are
not efficient antigen presenting cells (APCs) for T cells.
Induction of B7 expression would enable the tumor cells to
stimulate more efficiently CTL proliferation and effector
function. A combination of B7/IL-6/IL-12 costimulation has
been shown to induce IFN-gamma and a Thl cytokine
profile in the T cell population leading to further enhanced
T cell activity (Gajewski et al., J. Immunol, 154:5637-5648
(1995)). Tumor cell transfection with B7 has ben discussed
in relation to in vitro CTL expansion for adoptive transfer
immunotherapy by Wang et al., (J. Immunol, 19:1-8
(1986)). Other delivery mechanisms for the B7 molecule
would include nucleic acid (naked DNA) immunization
(Kim ., et al. Nat Biotechnol., 15:7:641-646 (1997)) and
recombinant viruses such as adeno and pox (Wendtner et al.,
Gene Ther, 4:7:726-735 (1997)). These systems are all
amenable to the construction and use of expression cassettes
for the coexpression of B7 with other molecules of choice
such as the antigens or fragment(s) of antigens discussed
herein (including polytopes) or cytokines. These delivery
systems can be used for induction of the appropriate mol-
ecules in vitro and for in vivo vaccination situations. The use
of anti-CD28 antibodies to directly stimulate T cells in vitro
and in vivo could also be considered. Similarly, the induc-
ible co-stimulatory molecule ICOS which induces T cell
responses to foreign antigen could be modulated, for
example, by use of anti-ICOS antibodies (Hutloff et al.,
Nature 397:263-266, 1999).

Lymphocyte function associated antigen-3 (LFA-3) is
expressed on APCs and some tumor cells and interacts with
CD2 expressed on T cells. This interaction induces T cell
IL-2 and IFN-gamma production and can thus complement
but not substitute, the B7/CD28 costimulatory interaction
(Parraetal., J. Immunol., 158:637-642 (1997), Fenton et al.,
J. Immunother., 21:2:95-108 (1998)).
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Lymphocyte function associated antigen-1 (LFA-1) is
expressed on leukocytes and interacts with ICAM-1
expressed on APCs and some tumor cells. This interaction
induces T cell IL-2 and IFN-gamma production and can thus
complement but not substitute, the B7/CD28 costimulatory
interaction (Fenton et al., J. Immunother, 21:2:95-108
(1998)). LFA-1 is thus a further example of a costimulatory
molecule that could be provided in a vaccination protocol in
the various ways discussed above for B7.

Complete CTL activation and effector function requires
Th cell help through the interaction between the Th cell
CDA40L (CD40 ligand) molecule and the CD40 molecule
expressed by DCs (Ridge et al., Nature, 393:474 (1998),
Bennett et al., Nature, 393:478 (1998), Schoenberger et al.,
Nature, 393:480 (1998)). This mechanism of this costimu-
latory signal is likely to involve upregulation of B7 and
associated 1L-6/IL-12 production by the DC (APC). The
CD40-CD40L interaction thus complements the signal 1
(antigen/MHC-TCR) and signal 2 (B7-CD28) interactions.

The use of anti-CD40 antibodies to stimulate DC cells
directly, would be expected to enhance a response to tumor
antigens which are normally encountered outside of a
inflammatory context or are presented by non-professional
APCs (tumor cells). In these situations Th help and B7
costimulation signals are not provided. This mechanism
might be used in the context of antigen pulsed DC based
therapies or in situations where Th epitopes have not been
defined within known TRA precursors.

A cancer associated antigen polypeptide. or a fragment
thereof, also can be used to isolate their native binding
partners. Isolation of such binding partners may be per-
formed according to well-known methods. For example,
isolated cancer associated antigen polypeptides can be
attached to a substrate (e.g., chromatographic media, such as
polystyrene beads, or a filter), and then a solution suspected
of containing the binding partner may be applied to the
substrate. If a binding partner which can interact with cancer
associated antigen polypeptides is present in the solution,
then it will bind to the substrate-bound cancer associated
antigen polypeptide. The binding partner then may be iso-
lated.

It will also be recognized that the invention embraces the
use of the cancer associated antigen ¢cDNA sequences in
expression vectors, as well as to transfect host cells and cell
lines, be these prokaryotic (e.g., E. coli), or eukaryotic (e.g.,
dendritic cells, B cells, CHO cells, COS cells, yeast expres-
sion systems and recombinant baculovirus expression in
insect cells). Especially useful are mammalian cells such as
human, mouse, hamster, pig, goat, primate, etc. They may be
of a wide variety of tissue types, and include primary cells
and cell lines. Specific examples include keratinocytes,
peripheral blood leukocytes, bone marrow stem cells and
embryonic stem cells. The expression vectors require that
the pertinent sequence, i.e., those nucleic acids described
supra, be operably linked to a promoter.

The invention also contemplates delivery of nucleic acids,
polypeptides or peptides for vaccination. Delivery of
polypeptides and peptides can be accomplished according to
standard vaccination protocols which are well known in the
art. In another embodiment, the delivery of nucleic acid is
accomplished by ex vivo methods, i.e. by removing a cell
from a subject, genetically engineering the cell to include a
breast cancer associated antigen, and reintroducing the engi-
neered cell into the subject. One example of such a proce-
dure 1s outlined in U.S. Pat. No. 5,399,346 and in exhibits
submitted in the file history of that patent, all of which are
publicly available documents. In general, it involves intro-
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duction in vitro of a functional copy of a gene into a cell(s)
of a subject, and returning the genetically engineered cell(s)
to the subject. The functional copy of the gene is under
operable control of regulatory elements which permit
expression of the gene in the genetically engineered cell(s).
Numerous transfection and transduction techniques as well
as appropriate expression vectors are well known to those of
ordinary skill in the art, some of which are described in PCT
application WO095/00654. In vivo nucleic acid delivery
using vectors such as viruses and targeted liposomes also is
contemplated according to the invention.

In preferred embodiments, a virus vector for delivering a
nucleic acid encoding a cancer associated antigen is selected
from the group consisting of adenoviruses, adeno-associated
viruses, poxviruses including vaccinia viruses and attenu-
ated poxviruses, Semliki Forest virus, Venezuelan equine
encephalitis virus, retroviruses, Sindbis virus, and Ty virus-
like particle. Examples of viruses and virus-like particles
which have been used to deliver exogenous nucleic acids
include: replication-defective adenoviruses (e.g., Xiang et
al., Virology 219:220-227, 1996; Eloit et al., J. Firol. 7:5375-
5381, 1997; Chengalvala et al., Vaccine 15:335-339; 1997),
a modified retrovirus (Townsend et al., J. Virol 71:3365-
3374, 1997), a nonreplicating retrovirus (Irwin et al., J.
Virol. 68:5036-5044, 1994), a replication defective Semliki
Forest virus (Zhao et al., Proc. Natl. Acad. Sci. USA
92:3009-3013, 1995), canarypox virus and highly attenuated
vaccinia virus derivative (Paoletti, Proc. Natl. Acad. Sci.
US4 93:11349-11353, 1996), non-replicative vaccinia virus
(Moss, Proc. Natl. Acad. Sci. USA 93:11341-11348, 1996),
replicative vaccinia virus (Moss, Dev. Biol. Stand. 82:55-63,
1994), Venzuelan equine encephalitis virus (Davis et al., J.
Virol. 70:3781-3787, 1996), Sindbis virus (Pugachev et al.,
Virology 212:587-594, 1995), and Ty virus-like particle
(Allsopp et al., Fur. J. Immunol 26:1951-1959, 1996). In
preferred embodiments, the virus vector is an adenovirus.

Another preferred virus for certain applications is the
adeno-associated virus, a double-stranded DNA virus. The
adeno-associated virus is capable of infecting a wide range
of cell types and species and can be engineered to be
replication-deficient. It further has advantages, such as heat
and lipid solvent stability, high transduction frequencies in
cells of diverse lineages, including hematopoietic cells, and
lack of superinfection inhibition thus allowing multiple
series of transductions. The adeno-associated virus can
integrate into human cellular DNA in a site-specific manner,
thereby minimizing the possibility of insertional mutagen-
esis and variability of inserted gene expression. In addition,
wild-type adeno-associated virus infections have been fol-
lowed in tissue culture for greater than 100 passages in the
absence of selective pressure, implying that the adeno-
associated virus genomic integration is a relatively stable
event. The adeno-associated virus can also function in an
extrachromosomal fashion.

In general, other preferred viral vectors are based on
non-cytopathic eukaryotic viruses in which non-essential
genes have been replaced with the gene of interest. Non-
cytopathic viruses include retroviruses, the life cycle of
which involves reverse transcription of genomic viral RNA
into DNA with subsequent proviral integration into host
cellular DNA. Adenoviruses and retroviruses have been
approved for human gene therapy trials. In general, the
retroviruses are replication-deficient (i.e., capable of direct-
ing synthesis of the desired proteins, but incapable of
manufacturing an infectious particle). Such genetically
altered retroviral expression vectors have general utility for
the high-efficiency transduction of genes in vivo. Standard
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protocols for producing replication-deficient retroviruses
(including the steps of incorporation of exogenous genetic
material into a plasmid, transfection of a packaging cell
lined with plasmid, production of recombinant retroviruses
by the packaging cell line, collection of viral particles from
tissue culture media, and infection of the target cells with
viral particles) are provided in Kriegler, M., “Gene Transfer
and Expression, A Laboratory Manual,” W. H. Freeman Co.,
New York (1990) and Murry, E. J. Ed. “Methods in Molecu-
lar Biology,” vol. 7, Humana Press, Inc., Cliffton, New
Jersey (1991).

Preferably the foregoing nucleic acid delivery vectors: (1)
contain exogenous genetic material that can be transcribed
and translated in a mammalian cell and that can induce an
immune response in a host, and (2) contain on a surface a
ligand that selectively binds to a receptor on the surface of
a target cell, such as a mammalian cell, and thereby gains
entry to the target cell.

Various techniques may be employed for introducing
nucleic acids of the invention into cells, depending on
whether the nucleic acids are introduced in vitro or in vivo
in a host. Such techniques include transfection of nucleic
acid-CaPO, precipitates, transfection of nucleic acids asso-
ciated with DEAE, transfection or infection with the fore-
going viruses including the nucleic acid of interest, liposome
mediated transfection, and the like. For certain uses, it is
preferred to target the nucleic acid to particular cells. In such
instances, a vehicle used for delivering a nucleic acid of the
invention into a cell (e.g., a retrovirus, or other virus; a
liposome) can have a targeting molecule attached thereto.
For example, a molecule such as an antibody specific for a
surface membrane protein on the target cell or a ligand for
a receptor on the target cell can be bound to or incorporated
within the nucleic acid delivery vehicle. Preferred antibodies
include antibodies which selectively bind a cancer associ-
ated antigen, alone or as a complex with a MIIC molecule.
Especially preferred are monoclonal antibodies. Where lipo-
somes are employed to deliver the nucleic acids of the
invention, proteins which bind to a surface membrane pro-
tein associated with endocytosis may be incorporated into
the liposome formulation for targeting and/or to facilitate
uptake. Such proteins include capsid proteins or fragments
thereof tropic for a particular cell type, antibodies for
proteins which undergo internalization in cycling, proteins
that target intracellular localization and enhance intracellular
half life, and the like. Polymeric delivery systems also have
been used successfuilly to deliver nucleic acids into cells, as
is known by those skilled in the art. Such systems even
permit oral delivery of nucleic acids.

When administered, the therapeutic compositions of the
present invention can be administered in pharmaceutically
acceptable preparations. Such preparations may routinely
contain pharmaceutically acceptable concentrations of salt,
buffering agents, preservatives, compatible carriers, supple-
mentary immune potentiating agents such as adjuvants and
cytokines and optionally other therapeutic agents.

The therapeutics of the invention can be administered by
any conventional route, including injection or by gradual
infusion over time. The administration may, for example, be
oral, intravenous, intraperitoneal, intramuscular, intracavity,
subcutaneous, or transdermal. When antibodies are used
therapeutically, a preferred route of administration is by
pulmonary aerosol. Techniques for preparing aerosol deliv-
ery systems containing antibodies are well known to those of
skill in the art. Generally, such systems should utilize
components which will not significantly impair the biologi-
cal properties of the antibodies, such as the paratope binding
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capacity (see, for example, Sciarra and Cutie, “Aerosols,” in
Remington’s Pharmaceutical Sciences, 18th edition, 1990,
pp 1694-1712; incorporated by reference). Those of skill in
the art can readily determine the various parameters and
conditions for producing antibody aerosols without resort to
undue experimentation. When using antisense preparations
of the invention, slow intravenous administration is pre-
ferred.

The compositions of the invention are administered in
effective amounts. An “effective amount” is that amount of
a cancer associated antigen composition that alone, or
together with further doses, produces the desired response,
e.g. increases an immune response to the cancer associated
antigen. In the case of treating a particular disease or
condition characterized by expression of one or more cancer
associated antigens, such as small cell lung cancer, the
desired response is inhibiting the progression of the disease.
This may involve only slowing the progression of the
disease temporarily, although more preferably, it involves
halting the progression of the disease permanently. This can
be monitored by routine methods or can be monitored
according to diagnostic methods of the invention discussed
herein. The desired response to treatment of the disease or
condition also can be delaying the onset or even preventing
the onset of the disease or condition.

Such amounts will depend, of course, on the particular
condition being treated, the severity of the condition, the
individual patient parameters including age, physical con-
dition, size and weight, the duration of the treatment, the
nature of concurrent therapy (if any), the specific route of
administration and like factors within the knowledge and
expertise of the health practioner. These factors are well
known to those of ordinary skill in the art and can be
addressed with no more than routine experimentation. It is
generally preferred that a maximum dose of the individual
components or combinations thereof be used, that is, the
highest safe dose according to sound medical judgment. It
will be understood by those of ordinary skill in the art,
however, that a patient may insist upon a lower dose or
tolerable dose for medical reasons, psychological reasons or
for virtually any other reasons.

The pharmaceutical compositions used in the foregoing
methods preferably are sterile and contain an effective
amount of cancer associated antigen or nucleic acid encod-
ing cancer associated antigen for producing the desired
response in a unit of weight or volume suitable for admin-
istration to a patient. The response can, for example, be
measured by determining the immune response following
administration of the cancer associated antigen composition
via a reporter system by measuring downstream effects such
as gene expression, or by measuring the physiological
effects of the cancer associated antigen composition, such as
regression of a tumor or decrease of disease symptoms.
Other assays will be known to one of ordinary skill in the art
and can be employed for measuring the level of the
response.

The doses of cancer associated antigen compositions
(e.g., polypeptide, peptide, antibody, cell or nucleic acid)
administered to a subject can be chosen in accordance with
different parameters, in particular in accordance with the
mode of administration used and the state of the subject.
Other factors include the desired period of treatment. In the
event that a response in a subject is insufficient at the initial
doses applied, higher doses (or effectively higher doses by
a different, more localized delivery route) may be employed
to the extent that patient tolerance permits.
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In general, for treatments for eliciting or increasing an
immune response, doses of cancer associated antigen are
formulated and administered in doses between 1 ng and 1
mg, and preferably between 10 ng and 100 g, according to
any standard procedure in the art. Where nucleic acids
encoding cancer associated antigen of variants thereof are
employed, doses of between 1 ng and 0.1 mg generally will
be formulated and administered according to standard pro-
cedures. Other protocols for the administration of cancer
associated antigen compositions will be known to one of
ordinary skill in the art, in which the dose amount, schedule
of injections, sites of injections, mode of administration
(e.g., intra-tumoral) and the like vary from the foregoing.
Administration of cancer associated antigen compositions to
mammals other than humans, e.g. for testing purposes or
veterinary therapeutic purposes, is carried out under sub-
stantially the same conditions as described above.

Where cancer associated antigen peptides are used for
vaccination, modes of administration which effectively
deliver the cancer associated antigen and adjuvant, such that
an immune response to the antigen is increased, can be used.
For administration of a cancer associated antigen peptide in
adjuvant, preferred methods include intradermal, intrave-
nous, intramuscular and subcutaneous administration.
Although these are preferred embodiments, the invention is
not limited by the particular modes of administration dis-
closed herein. Standard references in the art (e.g., Remington
s Pharmaceutical Sciences, 18th edition, 1990) provide
modes of administration and formulations for delivery of
immunogens with adjuvant or in a non-adjuvant carrier.

When administered, the pharmaceutical preparations of
the invention are applied in pharmaceutically-acceptable
amounts and in pharmaceutically-acceptable compositions.
The term “pharmaceutically acceptable” means a non-toxic
material that does not interfere with the effectiveness of the
biological activity of the active ingredients. Such prepara-
tions may routinely contain salts, buffering agents, preser-
vatives, compatible carriers, and optionally other therapeutic
agents. When used in medicine, the salts should be phar-
maceutically acceptable, but non-pharmaceutically accept-
able salts may conveniently be used to prepare pharmaceu-
tically-acceptable salts thereof and are not excluded from the
scope of the invention. Such pharmacologically and phar-
maceutically-acceptable salts include, but are not limited to,
those prepared from the following acids: hydrochloric,
hydrobromic, sulfurie, nitric, phosphoric, maleic, acetic,
salicylic, citric, formic, malonic, succinic, and the like. Also,
pharmaceutically-acceptable salts can be prepared as alka-
line metal or alkaline earth salts, such as sodium, potassium
or calcium salts.

A small cell lung cancer associated antigen composition
may be combined, if desired, with a pharmaceutically-
acceptable carrier. The term “pharmaceutically-acceptable
carrier” as used herein means one or more compatible solid
or liquid fillers, diluents or encapsulating substances which
are suitable for administration into a human. The term
“carrier” denotes an organic or inorganic ingredient, natural
or synthetic, with which the active ingredient is combined to
facilitate the application. The components of the pharma-
ceutical compositions also are capable of being co-mingled
with the molecules of the present invention, and with each
other, in a manner such that there is no interaction which
would substantially impair the desired pharmaceutical effi-
cacy.

The pharmaceutical compositions may contain suitable
buffering agents, including: acetic acid in a salt; citric acid
in a salt; boric acid in a salt; and phosphoric acid in a salt.
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The pharmaceutical compositions also may contain,
optionally, suitable preservatives, such as: benzalkonium
chloride; chlorobutanol; parabens and thimerosal.

The pharmaceutical compositions may conveniently be
presented in unit dosage form and may be prepared by any
of the methods well-known in the art of pharmacy. All
methods include the step of bringing the active agent into
association with a carrier which constitutes one or more
accessory ingredients. In general, the compositions are pre-
pared by uniformly and intimately bringing the active com-
pound into association with a liquid carrier, a finely divided
solid carrier, or both, and then, if necessary, shaping the
product.

Compositions suitable for oral administration may be
presented as discrete units, such as capsules, tablets, loz-
enges, each containing a predetermined amount of the active
compound. Other compositions include suspensions in aque-
ous liquids or non-aqueous liquids such as a syrup, elixir or
an emulsion.

Compositions suitable for parenteral administration con-
veniently comprise a sterile aqueous or non-aqueous prepa-
ration of breast cancer associated antigen polypeptides or
nucleic acids, which is preferably isotonic with the blood of
the recipient. This preparation may be formulated according
to known methods using suitable dispersing or wetting
agents and suspending agents. The sterile injectable prepa-
ration also may be a sterile injectable solution or suspension
in a non-toxic parenterally-acceptable diluent or solvent, for
example, as a solution in 1,3-butane diol. Among the accept-
able vehicles and solvents that may be employed are water,
Ringer’s solution, and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a
solvent or suspending medium. For this purpose any bland
fixed oil may be employed including synthetic mono-or
di-glycerides. In addition, fatty acids such as oleic acid may
be used in the preparation of injectables. Carrier formulation
suitable for oral, subcutaneous, intravenous, intramuscular,
etc. administrations can be found in Remington’s Pharma-
ceutical Sciences, Mack Publishing Co., Easton, Pa.

As used herein with respect to nucleic acids, the term
“isolated” means: (i) amplified in vitro by, for example,
polymerase chain reaction (PCR); (ii) recombinantly pro-
duced by cloning; (iii) purified, as by cleavage and gel
separation; or (iv) synthesized by, for example, chemical
synthesis. An isolated nucleic acid is one which is readily
manipulable by recombinant DNA techniques well known in
the art. Thus, a nucleotide sequence contained in a vector in
which 5' and 3' restriction sites are known or for which
polymerase chain reaction (PCR) primer sequences have
been disclosed is considered isolated but a nucleic acid
sequence existing in its native state in its natural host is not.
An isolated nucleic acid may be substantially purified, but
need not be. For example, a nucleic acid that is isolated
within a cloning or expression vector is not pure in that it
may comprise only a tiny percentage of the material in the
cell in which it resides. Such a nucleic acid is isolated,
however, as the term is used herein because it is readily
manipulable by standard techniques known to those of
ordinary skill in the art. An isolated nucleic acid as used
herein is not a naturally occurring chromosome.

As used herein with respect to polypeptides, “isolated”
means separated from its native environment and present in
sufficient quantity to permit its identification or use. Isolated,
when referring to a protein or polypeptide, means, for
example: (i) selectively produced by expression cloning or
(ii) purified as by chromatography or electrophoresis. Iso-
lated proteins or polypeptides may, but need not be, sub-
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stantially pure. The term “substantially pure” means that the
proteins or polypeptides are essentially free of other sub-
stances with which they may be found in nature or in vivo
systems to an extent practical and appropriate for their
intended use. Substantially pure polypeptides may be pro-
duced by techniques well known in the art. Because an
isolated protein may be admixed with a pharmaceutically
acceptable carrier in a pharmaceutical preparation, the pro-
tein may comprise only a small percentage by weight of the
preparation. The protein is nonetheless isolated in that it has
been separated from the substances with which it may be
associated in living systems, i.e. isolated from other pro-
teins.

EXAMPLES

Methods and Materials

Cell Lines, Tissues, and Patient Sera

Cell lines were obtained from the repository maintained at
the Ludwig Institute for Cancer Research (LICR), New York
Branch at the Memorial Sloan-Kettering Cancer Center
(MSKCCQ), or obtained from American Tissue Culture Col-
lection. Eleven SCLC cell lines were used including 9
classical (SK-LC-13, NCI-H69, -H128, -H146, -H187,
-H209, -H378, -H8R9, -H740) and 2 variant (NCI-H82,
-H526) forms. The variant SCLC lines differ from the
classical lines in lacking or having diminished neuroendo-
crine features and with regard to other biochemical, mor-
phological and growth properties (Carney et al., Cancer Res.
45:2913-2923, 1985; Park et al., Cancer Res. 47:6710-6718,
1987). Normal and tumor tissues were obtained from the
departments of Pathology in the New York Presbyterian
Hospital (NYPH) and the MSKCC. Patient sera were
obtained from the Department of Medicine, NYPH, and
from the LICR Melbourne Branch, Australia.

Immunoscreening of the SCLC Cell Line Libraries and
Characterization of Immunoreactive Clones

Construction of cDNA expression libraries from the NCI-
H740 and SK-LC-13 SCLC cell lines in the A-ZAP vector
(Stratagene) and immunoscreening were done as previously
described (Old and Chen, J. Exp. Med., 187:1163-7, 1998;
Chen et al., Proc. Nat'l. Acad. Sci. USA, 95: 6919-23, 1998),
with the following modifications. Sera from five SCLC
patients (Lu94, Lu100, Lul01, Lul04, Lul13) were pooled
and absorbed as previously described Scanlan et al., Int. J.
Cancer 76:652-658, 1998). The pooled serum was diluted
1:200 (final dilution 1:1000 for each serum) in TBS con-
taining 1% BSA and 0.02% NaN; and was used to screen
5.6x10 pfu of the NCI-H740 library. The same serum was
used for the SK-LC-13 library of which 2.2x10° pfu was
screened. Immunoreactive clones were isolated and
sequence analyzed as previously described (Chen et al.,
1998). Selected immunoreactive clones were subsequently
tested for reactivity against sera at various dilutions from
individual lung cancer patients and normals using the same
plaque assay. A A-ZAP clone without an insert was co-plated
and included in the screen as a negative control.

RT-PCR Analysis

Reverse transcription was performed with total RNA
isolated from tissue or cell lines by the Guanidium thiocy-
anate/CsCl method. Primers used to amplify ZIC2 were
designed based on the published sequence (AF104902) and
our results. ZIC2A1:5'-CATGAATATGAACATGGGTAT-
GAACATGG (SEQ ID NO:1); ZIC2B1:5-TCGCAGCCCT-
CAAACTCACACTG (SEQ ID NO:2). Conditions for
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amplification were as follows: Initial denaturation and
AmpliTaq Gold (Perkin Elmer) activation; 94° C., 10,
Amplification: 94° C., 1'; 60° C., 1'; 72° C., 1'; for 35 cycles,
followed by a ¢', 72° C. incubation. Amplification products
were analyzed by agarose gel electrophoresis and visualized
by EtBr staining.

Northern Blot Analysis

Adult normal tissue MRNA blots were obtained from
Clontech, Inc. and contained 2 g polyA* RNA per lane. Lung
cancer cell line total RNA was isolated as described above
and polyA™ mRNA was prepared using the Microfast Track
kit (Invitrogen). Two grams of mRNA or 10 g of total RNA
was transferred to nylon membranes (Schleicher and
Schuell) following denaturing gel electrophoresis. Hybrid-
izations and washes were carried out under high stringency
conditions in ExpressHyb buffer (Clontech) using hybrid-
ization and washing conditions described by the manufac-
turer. The probes used for northern blot analysis were the
following. SOX2: 450 bp fragment (nucleotides 630-1080);
SOX1: 751 bp fragment (nucleotides 1520-2271); SOX3:
330 bp fragment (nucleotides 442-772); SOX21: 680 bp
fragment (nucleotides 2720-3400); and I1D4: full-length
cDNA (1322 bp).

Example 1

Isolation of Immunoreactive Clones from SCLC
Cell Lines by SEREX

SEREX analysis of the SCLC cell line NCI-H740 with a
pool of five sera from SCLC patients at 1:10° dilution
resulted in the isolation of 37 clones coding for 8 known
gene products (Table la). These eight genes were given
SEREX gene designations of NIVY-SCLC-1 to NY-SCLC-
8.

TABLE la

Genes isolated by SEREX analysis of the
small cell lung cancer cell line NCI-H740

SEQID Gene Gene/Sequence Identity Number of clones
NO:  Designation [GenBank Accession No.] (% of total)
3 NY-SCLC-1 SOX2 [Z31560] 19 (51%)
4 NY-SCLC2 SOXI1 [Y13436] 1.(3%)
S NY-SCLC-3 ZIC2 [AF104902] 9 (24%)
6 NY-SCLC-4 ID4 [U28368] 2 (5%)
7 NY-SCLC-5 MAZ [M94046] 1.(3%)
8  NY-SCLC-6 MPP11 [X98260] 3 (8%)
9 NY-SCLC-7 eIF2B [U23028] 1.(3%)
10 NY-SCLC-8 RBP-1 [LO7872] 1 (3%)

Total: 37

The most frequently isolated genes were SOX2 and Z1C2,
comprising 51% and 24% of all clones. A single clone
corresponding to SOX1 was also isolated from this library.
SOX- and ZIC2-encoding clones showed very strong immu-
noreactivity with the SCLC patient sera. Other genes iso-
lated included 1D4, MPP11, MAZ, elF2B and RBP-1. ID4
protein is a member of the dominant negative helix-loop-
helix (HLH) proteins. This protein can interact with other
HLH proteins such as the one encoded by Archaete-Scute
and by virtue of not containing a DNA binding domain it
acts as a repressor (Riechmann, et al., Nucleic Acids Res.,
22: 749-55, 1994). The mRNA expression pattern of ID4 in
normal tissues was found to be universal by Northern blot
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analysis. Seroreactivity against ID4 was moderate at 1:10°
sera dilution. MPP11 is another HLH protein-binding factor,
and it has also been isolated from HeLa cells by M-phase
protein-recognizing antibodies (Shoji, et al., J. Biol. Chem.,
270:24818-25, 1995; Matsumoto-Taniura, et al. Mol. Biol.
Cell, 7: 1455-69, 1996). Seroreactivity against MPP11 was
strong at a 1:1000 dilution of the SCLC sera. This antigen
was also identified by SEREX analysis of gastric and breast
cancer and is universally expressed. Other genes isolated
from NCI-H740—the myc-associated Zinc-finger protein
MAZ, the eukaryotic translation initiation factor eIF2B and
the J-x recombination signal binding protein (RBP-1)—
were also previously identified by SEREX. MAZ, eIF2B and
RBP-1 are expressed in multiple normal adult tissues.

The SEREX analysis of the second SCLC line SK-L.C-13
with the same pooled sera from SCLC patients resulted in
the identification of 14 clones corresponding to 10 genes
(Table Ib), 4 of which were identical to those isolated from
NCI-H740 and 6 were distinct (NY-SCLC-9 to NY-SCLC-

14).
TABLE 1b
Genes isolated by SEREX analysis of the
small cell lung cancer cell line SK-LC-13
SEQ ID Gene Gene/Sequence Identity Number of clones
NO: Designation [GenBank Accession No.] (% of total)
3 NY-SCLC-1 SOX2 [Z31560] 2 (14%)
11 NY-SCLC-9 SOX3 [X71135] 1 (7%)
12 NY-SCLC-10  SOX21 [AF107044] 1 (7%)
5  NY-SCLC-3 ZIC2 [AF104902] 2 (14%)
6 NY-SCLC-4 ID4 [U28368] 1 (7%)
8 NY-SCLC-6 MPPI11 [X98260] 3 (21%)
13 NY-SCLC-11  KIAA0963 [AB023180.1] 1 (7%)
14 NY-SCLC-12  LAG-3 [X51985] 1 (7%)
15,16 NY-SCLC-13 DKFZp434C196 1 (7%)
[AL133561.1]
17 NY-SCLC-14  Novel-2 1 (%)
Total: 14

SOX2 was isolated twice and in addition SOX3 and
SOX21 were isolated, each represented by a single clone.
ZIC2 was isolated twice. Other genes isolated that were
identical to those from the NCI-H740 library included ID4,
isolated once, and MPP11, which was represented by three
immunoreactive clones. Among other genes identified, NY-
SCLC-11 (KIAA0963) is an unknown gene with identical
EST sequences derived from many tissues. Two novel genes
(NY-SCLC-13) and (NY-SCLC-14) were isolated, one of
which (NY-SCLC-14) showed no sequence identity to cur-
rent GenBank entries. These two genes were intriguing in
that their DNA sequences contain homopolymers of 24 bp
and 6 bp repeats and would encode tandem octapeptides and
dipeptides, respectively. NY-SCLC-12, lymphocyte activa-
tion gene-3 (LA G-3), is related to CD4 and has a restricted
tissue expression pattern, possibly representing a differen-
tiation antigen of lymphoid origin (Triebel, et al., J. Exp.
Med., 171: 1393-1405, 1990).

Example 2

Immunodominant Epitopes of ZIC2 and the SOX
Proteins

Of 11 ZIC2 clones isolated, 7 clones were sequenced and
4 were evaluated by restriction mapping. The longest ZIC2
clone (NCI-H740 #32) was ~2.6 kb, the sequence of which
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extends beyond both 5" and 3' sequences of the ZIC2 ¢cDNA
entry in the GenBank (AF104902). The shortest clone
(NCI-H740 #41) migrated as a ~1 kb band on agarose gels
and its 5' end corresponded to nucleotide position 692
(amino acid residue 231) of AF104902. Reactivity of this
clone with SCLC sera was comparable to other larger
clones. As the intensity of the reactivity of this shorter clone
was comparable to that of other larger ZIC2 clones, the
seroreactive epitope(s) of ZIC2 polypeptide (SEQ ID
NO:22) reside between amino acid residue 231 and the
C-terminal end (amino acid residue 533).

Of the 24 SOX genes, 8 SOX2 clones and the SOXI,
SOX3 and SOX21 clones were sequence analyzed while the
remaining 13 SOX2 clones were analyzed and confirmed by
restriction mapping. All SOX2 clones contained the full size
c¢DNA (1085 bp) and the longest clone (NCI-H740 #2) had
54 additional nucleotides at its 5' untranslated region as
compared to the SOX2 GenBank entry (Accession Number
731560). The two SOX1 and SOX3 clones contained trun-
cated ¢cDNA inserts which lacked sequences 5' to those
encoding the HMG-box while the SOX21 clone encoded the
full length SOX21 protein, which has only 5 residues
N-terminal to its HMG-box (FIG. 1). The most conserved
region among these SOX ¢cDNA clones is thus the HMG-
box-encoding region which is 88 to 96% identical among the
SOX Group B proteins. All sera that reacted with SOX1 also
reacted with SOX2, SOX3 and SOX21 (see below), sug-
gesting that at least part of the immunoreactivity of SCLC
patient sera is directed against the conserved HMG-box of
the SOX proteins.

Example 3

Z1C2 is Expressed Exclusively in Brain, Testis and
Tumors

Z1C2 gene expression was analyzed by RT-PCR. The
RNA quality was confirmed by successful amplification of
p53 exons 5 and 6. Among normal tissues Z1C2 mRNA was
only detectable in brain and to a lesser extent in testis but not
in skin, kidney, small intestine, pancreas, uterus and lung. Of
11 SCLC cell lines analyzed, all 9 classical SCLC lines
(SK-LC-13, NCI-H69, -H128, -H146, -H187, -H209,
-H378, -H889, -H740) had detectable ZIC2 mRNA while
two variant SCLC cell lines (NCI-H82 and NCI-H526)
showed no or minimal expression. Among other cell lines,
7IC2 mRNA could be amplified in 100% (7%) of non-small
cell lung tumor cell lines and 83% (*%12) of melanoma cell
lines (Table 2). Among tumor tissues, 50% (%10) of mela-
noma, 50% (%4) of colon cancer, 75% (¥4) of breast cancer,
86% (1%14) of head and neck cancer, 66% (%) of lung cancer,
50% (714) of transitional cancer, 50% (2) of leiomyosar-
coma and 100% (%2) of synovial sarcoma samples had
detectable ZIC2 mRNA (Table 2).

TABLE 2

ZIC2 gene expression in cancer cell lines
and tumor samples

ZIC2 mRNA
EXPRESSION
TUMOR CELL
LINE
Melanoma 10/12 (83%)
NSCLC 7/7 (100%)
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TABLE 2-continued

ZIC2 gene expression in cancer cell lines
and tumor samples

ZIC2 mRNA
EXPRESSION
TUMOR TYPE
Melanoma 5/10 (50%)
Colen cancer 2/4 (50%)
Breast cancer 3/4 (75%)
Head & neck cancer 12/14 (86%)

Lung cancer
Transitional cancer
Leiomyosarcoma
Synovial sarcoma

714 (50%)
1/2 (50%)

(
(
(
(
6/9 (66%)
(
(
2/2 (100%)

Example 4

SOX Gene Expression Characteristics

Since SOX Group B genes are intronless, RT-PCR results
using tissue RNA were often difficult to interpret due to the
genomic DNA contamination of RNA samples. Therefore,
their gene expression was evaluated by Northern blot analy-
sis. An a-actin probe was used to confirm the RNA quality
and quantity. Northern blots were exposed for 24 h (SOX2-
SCLC blot), 72 h (SOX1), or 1 week (SOX3, SOX21 and
SOX2-normal tissue blot).

Among normal tissues SOX2 mRNA could be detected in
brain, testis and prostate, and at lower levels in small
intestine and colon but not in heart, placenta, lung, liver,
skeletal muscle, kidney, pancreas, spleen, thymus, ovary and
peripheral blood leukocytes. SOX1, SOX3 and SOX21
mRNA were not detected in normal adult tissues, which is
consistent with the current literature. SOX Group B expres-
sion in tumor cell lines was also examined. SOX2 was
expressed in 5 of 10 SCLC cell lines (NCI-H69, NCI-H146,
NCI-H378, NCI-H740 and SK-LC-13). SOX2 message was
not detected in the three non-SCLC cell lines SK-LC-7, 8
and 17 or in the 8 melanoma cell lines SK-MEL-10, 12, 14,
24,26, 28,37 and Mz19. SOX1 mRNA was detected in 4 of
10 SCLC cell lines (NCI-H187, NCI-H209, NCI-H378 and
SK-LC-13) while SOX3 mRNA could be detected in 2 of 10
SCLC cell lines (NCI-H740, and as a weaker signal in
SK-LC-13). SOX1 and SOX3 required longer exposure
times than SOX2, indicating their expression levels are
lower than that of SOX2. SOX21 mRNA was not detected
after prolonged exposure (1 week), indicating no or low
levels of expression. Two variant SCLC cell lines, NCI-H82
and NCI-H526, had no detectable SOX Group B expression.

Example 5

SCLC Patient Sera Contain High-titer Antibodies to
SOX and ZIC2 Proteins

Reactivity to phage clones containing SOX1, 2, 3,21 and
Z1C2 was titered against 17 SCLC patient sera and 16
normal adult sera. ZAP phages with no insert were mixed
with the test clone and served as internal negative controls,
visible as a background at 1:10” serodilution on Lull3.
Assays were scored positive only when test clones could be
clearly distinguished from the control phages.
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Only one of the 16 normal sera showed weak reactivity
against SOX2 at a titer of 1:1000. In contrast, 7 of 17
patients (41%) had antibodies reactive with SOX1 and
SOX2 containing phagemids while 29% (%17) and 35% (%17)
had antibodies to SOX3 and SOX21 respectively. 29% (%17)
of patients had detectable anti-ZIC2 antibodies. The anti-
body titers measured up to 1:106 (Table 3). All five patient
sera that had antibodies against ZIC2 also reacted with SOX
proteins at varying titers; one (Lul13) was reactive at 1:106
while another (Lu139) was reactive only at a 1:10° dilution.
Two patients (Lul00 and A6) had antibodies against SOX1
and SOX2 proteins at 1:105 but no antibodies against ZIC2
even at 1:10° dilution (Table 3).

TABLE 3

SOX and ZIC2 Reactivity of Small Cell Lung Cancer Patient Sera

Protein:

Serum: SOX3 SOX21

1:10 1:10

1:10*

Lu 94*
Lu 100*
Lu 101*
Lu 104*
Lu 113*
Lu 139
Lu 159

Al

A2

A3

A4

AS

Ab

AT

A8

A9
Al0

[ I I Y T S

)
(= VN SV S ]

1:10* 1:10* 1:10° 1:10%
TIT(41%) T17(41%) 517(29%) 6/17(35%) 5/17(29%)

—
~a

*Pooled sera used for SEREX analysis of the SCLC cell lines

All patients who had antibodies against SOX3 or SOX21
had antibodies at higher titers against SOX1 and SOX2. The
presence of consistently higher titer antibodies against
SOX1 and SOX2 suggests SOX1 and/or 2 as the main
immunogenic tumor antigen in these patients, whereas the
seroreactivity to SOX3 and SOX21 might be secondary to
the share antigenic epitopes located within the highly con-
served HMG-box among SOX proteins.

From the immunological standpoint, the high frequency
and high titers of anti-SOX and anti-ZIC2 antibodies in
these SCLC patients is striking. Anti-ZIC2 antibody was
observed in 29% and anti-SOX antibody was observed in
41% of the SCLC sera tested. These sera were collected
from a heterogeneous group of SCLC patients who were at
different stages of their diseases, receiving various treat-
ments, and with variable responses; one of the antibody-
positive patients (Lull3) had no clinical evidence of
residual disease when serum was collected and had subse-
quent recurrence of tumor. This means that if serum is
collected from untreated cases of SCLC, the frequency of
detecting anti-SOX and anti-ZIC2 antibodies can be sub-
stantially higher than the 30-40% rate found in this study.
This frequency is significantly higher than the antibody
responses seen against most other SEREX-defined antigens.
Scanlan et al. (Int. J. Cancer 76:652-658, 1998) have
evaluated large panels of SEREX antigens for seroreactivity
in cancer and normal patients. It was found that antigens that
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elicit cancer-specific antibody responses tend to have detect-
able seral antibody in up to 20-25% of tumor patients, rarely
exceeding 25%. In this regard, the immunogenicity of SOX
and ZIC2 antigens in these patients are exceptional and this
indicates that an antibody-based assay can be useful in the
diagnosis of SCLC, e.g. as a screening test for the high-risk
group. Also, for SCLC cases that have been shown to have
high-titer antibodies, the titer of the antibody can be corre-
lated to the clinical progression/remission of the disease. If
the presence of antibody is dependent on the tumor load, as
has been shown for another SEREX-defined antigen, NY-
ESO-1 (Stockert et al., J. Exp. Med. 187:1349-1354, 1998),
antibody monitoring in these patients may also be of clinical
value.

In addition to its immunodiagnostic potential, SOX group
B and ZIC2 products can be used as targets for cancer
vaccines. The expression of these genes in brain may be a
concern, particularly given the clinically-recognized para-
neoplastic syndromes and their correlation to the aberrant
expression of neural antigens in SCLC (Dalmau & Posner,
Arch. Neurol. 56:405-408, 1999; Posner & Dalmau, Curr.
Opin. Immunol. 9:723-729, 1997). However, despite the
presence of high-titer anti-SOX and anti-ZIC2 antibodies,
none of the seven antibody-positive patients in this study
had neurological manifestations of the disease. In fact, the
only patient in this study with paraneoplastic disease involv-
ing the cerebellum (patient A9) had no detectable anti-SOX
Group B or anti-ZIC2 antibodies. The immune responses
toward these antigens thus may not lead to autoimmune
neurological disorders in most patients. Since SOX and
Z1C2 genes are conserved in mice, preclinical studies can be
carried out by SOX and/or ZIC2 vaccination in these experi-
mental models. Indeed, HuD antigen, one of the antigens
associated with paraneoplastic syndromes, has recently been
used as a vaccine target in the murine model of small cell
lung cancer, and antitumor activity was observed without
neurological disease (Carpentier et al., Clin. Cancer Res.
4:2819-2824, 1998; Ohwada et al., Am. J. Respir. Cell. Mol.
Biol. 21:37-43,1999).

Example 6

Preparation of Recombinant Cancer Associated
Antigens

To facilitate screening of patients’ sera for antibodies
reactive with cancer associated antigens, for example by
ELISA, recombinant proteins are prepared according to
standard procedures. In one method, the clones encoding
cancer associated antigens are subcloned into a baculovirus
expression vector, and the recombinant expression vectors
are introduced into appropriate insect cells. Baculovirus/
insect cloning systems are preferred because post-transla-
tional modifications are carried out in the insect cells.
Another preferred eukaryotic system is the Drosophila
Expression System from Invitrogen. Clones which express
high amounts of the recombinant protein are selected and
used to produce the recombinant proteins. The recombinant
proteins are tested for antibody recognition using serum
from the patient which was used to isolated the particular
clone, or in the case of cancer associated antigens recog-
nized by allogeneic sera, by the sera from any of the patients
used to isolate the clones or sera which recognize the clones’
gene products.

Alternatively, the cancer associated antigen clones are
inserted into a prokaryotic expression vector for production

46

of recombinant proteins in bacteria. Other systems, includ-
ing yeast expression systems and mammalian cell culture
systems also can be used.

Example 7

Preparation of Antibodies to Cancer Associated
Antigens

10
The recombinant cancer associated antigens produced as

in Example 6 above are used to generate polyclonal antisera
and monoclonal antibodies according to standard proce-
dures. The antisera and antibodies so produced are tested for
correct recognition of the cancer associated antigens by
using the antisera/antibodies in assays of cell extracts of
patients known to express the particular cancer associated
antigen (e.g. an ELISA assay). These antibodies can be used
for experimental purposes (e.g. localization of the cancer
20 associated antigens, immunoprecipitations, Western blots,
etc.) as well as diagnostic purposes (e.g., testing extracts of
tissue biopsies, testing for the presence of cancer associated
antigens).

15

The antibodies are useful for accurate and simple typing
of small cell lung cancer tissue samples for expression of
SOX Group B and ZIC2 genes. SCLC is usually diagnosed
by endoscopic biopsies rather than surgical resection, and an
adequate specimen for RNA extraction and RT-PCR typing
may not be obtained in every case. These difficulties are
30 firther complicated by the fact that SOX Group B genes are

intronless, and RT-PCR is often unreliable. The best tech-
nique to type the expression of these genes and circumvent
these problems is by immunohistochemical analysis with
specific antibody reagents.

35
Example 8
Expression of Cancer Associated Antigens in
0 Cancers of Similar and Different Origin

The expression of one or more of the cancer associated
antigens is tested in a range of tumor samples to determine
which, if any, other malignancies should be diagnosed
and/or treated by the methods described herein. Tumor cell
lines and tumor samples are tested for cancer associated
antigen expression, preferably by RT-PCR according to
standard procedures, e.g., as described for ZIC2 expression
in Example 3 above. Northern blots also are used to test the
expression of the cancer associated antigens. Antibody
based assays, such as ELISA and western blot, also can be
used to determine protein expression. A preferred method of
testing expression of cancer associated antigens (in other
cancers and in additional same type cancer patients) is
allogeneic serotyping using a modified SEREX protocol (as
described above).

50

55

In all of the foregoing, extracts from the tumors of
patients who provided sera for the initial isolation of the
cancer associated antigens are used as positive controls. The

60 cells containing recombinant expression vectors described
in the Examples above also can be used as positive controls.

The results generated from the foregoing experiments
provide panels of multiple cancer associated nucleic acids
and/or polypeptides for use in diagnostic (e.g. determining

5 the existence of cancer, determining the prognosis of a
patient undergoing therapy, etc.) and therapeutic methods
(e.g., vaccine composition, etc.).

(=)
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Example 9

HLA Typing of Patients Positive for Cancer
Associated Antigens

To determine which HLA molecules present peptides
derived from the cancer associated antigens of the invention,
cells of the patients which express the cancer associated
antigens are HLA typed. Peripheral blood lymphocytes are
taken from the patient and typed for HLA class I or class II,
as well as for the particular subtype of class T or class 1.
Tumor biopsy samples also can be used for typing. HLA
typing can be carried out by any of the standard methods in
the art of clinical immunology, such as by recognition by
specific monoclonal antibodies, or by HLA allele-specific
PCR (e.g. as described in W097/31126).

Example 10

Characterization of Cancer Associated Antigen
Peptides Presented by MHC Class I and Class 11
Molecules

Antigens which provoke an antibody response in a subject
may also provoke a cell-mediated immune response. Cells
process proteins into peptides for presentation on MHC class
I or class Il molecules on the cell surface for immune
surveillance. Peptides presented by certain MHC/HLA mol-
ecules generally conform to motifs. These motifs are known
in some cases, and can be used to screen the small cell lung
cancer associated antigens for the presence of potential class
I and/or class 11 peptides. Summaries of class I and class 11
motifs have been published (e.g., Rammensee et al., Immu-
nogenetics 41:178-228, 1995). Based on the results of
experiments such as those described above, the HLA types
which present the individual breast cancer associated anti-
gens are known. Motifs of peptides presented by these HLA
molecules thus are preferentially searched.

One also can search for class I and class II motifs using
computer algorithms. For example, computer programs for
predicting potential CTL epitopes based on known class 1
motifs has been described (see, e.g., Parker at al, J. Tmmunol.
152:163, 1994; D’ Amaro et al., Human Immunol. 43:13-18,
1995; Drijthout et al., Human Immunol 43:1-12, 1995).
Computer programs for predicting potential T cell epitopes
based on known class II motifs has also been described (see,
e.g. Sturniolo et al., Nat Biotechnol 17(6):555-61, 1999).
HLA binding predictions can conveniently be made using an
algorithm available via the Internet on the National Institutes
of Health World Wide Web site. See also the website of:
SYFPEITHI: An Jnternet Database for MHC Ligands and
Peptide Motifs. Methods for determining HLA class 11
peptides and making substitutions thereto are also known
(e.g. Strominger and Wucherpfennig (PCT/US96/03182)).
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Example 11

Identification of the Portion of a Cancer Associated
Polypeptide Encoding an Antigen

To determine if the cancer associated antigens isolated as
described above can provoke a cytolytic T lymphocyte
response, the following method is performed. CTL clones
are generated by stimulating the peripheral blood lympho-
cytes (PBLs) of a patient with autologous normal cells
transfected with one of the clones encoding a cancer asso-
ciated antigen polypeptide or with irradiated PBLs loaded
with synthetic peptides corresponding to the putative protein
and matching the consensus for the appropriate HLA class |
molecule (as described above) to localize an antigenic
peptide within the cancer associated antigen clone (see, e.g.,
Knuth et al., Proc. Natl. Acad. Sci. USA 81:3511-3515,
1984; van derBruggen et al., Eur. J. Immunol. 24:3038-3043,
1994). These CTL clones are screened for specificity against
COS cells transfected with the cancer associated antigen
clone and autologous HLA alleles as described by Brichard
etal. (Eur. J. Immunol. 26:224-230, 1996). CTL recognition
of a cancer associated antigen is determined by measuring
release of TNF from the cytolytic T lymphocyte or by >*Cr
release assay (Herin et al., Int. J. Cancer 39:390-396, 1987).
If a CTL clone specifically recognizes a transfected COS
cell, then shorter fragments of the cancer associated antigen
clone transfected in that COS cell are tested to identify the
region of the gene that encodes the peptide. Fragments of the
cancer associated antigen clone are prepared by exonuclease
11T digestion or other standard molecular biology methods.
Synthetic peptides are prepared to confirm the exact
sequence of the antigen.

Optionally, shorter fragments of cancer associated antigen
cDNAs are generated by PCR. Shorter fragments are used to
provoke TNF release or >'Cr release as above.

Synthetic peptides corresponding to portions of the short-
est fragment of the cancer associated antigen clone which
provokes TNF release are prepared. Progressively shorter
peptides are synthesized to determine the optimal cancer
associated antigen tumor rejection antigen peptides for a
given HLA molecule.

A similar method is performed to determine if the cancer
associated antigen contains one or more HLA class II
peptides recognized by T cells. One can search the sequence
of the cancer associated antigen polypeptides for HLA class
H motifs as described above. In contrast to class I peptides,
class II peptides are presented by a limited number of cell
types. Thus for these experiments, dendritic cells or B cell
clones which express HLA class Il molecules preferably are
used.

TABLE 4

Sequence homologies

SEQ ID NO:15 (NY-SCLC-13 5' SEQUENCE)

AL.133561.1, AC007324.53, AP000552.1, AP000550.1, AC007708.13, AC009288.12, AC007325.49,
AC008103.23, AC008079.22, AC008018.18, AC007731.11, AC005500, AC012398.3, AC008132.33,

AC011718.2, AL117481.1, AE001958.1, AJ243721.1,
AW261390.1, AI904151.1, AA314127, H29680, H08571,
R12223, F13183, F12174, F07553, F07164, F05322,

X70255, X54676, AL110383.1, AL041090.1,

R60682, R54134, R50027, R19696, R18168,

F05321, F05267, F05235, T33549,

743231, AI828436.1,

AW226624.1, AW012831.1, AWO12161.1, AI874452.1, AI391139, AI225578, AI099322, AA510280,
AA475860, AA276058, AA277960, AA239475, AAL39948, AAI06968, AA073333, AR066928, AA002337,
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TABLE 4-continued

Sequence homologies

wW18896, W07975, AW148528.1, AI934011.1, AI885936.1, AI885982.1, AI824746.1, AI801523.1,
AT741661.1, AT679504.1, AI589998.1, ATI567632.1, AT564170.1, AI520793.1, AA677535, AA202543,
F06393, AW142285.1, AW140928.1, AA520277.

SEQ ID NO:16 (NY-SCLC-13 3' SEQUENCE)

AL133561.1, AC007324.53, AP000552.1, AP000550.1, AC007708.13, AC009288.12, AC007325.49,
AC008103.23, AC008079.22, AC008018.18, AC005500, AC007731.11, AC012398.3, AC008132.33,
AC011718.2, AL117481.1, AE001958.1, X70255, X54676, AF022185, U00016, AL110383.1, AL041090.1,
AW261390.1, AIS04151.1, AW012161.1, AI391139, AI741661.1, AW142285.1, AW140928.1, AA520277.
SEQ ID NO:17 (NY-SCLC-14)

X14112, D10879, Z68873.1, AJ009970.1, AF077000, M11043, AC004093, L04961, AC008124.8, AC005742,
AC000395, AL023802.1, U44088, AL031258.8, U92983, 250194, 263758, M55701, M30829, AF192802.1,
784494.1, AC005387, AC004490, 293784.1, AC003976, M69157, AL031864.1, M11041, AF131866.1,
AL023284.1, AF039833, U62317, NM 003980.1, AF132809.1, NM 003632.1, U38195, U38193, 544199,
AB000634, NM_003459.1, NM_006245.1, D78360, AC004471, U04357, L77570, U52112, M97881, L22206,
NM 004565.1, AB018269.1, AE001198, AF022844, 2Z82173.2, AF167560.1, AC007032.2, AB020714.1,
AF037372, AC002984, U81524, U63850, 764726, ¥80330, AL110210.1, AL096857.1, AL031597.7,
AL021579.1, AC005932, M63138, M28265, X80327, L14589, AC011718.2, Z92546.2, AC008018.18,
AP000353.1, AC004148, Y08701, AF023268, U77716, U46921, U46920, AC006549.27, 299757.12,
AC005817.6, AL035090.10, AC003063.7, AC004828.2, AC006547.9, AC000097, AF051345, 294162.1,
U34879, M84472.1, AF190826.1, M73779, AC002094, AW001248.1, AI863828.1, AI858055.1, AI813670.1,
AT684429.1, AI277482, AI580934.1, AA472637, W64993, AW043820.1, AW028151.1, AI949719.1,
AT887909.1, AIS05058.1, AI804955.1, AI798900.1, AI741492.1, AI582191.1, AI348656, AI336325,
AT299745, AI276119, AI269740, AI262960, AI200633, AI097473, AAS84197, AA527274, AA480684,
W68353, AI931453.1, AA726490, W98413, AW263065.1, AW211900.1, AT006238, AA255056, AA238335,
H27099, AA673074, AW139762.1, AL047473.1, AW223562.1, AW066814.1, AW031777.1, AI782249.1,
AT774556.1, AI586471.1, AA139570, AI923922.1, AV390350.1, AA505122, AA380178, AI853595.1,
AT851994.1, AIS46520.1, AI154485, AI007056, AAd67529, AA274838, AA261057, AA032648, WI0846,
W71079, AA323008, C95416.1, AW210204.1, AA718506, AL042695.1, T25132, AI997515.1, AW205598.1,
AT686223.1, AI590082.1, AI378378, AI318623, AI318236, AI201238, AI200900, AI190426, AI022738,
AM916388, AAS65035, AAS45480, AA778028, AA744509, AA679215, AA558436, AAA56062, AA418017,
AA328237, AA159291, AA129371, N33970, H43255, T77577, AI890886.1, AA292501, AI379199.1,
AT831459.1.

Equivalents 35 described herein. Such equivalents are intended to be
Those skilled in the art will recognize, or be able to encompassed by the following claims.
ascertain using no more than routine experimentation, many All references disclosed herein are incorporated by ref-

equivalents to the specific embodiments of the invention  erence in their entirety.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 22

<210> SEQ ID NO 1

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

catgaatatg aacatgggta tgaacatgg 29
<210> SEQ ID NO 2

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

tcgecageeoct caaactcaca ctg 23
<210> SEQ ID NO 3

<211> LENGTH: 1085

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3
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-continued
cacagcgcce gcatgtacaa catgatggag acggagctga agccgccggg cccgcagcaa 60
acttcggggg gcggcggegg caactccacc gecggceggegg ccggcggcaa ccagaaaaac 120
agcccggace gcgtcaagcg gcccatgaat geccttcatgg tgtggtcccg cgggcagegg 180
cgcaagatgg cccaggagaa ccccaagatg cacaactcgg agatcagcaa gcgcctgggce 240
gccgagtgga aacttttgtc ggagacggag aagcggccgt tcatcgacga ggctaagcgg 300
ctgcgagege tgcacatgaa ggagcacccg gattataaat accggccccg gcggaaaacc 360
aagacgctca tgaagaagga taagtacacg ctgcccggeg ggctgectgge cccceggegge 420
aatagcatgg cgagcggggt cggggtgggc gccggcctgg gcgecgggegt gaaccagcgce 480
atggacagtt acgcgqgcacat gaacggctgg agcaacggca gctacagcat gatgcaggac 540
cagctgggct acccgcagca cccgggectce aatgcgcacg gcgcagcgca gatgcagccc 600
atgcaccgct acgacgtgag cgccctgcag tacaactcca tgaccagctc gcagacctac 660
atgaacggct cgcccaccta cagcatgtcc tactcgcage agggcacccc tggcatgget 720
cttggctcca tgggttcggt ggtcaagtcc gaggccaget ccagcccccce tgtggttacce 780
tcttectece actccaggge geccctgccag geccggggace tccgggacat gatcagecatg 840
tatectececg gegecgaggt gecggaacce gecgeccceca gcecagacttca catgteccag 900
cactaccaga gcggcccggt gcccggcacg gccattaacg gcacactgcc cctctcacac 960
atgtgaggge cggacagcega actggagggg ggagaaattt tcaaagaaaa acgagggaaa 1020
tgggaggggt gcaaaagagg agagtaagaa acagcatgga gaaaacccegqg tacgetcaaa 1080
aaaaa 1085
<210> SEQ ID NO 4
<211> LENGTH: 4091
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (2313)..(2313)
<223> OTHER INFORMATION: n = a, ¢, t or g
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (2540)..(2540)
<223> OTHER INFORMATION: n = a, ¢, t or g
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (2361)..(2361)
<223> OTHER INFORMATION: n = a, ¢, t or g
<400> SEQUENCE: 4
ccggecgtet atgetccagg ccctetecete geggtgecgg tgaaccegec agccgeccecg 60
atgtacagca tgatgatgga gaccgacctg cactcgeccg geggegecca ggcccccacqg 120
aacctetegg geccegeegg ggegggegge ggegggggeyg gaggeggggg cggeggeggce 180
ggcgggggeg ccaaggccaa ccaggaccgg gtcaaacgge ccatgaacge cttcatggtg 240
tggtccegeg ggcageggeg caagatggec caggagaacce ccaagatgca caactcggag 300
atcagcaagce gecctggggge cgagtggaag gtcatgtccg aggeccgagaa geggecgtte 360
atcgacgagg ccaagecgget gecgegegetg cacatgaagg agcacccgga ttacaagtac 420
cggccgegece gcaagaccaa gacgctgetce aagaaggaca agtactecget ggecggeggg 480
ctectggegg ceggegeggg tggeggegge geggetgtgg ccatgggegt gggegtggge 540
gtgggegegg cgccegtggg ccagegectg gagageccag geggegegge gggeggegeg 600
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tacgcgcacg tcaacggctg ggccaacggc gcctaccccqg gectcggtgge ggeccgeggeg 660
gccgecgegg ccatgatgca ggaggegecag ctggectacq ggcagcacce cggcegeggge 720
ggcgegeace cgcaccgcoac cccggogecac ccgocacccegc accacccgca cgogcacccg 780
cacaacccgc agcccatgca ccgctacgac atgggcgcge tgcagtacag ccccatctec 840
aactcgcagg gctacatgag cgcgtcgccce tcgggctacg gcggectccce ctacggcgec 900
gocggecgecg ccgcegecge gcaccagaac tceggecgtgg cggeggegge ggeggeggeg 960
gccgegtegt cgggegecct gggcgegetg ggctctctgg tgaagtcgga gcccagegge 1020
agcccgeccg ccccagcgca ctegegggeg ccgtgoccceg gggacctgeg cgagatgatc 1080
agcatgtact tgccegecgg cgagggggge gaccceggegg cggcagcage ggecgeggeg 1140
cagagccggce tgcactcgct gccgcagcac taccagggcg cgggcgeggg cgtgaacggce 1200
acggtgccce tgacqgcacat ctagcgcctt cgggacgccg gggactctge ggcggcgacc 1260
cacgagctcg cggcccgcege ccggctcceg ccccgocccg gcgeggegtg gettttgtat 1320
cagacgttcc cacattcttg tcaaaaggaa aatactggag acgaacgccg ggtgacgegt 1380
gtccecccact caccttccce ggagaccctg gcgaccgccg ggcgectgaca ccagacttgg 1440
tttagactga acttcggtgt tttcttgaga cttttgtaca gtatttatca cctacggagg 1500
aagcggaagce gttttctttg ctcgagggga caaaaaagtc aaaacgaggc gagaggcgaa 1560
gceccactttt gtatacegge cggegegete actttectee gegttgette cggacqggege 1620
cgaccgccgg agcccaagtg acgcggaget cgtcgeattt gttataaatg tagtaaggea 1680
ggtccaagca cttacaagtt ttttgtagtt gttacegete ttttgggttg gtttgttaat 1740
ttatacaaag agattaccac caccacccecee tecttcagace ggeggagtta tattetgggt 1800
tttgtaaaac tttatgtate tgagcattte catttttttt tttgggtttt gtattattte 1860
ttgtaaatge attgtgaaaa attttatttt cggegttgea atgeggggag gagaagtcag 1920
attatgtaca tagttttcta aaaagccttt cttctaaaaa cgaaaaaaga cccccacccea 1980
aaatgttteg agtcaacaaa tttaagagac agageccatt ttetecataa atttgtaaca 2040
tgectatttt tatgtgecatg ttttatgagt tcaaaatgca atgagggaaa tctgacaggg 2100
aaattatctg tatgaactaa aagtaaggga acccggggaa tgggaggaca ggatttttea 2160
aggaaccttt ttcaatgaaa gagaaggaag ttaaaaccta taggttattt tgtagagetg 2220
agtgttaata cgggccgaga aataaaagta teottetgete cggetgttte actgeggacg 2280
gctggggetg ctgcgegtta ccttgetgea acngggegece ttecacctgg ctgggggtet 2340
gcgecacagt ttggtccaga ngwgggagga ggaagggaag accccagtgg tgggaccetg 2400
gaccaggcca tggatgaagg acaaagacca gggcaggtca cgggtttcce aattccccag 2460
caattaagat ttcgagcaga atttatctaa atgtgtttca aggaaacaca atcgetgaac 2520
caaaacgtac tgcagccgan ccccctcegt ccatccoctetg ccceteecce tggettettt 2580
ctcttgggaa aacgggcaaa ataattgtge tggattctca cacacacaga aatatcgacce 2640
atcaccctee ccecgegtgaa ctgggatgea agttgctaac cgatgtgaac gcaaaatgec 2700
ttgttcatta ttecctgacga gatcttgagg ttgtttgatg ctttaaattt tttaattata 2760
ttatttteta ggtgtttatt ggtacattge agtttttttt ttgaaattta aasaatttcetg 2820
taaaactttg tcttcaagta atctgacagc attaaatatt gcatttaaaa attatactgt 2880
agcaaataca tttaaaaatt aatcacaacg ttaagatgaa attatatttt tggaaaaaaa 2940
aaacacttga agcccagatg gaaatacgtt tatttcageca gececttaggtt tccccteget 3000
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ttctcaacac ccttecttgt cctggagtat ggactgtccg tccaaaagtg agectatget 3060
ataagtttaa tgagaaccga attcagcctg cattcgagaa tagctttaag tataatgetg 3120
atctgacaat tgacgtgtaa tttgggaagt cattttgata attttgetta aaccactcat 3180
tcgttaaagt gattacaaaa aagttcaaga atgatgtcca ctgctttcta acaagataat 3240
aaaccccccce cctottttet ttttotttat ttttatttet tttagetatt tgatccttte 3300
tgaagcagtt gtttectggaa gagtctgtge gcccatggat ggectgagcac cactacgact 3360
tagtccggga taagggccte cccagtccte tccgggagat gatttgggaa attttataat 3420
gcttgttetg ttaactcacc gggaccttga gggtccaatg ggaccttgag ggttttetet 3480
gaaatataca aacttaaagg actctctectg aggttctttg actgacgtce actctcagte 3540
tggccccetgt geotcccctgt gtgtacceotg gagtttctgt gtccaattgt tggcatctag 3600
gtcttggete aagattagga tgtgggeccce actttagagg cacagactat gaaaagectga 3660
gttagtgege ccgggacgcce aggcaagcag cttttacagt ttggecatctt attgecaggtg 3720
cttogtgecac agtcagcetga aatagccaat gecaggtget ccaaccacct tattteeottg 3780
ttttgttgat tagaacaaca cagaaaaaag caaatataaa tttttaatga ctccatttaa 3840
aaatatcaca gggtggggge aaggaaatta getgagatte atetcaggat tgagatteta 3900
tcccccctte ccegecccca gecagtgtcege tccaattcaa attagtggag aaaagattac 3960
agtaggcccet gagcegactg tgaatteggt gettggecaa ggtaacacte ategtattea 4020
c¢ggagraaat actatatgat gatagttatt atattatatg acgacttecat tcacttecca 4080
aatcacaggg t 4091
<210> SEQ ID NO 5
<211> LENGTH: 1602
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 5
atgectecctgg acgegggtce gcagttcccg geccatcgggg tgggcagett cgegegecac 60
catcaccact cegeegegge ggeggeggeg getgecgecg agatgeagga ccgtgaactg 120
agcctggegg cggcgcagaa cggettegtt gatteccgecg ccgegecacat gggagectte 180
aagctcaacce cgggegcgeca cgagctgtce ccgggeccaga gctceggegtt cacgtegeag 240
ggecceeggeg cctacceegg cteegetgeg getgecgetg cggecgeage gctcegggece 300
cacgececgege acgttggete ctactetggg ccgeccttca actccacccg ggactteetg 360
ttccgeageg cgeggettee ggggactteg gegecgggeg gegggcagca cgggetgtte 420
gggcegggeg cgggeggect gcaccacgeg cactcggacg cgcagggceca cctectette 480
ccgggectge cagagcagca cgggcecgcac ggctcgcaga atgtgcetcaa cgggcagatg 540
cgecteggge tgcceggega ggtgttcggg cgctcggage aataccgeca ggtggccage 600
ccgcoggacceg acccctacte ggecggcegcaa ctccacaacce agtacggccc catgaatatg 660
aacatgggta tgaacatggc agcagccgcog gcoccaccacc accaccacca ccaccaccac 720
cceggtgeet ttttecgeta tatgeggecag cagtgeatca agcaggaget aatctgcaag 780
tggatcgace ccgagcaact gagcaatccce aagaagagct gcaacaaaac tttcagecacce 840
atgcacgage tggtgacaca cgtctceggtg gagcacgtcg gecggeccgga gcagagcaac 900
cacgtctget tectgggagga gtgtccgege gagggcaage ccttcaagge caaatacaaa 960
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ctggtcaacc acatccgcgt gcacacaggce gagaaaccct tcccctgeccc cttcccggge 1020
tgtggcaaag tcttcgecgeg ctccgagaac ctcaagatce acaaaaggac ccacacaggg 1080
gagaagccgt tccagtgtga gtttgaggge tgcgaccgge gettegecaa cagcagegac 1140
aggaagaagc acatgcacgt ccacacctcc gataagccet atctetgecaa gatgtgegac 1200
aagtcctaca cgcaccccag ctcgectgecgg aagcacatga aggtccatga gtcctccecg 1260
cagggttctg aatccteccce ggeccgecage tceggotatg agtegtecac gecceegggg 1320
ctggtgtcce ccagegccga gccccagage agctccaacce tgtccccage ggcggeggea 1380
gcggeggegy cggetgegge ggeggeggee geggtgteeg cggtgcaccg gggeggagge 1440
tegggeagty geggegeggg aggcggetea ggeggeggca geggeagtgg cgggggegge 1500
99c9999c9g 9c9gcggggy cggcggcage tetggegggyg gcagegggac ageecgggggt 1560
cacagcggcce tctcctcecaa cttcaatgaa tggtacgtgt ga 1602
<210> SEQ ID NO 6
<211> LENGTH: 1322
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 6
ggaattccgg gcgcggttgt gagtagtacc gggagtgggg tgatccecggg ctaggggagce 60
geggegeceqg ategggetta gteggagete cgaagggagt gactaggaca ccegggtggg 120
ctacttttet tccggtgett ttgetttttt ttteoetttgg getegggetg agtgtegecce 180
actgagcaaa gatteccteg taaaacccag agegacccete ccegteaattg ttgggetegg 240
gagtgtegeg gtgeecegag cgegeeggge geggaggcaa agggagegga geceggecgeg 300
gacggggcce ggagettgee tgectecete getegeccca gegggttege tegegtagag 360
cgeagggege gegegatgaa ggeggtgage ceggtgegee ccotegggecg caaggegecqg 420
tegggetgeg geggegggga getggegetg cgetgectgg ccgagcacgg ccacagectg 480
ggtggcetecy cageegegge ggeggeggeg geggceagege getgtaagge ggecgaggeg 540
gecggecgacqg agccggceget gtgecctgcag tgcgatatga acgactgeta tagecgecetg 600
cggaggctgg tgcccaccat cccgecccaac aagaaagtca gcaaagtgga gatcctgceag 660
cacgttatcg actacatcct ggacctgcag ctggegetgg agacgcacce ggeccctgetg 720
aggcagccac caccgcccge gecocgeccacac cacccggecg ggacctgtee ageegegecg 780
ccgoggacce cgetcactge gotcaacace gacccggecg gogcggtgaa caagcaggge 840
gacagcatte tgtgecgetg agececgegetg tccaggtgtg cggecgectg agecccgagece 900
aggagcacta gagagggagg gggaagagca gaagttagag aaaaaaagcc accggaggaa 960
aggaaaaaac atcggccaac ctagaaacgt tttcattegt cattccaaga gagagagagg 1020
aaagaaaaat acaactttca ttctttettt gcacgttcat aaacattcta catacgtatt 1080
ctettttgte teottcattta taactgetgt gaattgtaca tttetgtgtt ttttggaggt 1140
gcagttaaac ttttaagctt aagtgtgaca ggactgataa atagaagatc aagagtagat 1200
ccgactttag aagcctactt tgtgaccaag gagetcaatt tttgttttga agetttacta 1260
atctaccaga gcattgtaga tatttttttt ttacatctat tgtttaaaat agccggaatt 1320
cc 1322

<210> SEQ ID NO 7
«211> LENGTH: 2389
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<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 7
cggctcageg ggggecgagg ccatgttcce ggtgtttcet tgcacgetge tggcccccecce 60
cttececcegtg ctgggectgg actccegggg ggtgggcgge ctcatgaact ccttecccgece 120
acctcagggt cacgcccaga accccctgca ggtcgggget gagctccagt cccgettett 180
tgcctcccag ggetgegecc agagtccatt ccaggccgeg ccggegcccc cgcccacgcc 240
ccaggccccg gcggecgagce ccctccaggt ggacttgete ccggtgetcg ccgeccgecca 300
ggagtccgce gcggetgetg cggeccgetge cgcegotget gccgecgteg ctgccgegece 360
cccggcccct geccegecgect ctacggtgga cacagcggece ctgaagcagc ctccggcegec 420
ccctecgeca ccccegecag tgteggegec cgeggocgag gocgogeccce ccgectecoge 480
cgccactate gccgeggegg cggccaccge cgtecgtagee ccaacctcga cggtcegeegt 540
ggccecggte gegtetgect tggagaagaa gacaaagage aaggggccct acatctgegce 600
tctgtgecgec aaggagttca agaacggcta caatctccgg aggcacgaag ccatccacac 660
gggagccaag gccggccggg tcccctcggg tgctatgaag atgccgacca tggtgccect 720
gagectectg agegtgecce agetgagegg agecggeggq ggagggggag aggcgggtge 780
cggcggegge gctgecgcag tggccgeccegg tggegtggtg accacgaccg cctcggggaa 840
gegeatecgg aagaaccatg cctgegagat gtgtggcaag gectteegeg acgtetacca 900
cctgaaccga cacaagetgt cgcactcegga cgagaagece taccagtgee cggtgtgeca 960
gecagegette aagegcaagg accgeatgag ctaccacgtg cgetcacatg acggegetgt 1020
gcacaagece tacaactget ccecactgtgg caagagette teceggecgg atcaccteaa 1080
cagtcacgte agacaagtge actcaacaga acggecctte aaatgtgaga aatgtgagge 1140
agetttegee acgaaggate ggetgeggge gcacacagta cgacacgagg agaaagtgece 1200
atgtcacgtyg tgtggcaaga tgetgagete ggettatatt teggaccaca tgaaggtgea 1260
cagccagggt cctcaccatg tetgtgaget ctgraacaaa ggtactggtg aggtttgtece 1320
aatggceggeg gecageggeag cggeggceage ggcageageq gceageagtag cageccectee 1380
cacagetgtg ggetecetet cgggggegga gggggtgect gtgagetete agecacttece 1440
ctcoccaacce tggtgagete caagttggtt gegggggaga ggggagaatg gagtagagte 1500
ccttggtaca agetectete ccccetettt teccaccaac tectatttee ctaccaacca 1560
aggagcctce agaaggaaag gaggaagaaa tgttttetta ggggaatteg ctaggtttta 1620
acgatttget tctcetgete ctettcetate agacctgace ccacacaaac ctgtececcte 1680
ggttgtgttg aagtecccetg gacagtggge aggggtggeca gaggacacga gcageccactg 1740
ccegtaccee cteotectete tgtaageccca tgeocctgtet tcccagggac ttgtgagect 1800
cttocecotega cggtectett ctetecttee agtectetee cecetgetgte tgeageccet 1860
cccoggggag ttggtgettt ctttteettt tttttttttt tteccaggggg agggaggaga 1920
ggaaggaggg ggatcagagc tgtcccaaag agggaaagcg gtgaggtttg aggaggggca 1980
gaagcagggc cggcaaaggt tgtaccttca taaggtggta tcggggggtt ggggtcagge 2040
cctgaacate gtcctacttg agaatctgte aggggaaaaa gtcaagggga gcaggaggaa 2100
gagccaggag ggccagaggce agagaagaga tggagtctta ggggeccaggg tgagccaggg 2160
gtccagggee tagaggtget tetggggggg ggggaatgca gccagtgtce ccctececcete 2220
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ttccacccca geoctccagece tggtcttgtce ttttcatcce tectteccccac gacagaagaa

gttgtggcce tggcatgtca tcgtgttcct gtgtcccetg catgtacccce accctccacce

cctteetttt gecgecggacce cattacaata aattttaaat aaaatcctg

<210> SEQ ID NO 8
<211> LENGTH: 1860

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

gggacgtgag
gcgecegegga
gtcaagttga
cttetgecte
aagaattgca
accaagatca
agatcaaagc
ctggtgaacc
aaatgttatc
actcagttee
ttgaaaggaa
catcatttga
aattttetta
ggattgaaaa
taagaacatt
aagaaaaagc
aagaagctaa
aagaagagga
aaaaagccat
atgagcaaat
acacagagaa
tacaattact
ttattgctaa
ttattggcaa
aaaaggcatt
cgecttcaga
agaagctttt
aaatagcaga
ttgtcgagat
ccaagaaatg

acattttcat

ccgctgegece
c€ggccgggge
acctgtggga
ttttcaggaa
gttggaagag
ttatgcagtt
agctcataaa
aataaaagaa
tgatccagtg
ttetaaaagt
ttccagatgg
agatgtagat
tttagatgaa
gcagaacgga
agttgacaat
caagaaagaa
agaaaaacaa
ggaagtcaga
taagaaggaa
cagaaaagag
atcaactggt
aattaaagct
ttacatgaac
agcaaagagt
tgataagttc
acgatttgaa
ggaacaagct
agcggtgecet
ggtaaaagca
acaatctttg

tcttaaaatt

<210> SEQ ID NO 9
«211> LENGTH: 2291

caccgggcta
accgccatca
agatggtttg
ctggaggata
tttcccatge
cttggacttg
gcaatggttt
ggagataatg
aaaagacgag
gaagcaaaqqg
tcaaataaaa
atattttatt
gaagaaaaag
gcaacaagag
gcatacaget
gcagaaaaga
agacaagctg
cagcaagcat
aggcaaaaac
aaagaggaag
ggaggtggaa
gtgaatctgt
atacattett
ctccaaaaac
aaaaaagaac
ggtccatata
ttgaaaacat
ggcaggacaa
aagaaagctg
ttgtgtgtgce

atactcatgg

gacccggege
cccacgctet
aagcttttgt
agaaagagtt
tgaaaacact
gccatgtgag
taaaacatca
actacttcac
catttaacag
ataatttett
aaaatgttcc
ctttetggta
aaaaagcaga
cacaaagaaa
gtgatccaag
aagcaaaagc
aattagaage
tgctggcaaa
ttcgaaacte
ctgaggcteg
atggaagtaa
tceetgetag
cctetggagt
ttgaccctcea
atggagtggt
cagacttcac
acccagtaaa
agaaggactg
ctcaagaaca
atttttataa

taataatttg

catcatgctg
gacctctgcc
taagaggaga
atccgaggaa
tgatcccaaa
atacaaggct
cccagacaaa
ttgcataact
tgtagatcct
cgaagtgttt
taaacttggt
taattttgat
atgtegtgat
aaaagaagaa
gataaaaaag
agaagctaaa
tgeteggtta
gaaggaaaaa
atgcaagata
tatgcgacaa
aaattggtca
aacaaattca
caaaagaact
tcaaaaagat
acctcaagca
ccettggaca
tacacctgaa
catgaaacga
agtgctgaat
taaaactgaa

aaagtaaaaa

cttctgccaa
tctacactct
aacagaaatg
tcagaagatg
gactggaaga
acacagagac
cggaaagcag
aaagcttatg
acttttgata
accccagtgt
gatatgaatt
tettggagag
gagaggagat
atgaacagaa
ttcaaggaag
cggaaggagce
gctaaggaga
gatatccaga
gaagaaataa
gcatctaaga
gaagatgatc
agatgggaag
gccaaagatg
gacataaata
gacaacgcaa
acagaagaac
agatgggaaa
tacaaggaac
gcaagtagag
aatactgtaa

aaaaaaaaaa

2280

2340

2389

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 9
gaattcctga ctgccacagg tgtacaggaa acatttgtct tttgttgctg gaaagctget 60
caaatcaaag aacatttact gaagtcaaag tggtgccgcc ctacatctct caatgtggtt 120
cgaataatta catcagagct ctatcgatca ctgggagatg tcctccgtga tgttgatgec 180
aaggctttgg tgcgctctga ctttecttetg gtgtatgggg atgtcatctc aaacatcaat 240
atcaccagag cccttgagga acacaggttg agacggaagc tagaaaaaaa tgtttctgtg 300
atgacgatga tcttcaagga gtcatccccc agccacccaa ctcgttgcca cgaagacaat 360
gtggtagtgg ctgtggatag taccacaaac agggttctcc attttcagaa gacccagggt 420
ctccggegtt ttgcatttce tctgagectg tttcagggeca gtagtgatgg agtggaggtt 480
cgatatgatt tactggattg tcatatcagc atctgttctc ctcaggtggc acaactcttt 540
acagacaact ttgactacca aactcgagat gactttgtgc gaggtctctt agtgaatgag 600
gagatcctag ggaaccagat ccacatgcac gtaacagcta aggaatatgg tgcccgtgtce 660
tccaacctac acatgtactc agctgtctgt gectgacgtca tccgecgatg ggtctacccet 720
ctecaccccag aggegaactt cactgacage accacccaga getgeactca tteccggeac 780
aacatctacc gagggcctga ggtcagcctg ggccatggca gcatcctaga ggaaaatgtg 840
ctectggget ctggeactgt cattggcage aattgettta tcaccaacag tgtcattgge 900
cceggetgee acattggtga taacgtggtg ctggaccaga cctacctgtg gecagggtgtt 960
cgagtggegyg ctggageaca gatccatcag tetetgettt gtgacaatge tgaggtcaag 1020
gaacgagtga cactgaaacce acgetetgte cteacttece aggtggtegt gggeccaaat 1080
atcacgetge ctgagggete ggtgatetet ttgeaccete cagatgeaga ggaagatgaa 1140
gatgatggceg agttcagtga tgattetggg getgaccaag aaaaggacaa agtgaagatg 1200
aaaggttaca atccageaga agtaggaget getggeaagg getacctetg gaaagetgea 1260
ggcatgaaca tggaggaaga ggaggaactg cagcagaatc tgtggggact caagatcaac 1320
atggaagaag agagtgaaag tgaaagtgag caaagtatgg attctgagga gccggacage 1380
cggggaggcet ccectcagat ggatgacate aaagtgttee agaatgaagt tttaggaaca 1440
ctacagcggg gcaaagagga gaacatttet tgtgacaate tegtectgga aatcaactet 1500
ctcaagtatg cctataacqgt aagtctaaag gaggtgatge aggtactgag ccacgtggte 1560
ctggagttce ccetgeaaca gatggattee cegettgact caagecgeta ctgtgeccetg 1620
ctgotteete tgectaaagge ctggagecct gtttttagga actacataaa gegegeagec 1680
gaccatttgg aagcgttage ageccattgag gactteottee tagageatga agetettggt 1740
atttccatgg ccaaggtact gatggctttce taccagetgg agatcctgge tgaggaaaca 1800
attctgaget ggttcagcca aagagataca actgacaagg gccagcagtt gecgcaagaat 1860
caacagctge agaggttcat ccagtggcta aaagaggcag aagaggagtc atctgaagat 1920
gactgaagtc acactgcctg ctectttggg tgtgattgag tgccctectg gectecotggge 1980
tgggacaagt gaggaactag ctgcagaggg atgagtgacc accatccagg ctgagactga 2040
aaggagcaga ggctggaact acagtattct ttcccctget agcaaccatg tgectccceat 2100
cctgactgtg gagttgggat gtggaagtgg ggctggaaca aagcttetge ctagggagga 2160
gctaagcagg cccggcagtt ggaggaagge cagaggaaca gotttgtget ccggetttece 2220
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ctcagggaac agcagagagc agttggctct ttctgctget tgtatatgtt aatattaaaa

gagagtggtg

t

<210> SEQ ID NO 10
<211> LENGTH: 1580

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

atccecctecg
ataaccggag
catgctccat
gctatgcgaa
gttgcacaga
cttatgggca
caagagtctc
ctaaacttqgg
aagcgaaagce
gtgttcctca
aaaaatgetyg
tcccagacag
cageagtggy
ttecacagtee
actggcatgqg
gatgcagatg
agaatgtatt
aaagaaccaa
aaggcagagt
cctgtggtag
ggacagaatt
tacaggtgtg
tggagatggg
atttattcca
agtgtagcag
acaaacagcg

acagccacag

gttttcctca
cgctecccat
cgcctgggaa
attatttaaa
agtcatatgg
gcggatggaa
aaccgtgtge
aaggaaagaa
acttcatttt
gcaagcggat
acttatgeat
ttagtaccag
gageettttt
gagatgtcta
cacteccaag
atcctgtgte
tgtgcettte
ataaagagat
atacatttta
agagecttca
tcactccaaa
gagagagtat
tceggeaace
ccagecttac
gagcaatcct
agggaagtta

tggtatccta

<210> SEQ ID NO 11
<211> LENGTH: 2509

<212> TYPE:

DNA

gtctccacgt
ggaccacacg
atttggtgag
agagcgaggg
aaatgaaaaa
gaaaaaaaaa
atttattggg
ctattgcaca
ttctgtaaag
aaaagtcatc
tgecteagga
atacttgcat
tattcatete
catccattat
attgataatt
acaactecat
tcaagaaaga
gataaatgat
tgagggaatg
gttgaatggce
tttacgagtg
gctetgtgte
agtccaggtt
ctttacctac
tccageccaat

cacaaacgcc

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

acgtccctca
gagggcttge
cggcctccac
gatcaaacag
aggttttttt
gaacaaatqgqg
ataggaaata
gccaaaacat
atgttctatg
tccaaacctt
acaaaggtgqg
gtagaaggag
ttggatgatg
ggacaaacat
atgaaagttyg
aaatgtgecat
ataattcaat
ggegettect
ggcectgtee
ggtggggacy
tggtttgggg
gtcccagaca
ccagtaactt
acaccagaac
tcaagcecagg

agcacaaatt

aagcgcgtcc
ccgeggagga
ctaaacgact
tacttattct
gcccacctcce
aacgcgatgg
gtgaccaaga
tgtatatatc
gcaacagtga
ccaaaaagaa
ctetgtttaa
gtaattttca
atgaatcaga
gcaaacttgt
ataagcatac
tttaccttaa
ttecaggecac
ggacaatcat
ttgccecagt
tagcaatgcet
atgtagaagce
tttetgeatt
tggtccgaaa
cagggccacg
tgccecetaa

caaccagtgt

taaaacccqgg
gccgectgeg
tactagggaa
tcatgcaaaa
ttgtgtatat
ttgttctgaa
aatgcagcag
tgactcagac
tgacattggt
gcagtcattg
tegactacga
tgccagttca
aggagaagaa
gtgctcagtt
cgeattattyg
ggatacagaa
tcecatgteca
tagcacagat
cactcetgtg
tgaacttaca
tgaaactatg
ccgagaaggt
tgatggaatc
gccacattgce
cgaatcaaac

cacatcatct

tggceggggg atggggegec ggtctgectt gacagggttg caaagttgtt ttctaaatte

cgaagcgece ctetgeccee tecccccaat ctgettgegt cgggggtggg gggtgggggg

gtcacctecet caggtttegt tctttcaaac tttttgaaac cctaattggt ggectcetgag

2280

2291

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1580

60

120

180
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tgggcctegt ggactcccge ctcctaagta actcttacca cgtcactagg ccaaagaggg 240
gcgtggggtg aacgaaaggg ctcccgaact ttttttttte cageccaggecc gaacgggggce 300
tcggtaatga ttggccaggg cgcatcactg cgaacctgtc aatcacgggt cctccgggtt 360
gcgaggggceg gaccaagcocc caaccccggg gaatccgage aggtatataa ggggoccage 420
tagagcccag gcagactgtg aatgcgacct gttcgagaga actcatcagg tgcgagaagce 480
ccgegggtte ctgcoctgattt ggecgecggage attttgataa gcctaccctt cccgecggac 540
tcgoctggece acaggccccce aagctccget ccgacggagt cccagggect tttcaccgtg 600
gccgcteccag ccccgggage gccttetccet ccegecacge tggegecacct tetteccgece 660
ccggcaatgt acagccttct ggagactgaa ctcaagaacc ccgtagggac acccacacaa 720
gcggegggea ccggeggoce cgcagccceqg ggaggcgcag gcaagagtag tgcgaacgca 780
geeggeggeg cgaactcggg cggcggcage ageggtggtg cgageggagyg tggegggggt 840
acagaccagg accgtgtgaa acggcccatg aacgccttca tggtatggtc ccgcgggcag 900
cggcgcaaaa tggccctgga gaaccccaag atgcacaatt ctgagatcag caagcgcttg 960
ggcgccgact ggaaactgct gaccgacgcc gagaagcgac cattcatcga cgaggccaag 1020
cgacttegeg cegtgecacat gaaggagtat ccggactaca agtaccgace gegecgcaaq 1080
accaagacgc tgctcaagaa agataagtac tccctgecca geggectect gecteceoggt 1140
goegeggecg cegeegecge tgecgeggee geagecgetq cegecageag tceggtggge 1200
gtgggccage gectggacac gtacacgcac gtgaacgget gggcecaacgg cgegtacteg 1260
ctggtgcagg agcagetggg ctacgegeag cccccgagea tgageagece gecgecgecqg 1320
ccegegetge accegetacga catggecgge ctgecagtaca gcccaatgat gecgecegge 1380
gctcagaget acatgaacgt cgetgecgeg gecgecgecqg cctegggeta cgggggeatyg 1440
gogoecteag ccacageage cgeggecgee gectacggge ageageccege caccgecgeg 1500
geegeagetg cggeegeage cgcecatgage ctgggeccca tgggeteggt agtgaagtet 1560
gagceccaget cgecgecgece cgccatcgea tegecactete agegegegtg cctceggegac 1620
ctgegegaca tgatcageat gtacctgeca ceeggegggg acgeggecga cgecgectet 1680
cegetgeceg geggtegect gcacggegtg caccagcact accagggcege cgggactgea 1740
gtcaacggaa cggtgceget gacccacate tgagecacegg cctgegeteg tecaccettg 1800
ttececcacce ccacccccac tcccgececeg cacceccaag ttgggtegee ttgtttaget 1860
ttgeottgeet gggactgttg ccttgtaccg atgatgggga gggctgaaag ttttgetgta 1920
gctgteogggt tttgtacaaa agtcaaaaat aagtcaggag cagcgaaaat gggatcttet 1980
agagagctet cttgeccecac geegetgete cttteacett tgtaggetgg gaategetgt 2040
gttatttgca aagaaaaaac agcccccact cctectectg agttecaggg ttattetgtt 2100
acatttgaaa atgttgtctt gttagtttge agttagccaa ggagtgaatg ggagaaacat 2160
agtatcgggt gaggtccage tggagaactg caacgcctac gcccccagte gtgtegegte 2220
tgttttecete gaggtttttt ggggegetga cegetccaag cagegeggca getaaageca 2280
atgttaattt atageccaggt gtgegtgtgt ctccegecte geoegeccetg gecgegggac 2340
agcttoctgte caatcatgtt gagttggtga tttetgeccogt gatctgtttg atatttette 2400
gcgotaatgt gttcagattt cgtttgggta gtggggaggg getactttgt ttcagggttt 2460
tcaagctttt actcttaatt cctaaatgag atcaataaat tttataacc 2509
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<210> SEQ ID NO 12
<211> LENGTH: 8372
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (2677)..(2677)
<223> OTHER INFORMATION: n = a, ¢, t or g
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (5121)..(5121)
<223> OTHER INFORMATION: n = a, ¢, t or g
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (5117)..(5117)
<223> OTHER INFORMATION: n = a, ¢, t or g
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (5116)..(5116)
<223> OTHER INFORMATION: n = a, ¢, t or g
<400> SEQUENCE: 12
aagcttggtg ccatctattt tggactatgc cttgcataca gctttatggg aacatttgtce 60
aggcaaaagt ataataatgg caaactctac gccttttatt ttaaattaga ttggtgtgat 120
ttgatgctga cgggagtgag agtaatggcc ttatcctget gcaggctgtg ctgaggatgg 180
cctggtetge caccctccte gagtagcatt ttgcatgtgt aacagggtct cccctetggg 240
gcacaacaac aaagagaagt tgctaaggac aagaagcagq tgceggaaatg catcteccat 300
tggaacagcc ctgggcttac tccaatggct gagagaggtg ctatggccag tcctcccaga 360
getetgeage tgcacttggg ggtggacagt ctegtgettg tecetgegtga taacggecgt 420
gaaagccage caactgetge ccaaaatcac ccagecgatt gggggtttce catcggegea 480
ccetgecegg agecaagaag acaggcetggt getgetgtat ttgtatttat atccattget 540
gegetetgeg ttetegtgge acgectggac actectecege ctecccetce tettectect 600
ccagggccac ctccecgect tccccaccece catcetgette tgtcaaatga gaaagtcace 660
gaggagaacce caaacactcce agccgetgag agecccocttt ggcacttgge agecacgegge 720
ggcgggetee tcggetcaac ttcgaggagt ctccgecgacg caacttttgg ggacgetttg 780
catttaagag agaacgaccg aggaggagga gcgctcoctgee cggecgecge tacctgeggg 840
gagctcacca gcaaacgcca ctgcagacga aggacccaaa gaacgtaaag ggcaaactge 900
cgecgegggg agggggcace gccgagaagt tagagtgtce cagagacaac ctgctcegage 960
gctcggecgg agacactaag gcggeccggg gcegeggegtg gecctggetg gtcccccage 1020
ccectectee ggggegggag cgacgceggg gegogacgag ccccggecgg ccgagegggt 1080
ctccogeggge agecaacatt gatttcectece gggecgaggg cgagggeccg ggeggceggceg 1140
ggctgcagcee gcggecagggce gagagcatgt ccaagccggt ggaccacgtc aagcggcecca 1200
tgaacgecctt catggtgtgg tcgecgggete agecggocgceaa gatggcocccag gagaacccca 1260
agatgcacaa ctcggagatc agcaagcgcet tgggcgccga gtggaaactg ctcacagagt 1320
cggagaagceg gccgttcatce gacgaggcca agcegtctacg cgccatgcac atgaaggage 1380
accccgacta caagtaccgg ccgcggegca agcccaagac goctcctcaag aaggacaagt 1440
tegeetteoce ggtgecctac ggectgggeg gegtggegga cgecgagcac cctgegetca 1500
aggcgggege cgggetgcac gecgggggegg geggeggect ggtgectgag tcgetgeteg 1560
ccaatcccga gaaggeggec gecggecgecg ccgctgecge cgcacgegte ttettecege 1620
agtcggecge tgecgecgec gectgecgecg ccgecgecge cgegggecage ccctactege 1680
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tgctcgacct gggctccaaa atggcagaga tctcgtcgte ctegtcegge ctecccegtacg 1740
cgtecgteget gggctacccg accgegggeg cgggegectt ccacggegcg gcggcggegg 1800
ctgocagegge ggecgecegec gecocgggggge acacgcactce gcaccccage ccgggcaacce 1860
cgggctacat gatceccgtge aactgcageg cgtggcccag ccccecgggetg cagccgeccgce 1920
tcgocctacat cctgetgecg ggcatgggeca agccccaget ggacccctac cccegeggect 1980
acgctgccge gctatgaccce cgcggggccg cctcgcgagg accggtgtge acacgtgtac 2040
atatgtatag gtacgagcgc tgcggcctcce ccgtgcgecce tccecgegacce gggggccegg 2100
tttgtatgta catagaatgt ataggtgcca ggtagaggca gagaggccag gcggggcagg 2160
agtggccaag cgcgcaaggg cgcgggcgag caggcctgtg aattcgcagg atcatttcag 2220
acccgcactt cggcagccaa ctcgaaagca ggoggttgtg tgeggcageca gttggegttt 2280
gctttgcact tcggaacctg ttgegttttg acccacggag gtggaggagt aactttttga 2340
catgttggcce tttccagttt tgttggaagt ttcatggtcg gttttgtttt tgtttctcat 2400
tettettect cgeccctcag ccccccaacc cccaacccce tcccggtccg tgttgeatge 2460
acgctgttca aatgtgaggt ctgaaatgge tggcacacqgg gaaaagetge ttgtgtcatt 2520
cgtttetggyg agtgggatgg ctetgageaq cetegectee ctgtttgtac tatttgaact 2580
ttgcagatct ctgttctcete aagcagaact cccaaccaga tccattcettg accagtgacce 2640
ggctegaate tggeettttyg tgtgagatga tcacggntte ttttgtttat cacgecattt 2700
gcaaatcaga gcaagagete tttetcaagq geaagaaacy caaacaagaa atatttgtga 2760
gatgaaagtt gtcaattgga ttttetteet aaacaaacaa caacaacaaa ctactagaag 2820
tetocctgag tecacteget tggatttetg acacagttta caaaaaagga aaaaggcact 2880
getoctattt teccttatgg ctgagtteac cttaagattg taaatgtgta tatgteagtg 2940
aaaacattga ggettggaaa atgtgttatt ttegttgece taagtttgag tegactttag 3000
actcaaaaac attttgageg aatatcaaag ttaactttta aaaattgega aactatttea 3060
gaatcgcaat tttatcgaag attaaatcag acttttttgt ctggtaatta tatatttatt 3120
atttagcaaa actgaagaaa aaaagcacaq aattgttteca acagatgtet cteattttea 3180
gctageattt cteteccaag ttgagetggt ttaatgtgtt ttggatttee ctectcaatt 3240
ggcttatttt ttagatcace tgcaattcat ttgraaattg caataaaaca cattttagaa 3300
aaaaggaacc ttcaattatt agetttgttt ctttttaaat gtatatattt tgactaatgt 3360
ttgtgaatga agttggctaa catgtattta gtttcatttt ggetttatgt aatataaagt 3420
ttttaaaatt ttaaatatgg ttttaacctt tatgtgtaaa tgattttcta gtgtgacctt 3480
ctaatttaat attagacgtc taaggtatat ctgtaaatta gaatcecgact atcactetgt 3540
tcattttttt tgaacaaaga gtttaaataa agcctgaace agggaaaaga aaaatcttet 3600
atttcttgtt gagttcctaa caagattttt atctgaattg ccettacgtg cctggtecag 3660
gtgaagtgta aggtatcctc caaaggcacc ctttgtttca cttttgaata gatttactag 3720
gaaatctaaa tcaagccatt gttattcaga gccaaaaacc tgatttatca catttttaat 3780
cgtgaatagg aaagaagatt tttaaaaagc ccaagtcgtt gtattagett taacaacaac 3840
aaaaaaaaqg cattcatgaa ccagtagaac agagcccatt gaaaacatcc agacctttca 3900
aagcatttca ccagtttcta gtaacatttt aagaggggaa agttgcttga ccactttatce 3960
ttgttagttg aagagcccca ccacttaaat cagtgtaatt tgttetccta tetttggggt 4020
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attccttgtt gacaccttaa ggttttattt ggaaggataa tcactactaa cgacaaagta 4080
caaattttgg cctctttagg acttaatttt gttatgctaa tcgcattaaa gtagaagtat 4140
aacattcaaa tggagagggt tggatttcta gggctagaca aattgctact aaagtttgaa 4200
aaatcataaa ggattttaat tttagacaag aaatagaaga ctgtcagaaa aaaaaaaata 4260
ggaagatctc gcccccccge aaccaaaatq gaaattctca agatactata tacaagtett 4320
aaaccagttt ccccattgag accatctetg gagoctgcacg tctttataaa cgacccaagt 4380
ctttaaagtc attgttttce cccaacggaa taatatttta aaaaccatga aaagttttgg 4440
aaatgtgaga aataggctct gcectggtttga ccctgattca ctaattaaaa tgatccctet 4500
cctgttatte cctgagetet ttgcaatatt ataagttaat tcatatggtt ctgagegatt 4560
atgcaaaact aatttggact gtccaggggt aattatccct gacacggtta attaaatcct 4620
ttcaaggett cgtctttcce ttttgtagca gcccatccet tctcaacacg gaacttetge 4680
ggctcgetgg aaatcaccce agccctaaat cttagttace accctgagee ttecageteg 4740
gccgectect cggectgaag actccccgec tectecocegee ccocoteccctt tteccaaaga 4800
tcagegtttt ctgggagaaa cgctccggag ttgttgatga atgagaagag gactggaaag 4860
atgggtaaga ggaggggtga ggatgccgag ggggagcacc gaggtcatat cgccaacaga 4920
ttgtgegget gtttgaggac ctccacaggc cccacagact cgtttatcac ccattctgac 4980
tecaatggte ttgctaacaa gttggegggt tttgegectyg cagagagect cetgecaagt 5040
tagactgtgc agaagtaagg ggttggagcg gggggagcgg ctccggggca agagggcgta 5100
gagaaaggce c¢ggggnnggg nggtgtaage gtctgaaagt ggceccacaaa tgeagegetg 5160
tgattgggca gagagetget getggetege gatctcotate tccatcetett tatetatete 5220
cgtotetoete cotgtttete catttttett tetttectte tetetectte cttectteca 5280
tetttettet ttecettect tttattette tattttegtt tettttcaag gtttttttta 5340
aagccatgat gcaatttett tggtattcac cgttgteccca aaacttgaag caagectegt 5400
atccaagggg ccaggeatgt tgetteggge tttgtgeaaa caggtggaat tgegetgtgt 5460
aagcagtaag aactggtgct ggggagetgt cgegegaggg ggtggetttg ggagageagg 5520
gttgctggee gecgattgtta ctteeccttga caatttecte ctecccetee cccaagaaga 5580
taggagaaag caccgcggat ctcecctecteca ccccaggete ggggegcaga agatggagag 5640
aagattccac tctceccgga gcagataggg acggtcgege cagccaatca gagcgegget 5700
cggegecgge getcecggee gectgggecg cegtgteccote caggcaageg aagttcecege 5760
aactcgteccg cctcgagggt cegegtettt cttgegeceqg cggeccageg gaggecgagg 5820
gagcegtcoca aactttatta atcteotccte ctttetttet ccctecagece agtgeatete 5880
aaaggtcage cctcttettt taaaagactg atattattaa tgecactgaca attcectecccce 5940
ccotttteott ttttetetet tgecagggggg aaamaaaggg aaatggtgaa aagagetttt 6000
tttatcottt tttttttttt gtecttecagt gggageogttt agacagtecga ggaggttttg 6060
tccgagaaca aaacgcaggg ttgggaggtt ttgtgagagt gttgtttgtt gaagtggage 6120
taagaaaaag cggcggettt ctcocctcattg tgaagaaacce aatcagtggt atttggaaaa 6180
ctgttagcat tgtgeactte tteotgtgtee attgtgagge gtttetttte acaaggtttt 6240
tttttcagee gatccagetg goccggaatga atageggtge aatgtgtaca cgetttgtec 6300
ctcoggectt caagtageoce ccattgaata gactaagttg acctgegtga cagtgaaaca 6360
acataataaa aaatacatga gcccctgaat aggagcagge gcataaataa ataaaatggg 6420
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tgaccaaaac tggataaact gaatgacaaa acggtgaaag gggaacaaaa agatatttaa 6480
cacgctagat tagcattaga atgcgatcta caaggcagaa caattgatga ataggtttac 6540
cggccaagaa agaaatggac taaatgccct ttgaatagat atgetttttg caagggettt 6600
gaatagatat gcttttgcaa gggctgaatqg ggaaaaggta aagatgaagc tatgcaaatg 6660
agccggggaa ctttttatat atattcttta aacacacaca cacactgegg ggggaagagt 6720
gctgectegg gatgtttata gaagcaataa ttgcoccattat tagecattgte tgeggcagat 6780
agaaattgaa caggttggga taatataggg tagcagtaat tattcttcta attaatggtce 6840
ctttgctact tgaaaaaaga aaaaaggaaa gaagtagtaa aagttatgca gaagttatgt 6900
ttecottgtgt ccatttgecce agegetggaa tctgtggage aggaagecctg gcaattccaa 6960
gatacgcgat gatcytcaaa cattccecqggg agccagtcct gaggetetgg cttcagggec 7020
tagtttccat ttatgccgeg tttttgagag tctaatactg tgtctggcac atggtaggtg 7080
ctcactgaat agtcgtggta tgaatgaatqg aacgaatgaa tgaatgaatg aatgaatata 7140
agtttaatgg gggaaacccqg ggcctcectaa taaaggtagg ggetggggga tacctagggg 7200
cttoccccagg aggatttett ttttcatcat cccaccecctg ggagaaaggt ccacgcagga 7260
tggtegette ceccttgetyg agagttttge cttcagecta tetgggecge tggaaaagag 7320
gagaagaata aacaagagac aagcaactac tcccctaccg gegtteegte cttgtectea 7380
ctgecaaate cactecaaag ccgaggatgg tgagactgtg aagttgcaaa gaaacacaga 7440
gceccaccece ttaaagaatt acgatatatt taaagtttge ctettteagg tttetetect 7500
tggotectge cecttteccee teceggetee ttgtecttga ctgaaccetcea tgggacagag 7560
aacctectgt cceccacgag gecaaggegeg aacccegeaga gatetggggt gecetttggt 7620
tecctgeget gecctggagg cgtcecataga ggectttgee gecaaggaca geaattgttt 7680
tattttegat ggttgetege caggetgegg gtegegggee cacccagecg tegaacttte 7740
cagtcegttat cagegetget cctaacttaa tggaataatg caaattatag cetgeccage 7800
tgacacgtee ctgcgaatge gececggggetg agetetggee agecgetete tegacgteet 7860
ggacggcecgg agggaatgaa gectctgaatt gtgacaaaag tgggggggge accccaaatt 7920
ctcaaagcaa tgttettttt tttttetttt ttettaagea attgagectt accaaatgte 7980
ggggccggee gcacggaage cttgeatatt ttaaagtgta acctgagect tegeggttte 8040
agcttcactt aaaacatgca aattecttgaa attgaaaaat ctgaaaaact tccgaagagt 8100
tetatctgaa taaatccaaa tccattggga gtcgetttga ggagacaaaa cgcacagega 8160
tttggggtga gggatatttg tggggaggca ggacgtgctg gattgggttt ccagggtcaa 8220
ggtgtetetg ggecttegac gatagectta gegeagagea gggaagtgge accgetagge 8280
agcaagctca gttgetctac ttttgtgacce catcccccca cccccceccac cgecaccett 8340
gccteceoggge cactgececcet ctetgeaage tt 8372
<210> SEQ ID NO 13
<211> LENGTH: 4877
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 13
gcccgaaace cggaagtgag cggeggcage tgcgaggctc ggagaaacag gcgccgeggg 60
cteccogegece ggecggaccce gggcccgaga tcatgatget gecgecaccg ccgecaccac 120
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ggagcgagaa gcccagatag acgccccggce ggccccgggt cctggagtcce cgccegectge 180
tgcceggecg aggaccccac cccgecctgec geccgatget tgcagtgggg cccgecatgg 240
acagggatta cccgcagcat gaacccccgce cggcgggcag cctcctgtac agcccgccege 300
ccctgcagag cgccatgcetg cactgcccct actggaacac cttctcgetg ccgccatacce 360
ctgccttete cagcgacage cgcccgttca tgagctcege ctccttecte ggcagecage 420
cctgcccaga caccagctat gccccegtgg ccaccgccte cagettgcca ccaaagacct 480
gcgactttge tcaggactcc tcctattttg aggacttctce caacatctcc atcttctect 540
cgtcecgtgga ctccetgtecg gacatcgtgg acacgcccga cttcctgecg gctgacagec 600
tcaaccaggt gtccaccatc tgggacgata accctgccce ctccacccac gataagectgt 660
tccagctcag caggccgttt gcaggcettcg aggactttct geccctcccac agcaccccge 720
ttctegtcag ctaccaggag cagagtgtgc agagccagcc agaggaggag gacgaggctg 780
aggaggagga ggcggaggag ctggggcaca cagagaccta cgccgactac gtgccgtcca 840
agtccaagat cgggaagcag cacccagacc gcgtggtgga gaccagcaca ctgtccageg 900
tcccaccecece agacatcacc tacaccctgg ccctgcccte ggacagecggg gccctgtetg 960
ccctgcaget agaggccatc acctacgcct gccagcaaca cgaggtcctg ctccccageg 1020
ggcagcgcge gggctttcte atcggcgatg gggeccggegt gggcaaaggce cggacggtgg 1080
ccggagteat cetggagaac cacctgegeq gecggaagaa ageattgtgg tteagegtet 1140
ccaacgacct caagtacgat gcggagcgcg acctgcggga catcgaagcc acgggcatcg 1200
c¢ggtgeacge getcageaaq atcaagtacq gtgacaccac tacctecagag ggegtectet 1260
tegocaceta ctecgecetyg attggggaga gecaggeegq tggecageac cgcactegece 1320
teeggeagat cetggactgg tgtggggagg cetttgaggyg cgtcategtg ttegacgagt 1380
gtcacaaage caagaatgce ggctccacca agatgggcaa ggecgtgeta gacctgeaga 1440
acaagctgee cctggeccege gtggtctacg ccagegecac aggtgeetet gagectegga 1500
acatgatcta catgagecqge ttgggtatet ggggegaggg cacaccette cggaactttg 1560
aggagttcct gcacgecate gagaagaggg gegttggege catggagate gtggecatgg 1620
acatgaaggt cagcggcatg tacatcgecac gecageotcag ctteteegge gtecaccttece 1680
gcatcgagga gatcecgetg gccccagect tcgagtgegt ctacaaccge gcagccetge 1740
tgtgggecga ggccctgaac gtgttccage aggecggecga ctggategge ctggagtege 1800
gcaagtccct gtggggecag ttetggtegg cacaccageg cttettcaag tatctgtgea 1860
tecgragecaa ggtgcgecgg ctggtggage tggecccgaga ggagetggeg cgagacaagt 1920
gcgtggtcecat cgggetgcag tccacgggeg aggcgcogcac gcgggaggtg ctgggggaga 1980
acgatgggca cctcaactge ttecgtctegg cegetgaagg cgtgttectg tegetaatte 2040
agaagcactt tccgtccacc aagagaaagc gggacagagg agcgggcagc aagcggaaac 2100
ggcgacctcg gggacgceggg gccaaagccc cccggctgge gtgcgagaca gcgggegtca 2160
tcegcatcag tgacgacage agcacggagt cggaccctgg cctggacage gacttcaact 2220
ccteoecceocga gtocetggtg gatgacgacg ttgtcatcgt tgatgcagte gggetccceca 2280
gtgacgaccg gggatccctg tgectcectge agagagacce gcatggecce ggggtcetgg 2340
agcgggtgga gecggetgaag caggatctge tggacaaagt gegeceggetg ggcecgggaac 2400
tgccagtcaa caccectggac gagctcatcg accagetggg cggeccccag cgggtggegg 2460
agatgaccgg caggaaaggc cgegtggtgt ccaggeccga cgggacggtg gecttegagt 2520
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cgcgggcaga gcagggtctg tccatcgacc acgtgaacct cagggagaag cagcgcttca 2580
tgagcggega gaagctcegtg geccatcatct cggaggccte cagectcgggt gtetccectece 2640
aagccgaccqg ccgtgtccag aaccagcgge gccgegtgca catgaccttg gagctgeegt 2700
ggagcgccga ccgcgccatc cagcagttcg gccgcaccca ccggtccaac caggtctecg 2760
cgccagagta tgtcttecte atctecggage tggoccgggga gegecggtte gectecateg 2820
tggccaagcg cctggagagt ctgggggccc tgacccacqgg agaccgccgc gccacggagt 2880
cccegtgacct cagcaagtac aactttgaga acaagtatgg cacccgggece ctgcactgtg 2940
tcctcaccac catcctgage cagactgaga acaaagtgcce tgtgccccag ggataccctg 3000
gaggggtcce caccttette cgggacatga agcagggect getgtetgtg ggeattggtg 3060
gccegggagte ccggaatgge tgcctggacq tggagaagga ctgtteccate accaagttcce 3120
tgaaccgcat cctggggetg gaggtgcaca agcagaatge cctgttccag tacttctcag 3180
acaccttcga ccacctcatc gagatggaca agcgggaggg caaatacgac atgggcatcc 3240
tggaccttge tccceggtate gaggagatct acgaggagag ccagcaggtg ttcctggete 3300
ccgggcacce gcaggacggg caggtggtct tctacaagat cagcgtggac cgcggcctga 3360
agtgggagga cgectttgee aagtegetgq cgetgacggg ccectatgac ggettetace 3420
tctcctacaa ggtccgeggt aacaagccca getgcctget ggecggagcag aaccgcggec 3480
agttecttecac ggtgtacaag cccaacateg gecggeagag ccagetggag gecctggaca 3540
gectecgeeg caagttecac cgggtcaceg cggaggagge caaggagcece tgggagagtg 3600
gcetacgettt gtegetgacy cactgeagee acagegecty gaacceggeac tgecggetgg 3660
cgcaggaggg taaggactge ctgecagggge tgeggetgeg gcaccactac atgetgtgeg 3720
gegegetget gegegtgtgg ggecgeateg cegecgtceat ggecgacgte ageageagea 3780
gctacetgea gategtgegg ctgaagacca aggacaggaa gaagcaagtg ggcatcaaga 3840
teccegaggg ctgegtgege cgggtgetge aggagetgeg getgatggat geggacgtga 3900
agcgcaggca ggegecegee ctgggetgec ccgoceeogec cgeccegege ccgeotggege 3960
tgeeottgegy cececggagag gtgetggace tcacctacag ccececggece gaggecttece 4020
cgecogeccce gcacttetet tteceggege cgetgtecet ggacgecgge cceoggegteg 4080
tgeccgetggg caccccecgac geccaggecg accctgegge cctegegeac cagggctgeg 4140
acatcaactt caaggaggtg ctggaggaca tgectgegete getgeacgeg gggecgecet 4200
ccgagggege getgggggag ggegeggggy ©9gggggcyge ggegggeggt ggtcccgage 4260
ggcagagcgt gatccagttc agecccaccet tececceggege ccaggeteet ctetgacacg 4320
cctttaggeg aaacatgecee caagacacag ggaccgttte teccctagga gecageggtgg 4380
ggagcagggc caaggtcccc tgaccactge tcagaggage cctaggecct ggeccgcagtg 4440
ccttecagege ccgacceggg cccccacctg gtcagecccetg geggggecca ctcaggacag 4500
ctgggggcecg gggegtggca gggccctete tgtgecteote ctcctaagta ggaagggget 4560
ccgggtgget getctgggac tgggcaccca caagggctca gtgggceccaa acccttgaaa 4620
tcegtgaaac cgggtggtec caagagctag aaactcagga aaccccaggt gctcagggece 4680
ccgegteteg ggggetcegt ggggocagacce cetgctaata tatgcaattce tccetcceece 4740
agccocetteoce tgacccctaa gttattgeoce geotcacctet cccaggecce aggcecgegga 4800
gctggcaggg tggegectge ggtttotatg tatttatage aagttectgat gtacatatgt 4860
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aaaggacttt tttaaat 4877
<210> SEQ ID NO 14
<211> LENGTH: 1872
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 14
tcaggctgec tgatctgeccc agetttccag ctttcctetg gattecceggec tetggtcatce 60
ccteoceccace ctctetccaa ggeccctctee tggtctccet tettectagaa ccccttecte 120
cacctcccte tctgcagaac ttctccettta ccccccacce cccaccactg ccccctttec 180
ttttctgacc tcettttgga gggctcageg ctgcccagac cataggagag atgtgggagg 240
ctcagttcct gggcttgetg tttctgcage cgetttgggt ggcteccagtg aagcctctece 300
agccaggggce tgaggtcccg gtggtgtggg cccaggaggg ggctcctgecc cagctccect 360
gcagccccac aatccccctce caggatctca gccttoctgeqg aagagcaggg gtcacttgge 420
agcatcagcc agacagtggc ccgccecgetg ccgecccegg ccatccecctg gccceccggec 480
ctcaccegge ggcgecctce tcetggggge ccaggocccceg ccgctacacg gtgctgageg 540
tgggtccecgg aggcctgege agcgggaggce tgcccctgeca gecccegegtc cagetggatg 600
agcgcggccg gcagegcggg gacttctcege tatggoctgeg cccageccegg cgcgeggacg 660
ceggegagta cegegecgeg gtgeaccteca gggaccgege ccteteetge cgectecgte 720
tgcgcctggg ccaggcctcg atgactgcca geccccccagg atctetcaga gecctccegact 780
gggtcatttt gaactgetee ttecagecgee ctgaccgece agectetgtg cattggttece 840
ggaaccgggqg ccagggecga gtecctgtee gggagtccce ccatcaccac ttageggaaa 900
gettectett cetgecccaa gtecageccca tggactetgg gecctgggge tgeatcetca 960
ccetacagaga tggettceaac gtetecateca tgtataacet cactgttetg ggtetggage 1020
ccccaactee cttgacagtg tacgetggag caggttecag ggtggggetg ccetgecgee 1080
tgectgetgg tgtggggace cggtetttee tcactgecaa gtggacteet cetgggggag 1140
gccotgaccet cctggtgact ggagacaatg gegactttac cettegacta gaggatgtga 1200
gccaggccca ggctgggace tacacctgece atatccatct gcaggaacag cagctcaatg 1260
ccactgtcac attggcaate atcacagtga ctcccaaate ctttgggteca cectggatece 1320
tggggaaget getttgtgag gtgactccag tatctggaca agaacgettt gtgtggaget 1380
ctctggacac cccatcccag aggagtttet caggaccttg getggaggea caggaggecce 1440
agctecettte ccageettqg caatgecage tgtaccaggg ggagaggett cttggageag 1500
cagtgtactt cacagagctg tctagcccag gtgeccaacg ctctgggaga geccccaggtg 1560
cccteccage aggccaccte ctgetgttte tcacceocttgg tgtcetttet ctgetecettt 1620
tggtgactgg agecctttgge tttcaccttt ggagaagaca gtggegacca agacgatttt 1680
ctgcecttaga gcaagggatt caccctegec aggctcagag caagatagag gagctggagce 1740
aagaaccgga gccggagoccg gagccggaac cggagcccga goccgagocc gagccggage 1800
agctctgace tggagctgag gcagccagca gatctcageca geccagtcca aataaacgtce 1860
ctgtctagea gc 1872

<210> SEQ ID NO 15
<211> LENGTH: 1201

«212> TYPE:

DNA

<213> ORGANISM: Homo sapiens



83

US 7,314,721 B2

-continued

84

<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>
<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>

FEATURE :
NAME/KEY: Unsure
LOCATION: (697)..(698)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (715)..(715)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (764)..(764)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (772)..(772)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (782)..(782)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (835)..(835)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (849)..(849)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (880)..(880)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (886)..(886)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (931)..(931)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (935)..(935)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (944)..(944)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (950)..(950)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (966)..(966)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (976)..(976)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (983)..(983)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (988)..(988)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1014)..(1014)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1053)..(1054)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1061)..(1061)

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cy

Cy

Cy

c,

c,

c,

c,

c,

c,

c,

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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<223> OTHER INFORMATICON: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1066)..(1066)
<223> OTHER INFORMATICON: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1076)..(1076)
<223> OTHER INFORMATICON: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1093)..(1093)
<223> OTHER INFORMATICON: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1100)..(1100)
<223> OTHER INFORMATICON: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1104)..(1104)
<223> OTHER INFORMATICON: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1104)..(1104)
<223> OTHER INFORMATICON: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1115)..(1115)
<223> OTHER INFORMATICON: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1121)..(1121)
<223> OTHER INFORMATICN: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1129)..(1129)
<223> OTHER INFORMATICN: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1134)..(1135)
<223> OTHER INFORMATICN: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1144)..(1144)
<223> OTHER INFORMATICON: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1149)..(1149)
<223> OTHER INFORMATION: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1153)..(1153)
<223> OTHER INFORMATION: n = a, ¢, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1169)..(1169)
<223> OTHER INFORMATION: n = a, c, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1178)..(1178)
<223> OTHER INFORMATION: n = a, c, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1182)..(1182)
<223> OTHER INFORMATION: n = a, c, or
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (1193)..(1193)
<223> OTHER INFORMATION: n = a, c, or
<400> SEQUENCE: 15
gagtctacgg cattgctgag gacgctgeccce agggcatcge taatgaggac geccgaccagg 60
gcatcgctaa tgaggacacc acccagtgca tcgccaacga ggaagccgcec cagggcatcg 120
ccgaggacge catccaggge atcgccaacg aggaggttge ccagggcatc geccaatgggg 180
tcgeegecaca gggcatcgec aatgaggacg ccacccaggg catcgccaac tgggacgecg 240
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tccacggett cgccaacggg gacgccgtcc tcagcttege caacggggac gccgcccagg 300
gcatcgccaa cggggacgcc accaagggca tgggcaacga ggtcaccatc cacggcatcg 360
ctaacgagga cgccgtccag ggcatcgcta acgaggtgge cgcccaggge atcgccaacg 420
aggacgccgc ccagggaatc gccgaggatg tcgcacaggg catcgccaac gaggacgccg 480
cccagggcat cgccaacaag gaggccgccc agggcatcge caacgaggac gccgcccagg 540
gaatcgctga ggacgtcgca cagggcatcg ccaacgagga tgccgcccag ggcatcgcca 600
acgaggaggc cgcccagggc atcgccaaca gggtcgccge ccagggcatc gccaatgacg 660
ccacccaggg catcgccgag gacaccgcca ggctttnnca acgacgaacg ccgtncaagg 720
cattggttaa cgaggacgcc gtcttgggca ttggccaacg aacnacgccg tncaaggcat 780
tngnttaatg aaaaaatgga gttccaccgqgg tattcgaata accaaggaca cccgnccaag 840
ggcattggnc naactgggga cttccgtcca agggecctttn cccaangggg gacccccgec 900
caagggccct cctttaatgg gggtcgnccg nccangggece tttntttacn ggggaccccce 960
tccaanggge attttntttt ttnggggncc cccccccaag gggttccctt tganggggaa 1020
gtttttccac gggatttttt taaaaaggga ccnncttcce ngggentttt ttttanaaag 1080
gacccattee aantttttgn ttgnaaaggg accenttect ngggtttant aaanngggac 1140
ccencccang ggntttatta aattggaanc ccccccangg gnttttttta ttnggaccce 1200
c 1201
<210> SEQ ID NO 16
<211> LENGTH: 748
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (697)..(698)
<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:
<221> NAME/KEY: Unsure
<222> LOCATION: (715)..(715)
<223> OTHER INFORMATION: n = a, ¢, g or t
<400> SEQUENCE: 16
gagtctacgg cattgectgag gacgctgcce agggcatcge taatgaggac gccgaccagg 60
gcatcgctaa tgaggacacc acccagtgca tcgccaacga ggaagccgcc cagggcatcg 120
ccgaggacge catccaggge atcgccaacg aggaggttge ccagggcatc gccaatgggg 180
tecgocegeaca gggcatcgec aatgaggacg ccacccaggg catcgccaac tgggacgecg 240
tcecacggett cgeccaacggg gacgccgtece tcagettege caacggggac gccgcccagg 300
gcatcgccaa cggggacgcc accaagggca tgggcaacga ggtcaccatc cacggeatcg 360
ctaacgagga cgccgtceccag ggcatcgeta acgaggtgge cgcccaggge atcgccaacq 420
aggacgccge ccagggaatc gccgaggatg tcgracaggg catcgccaac gaggacgccg 480
cccagggcat cgccaacaag gaggccgccc agggcatcge caacgaggac gccgcccagg 540
gaatcgctga ggacgtcgca cagggcatcg ccaacgagga tgccgceccag ggcatcgeca 600
acgaggaggc cgcccaggge atcgccaaca gggtcgcege ccagggcatc gccaatgacg 660
ccacccaggg catcgccgag gacaccgcca ggctttnnca acgacgaacg ccgtncaagg 720
cattggttaa cgaggacgcc gtcttggg 748

<210> SEQ ID NO 17
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<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>
<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>

LENGTH: 1232
TYPE: DNA

ORGANISM: Home sapiens

FEATURE:
NAME/KEY: Unsure

LOCATION: (214)..(214)

OTHER INFORMATICON: n
FEATURE:
NAME/KEY: Unsure

LOCATION: (243)..(243)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (269)..(269)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (291)..(291)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (294)..(294)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (317)..(317)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (334)..(335)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (341)..(341)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (358)..(358)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (379)..(379)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (392)..(392)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (394)..(395)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (405)..(405)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (413)..(413)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (416)..(416)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (418)..(418)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (423)..(423)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (425)..(425)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (429)..(430)

OTHER INFORMATION: n

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cy

Cy

Cy

c,

c,

c,

c,

c,

c,

c,

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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-continued

92

<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>
<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>

FEATURE:

NAME/KEY: Unsure

LOCATION:

(434)..(434)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(439)..(440)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(442) .. (442)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(446)..(447)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(454)..(454)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(456) .. (456)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(459) .. (460)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(467) .. (467)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(473) .. (474)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(485)..(486)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(491)..(491)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(499)..(500)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(502)..(502)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(505)..(505)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(509)..(509)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(513)..(513)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(516)..(517)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(520)..(520)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(525)..(525)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(528)..(528)

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cy

Cy

Cy

c,

c,

c,

c,

c,

c,

c,

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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-continued

94

<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>
<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>

OTHER INFORMATICN: n
FEATURE:
NAME/KEY: Unsure

LOCATION: (532)..(532)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (534)..(534)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (537)..(539)

OTHER INFORMATICON: n
FEATURE:
NAME/KEY: Unsure

LOCATION: (548)..(549)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (552)..(552)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (555)..(555)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (557)..(557)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (562)..(562)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (569)..(569)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (586)..(587)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (590)..(590)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (592)..(592)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (594)..(594)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (597)..(597)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (602)..(603)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (606)..(606)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (611)..(611)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (618)..(619)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (622)..(622)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

c,

c,

c,

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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-continued

<222> LOCATION: (626)..(626)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (631)..(631)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (635)..(635)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (637)..(637)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (643)..(643)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (645)..(645)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (648)..(648)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (650)..(650)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (653)..(653)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (655)..(655)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (658)..(658)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (660)..(660)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (663)..(663)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (668)..(668)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (670)..(670)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (672)..(673)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (677)..(677)

<223> OTHER INFORMATION: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (679)..(679)

<223> OTHER INFORMATICON: n = a, ¢, g or t
<220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (683)..(683)

<223> OTHER INFORMATICON: n = a, ¢, g or t
«220> FEATURE:

<221> NAME/KEY: Unsure

<222> LOCATION: (687)..(688)

«223> OTHER INFORMATICON: n =a, ¢, g or t
«220> FEATURE:
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-continued

98

<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>
<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>

NAME/KEY: Unsure

LOCATION: (691)..(691)

OTHER INFORMATICON: n
FEATURE:
NAME/KEY: Unsure

LOCATION: (693)..(693)

OTHER INFORMATICON: n
FEATURE:
NAME/KEY: Unsure

LOCATION: (696)..(696)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (703)..(703)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (705)..(705)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (714)..(714)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (720)..(721)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (725)..(725)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (727)..(727)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (730)..(731)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (734)..(734)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (750)..(750)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (755)..(756)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (760)..(762)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (767)..(767)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (775)..(775)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (780)..(781)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (784)..(784)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (787)..(787)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (789)..(789)

OTHER INFORMATION: n

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cy

Cy

Cy

c,

c,

c,

c,

c,

c,

c,

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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100

<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>
<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>

FEATURE:

NAME/KEY: Unsure

LOCATION:

(794)..(796)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(802)..(802)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(804)..(804)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(806)..(806)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(814)..(814)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(826)..(827)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(834)..(834)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(847)..(847)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(850)..(850)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(853)..(855)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(864)..(865)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(869)..(870)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(872)..(872)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(874)..(876)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(878)..(878)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(883)..(883)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(887)..(887)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(889)..(889)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(900)..(900)

OTHER INFORMATION: n =

FEATURE:

NAME/KEY: Unsure

LOCATION:

(902)..(902)

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cy

Cy

Cy

c,

c,

c,

c,

c,

c,

c,

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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102

<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>
<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>

OTHER INFORMATICN: n
FEATURE:
NAME/KEY: Unsure

LOCATION: (904)..(905)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (910)..(910)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (915)..(916)

OTHER INFORMATICON: n
FEATURE:
NAME/KEY: Unsure

LOCATION: (918)..(918)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (923)..(923)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (925)..(925)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (930)..(930)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (933)..(935)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (937)..(938)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (944)..(946)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (949)..(949)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (952)..(952)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (954)..(954)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (956)..(956)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (958)..(960)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (962)..(967)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (970)..(972)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (974)..(974)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

LOCATION: (978)..(978)

OTHER INFORMATION: n
FEATURE :
NAME/KEY: Unsure

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

a,

c,

c,

c,

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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104

<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>
<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>

LOCATION: (981)..(982)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (996)..(997)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1000)..(1000)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1005)..(1006)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1009)..(1012)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1015)..(1015)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1027)..(1027)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1030)..(1030)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1032)..(1032)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1035)..(1035)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1039)..(1039)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1042)..(1042)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1045)..(1047)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1055)..(1055)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1061)..(1061)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1076)..(1076)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1081)..(1082)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1086)..(1086)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1091)..(1091)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1094)..(1096)
OTHER INFORMATION: n = a,
FEATURE :

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cy

Cy

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or
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106

<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>
<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>

NAME/KEY: Unsure
LOCATION: (1103)..(1103)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1105)..(1107)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1110)..(1111)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1116)..(1118)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1126)..(1127)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1130)..(1130)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1132)..(1134)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1136)..(1136)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1141)..(1141)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1143)..(1144)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1149)..(1149)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1152)..(1155)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1159)..(1160)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1165)..(1166)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1169)..(1170)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1172)..(1172)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1176)..(1178)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1180)..(1180)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1182)..(1182)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1184)..(1184)
OTHER INFORMATION: n = a,

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cr

Cy

Cy

Cy

c,

c,

c,

c,

c,

c,

c,

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or



107

US 7,314,721 B2

-continued

108

<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>

FEATURE :
NAME/KEY: Unsure
LOCATION: (1186)..(1187)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1189)..(1189)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1208)..(1208)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1212)..(1212)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1215)..(1216)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1227)..(1227)
OTHER INFORMATION: n = a,
FEATURE :

NAME/KEY: Unsure
LOCATION: (1232)..(1232)
OTHER INFORMATION: n = a,

SEQUENCE: 17

Cr

Cr

Cr

Cr

Cr

Cr

Cr

or

or

or

or

or

or

or

ctgaggctgg
ctggggetygy
ctggggetga
ctgaggttygg
ctnaggetga
ctggagetgqg
tgaagctgag
tgngnatgnn
gaatnnaaat
antctaannc
annccncate
ttnttaantn
ntttnanacn
ntenttngng
cactttnaan
ancnnatttn
cnnnnnnacn
aaatcanaan
nntctntaat
nanncctant

cttatttnat

ggctggggct
ggctgagget
ggctgggget
ggctgggact
ggttgggget
ggctganget
getggggent
ctgnggetnn
ntccaccann
¢necnanana
ntttaaannt
gnnaacntna
nctnactteg
cacnnnaaaa
aannntttta
tccanntnta
nncnccenta
antancacna
ntannncaaa
annnntacnn

ancanntcac

<210> SEQ ID NO 18
«<211> LENGTH: 387

<212> TYPE:

PRT

ggggctgagyg ctggagetgyg
g999ctgggy ctggggetgy
gggactgagg ctggggetgy
gaggetgggyg ctanggetgy
ggggetggng ctgacgetgy
g999ctgggg ctgnngetga
aacgctgage tngnngcetgqg
c¢nteenngac aaananttnn
tntgnaaant tangcnnttn
tnctaggana tgtttacaca
gnattnaaaa naaanantga
ctnactnnca nanatnttaa
gagaataaan actcnncctn
tnanancctt cttnttttga
ttcnnaatnn cnannntnta
ttntnceetn ttnnnennat
nnaatattgc acaacnnaan
cnccennnatce cctanaagtg
tanannnctn nttggnnnat
cagcnncann tncttnnntn

tctceentat cn

<213> ORGANISM: Homo sapiens

gactgaggct
ggctgggact
gactgagget
ggctgagget
ggctgagget
netggggetyg
tgetnatget
aacttgnggt
ggacnaanaa
agcaannatn
aangncencn
aantnggaaa
nnaatgnctc
tacccnnaaa
canaggntnt
attnnncana
aatannacnn
nttaaaactc
caccannacn

tntntnnana

g999ctgggy
gaggctgggy
gg9g9gctyggqy
ggggctaggy
nggnctgagyg
aggcteenge
tgnctnanaa
ttnnteetgg
anantcnnna
tnancanatc
ttnanccnen
caancacacn
agacnaccen
aaanaaaaac
tcacattctn
ananantnnn
nnttntataa
tatgtncnne
tnnnanaccc

acccaactecc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1232
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<400> SEQUENCE:

Met Tyr Ser Met

1

Gln

Gly

Asp

Gln

65

Ile

Lys

Lys

Leu

Gly

145

Val

Ala

Pro

Ala

His

225

His

Ser

Tyr

Gln

Gly

305

Ser

Arg

Ala

Gln

Thr
385

Ala

Gly

Arg

50

Arg

Ser

Arg

Glu

Leu

130

Ala

Gly

Gly

Gly

Gln

210

Arg

Asn

Pro

Gly

Asn

290

Ala

Pro

Glu

Ala

His

370

His

Pro

Gly

35

Val

Arg

Lys

Pro

His

115

Lys

Gly

Ala

Gly

Ser

195

Leu

Thr

Pro

Ile

Gly

275

Ser

Leu

Pro

Met

Ala

355

Tyr

Ile

Thr

20

Gly

Lys

Lys

Arg

Phe

100

Pro

Lys

Gly

Ala

Ala

180

Val

Ala

Pro

Gln

Ser

260

Leu

Ala

Gly

Ala

Ile

340

Ala

Gln

<210> SEQ ID NO

18

Met

Asn

Gly

Arg

Met

Leu

85

Ile

Asp

Asp

Gly

Pro

165

Tyr

Ala

Tyr

Ala

Pro

245

Asn

Pro

Val

Ala

Pro

325

Ser

Ala

Gly

19

Met

Leu

Gly

Pro

Ala

Gly

Asp

Tyr

Lys

Gly

150

Val

Ala

Ala

Gly

His

230

Met

Ser

Tyr

Ala

Leu

310

Ala

Met

Ala

Ala

Glu

Ser

Gly

Met

55

Gln

Ala

Glu

Lys

Tyr

135

Ala

Gly

His

Ala

Gln

215

Pro

His

Gln

Gly

Ala

295

Gly

His

Tyr

Ala

Gly
375

Thr

Gly

Gly

40

Asn

Glu

Glu

Ala

Tyr

120

Ser

Ala

Gln

Val

Ala

200

His

His

Arg

Gly

Ala

280

Ala

Ser

Ser

Leu

Ala

360

Ala

Asp

Pro

25

Gly

Ala

Asn

Trp

Lys

105

Arg

Leu

val

Arg

Asn

185

Ala

Pro

Pro

Tyr

Tyr

265

Ala

Ala

Leu

Arg

Pro

345

Gln

Gly

Leu

10

Ala

Gly

Phe

Pro

Lys

90

Arg

Pro

Ala

Ala

Leu

170

Gly

Ala

Gly

His

Asp

250

Met

Ala

Ala

Val

Ala

330

Ala

Ser

Val

His

Gly

Gly

Met

Lys

75

Val

Leu

Arg

Gly

Met

155

Glu

Trp

Ala

Ala

His

235

Met

Ser

Ala

Ala

Lys

315

Pro

Gly

Arg

Asn

Ser

Ala

Ala

Val

60

Met

Met

Arg

Arg

Gly

140

Gly

Ser

Ala

Ala

Gly

220

Pro

Gly

Ala

Ala

Ala

300

Ser

Cys

Glu

Leu

Gly
380

Pro

Gly

Lys

45

Trp

His

Ser

Ala

Lys

125

Leu

Val

Pro

Asn

Met

205

Gly

His

Ala

Ser

Ala

285

Ala

Glu

Pro

Gly

His

365

Thr

Gly

Gly

Ala

Ser

Asn

Glu

Leu

110

Thr

Leu

Gly

Gly

Gly

190

Met

Ala

Ala

Leu

Pro

270

Ala

Ala

Pro

Gly

Gly

350

Ser

Val

Gly

Gly

Asn

Arg

Ser

Ala

g5

His

Lys

Ala

Val

Gly

175

Ala

Gln

His

His

Gln

255

Ser

Ala

Ser

Ser

Asp

335

Asp

Leu

Pro

Ala

Gly

Gln

Gly

Glu

Glu

Met

Thr

Ala

Gly

160

Ala

Tyr

Glu

Pro

Pro

240

Tyr

Gly

His

Ser

Gly

320

Leu

Pro

Pro

Leu



111

US 7,314,721 B2

-continued

112

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

Met Tyr Asn Met

1

Thr

Met

Lys

65

Leu

Leu

Arg

Gly

Val

145

Ala

Gln

Gln

Ser

Met

225

Gly

Ser

Met

Pro

Gly
305

Ser

Gln

Val

50

Met

Leu

Arg

Arg

Gly

130

Gly

His

Leu

Met

Met

210

Ser

Ser

Ser

Ile

Ser

290

Thr

Gly

Lys

35

Trp

His

Ser

Ala

Lys

115

Leu

Ala

Met

Gly

Gln

195

Thr

Tyr

Val

Ser

Ser

275

Arg

Ala

Gly

20

Asn

Ser

Asn

Glu

Leu

100

Thr

Leu

Gly

Asn

Tyr

180

Pro

Ser

Ser

Val

His

260

Met

Leu

Ile

317

18

Met

5

Gly

Ser

Arg

Ser

Thr

85

His

Lys

Ala

Leu

Gly

165

Pro

Met

Ser

Gln

Lys

245

Ser

Tyr

His

Asn

<210> SEQ ID NO 20

<211> LENGTH:

<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

443

<400> SEQUENCE: 20

Glu

Gly

Pro

Gly

Glu

Glu

Met

Thr

Pro

Gly

150

Trp

Gln

His

Gln

Gln

230

Ser

Arg

Leu

Met

Gly
310

Thr

Gly

Asp

Gln

55

Ile

Lys

Lys

Leu

Gly

135

Ala

Ser

His

Arg

Thr

215

Gly

Glu

Ala

Pro

Ser

295

Thr

Glu

Asn

Arg

40

Arg

Ser

Arg

Glu

Met

120

Gly

Gly

Asn

Pro

Tyr

200

Tyr

Thr

Ala

Pro

Gly

280

Gln

Leu

Leu

Ser

Val

Arg

Lys

Pro

His

105

Lys

Asn

val

Gly

Gly

185

Asp

Met

Pro

Ser

Cys

265

Ala

His

Pro

Lys

10

Thr

Lys

Lys

Arg

Phe

90

Pro

Lys

Ser

Asn

Ser

170

Leu

vVal

Asn

Gly

Ser

250

Gln

Glu

Tyr

Leu

Pro

Ala

Arg

Met

Leu

Ile

Asp

Asp

Met

Gln

155

Tyr

Asn

Ser

Gly

Met

235

Ser

Ala

Val

Gln

Ser
315

Pro

Ala

Pro

Ala

60

Gly

Asp

Tyr

Lys

Ala

140

Arg

Ser

Ala

Ala

Ser

220

Ala

Pro

Gly

Pro

Ser

300

His

Gly

Ala

Met

45

Gln

Ala

Glu

Lys

Tyr

125

Ser

Met

Met

His

Leu

205

Pro

Leu

Pro

Asp

Glu

285

Gly

Met

Pro

Ala

Asn

Glu

Glu

Ala

Tyr

110

Thr

Gly

Asp

Met

Gly

190

Gln

Thr

Gly

Val

Leu

270

Pro

Pro

Gln

15

Gly

Ala

Asn

Trp

Lys

g5

Arg

Leu

Val

Ser

Gln

175

Ala

Tyr

Tyr

Ser

Val

255

Arg

Ala

Val

Gln

Gly

Phe

Pro

Lys

80

Pro

Pro

Gly

Tyr

160

Ala

Asn

Ser

Met

240

Thr

Asp

Ala

Pro

Met Arg Pro Val Arg Glu Asn Ser Ser Gly Ala Arg Ser Pro Arg Val

1

5

10

15

Pro Ala Asp Leu Ala Arg Ser Ile Leu Ile Ser Leu Pro Phe Pro Pro

20

25

30
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Asp Ser Leu Ala His Arg Pro Pro Ser Ser Ala Pro Thr Glu Ser Gln
35 40 45

Gly Leu Phe Thr Val Ala Ala Pro Ala Pro Gly Ala Pro Ser Proc Pro
50 55 60

Ala Thr Leu Ala His Leu Leu Pro Ala Pro Ala Met Tyr Ser Leu Leu
65 70 75 80

Glu Thr Glu Leu Lys Asn Pro Val Gly Thr Pro Thr Gln Ala Ala Gly
85 90 95

Thr Gly Gly Pro Ala Ala Pro Gly Gly Ala Gly Lys Ser Ser Ala Asn
100 105 110

Ala Ala Gly Gly Ala Asn Ser Gly Gly Gly Ser Ser Gly Gly Ala Ser
115 120 125

Gly Gly Gly Gly Gly Thr Asp Gln Asp Arg Val Lys Arg Pro Met Asn
130 135 140

Ala Phe Met Val Trp Ser Arg Gly Gln Arg Arg Lys Met Ala Leu Glu
145 150 155 160

Asn Pro Lys Met His Asn Ser Glu Ile Ser Lys Arg Leu Gly Ala Asp
165 170 175

Trp Lys Leu Leu Thr Asp Ala Glu Lys Arg Pro Phe Ile Asp Glu Ala
180 185 190

Lys Arg Leu Arg Ala Val His Met Lys Glu Tyr Pro Asp Tyr Lys Tyr
195 200 205

Arg Pro Arg Arg Lys Thr Lys Thr Leu Leu Lys Lys Asp Lys Tyr Ser
210 215 220

Leu Pro Ser Gly Leu Leu Pro Pro Gly Ala Ala Ala Ala Ala Ala Ala
225 230 235 240

Ala Ala Ala Ala Ala Ala Ala Ala Ser Ser Pro Val Gly Val Gly Gln
245 250 255

Arg Leu Asp Thr Tyr Thr His Val Asn Gly Trp Ala Asn Gly Ala Tyr
260 265 270

Ser Leu Val Gln Glu Gln Leu Gly Tyr Ala Gln Pro Pro Ser Met Ser
275 280 285

Ser Pro Pro Pro Pro Pro Ala Leu His Arg Tyr Asp Met Ala Gly Leu
290 295 300

Gln Tyr Ser Pro Met Met Pro Pro Gly Ala Gln Ser Tyr Met Asn Val
305 310 315 320

Ala Ala Ala Ala Ala Ala Ala Ser Gly Tyr Gly Gly Met Ala Pro Ser
325 330 335

Ala Thr Ala Ala Ala Ala Ala Ala Tyr Gly Gln Gln Pro Ala Thr Ala
340 345 350

Ala Ala Ala Ala Ala Ala Ala Ala Ala Met Ser Leu Gly Pro Met Gly
355 360 365

Ser Val Val Lys Ser Glu Pro Ser Ser Pro Pro Pro Ala Ile Ala Ser
370 375 380

His Ser Gln Arg Ala Cys Leu Gly Asp Leu Arg Asp Met Ile Ser Met
385 390 395 400

Tyr Leu Pro Pro Gly Gly Asp Ala Ala Asp Ala Ala Ser Pro Leu Pro
405 410 415

Gly Gly Arg Leu His Gly Val His Gln His Tyr Gln Gly Ala Gly Thr
420 425 430

Ala Val Asn Gly Thr Val Pro Leu Thr His Ile
435 440
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<210> SEQ ID NO 21
<211> LENGTH: 276
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

Met Ser Lys Pro

1

Val

Met

Leu

Arg

65

Arg

Pro

Ala

Ser

Ala

145

Ala

Ser

Ser

Ala

Ser

225

Ser

Leu

Ala

Trp

His

Thr

50

Ala

Lys

Tyr

Gly

Leu

130

Ala

Ala

Lys

Ser

Ala

210

His

Ala

Pro

Ala

Ser

Asn

Glu

Met

Pro

Gly

Ala

115

Leu

Arg

Ala

Met

Leu

195

Ala

Pro

Trp

Gly

Ala
275

Arg

20

Ser

Ser

His

Lys

Leu

100

Gly

Ala

Val

Ala

Ala

180

Gly

Ala

Ser

Pro

Met

260

Leu

21

Val Asp
5

Ala Gln

Glu Ile

Glu Lys

Met Lys
70

Thr Leu
85

Gly Gly

Leu His

Asn Pro

Phe Phe
150

Ala Ala
165

Glu Ile

Tyr Pro

Ala Ala

Pro Gly
230

Ser Pro
245

Gly Lys

<210> SEQ ID NO 22
<211> LENGTH: 533
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

His

Arg

Ser

Arg

55

Glu

Leu

Val

Ala

Glu

135

Pro

Gly

Ser

Thr

Ala

215

Asn

Gly

Pro

Val

Arg

Lys

40

Pro

His

Lys

Ala

Gly

120

Lys

Gln

Ser

Ser

Ala

200

Ala

Pro

Leu

Gln

Met Leu Leu Asp Ala Gly Pro Gln

1

5

Phe Ala Arg His His His His Ser

20

Ala Glu Met Gln Asp Arg Glu Leu

35

40

Lys Arg
10

Lys Met
25

Arg Leu

Phe Ile

Pro Asp

Lys Asp
90

Asp Ala
105

Ala Gly

Ala Ala

Ser Ala

Pro Tyr
170

Ser Ser
185

Gly Ala

Ala Ala

Gly Tyr

Gln Pro

250

Leu Asp
265

Pro

Ala

Gly

Asp

Tyr

75

Lys

Glu

Gly

Ala

Ala

155

Ser

Ser

Gly

Ala

Met

235

Pro

Pro

Met

Gln

Ala

Glu

60

Lys

Phe

His

Gly

Ala

140

Ala

Leu

Gly

Ala

Gly

220

Ile

Leu

Tyr

Phe Pro Ala Ile

10

Ala Ala Ala Ala

25

Ser Leu Ala Ala

Asn

Glu

Glu

Ala

Tyr

Ala

Pro

Leu

125

Ala

Ala

Leu

Leu

Phe

205

Gly

Pro

Ala

Pro

Gly

Ala

Ala
45

Ala

Asn

30

Trp

Lys

Arg

Phe

Ala

110

Val

Ala

Ala

Asp

Pro

190

His

His

Cys

Tyr

Ala
270

Val

Ala
30

Gln

Phe

15

Pro

Lys

Arg

Pro

Pro

95

Leu

Pro

Ala

Ala

Leu

175

Tyr

Gly

Thr

Asn

Ile

255

Ala

Gly
15

Ala

Asn

Met

Lys

Leu

Leu

Arg

80

Val

Lys

Glu

Ala

Ala

160

Gly

Ala

Ala

His

Cys

240

Leu

Tyr

Ser

Ala

Gly
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Phe

Gly

65

Gly

Ala

Phe

Thr

Gly

145

Pro

Asn

Glu

Ala

Asn

225

Pro

Leu

Ser

Ser

Trp

305

Leu

Pro

Ile

Glu

Met

385

Lys

Glu

Tyr

Gln

Ala

Val

50

Ala

Pro

Leu

Asn

Ser

130

Gly

Gly

Gly

Gln

Gln

210

Met

Gly

Ile

Cys

Val

290

Glu

Val

Phe

His

Gly

370

His

Ser

Ser

Glu

Ser

450

Ala

Asp

His

Gly

Gly

Ser

115

Ala

Leu

Leu

Gln

Tyr

195

Leu

Ala

Ala

Cys

Asn

275

Glu

Glu

Asn

Pro

Lys

355

Cys

Val

Tyr

Ser

Ser

435

Ser

Ala

Ser

Glu

Ala

Pro

100

Thr

Pro

His

Pro

Met

180

Arg

His

Ala

Phe

Lys

260

Lys

His

Cys

His

Gly

340

Arg

Asp

His

Thr

Pro

420

Ser

Ser

Ala

Ala

Leu

Tyr

85

His

Arg

Gly

His

Glu

165

Arg

Gln

Asn

Ala

Phe

245

Trp

Thr

Val

Pro

Ile

325

Cys

Thr

Arg

Thr

His

405

Gln

Thr

Asn

Ala

Ala

Ser

70

Pro

Ala

Asp

Gly

Ala

150

Gln

Leu

Val

Gln

Ala

230

Arg

Ile

Phe

Gly

Arg

310

Arg

Gly

His

Arg

Ser

390

Pro

Gly

Pro

Leu

Ala

Ala

55

Pro

Gly

Ala

Phe

Gly

135

His

His

Gly

Ala

Tyr

215

Ala

Tyr

Asp

Ser

Gly

295

Glu

Val

Lys

Thr

Phe

375

Asp

Ser

Ser

Pro

Ser

455

Ala

His

Gly

Ser

His

Leu

120

Gln

Ser

Gly

Leu

Ser

200

Gly

His

Met

Pro

Thr

280

Pro

Gly

His

Val

Gly

360

Ala

Lys

Ser

Glu

Gly

440

Pro

Val

Met

Gln

Ala

Val

105

Phe

His

Asp

Pro

Pro

185

Pro

Pro

His

Arg

Glu

265

Met

Glu

Lys

Thr

Phe

345

Glu

Asn

Pro

Leu

Ser

425

Leu

Ala

Ser

Gly

Ser

Ala

Gly

Arg

Gly

Ala

His

170

Gly

Arg

Met

His

Gln

250

Gln

His

Gln

Pro

Gly

330

Ala

Lys

Ser

Tyr

Arg

410

Ser

Val

Ala

Ala

Ala

Ser

75

Ala

Ser

Ser

Leu

Gln

155

Gly

Glu

Thr

Asn

His

235

Gln

Leu

Glu

Ser

Phe

315

Glu

Arg

Pro

Ser

Leu

395

Lys

Pro

Ser

Ala

Val

Phe

60

Ala

Ala

Tyr

Ala

Phe

140

Gly

Ser

Val

Asp

Met

220

His

Cys

Ser

Leu

Asn

300

Lys

Lys

Ser

Phe

Asp

380

Cys

His

Ala

Pro

Ala

460

His

Lys

Phe

Ala

Ser

Arg

125

Gly

His

Gln

Phe

Pro

205

Asn

His

Ile

Asn

Val

285

His

Ala

Pro

Glu

Gln

365

Arg

Lys

Met

Ala

Ser

445

Ala

Arg

Leu

Thr

Ala

Gly

110

Leu

Pro

Leu

Asn

Gly

190

Tyr

Met

His

Lys

Pro

270

Thr

Val

Lys

Phe

Asn

350

Cys

Lys

Met

Lys

Ser

430

Ala

Ala

Gly

Asn

Ser

Ala

Pro

Pro

Gly

Leu

Val

175

Arg

Ser

Gly

His

Gln

255

Lys

His

Cys

Tyr

Pro

335

Leu

Glu

Lys

Cys

Val

415

Ser

Glu

Ala

Gly

Pro

Gln

80

Ala

Pro

Gly

Ala

Phe

160

Leu

Ser

Ala

Met

His

240

Glu

Lys

Val

Phe

Lys

320

Cys

Lys

Phe

His

Asp

400

His

Gly

Pro

Ala

Gly
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-continued
465 470 475 480
Ser Gly Ser Gly Gly Ala Gly Gly Gly Ser Gly Gly Gly Ser Gly Ser
485 490 495
Gly Gly Gly Gly Gly Gly Ala Gly Gly Gly Gly Gly Gly Ser Ser Gly
500 505 510
Gly Gly Ser Gly Thr Ala Gly Gly His Ser Gly Leu Ser Ser Asn Phe
515 520 525
Asn Glu Trp Tyr Val
530
What is claimed is: 4. The method of claim 1, wherein SOX1 (SEQ ID
1. A method for diagnosing cancer, comprising NO:18) or ZIC2 (SEQ ID NO:22) are detectably labeled.
contacting a biological sample isolated from a patient, 5. The method of claim 4, wherein the detectably labeled

2.
fluid, a body effusion or a tissue.
3. The method of claim 2, wherein the sample is blood or

who is suspected of having the cancer, with SOX1 20 SOX1 (SEQ ID NO:18) or ZIC2 (SEQ ID NO:22) is labeled
(SEQ ID NO: 18) or ZIC2 (SEQ ID NO: 22) and  with a radioactive label or an enzyme.

determining the presence or level of an antibody that 6. The method of claim 1, wherein the nucleic acid
binds SOX1 (SEQ ID NO: 18) or ZIC2 (SEQ ID NO: molecule is SOX1 (SEQ ID NO:4).

22) or antibodies that bind SOX1 (SEQ ID NO: 18) and 7. The method of claim 1, wherein the nucleic acid
ZIC2 (SEQ ID NO: 22), wherein the presence or level 25 molecule is ZIC2 (SEQ ID NO:5).

of said antibody or antibodies is an indication that the 8. The method of claim 1, wherein the sample is contacted
subject has cancer, wherein the cancer is small cell lung with SOX1 (SEQ ID NO:18) and ZIC2 (SEQ ID NO:22).
cancer. 9. The method of claim 1, wherein the sample is contacted

with SOX1 (SEQ ID NO:18).
10. The method of claim 1, wherein the sample is con-
tacted with ZIC2 (SEQ ID NO:22).

The method of claim 1, wherein the sample is a body 4,

serum. kooEF Kk
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