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METHODS AND COMPOSITIONS FOR SPECIFICALLY TARGETING HUMAN
HEPATOCELLULAR CARCINOMA CELLS

FIELD OF THE INVENTION

Aspects of the present invention related generally to hepatocellular carcinoma cells, and
more particularly to methods and compositions for targeting and treating hepatocellular

carcinoma cells, for screening for therapeutic compounds.

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of priority to United States Provisional Patent
Application Serial Number 60/565,588, filed 27 April 2004, and entitled METHODS FOR
SPECIFICALLY TARGETING HUMAN HEPATOCELLULAR CARCINOMA CELLS, and

which is incorporated by reference herein in its entirety.

BACKGROUND

Identification of molecular targets or pathways specific to the malignant cells would
have substantial utility to affect the growth and viability of cancer cells without affecting non
cancer cells. There is a pronounced need in the art for identification of such targets on human
hepatocellular carcinoma (HCC) cells to provide methods and compositions for affecting the

growth or viability of these cancer cells.

SUMMARY OF PARTICULAR ASPECTS OF THE INVENTION

Expression microarray technology has enabled the identification of a number of genes
that are expressed at significantly higher or lower levels in HCC tissue relative to non-tumor
tissue. Such genes and their encoded polypeptides are the subject of particular aspects of the
present invention which relates to the specific targeting of hepatocellular carcinoma cells. These
molecular targets provide a means to design and create agents which will specifically alter cell
processes in the cancer cells or tumors resulting in reduced cell growth or viability. These

targets are such that a molecular agent or compound that is designed and created to interact
1
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specifically with the target molecule is likely to preferentially affect only those cells expressing
the target molecule. A variety of such targeting agents and corresponding methodologies are
described below.

The nature of these genes and their encoded polypeptide or protein products dictates the
method by which they can be utilized as targets specific to cancer cells. Even though all of the
encoded polypeptides of the present invention are cell associated, they can be segregated into
distinct categories. Such target polypeptide categories include receptors found on the surface of
the cell, including, prostaglandin receptor membrane component 1 (PGRMCI, SEQ ID NO:1)
and semaphorin 5A (SEMAS5A, SEQ ID NO:2), as well as the membrane bound transporters
‘solute carrier family member’ (SLC2A2, SEQ ID NO:3) and ATP-binding ca;ssette subfamily C
member 2 (ABCC2, SEQ ID NO:4). The membrane associated target polypeptides, SEMASA
(SEQ ID NO:2), PGRMC1 (SEQ ID NO:1), ABCC2 (SEQ ID NO:4) and SLC2A2 (SEQ ID
NO:3) are up-regulated in tumor tissue in comparison to non-tumor tissue. These proteins can
be targeted by naked antibodies, antibody-based reagents, or antibodies or antibody-based
reagents conjugated or coupled to compounds that alter cell function. A diverse array of such
compounds may be employed in the methods of the present invention, including proteins, toxins
or cytotoxic agents, and radioisotopes.

The membrane associated target polypeptides of the present invention can also be
targeted by antagonists (e.g., for SEQ ID NOS:1-2) or inhibitors (e.g., for SEQ ID NOS:3-4).
Alternatively, 'receptor function associated with SEMASA (SEQ ID NO:2) and PGRMCI1 (SEQ
ID NO:1) can be affected by compounds or agents that bind the corresponding receptor’s ligand.
Such compounds useful in the methods of the present invention include anti-ligand antibodies
and soluble forms of the receptor.

Additionally, the expression of the up-regulated polynucleotides SEMASA (SEQ ID
NO:2), PGRMC1 (SEQ ID NO:1), ABCC2 (SEQ ID NO:4), and SLC2A2 (SEQ ID NO:3), can
be inhibited by antisense technology (and including siRNA methods). This is established
technology in which polynucleotides, including genomic DNA, cDNA, RNA, siRNA,

ribozymes, and derivatives such as S-oligonucleotides, complementary to the polynucleotide
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sequences of interest, are administered to inhibit expression of genes encoding the target
polypeptides.

A fifth target polypeptide of the present invention is a cytoplasmic enzyme, histidine
ammonia lyase (HAL, SEQ ID NO:8). Expression of the gene encoding HAL (SEQ ID NO:8) is
down-regulated in tumor tissue as compared to non-tumor tissue. The decrease in HAL (SEQ
ID NO:8) gene expression in tumor tissue indcates that increasing the expression of HAL, or its
corresponding polypeptide, will detrimentally affect HCC cell growth or viability. The present
invention includes gene therapy approaches aimed at increasing HAL (SEQ ID NO:8) activity
by administration of a polynucleotide encoding HAL (SEQ ID NO:8). Similarly, the HAL
target polypeptide (SEQ ID NO:8), or an active fragment thereof, can be administered.
Additionally, down regulation of this enzyme in disease tissue is expected to result in increased
levels of histidine and histamine and decreased levels of urocanic acid providing additional
approaches to selectively targeting HCC cells.

The discussion below is descriptive, illustrative and exemplary and is not to be taken as

limiting the scope of any inventive defined by any presently or subsequently appended claims.

DETAILED DESCRIPTION

The term “treating” as used herein is intended to encompass treating, preventing, curing
or ameliorating a condition (e.g., hepatocellular carcinoma) in a patient having or at risk for the
condition.

In particular aspects, expression microarray analysis of tumor samples from Hepatitis C
(HCV) infected patients with hepatocellular carcinoma (HCC) led to the identification of genes
that were specifically up or down-regulated in hepatocellular carcinoma tumor tissue when
compared to HCV infected, cirrhotic non-tumor tissue, and normal liver tissue.

Liver and HCC samples were obtained during surgical procedures with prior informed
consent from all persons involved. HCC samples included 21 from HCV infected patients and 1
from a patient infected with Hepatitis B. In addition, 4 samples of normal, non-diseased liver
and 8 samples of HCV infected, cirrhotic liver with no evidence of HCC were used for analysis.

Total RNA was isolated as described in Geiss et al. (2001). RNA amplification was performed
3
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using a T7 RNA polymerase protocol (Eberwine, 1996) with the AmpliScribeTM Transcription
kit (Epicentre Technologies, Madison, Wisconsin) as described by the manufacturer. T he
quality of amplified RNA samples was evaluated using capillary electrophoresis in an Agilent
2100 Bioanalyzer (Agilent Technologies, Palo Alto, California).

c¢DNA microarrays were constructed by the University of Washington's Center for
Expression Array Technology using PCR products generated by amplification of sequence
verified LM.A.G.E. consortium clones obtained from Research Genetics (St. Louis, MO)
(Lennon et al. 1996). Microarrays were constructed as previously described (Geiss et al. 2001).
A human high density set consisted of two arrays, each of which represented 7,296 human
clones in duplicate with a number of additional control sequences, for a total of 14,976 clones
(approximately 13,597 unique IL.M.A.G.E. cDNA clones). Each single experiment involved
interrogation of two slides for which dye labels had been reversed (fluor reversal methodology
as described in Geiss et al. 2000; Geiss et al. 2001). A total of at least four separate
hybridization measurements were taken per gene per experiment. Protocols used for probe
synthesis, microarray hybridization, and wash conditions were as previously described (Geiss et
al. 2001).

Microarrays were scanned and the images were quantified using a custom spot-finding
program, Spot-On Image (Geiss et al. 2000 and Geiss et al. 2001), that calculated the standard
deviations and the mean ratios between the expression levels of each gene in the analyzed pair of
samples. Raw data and sample information were entered into a custom designed database,
Expression Array Manager, and evaluated using Rosetta Biosoftware's Resolver® Version 3.0
(Rosetta Biosoftware, Kirkland, WA), a software package for the storage and analysis of
microarray expression data. This package implements common statistical procedures
(clustering, trend analysis, similarity searches based on a BLAST-related algorithm, etc.)
together with a sophisticated error model to compensate for biolégical and experimental
variation.

The expression microarray data was processed by examining only HCV-infected HCC
patient samples and sorting for genes that were significantly (p< 0.01) up or down-regulated

(more than two-fold) in tumor versus non-tumor liver samples from the same patient. Genes
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that met these criteria in eight or more patients were then analyzed in control samples from HCV
infected patients with liver cirrhosis but no tumors and also in samples of normal healthy liver.
If the expression of the gene was unchanged or changed in the opposite direction in control
samples, its potential for use as a therapeutic target was further evaluated using information
available in the National Center for Biotechnology Information databases (Unigene, OMIM,
LocusLink, and HomoloGene) and currently published literature regarding the location and
function of its polypeptide product.

Target polypeptides of the present invention comprise protein products of genes that are
preferentially or specifically up-reguléted or down-regulated in HCC tissue. Such polypeptide,
and genes and RNA encoding them are viable pharmacological or therapeutic targets for the
treatment of HCC due to their location or activity and include PGRMCI1 (SEQ ID NO:1),
SEMASA (SEQ ID NO:2), ABCC2 (SEQ ID NO:4), SLC2A2 (SEQ ID NO:3) and HAL (SEQ
ID NO:8). The amino acid sequences of the target polypeptides and certain variants thereof are
listed herein in the Sequence Listing (e.g., SEQ ID NOS:1-8). The differential expression of
these genes provides for a number of ways to specifically target HCC cells in order to affect
their growth and or viability. These methodologies are the subject of particular aspects of the

present invention and are detailed below.

Description of the Target Polypeptides of SEQ ID NOS: 1-4

PGRMCI (SEQ ID NO:). PGRMCI is a progesterone receptor. While many
progesterone receptors are intracellular, PGRMCI is believed to be localized to the plasma
membrane (Krebs et al. 2000). The activity of progesterone receptors is dependent upon
progesterone binding which is followed by a translocation of the receptor to the cell nucleus.

SEMAS5A (SEQ ID NO: 2). The semaphorin family comprises a large number of secreted
and membrane bound members. The neutropilins and the plexins serve as semaphorin receptors.
SEMASA is a membrane bound protein. Neutropilin and/or plexin are believed to be ligands for
SEMASA (Adams and Tucker 2000). The neutropilins and plexins are membrane bound,

suggesting that SEMASA binding with these molecules results in a cell to cell interaction.
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Alternatively, SEMAS5A may bind an as yet unidentified molecule such as a soluble form of a
plexin or neutropilin (see examples below).

SLC242 (SEQ ID NO:3). SLC2C2 is a facilitative glucose transporter. It belongs to a
family of 12 transmembrane domain proteins. Binding extracellular glucose results in a
transformational change that relocates glucose into the cell (Oka et al. 1990).

ABCC2 (SEQ ID NOS:4-7). ABCC2 is an integral membrane protein involved in multi-
drug resistance. It functions in the energy-dependent transport of chemotherapeutic agents and

other molecules out of hepatocytes (Gerk and Vore 2002).

Targeting of Cancer Cells

In particular aspects, the identified targets provide at least two approaches by which the
growth and or viability of the HCC cells may be effected. The surface receptors (SEQ ID
NOS:1-7) can simply be used as specific targets without regard to the biology of these
molecules. An agent that specifically binds a surface receptor can be used to deliver a locally-
acting biological agent (e.g., therapeutic agent) that will affect the targeted cell. The nature of
the targeted molecule is important only in that it is accessible to the targeting agent and that it is
found in significantly greater concentrations on the cancer cell than non-cancer cells. For
example, an antibody-radioisotope conjugate that binds a membrane receptor present exclusively
on HCC cells would be expected to affect only those cells expressing the receptor (HCC cells).
Alternatively, immunization of an individual with a target molecule, or derivantive thereof, may
prompt the individual's immune system to mount an immune response specific to the target
molecule resulting in elimination of those cells expressing said molecule.

In additional aspects, another approach to the utilization of the target molecules is based
on a presumed causal relationship between the observed change in their expression in tumor
cells, and cancer cell growth or survival. Interfering with the expression or biological function
of molecules up-regulated in tumors would be expected in such instances to be detrimental to
cell growth or viability. Those targets that are down-regulated in tumors may interfere with
growth or viability and therefore up-regulation or replacement of their function would be

expected to reduce growth or viability of the specific cells involved.
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Examples of particular approaches in the utilization of the identified target molecules are

noted below.

Antibodies Useful in the Methods of the Present Invention

The term “antibody” is used in the context of this invention to include a variety of
molecules familiar to one skilled in the art. Antibodies provide a means to specifically target
cells at a molecular level by binding specific molecules or antigens. In the present invention, the
molecules targeted by antibodies are the polypeptides or fragments of the polypeptides as
defined by SEQ ID NOS:1-7. Antibodies, and/or antibody-based reagents specific to these
molecules can be generated by a variety of methods and can exist in a variety of forms as
described below.

Antibodies can be polyclonal, monoclonal, single chain Fv, recombinant chimeric
molecules, and fragments such as Fab', Fab'(2), minibodies, and domain deleted antibodies.
Antibodies are identified and produced by a variety of means including, but not limited to: in
vivo production in rabbits, sheep, rats, mice; production of recombinant molecules in vitro in
mammalian, fungal, bacterial, insect or plant cells or in transgenic animals; selection in phage
display or re(;ombinant yeast systems; and chemical or proteolytic modification of any of the
molecules noted above. A description of these antibodies and their selection and production is
found in the following references: King et al. 1994; Xiang et al. 1997; Glennie and Johnson
2000; Green 2000; Nuttall et al. 2000; Huston and George 2001; Kriangkum et al. 2001; Reff
and Heard 2001; Siegel 2002.

Antibodies and antibody conjugates which target molecules specific to cancer cells or
other molecular targets, are useful as they can specifically alter the growth or the viability of
only those cells expressing the target molecule. However, antibodies as in vivo therapeutics
present several difficulties. Antibodies of non-human origin may induce a host immune
response. Another problem is that antibodies often do not penetrate tumors well due in part to
their size. To overcome these problems, a variety of approaches have been taken and are well
documented in the literature (Reff and Heard 2000; Reiter 2001). For example, to render non-

human antibodies less antigenic, molecular biological approaches have been taken to replace
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non-human regions of the antibody with equivalent regions from human immunoglobulins while
leaving the complementarity regions intact (Morrison et al. 1984; Reff and Heard 2001). These
techniques range from, simple substitution of the non-human constant regions of the antibody
with the constant regions of human immunoglobulin molecules, to more sophisticated
methodologies where the non human complementarity regions on the non human
immunoglobulin are spliced, grafted, or engineered into a human immunoglobulin molecule
(Jones et al. 1986). An important example of this technology is Herceptin® (trastuzumab)
which is a humanized mouse monoclonal antibody used to treat breast cancer (Carteret al. 1992;
Goldenberg 1999).

Another example, Rituxan® is used to treat non-Hodgkins lymphoma and consists of a
murine variable region fused to a human gamma-1 constant region (Johnson and Glennie 2001;
Maloney et al. 2002).

Another type of antibody useful in the practice of the present invention is a Primatized®
antibody. Primatized® antibodies are developed by immunizing cynomologous monkeys. The
antibody variable regions of the cynomologous antibodies are indistinguishable from the
homologous human molecule. As is the case with Rituxan®, human immunoglobulin constant
regions are spliced onto the cynomologous variable region. Primatized® antibodies have been
developed to treat lupus and allergic asthma (Newman et al. 1992; Nakamura et al. 2000).

Aspect of the present invention also include the use of human antibodies obtained from
transgenic animals (Green 1999). These antibodies are identified and characterized in the same
manner as those from non-transgenic animals but would not illicit the immune response
normally expected with nonhuman antibody therapeutics. Human antibodies have been
generated in mice against several therapeutic targets including interleukin-8 (Yang et al. 1999),
and epidermal growth factor (Davis et al. 1999; Yang et al. 2001).

Antibodies can also be chemically modified to render them less antigenic, thereby
improving the pharmacokinetic properties for use in vivo. The most commonly used technique
is to covalently bind polyethylene glycol to the immunoglobulin molecule (Chapman 2002).
This has been done without loss of efficacy with a monoclonal anti-interleukin-8 antibody used

to prevent edema in ischemia reperfusion injury (Leong et al. 2001) and with a monoclonal
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antibody used to treat colon cancer (Deckert et al. 2000). Antibody fragments have also been
used in vivo to affect cell growth or viability and offer several advantages. Removal of portions
of the antibody molecule may render it less immunogenic and increase half-life in circulation.
Their reduced size allows more rapid diffusion, thereby enhancing the ability to penetrate solid
tumors. There are a variety of antibody fragments which have been generated in a number of
ways. Such fragments include single chain Fv, Fab' and Fab'(2) and chimeric versions thereof
(Behr et al. 1995; Glennie and Johnson 2000; Kortt 2001; Weir et al. 2002), minibodies
(Tramontano et al. 1994; Hu et al. 1996), and domain deleted antibodies (Reff and Heard 2001),
all of which have been reviewed in the literature in terms of development, selection and
production (Reff and Heard 2001).

Phage display technology has enabled the selection of single chain antibodies from
libraries of human immunoglobulins (Dani 2001; Rhyner et al. 2002). As an example, an anti-
carcinoembryonic antibody for the treatment of cancer has been isolated from a phage scfv
library (Chester et al. 2000). An embodiment of the present invention features the use of single
chain antibodies to block ligand binding of the polypeptides of SEQ ID NOS:1-2, thereby
affecting the viability or growth of HCC cells.

Inhibition of the Biological Activity of the Target Polypeptides of SEQ ID NOS: 1-7

Antibodies that bind receptors and block ligand binding without receptor activation
(antagonists) are a means to specifically target and impact the biological activity of cells
expressing those receptors. Antibodies that specifically bind the target polypeptides of SEQ ID
NOS:1-7 or fragments thereof form a part of the present invention. One skilled in the art is
capable of producing said antibodies or in the case of recombinant antibody libraries, screening
for said antibodies.

For example, rabbits or mice or other suitable animals are immunized with peptide
fragments of PGRMC1 (SEQ ID NO:1), which are from regions at or near the progesterone
binding site. Some of the antibodies generated in this way are expected to bind PGRMCI and
sterically interfere with progesterone binding preventing receptor activation by progesterone.

Analogous antibodies for each of the other membrane associated polypeptides of SEQ ID

9
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NOS:2-7 can be obtained similarly. Similar approaches are known in the art. Anti-peptide
antagonists have been generated, for example, which inhibit the biological activity of
interleukin-1 accessory protein (Yoon and Dinarello 1998) and epidermal growth factor receptor
(Gentry and Lawton 1986).

An activity assay can be used to identify antibodies with therapeutic potential. Said assay
would consist of screening a single chain Fv (scfv) phage display library on a cell based assay.
As an example, an scfv phage display antibody library is first screened verses SLC2ZA2 (SEQ ID
NO:3) or peptide fragments thereof. Single chain antibodies would be cloned from SLC2A2
reacting phage and further tested on SLC2A2 transformed oocytes as developed by Permutt et
al. (1989) that have SLC2A2 glucose transporter activity. Those scfvs that inhibit SLC2A2
activity have therapeutic potential. In this case, the functional assay is of low throughput so the
primary screen consists of identifying those phage expressing scfvs that bind the target
polypeptide. In other instances, a high throughput activity assay may be available, obviating the
need for a binding assay as a primary screen (see the next example).

As a third example, monoclonal antibodies generated against PGRMC1 (SEQ ID NO:1)
are amenable to use in an MDCK cell assay which measures export of radio-labeled
dinitrophenyl GSH (Evers et al. 1998). Antibodies that block the efflux of the radio-labeled
compound have therapeutic potential in the treatment of HCC. This assay is relatively high
throughput so that antibodies of therapeutic potential can be identified without a second screen.
Antibody antagonists have been produced against a number of previously identified human cell
surface receptors including epidermal growth factor receptor (Crombet-Ramos et al. 2002) and
interleukin-2 receptor (Olive et al. 1986).

In another embodiment of the present invention, an antibody binding to a receptor
inhibits receptor function without inhibiting ligand binding. Ligand binding normally will
induce a structural change in the receptor leading to signal transduction, subunit dissociation,
internalization, or some combination thereof with which the binding of an antibody to the
receptor may interfere. Antibodies generated against one or more of the polypeptides of SEQ ID
NOS:1-7, in this aspect of the present invention, are screened for the ability to block receptor

function. Some of the antibodies testing positive in such a screen would be competitive
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inhibitors of ligand binding while others would be expected to inhibit receptor function without
grossly affecting ligand binding.

Certain receptors have both stimulatory and regulatory ligands. Another embodiment of
the present invention therefore includes the use of inhibitory ligands including growth factors,
cytokines, chemokines, and other naturally occurring molecules that bind the polypeptides
encoded by SEQ ID NOS: 1-7 and block their respective activities. These molecules are
identified using assays based on ligand binding or ligand induced receptor activation.
Compounds are screened to identify those that block ligand binding or reduce ligand induced
activation of the receptor. Sources of inhibitory ligands include, but are not limited to,
conditioned medium from cultured mammalian cells, synovial fluid, serum, plasma, spinal fluid,
and the like.

Small molecule receptor inhibitors have been isolated by high throughput screening of
compounds (Landro et al. 2000). The source of these compounds varies but includes collections
of natural molecules (Munro et al. 1999; Harvey 1999), combinatorial chemical libraries (Floyd
et al. 1999; Ramstrom and Lehn 2002), or synthetic peptide libraries (Shusta et al. 1999).
Particular aspects of the present invention include molecules that specifically bind and inhibit
activation of the polypeptides of SEQ ID NOS:1-7 to be used in targeting HCC cells. Examples

of screening assays for the identification of such small molecule inhibitors are described above.

Patient Immunization as a Means to Develop Inhibitory Antibodies
Patients may be immunized with one or more of the target polypeptides SEQ ID NOS:1-

7 or immunogenic fragments thereof in order to induce an immune response. This will induce
the patient's immune system to preferentially destroy the tumor cells expressing these
polypeptides. The literature contains a number of like examples including immunization by
antiidiotypic antibodies for the treatment of melanoma (Lutzky et al. 2002), immunization with
melanoma antigens for the treatment of the disease (Perales and Wolchok 2002) and
immunization with recombinant fusion protein containing portions of the human epidermal

growth factor receptor (Vidocvic et al. 2002).
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Receptor Ligands as Targets

To inhibit the activation or activity of receptors encoded by SEQ ID NOS:1-2, ligands
are targeted to prevent them from binding their respective receptors. Binding ligands can be
accomplished in a variety of ways as noted below, which are embodied in the present invention
as a means to target HCC cells affecting growth or viability.

Genes encoding soluble receptors based on the target polypeptides SEQ ID NOS:1-2, are
predicted and produced using standard molecular biological techniques. These molecules
contain at least the ligand binding portion of the respective receptor and may or may not include
a portion of the membrane associated part of the molecule. This concept is illustrated by the
rheumatoid arthritis drug, Enbrel® which binds TNF and prevents the ligand from binding and
activating the TNF-receptor. Enbrel® is a chimeric molecule which is a fragment of an
immunoglobulin molecule combined with the ligand binding region of the TNF receptor that is
produced recombinantly in mammalian cells (Murray and Dahl 1997).

Some receptors exist in 2 forms, one being membrane bound and the other soluble. For
example, the receptors for TNF-alpha and interleukin-1 exist in membrane and soluble forms.
The soluble forms were developed as therapeutics for inflammation and sepsis (Lowry 1993;
Kluth and Rees 1996). A similar inhibitor based on the sequence of the target polypeptides of
the present invention (SEQ ID NOS:1-2) or on naturally occurring soluble receptors for the
ligands of PGRMC1 or SEMAS5A is an embodiment of the present invention.

Another way to bind ligands and render them unavailable for receptor activation is to
administer a ligand specific antibody. In another embodiment of the present invention,
antibodies that bind the ligands of the target polypeptides (SEQ ID NOS:1-7) are employed.
This approach has been successfully employed in targeting cancer cells that over express the
epidermal growth factor receptor (Yang et at. 2001). Anti-epidermal growth factor ligand
antibodies were shown to inhibit tumor cell proliferation and eradicate tumors in a mouse cancer

model.

Antibody Conjugates and Immunotoxins
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Each of the target polypeptides SEQ ID NO:1-7 are expressed on the surface of HCC
cells and are accessible to exogenous molecules. As these target polypeptides are present at
higher levels on HCC cells as compared to non-cancer cells, they can be utilized as preferential
targets for systemic antibody-based therapies. The differential expression of these target
molecules enables the specificity of antibody-based therapy meaning that cytotoxic antibodies
directed against the target polypeptides SEQ ID NOS: 1-7, preferentially affect HCC cells over
normal tissue. Therefore, the present invention includes antibodies specific to one or more of
the target polynucleotides of SEQ ID NOS:1-7 that will enable or facilitate treatment of HCC.

Antibody therapies are well described in the literature and involve several distinct
approaches. These include, but are not limited to, naked antibodies, antibodies conjugated or
coupled to toxins or other biologically active compounds (immunotoxins), radioimmuno
conjugates (radionuclide antibody), and antibody coated liposomes which contain one or more
biologically active compounds.

Binding of an antibody to a cell in itself is sometimes enough to inhibit growth
(cytostatic effect) or kill the target cell (cytotoxic effect) (Baselga et al. 1998; Czuczman et al.
1999). The mechanism of this activity varies but may involve antibody-dependent cell mediated
cytotoxicity (Clynes et al. 2000), activation of apoptosis (Maloney 2001), inhibition of ligand-
receptor function, or a signal for complement fixation. In fact it has been suggested that anti-
cancer chimeric antibody rituximab, owes its potency to the fact that it exhibits several of the
activities noted above (Maloney 2001; Park and Smolen 2001). Some antibodies are cytostatic,
not cytotoxic. For example, trastuzumab, which is a well characterized anti-HER2 antibody and
is an effective anti-cancer agent, is, at least in vitro, cytostatic. The present invention pertains to
antibodies which specifically bind to target polypeptides SEQ ID NOS:1-7 and are either cytoxic
or cytostatic.

Antibodies can also be conjugated or coupled to a diverse array of compounds which
include, but are not limited to proteins, toxins or cytotoxic agents, radionuclides, apoptotic
factors (Wuest et al. 2002), anti-angiogenic compounds or other biologically active compounds
which will inhibit the growth of or kill the target cell or tissue. For example, cytotoxic or

cytostatic agents include, but are not limited to, diphtheria toxin (Kreitman 2001 a),
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Pseudomonas exotoxin (Kreitman 2001 a; Kreitman 2001 b), ricin (Kreitman 2001 a), gelonin,
doxorubicin (Ajani et al. 2000) and its derivatives, iodine-131, yttrium-90 (Witzig 2001),
indium-111 (Witzig 2001), RNAse (Newton and Ryback 2001), calicheamicin (Bernstein 2000),
apoptotic agents, and antiangiogenic agents (Frankel et al. 2000; Brinkmann et al. 2001; Garnett
2001). These have been all shown to adversely affect cells targeted by antibodies specific to
targeted cell antigens.

Toxins can also be targeted to specific cells by incorporation of the toxin into antibody
coated liposomes. The antibody directs the liposome to the target cell where the bioactive
compound is released. For example, cytotoxins in antibody coated liposomes have been used to
treat teratocancinoma (Marty et al. 2002) and HER2 expressing xenografts (Park et al. 2002) in
animal models. These targeted liposomes can also be loaded with DNA encoding bioactive
polypeptides such as inducible nitric oxide synthase (Khare et al. 2001).

Prodrugs or enzymes can also be delivered to targeted cells by specific antibodies. In
this case the immunoconjugate consists of an antibody coupled to a drug that can be activated
once the antibody binds the target cell. Examples of this strategy have been reviewed (Denny
2001; Xu and McLeod 2001). Antibody-prodrug/enzyme conjugates targeted to the
polypeptides encoded by SEQ ID NOS:1-7 for the treatment of HCC are an embodiment of the
present invention.

The specificity and high affinity of antibody molecules makes them ideal candidates for
delivery toxic agents to a specific subset of cellular targets. As the target polypeptides of SEQ
ID NOS:1-7 are present at higher levels on HCC cells than on non tumor-cells, they provide

excellent targets for antibody-based therapies.

Antisense

The genes encoding the target polypeptides of SEQ ID NOS:1-7 are themselves targets
for antisense therapy which will inhibit expression of these genes. These methods constitute an
embodiment of the present invention and consist of delivery of polynucleotides, either DNA,
RNA, ribozymes, peptide nucleic acids, or non-nucleic acid polymers such as phosphorothionate

or morpholino derivatives that specifically bind DNA or RNA in a base pair dependent manner.
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Design, production and characterization of these agents have been reviewed in the literature
(lyer et al. 1990; Cohen 1994; Agrawal and lyer 1997; Merdan et al. 2002). Antisense
molecules are complimentary to the polynucleotide sequences or genes encoding the target
polypeptides of SEQ ID NOS: 1-7 and will inhibit the corresponding RNA or protein synthesis
of such genes. The complimentary polynucleotide or related molecule is preferably of sufficient
length to hybridize specifically to at least ten contiguous nucleic acids encoding one of the target
polypeptides of SEQ ID NOS:1-7.

HAL (SEQ ID NO: 5). Aspects of the present invention also pertain to the gene encoding
the target polypeptide HAL (SEQ ID NO8) that is down regulated in HCC tissue, making this
target polypeptide amenable to gene therapy. Gene therapy includes replacement of the gene by
delivery of a polynucleotide, either DNA or RNA, that encodes a polypeptide that is at least
88% identical to the HAL target polypeptide SEQ ID NO:8. Gene therapy targeted to the liver
has been extensively reviewed both in terms of delivery and vector choices (Guha et al. 2001;
Mazzolini et al. 2001; Schmitz et al. 2002; Wu et al. 2002). HAL (SEQ ID NO:8) may also be
replaced directly. In another embodiment of the present invention, the target polypeptide of
SEQ ID NO:8 is administered to treat HCC. This embodiment includes HAL (SEQ ID NO:8)
and HAL-related polypeptides including fragments of the polypeptide that have the biological
activity of the full-length, native HAL molecule as described below. HAL (SEQ ID NO:8) is the
first enzyme in histidine and histamine catabolism (Suchi et al. 1995). Decreased levels of this
enzyme may result in increased levels of histidine and histamine and decreased levels of
urocanic acid, the product of HAL (SEQ ID NO:8) catalysis. The fact that HCC cells produce
reduced levels of HAL (SEQ ID NO:8) indicates that histidine or histamine are required for
cancer cell survival or proliferation and/or urocanic acid or other mol ecules derived from
histidine and histamine inhibit cancer cell survival or growth. This aspect of the present
invention therefore includes the use of urocanic acid and other histidine and histamine
catabolites including 4imidazalone-5-propionic acid and N-formimino-glutamic acid alone or in

combination with each other or HAL (SEQ ID NO:8) in the treatment of HCC.

Antihistamines
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Increased levels of histamine in HCC patients may affect cancer cell survival or
proliferation. Indeed, one of the histamine receptors, H2, has been implicated in regulation of
cell growth (Suh et al. 2001). Therefore, another embodiment of the present invention includes
the use of histamine antagonists in the treatment of HCC. Histamine antagonists constitute a
diverse array of compounds which have been extensively reviewed (Greaves 2001; Walsh et al.

2001).

Combination Therapy

Cancer is often effectively treated by a combination of reagents or methodologies. The
growth or viability of HCC cells may also be affected by treatment with a combination of agents
or methodologies. Examples include:

1) chemotherapy and radiation therapy in the treatment of cervical cancer (Aoki and
Tanaka 2002) or head and neck cancer (Busto et al. 2001) or pancreatic cancer (McGinn et al.
2002);

2) chemotherapy and surgery in the treatment of cervical cancer (Aoki and Tanaka
2002);

3) antibody therapy and cytokine therapy in the treatment of breast cancer (Hortobagyi
2002);

4) combination chemotherapy treatment of melanoma (McClay 2002) or colorectal
carcinoma (Kim et al. 2002);

5) the suggestion of multiple therapies including gene therapy, angiogenesis inhibitors
and antibody therapy in the treatment of non-small cell lung cancer (Felip and Rossell 2001);
and

6) the suggested treatment of metastatic breast cancer by a combination of chemotherapy
and antibody or kinase inhibitor, or angiogenic inhibitor therapy.

Thus, the therapeutic agents and constructs of the present invention are contemplated for
use in combination with one or more standard cancer treatments. For example, particular
inventive methods may be used in combination with one or more of the following:

a) a chemotherapeutic agent;
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b) radiation therapy;
¢) surgical resection or liver transplantation; or

d) radio frequency ablation, cryosurgery, ethanol ablation and embolization.

Prophylactic Treatment of HCC

Current diagnostic methods for HCC are unable to reliably detect the cancer at its earliest
stages. In patients at high risk for HCC, prophylactic administration of a therapeutic molecule
of the present invention may be appropriate. Patients at high risk for HCC are those with
chronic liver disease including hepatitis B and C patients, and those with cirrhosis of the liver
(Bruix et al. 2001; Befeler and Bisceglie 2002). Thus, if a patient exhibits such increased risk of
developing HCC, the targeting agents or constructs of the present invention can be administered

to such at risk patients on a prophylactic basis.

Polypeptides SEQ ID NOS: 1-7 as Discovery Tools for HCC Therapeutics

The polypeptides of SEQ ID NOS:1-7 can be used to assay and/or screen for compounds
effective in the treatment of HCC. Exemplary binding and biological function assays have been
described above. Preferred modes are described here. For example, cells that do not express
PGMRC1 (SEQ ID NO:1) are transfected with the gene encoding that target polypeptide. Test
agents are then screened for binding to the transfected cells but not the untransfected parent
cells. Said screening is accomplished using a functional, binding, competitive, or reporter
assay. Alternatively, subcellular fractions of the transfected cells are isolated and used in
competitive binding or a direct binding assay. For example, radiolabeled progesterone are added
to the transfected cells followed by a test compound. Test compounds that displace the
radiolabeled progesterone are therapeutic candidates for the treatment of HCC as antagonists of

the PGMRCI receptor (SEQ ID NO:1).

Particular Inventive Modulators, Compositions, Utilities and Expression Vectors

Modulators of gene expression. Particular embodiments provide modulators of cellular

gene expression. Preferably, inventive modulators are directed to one or more of the cellular
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gene targets described herein (e.g., SEQ ID NOS:9-12) (e.g., those encoding for SEQ ID NOS:1-
7), the expression of which is required, at least to some extent, for hepatocellular carcinoma.

Inventive modulators include, but are not limited to, antisense molecules, siRNA,
ribozymes, antibodies or antibody fragments, proteins or polypeptides as well as small
molecules. Particular modulators, such as gene-specific antisense, siRNA, and ribozyme
molecules, small molecules, and antibodies and epitope-binding fragments thereof, are inhibitors
of target gene expression, or of the biological activity of proteins encoded thereby.

Preferably, inventive antisense molecules are oligonucleotides of about 10 to 35
nucleotides in length that are targeted to a nucleic acid molecule corresponding to a target gene
sequence, wherein the antisense molecule inhibits the expression of at least one target gene
sequence (e.g., SEQ ID NOS:9-12) (e.g., those encoding for SEQ ID NOS:1-7). Antisense
compounds useful to practice the invention include oligonucleotides containing art-recognized
modified backbones or non-natural internucleoside linkages, modified sugar moieties, or
modified nucleobases.

Preferred antisense molecules or the complements thereof comprise at least 10, at least
15, at least 17, at least 20, at lease 22, or at least 25, and preferably less than about 35
consecutive complementary nucleotides of, or hybridize under stringent or highly stringent
conditions to at least one of the nucleic acid sequences encoding a polypeptide of the group
consisting of: (e.g, SEQ ID NOS:1-7). Preferably, such antisense molecules are PMO
(phosphorodiamidate morpholino Oligomers) antisense molecules.

Thus, the present invention includes nucleic acids that hybridize under stringent
hybridization conditions, as defined below, to all or a portion of the target cellular gene
sequences. The hybridizing portion of the hybridizing nucleic acids is typically at least 10, at
least 15, at least 17, at least 20, at least 22, at least 25, at least 30 or at least 35 nucleotides in
length. Preferably, the hybridizing portion of the hybridizing nucleic acid is at least 80%, at
least 90%, at least 95%, at least 98%, or at least 99% identical to a target sequence, or to the
complements thereof.

Hybridizing nucleic acids of the type described herein can be used, for example, as an

inventive therapeutic modulator of target gene expression, a cloning probe, a primer (e.g., a PCR
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primer), or a diagnostic and/or prognostic probe or primer. Preferably, hybridization of the
oligonucleotide probe to a nucleic acid sample is performed under stringent conditions. Nucleic
acid duplex or hybrid stability is expressed as the melting temperature or Tm, which is the
temperature at which a probe dissociates from a target DNA. This melting temperature is used
to define the required stringency conditions.

For sequences that are related and substantially identical to the probe, rather than
identical, it is useful to first establish the lowest temperature at which only homologous
hybridization occurs with a particular concentration of salt (e.g., SSC or SSPE). Then, assuming
that 1% mismatching results in a 1°C decrease in the Tm, the temperature of the final wash in
the hybridization reaction is reduced accordingly (for example, if sequences having > 95%
identity with the probe are sought, the final wash temperature is decreased by 5°C). In practice,
the change in Tm can be between 0.5°C and 1.5°C per 1% mismatch.

Stringent conditions, as defined herein, involve hybridizing at 68°C in 5x SSC/5x

Denhardt’s solution/1.0% SDS, and washing in 0.2x SSC/0.1% SDS at room temperature, or
involve the art-recognized equivalent thereof. Moderately stringent conditions, as defined
herein, involve including washing in 3x SSC at 42°C, or the art-recognized equivalent thereof.
The parameters of salt concentration and temperature can be varied to achieve the optimal level
of identity between the probe and the target nucleic acid. Guidance regarding such conditions is
available in the art, for example, by Sambrook et al., 1989, Molecular Cloning, A Laboratory
Manual, Cold Spring Harbor Press, N.Y.; and Ausubel et al. (eds.), 1995, Current Protocols in
Molecular Biology, (John Wiley & Sons, N.Y.) at Unit 2.10.
Antisense molecules preferably comprise at least 17 or at least 20, or at least 25, and preferably
less than about 35 consecutive complementary nucleotides of, or hybridize under stringent
conditions to at least one of the nucleic acid sequences encoding a target polypeptide (e.g.,
encoding SEQ ID NOS:1-7). Preferably, such antisense molecules are PMO antisense
molecules. .

The invention further provides a ribozyme capable of specifically cleaving at least one
RNA encoding for a target protein (e.g., SEQ ID NOS:9-12) (e.g., those encoding for SEQ ID

NOS:1-7), and a pharmaceutical composition comprising the ribozyme.
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The invention also provides small molecule modulators of target gene expression,
wherein particular modulators are inhibitors capable of reducing the expression of at least one
target gene, reducing or preventing the expression of mRNA from at least one target gene, or
reducing the biological activity of at least one target gene product. Preferably, the target gene is
selected from the group encoding for a target polypeptide (e.g., SEQ ID NOS:1-7).

Compositions. Further embodiments provide compositions that comprise one or more
modulators of target gene expression (or modulators of biological activity of target gene
products) in a pharmaceutically acceptable carrier, diluent or excipient.

Particular embodiments provide a pharmaceutical composition for inhibiting target gene
expression, comprising an antisense oligonucleotide according to the invention in a mixture with
a pharmaceutically acceptable carrier or diluent.

Further provided is a composition comprising a therapeutically effective amount of an
inhibitor of a target gene product (e.g., protein) in a pharmaceutically acceptable carrier. In
certain embodiments, the composition comprises two or more target gene product inhibitors.
Preferably, the target gene product is selected from: the nucleic acid group consisting of SEQ ID
NOS:1-7 and combinations thereof.

In particular composition embodiments, the target gene inhibitor is an antisense
molecule, and in specific embodiments the antisense molecule or the complement thereof
comprises at least 10, 15, 17, 20 or 25 consecutive nucleic acids of, or hybridizes under stringent
conditions to at least one of the nucleic acid sequences encoding a target polypeptide (e.g., SEQ
ID NOS:1-7). Preferably, such antisense molecules are PMO antisense molecules.

Methods and uses. Particular embodiments of the present invention provide methods of
modulating target gene expression or biological activity of target gene products in HCC cells.

The invention provides a method of inhibiting the expression of target cellular genes in
human cells or tissues comprising contacting the cells or tissues in vivo (also ex vivo, or in Vitro)
with an antisense compound or a ribozyme of about 10 to 35 nucleotides in length targeted to a
nucleic acid molecule encoding a target gene product so that expression of the target gene
product is inhibited. Preferably, the target gene is selected from the group consisting of: SEQ ID
NOS:1-7.
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The invention additionally provides a method of modulating target gene expression in
cells comprising contacting the cells in vivo (also ex vivo, or in vitro) with an inventive antisense
compound or ribozyme of about 10 to 35 nucleotides in length targeted to a nucleic acid
molecule encoding a target gene product so that expression of the target gene product is
inhibited.

The invention provides for the use of a modulator of target gene expression according to
the invention to prepare a medicament for modulating target gene expression or activity.

Additional embodiments provide a method of inhibiting target gene expression or
encoded biological activity in a mammalian cell, comprising administering to the cell an
inhibitor of target gene expression (or of encoded biological activity), and in a specific
embodiment of the method, the inhibitor is a target gene-specific antisense molecule.
Preferably, the antisense molecule is a PMO antisense molecule.

The invention also provides a method of target gene expression in a subject, comprising
administering to said subject, in a pharmaceutically effective vehicle, an amount of an antisense
oligonucleotide which is effective to specifically hybridize to all or part of a selected target
nucleic acid sequence derived from target gene. Preferably the antisense oligonucleotides are
PMO antisense compounds.

The invention further provides a method of treating HCC-realated conditions or disease,

" comprising administering to a mammalian cell a modulator of target gene (e.g., encoding SEQ

ID NOS:1-7) expression such that, for example, the neoplastic condition or a virus-related
disease is reduced in severity.

As discussed in the EXAMPLES herein below, additional embodiments provide
screening assays for identification of compounds useful to modulate target gene expression
(activity), comprising: contacting cells with a test agent; measuring, using a suitable assay,
expression of at least one target cellular gene sequence; and determining whether the test agent
inhibits said gene expression relative to control cells not contacted with the test agent, whereby
agents that inhibit said gene expression are identified as compounds useful to modulate target
gene or gene product activity.

Preferably, expression of at least one target cellular gene sequence is expression of
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respective mRNA, or expression of the protein encoded thereby.

Preferably, agents that inhibit or modulate said target gene expression are further tested
for the ability to modulate HCC, or HCC-related conditions or diseases.

Further embodiments provide diagnostic or prognostic assays for HCC, maturation or
progression, comprising: obtaining a cell sample from a subject suspected of having HCC;
measuring expression of at least one target gene sequence; and determining whether expression
of the at least one target gene or gene product is induced relative to non-HCC control cells,
whereby a diagnosis is, at least in part, afforded.

Preferably, measuring said expression is of two or more target cellular gene sequences.
Preferably, measurement of said expression is by use of high-throughput microarray methods.

Polynucleotides and expression vectors. Particular embodiments provide an isolated
polynucleotide with a sequence comprising a transcriptional initiation region and a sequence
encoding a target gene-specific antisense oligonucleotide at least 10, 15, 17, 20, 22 or 25
nucleotides in length, and a recombinant vector comprising this polynucleotide (e.g., expression
vector). Preferably, the transcriptional initiation region is a strong constitutively expressed

mammalian pol III-or pol II-specific promoter, or a viral promoter.

Additional Oligonucleotide Modulators

Included within the scope of the invention are oligonucleotides capable of hybridizing
with target gene DNA or RNA, referred to herein as the ‘target’ polynucleotide. An
oligonucleotide need not be 100% complementary to the target bolynucleotide, as long as
specific hybridization is achieved. The degree of hybridization to be achieved is that which
interferes with the normal function of the target polynucleotide, be it transcription, translation,
pairing with a complementary sequence, or binding with another biological component such as a
protein. An antisense oligonucleotide, including a preferred PMO antisense oligonucleotide, can
interfere with DNA replication and transcription, and it can interfere with RNA translocation,
translation, splicing, and catalytic activity.

The invention includes within its scope any oligonucleotide of about 10 to about 35

nucleotides in length, including variations as described herein, wherein the oligonucleotide
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hybridizes to a target sequence, including DNA or mRNA, such that an effect on the normal
function of the polynucleotide is achieved. The oligonucleotide can be, for example, 10, 15, 17,
20, 22, 23, 25, 30 or 35 nucleotides in length. Oligonucleotides larger than 35 nucleotides are
also contemplated within the scope of the present invention, and may for example, correspond in
length to a complete target cDNA (i.e., mRNA) sequence, or to a significant or substantial

portion thereof.

Antisense oligonucleotides. Examples of representative preferred antisense compounds
useful in the invention are based on mRNA sequences encoding a target polypeptide (e.g., SEQ
ID NOS:1-7), and include oligonucleotides containing modified backbones or non-natural
internucleoside linkages. Oligonucleotides having modified backbones include those retaining a
phosphorus atom in the backbone, and those that do not have a phosphorus atom in the
backbone.

Preferred modified oligonucleotide backbones include phosphorothioates or
phosphorodithioate, chiral phosphorothioates, phosphotriesters and alkyl phosphotriesters,
aminoalkylphosphotriesters, ~methyl —and  other  alkyl phosphonates  including
methylphosphonates, 3’-alkylene phosphonates and chiral phosphonates, phosphinates,
phosphoroamidates or phosphordiamidates, including 3’-amino phosphoroamidate and
aminoalkylphosphoroamidates, and phosphorodiamidate morpholino oligomers (PMOs),
thiophosphoroamidates, phosphoramidothioates, thioalkylphosphonates,
thionoalkylphosphotriesters, and boranophosphates having normal 3°-5" linkages, 2'-5° linked
analogs of these, and those having inverted polarity wherein the adjacent pairs of nucleoside
units are linked 3°-5" to 5°-3" or 2°-5" to 5°-2". Various salts, mixed salts and free acid forms are
also included. l

The antisense oligonucleotide may also comprise at least one modified sugar moiety
selected from the group including, but not limited to arabinose, 2-fluoroarabinose, xylulose,
hexose and 2'-O-methyl sugar moieties.

The antisense oligonucleotide may comprise at least one modified base moiety which is

selected from the group including, but not limited to 5-fluorouracil, 5-bromouracil, 5-
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chlorouracil, 5-iodouracil, hypoxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl)
uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluracil,
dihydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, 1-methylguanine, 1-
methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-
methylcytosine, Né6-adenine, 7-methylguanine, 5-methylaminomethyluracil, 5-
methoxyaminomethyl-2-thiouracil, beta-D-mannosylqueosine, 5'-methoxycarboxymethyluracil,
5-methoxyuracil, ~ 2-methylthio-N6-isopentenyladenine,  uracil-5-oxyacetic  acid  (v),
wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-
thiouracil, 5-methyluracil, uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5-
methyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine
(see also U.S. 5,958,773 and patents disclosed therein).

Examples of inventive antisense oligonucleotides of length X (in nucleotides), as
indicated by polynucleotide positions with reference to, e.g., SEQ ID NO:9, include those
corresponding to sets of consecutively overlapping oligonucleotides of length X, where the
oligonucleotides within each consecutively overlapping set (corresponding to a given X value)
are defined as the finite set of Z oligonucleotides from nucleotide positions:

nto (n + (X-1));

where n=1, 2, 3,...(Y-(X-1));

where Y equals the length (nucleotides or base pairs) of SEQ ID NO:9 (1,890);

where X equals the common length (in nucleotides) of each oligonucleotide in
the set (e.g., X=20 for a set of consecutively overlapping 20-mers); and

where the number (Z) of consecutively overlapping oligomers of length X for a
given SEQ ID NO of length Y is equal to Y-(X-1). For example Z=1,890-19=1,871 for SEQ ID
NO:9, where X=20.

Examples of inventive 20-mer oligonucleotides include the following set of 1,871
oligomers, indicated by polynucleotide positions with reference to SEQ ID NO:9 (PGRMC1
cDNA): 1-20, 2-21, 3-22, 4-23, 5-24, ...... 1,869-1,888, 1,870-1,889 and 1,871-1,890.

Likewise, examples of 25-mer oligonucleotides include the following set of 1,866

oligomers, indicated by polynucleotide positions with reference to SEQ ID NO:9: 1-25, 2-26, 3-
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27,4-28,5-29, ...... 1,864-1,888, 1,865-1,889 and 1,866-1,890.

The present invention encompasses, for each target sequence (e.g., for each nucleotide
SEQ ID NOS:9-13 (encoding SEQ ID NOS:1-4 and 5, respectively), multiple consecutively
overlapping sets of oligonucleotides or modified oligonucleotides of length X, where, e.g., X=

10, 17, 20, 22, 23, 25, 30 or 35 nucleotides.

Various SEQ ID NOS and the associated protein target are listed in Table 1:

TABLE 1. Exemplary protein targets and associated mRNA/cDNA sequences

Protein name | Protein SEQ ID mRNA SEQ ID mMRNA Transcript
NO/accession NO variants variants
number

PGRMC1 SEQID BC034238,

(prostaglandin NO:9/NM_006667 CR456993,

receptor Y12711

membrane SEQ ID NO:1/

component 1) | NP_006658.1

SEMASA SEQ ID U52840 BM679516,

(semaphorin NO:10/NM_003966 2{-/57?288%%13'

5A) SEQID NO:2/ CA865957,,
NP 003957.1 AV728562

SLC2A2 SEQ ID J03810, BG569654,

(solute carrier NO:11/NM_000340 | BC080041 g‘é"gfgfgg-“

family SEQID AV688945.2,

member) NO:3/NP_000331.1 BG564591

ABCC2 (ATP- Sea Uessto, | CDB08ET2A

ggfs'gge NO:12/NM 000392 | 5 ors05' CD608373,

subfamily C | SEQ ID Ave4r2r2.

member 2) NO:4/NP 000383.1

HAL (histidine SEQID D16626 W69965.1,

ammonia SEQID NO:13/NM_002108 AV689503,

lyase) NO:5/NP_002099.1 | or ABO42217 AV656894.2

Representative siRNA sequence regions are disclosed herein, in view of the above

algorithm in combination with the teachings on design (e.g., length, structure, composition, etc),

preparation and use thereof, provided herein below under “siRNA.”

The antisense oligonucleotides of the invention can also be modified by chemically

linking the oligonucleotide to one or more moieties or conjugates to enhance the activity,

cellular distribution, or cellular uptake of the antisense oligonucleotide. Such moieties or
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conjugates include lipids such as cholesterol, cholic acid, thioether, aliphatic chains,
phospholipids, polyamines, polyethylene glycol (PEG), palmityl moieties, and others as
disclosed in, for example, United States Patent Numbers 5,514,758, 5,565,552, 5,567,810,
5,574,142, 5,585,481, 5,587,371, 5,597,696 and 5,958,773. Thus, the oligonucleotide may
include other appended groups such as peptides (e.g., for targeting host cell receptors in vivo), or
agents facilitating or modulating transport across the cell membrane (Letsinger et al., Proc. Natl.
Acad. Sci. USA 86:6553-6556, 1989; Lemaitre et al., Proc. Natl. Acad. Sci. USA 84:648-652,
1987; PCT WO88/09810, published Dec. 15, 1988) or the blood-brain barrier (PCT
WO089/10134, published Apr. 25, 1988), or the nuclear membrane, and may include
hybridization-triggered cleavage agents (Krol et al., BioTechniques 6:958-976, 1988) or
intercalating agents (Zon, Pharm. Res. 5:539-549, 1988). To this end, the oligonucleotide may
be conjugated to another molecule, e.g., a peptide, hybridization-triggered cross-linking agent,
transport agent, hybridization-triggered cleavage agent, efc.

Chimeric antisense oligonucleotides are also within the scope of the invention, and can
be prepared from the present inventive oligonucleotides using the methods described in, for
example, United States Patent Numbers 5,013,830, 5,149,797, 5,403,711, 5,491,133, 5,565,350,
5,652,355, 5,700,922 and 5,958,773.

Although the inventors are not bound by a particular mechanism of action, it is believed
that the antisense oligonucleotides achieve an inhibitory effect by binding to a complementary
region of the target polynucleotide within the cell using Watson-Crick base pairing. Where the
target polynucleotide is RNA, experimental evidence indicates that the RNA component of the
hybrid is cleaved by RNase H (Giles, R.V. et al., Nuc. Acids Res. (1995) 23:954-961; U.S. Patent
No. 6,001,653). Generally, a hybrid containing 10 base pairs is of sufficient length to serve as a
substrate for RNase H. However, to achieve specificity of binding, it is preferable to use an
antisense molecule of at least 17 nucleotides, as a sequence of this length is likely to be unique
among human genes.

Antisense approaches comprise the design of oligonucleotides (either DNA or RNA) that
are complementary to the target gene sequence (e.g., mRNA). The antisense oligonucleotides

bind to the complementary mRNA transcripts and prevent translation. Absolute
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complementarily, although preferred, is not required. A sequence “complementary” to a portion
or region of the target mRNA, as referred to herein, means a sequence having sufficient
complementarity to be able to hybridize with the RNA, forming a stable duplex; in the case of
double-stranded antisense nucleic acids, a single strand of the duplex DNA may thus be tested,
or triplex formation may be assayed. The ability to hybridize depends on both the degree of
complementarity and the length of the antisense nucleic acid. Generally, the longer the
hybridizing nucleic acid, the more base mismatches with an RNA are accommodated without
compromising stable duplex (or triplex, as the case may be) formation. One skilled in the art
ascertains a tolerable degree of mismatch by use of standard procedures to determine the melting
point of the hybridized complex.

As disclosed in U.S. Patent No. 5,998,383, incorporated herein by reference, the
oligonucleotide is selected such that the sequence exhibits suitable energy related characteristics
important for oligonucleotide duplex formation with their complementary targets, and shows a
low potential for self-dimerization or self-complementation (Anazodo et al., Biochem. Biophys.
Res. Commun. (1996) 229:305-309). The computer program OLIGO (Primer Analysis
Software, Version 3.4), is used to determined antisense sequence melting temperature, free
energy properties, and to estimate potential self-dimer formation and self-complementarity
properties. The program allows the determination of a qualitative estimation of these two
parameters (potential self-dimer formation and self-complementary) and provides an indication
of “no potential” or “some potential” or “essentially complete potential.” Preferably, segments
of target gene sequences are selected that have estimates of no potential in these parameters.
However, segments that have “some potential” in one of the categories nonetheless can have
utility, and a balance of the parameters is routinely used in the selection.

While antisense nucleotides complementary to the coding region sequence of a mRNA
are used in accordance with the invention, those complementary to the transcribed, untranslated
region, or translatioqal initiation site region are sometimes preferred. Oligonucleotides that are
complementary to the 5° end of the message, e.g., the 5’-untranslated sequence (up to and
including the AUG initiation codon), frequently work most efficiently at inhibiting translation.

However, sequences complementary to the 3’-untranslated sequences, or other regions of
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mRNAs are also effective at inhibiting translation of mRNAs (see e.g., Wagner, Nature 372:333-
335, 1994). In the antisense art a certain degree of routine experimentation is required to select
optimal antisense molecules for particular targets. To be effective, the antisense molecule
preferably is targeted to an accessible, or exposed, portion of the target RNA molecule.
Although in some cases information is available about the structure of target mRNA molecules,
the current approach to inhibition using antisense is via experimentation.

Such experimentation can be performed routinely by transfecting or loading cells with an
antisense oligonucleotide, followed by measurement of messenger RNA (mRNA) levels in the
treated and control cells by reverse transcription of the mRNA and assaying of respective cDNA
levels. Measuring the specificity of antisense activity by assaying and analyzing cDNA levels is
an art-recognized method of validating antisense results. Routinely, RNA from treated and
control cells is reverse-transcribed and the resulting cDNA populations are analyzed (Branch, A.
D., T.IB.S .(1998) 23:45-50).

According to the present invention, antisense efficacy can be alternately determined by
measuring the biological effects on cell growth, phenotype or viability as is known in the art.
According to particular aspects of the present invention, cultures of, for example, HCC cells are
loaded with inventive oligonucleotides designed to target target gene sequences. The effects of

such loading on cell growth, phenotype or viability are measured.

Ribozymes. Modulators of target gene expression may be ribozymes. A ribozyme is an
RNA molecule that specifically cleaves RNA substrates, such as mRNA, resulting in specific
inhibition or interference with cellular gene expression. As used herein, the term ribozymes
includes RNA molecules that contain antisense sequences for specific recognition, and an RNA-
cleaving enzymatic activity. The catalytic strand cleaves a specific site in a target RNA at
greater than stoichiometric concentration. Preferably the ribozyme is engineered so that the
cleavage recognition site is located near the 5’ end of the target mRNA (i.e., to increase
efficiency and minimize the intracellular accumulation of non-functional mRNA transcripts).

A wide variety of ribozymes may be utilized within the context of the present invention,

including for example, the hammerhead ribozyme (for example, as described by Forster and
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Symons, Cell (1987) 48:211-220; Haseloff and Gerlach, Nature (1988) 328:596-600; Walbot and
Bruening, Nature (1988) 334:196; Haseloff and Gerlach, Nature (1988) 334:585); the hairpin
ribozyme (for example, as described by Haseloff etal, U.S. Patent No. 5,254,678, issued
October 19, 1993 and Hempel et al., European Patent Publication No. 0 360 257, published
March 26, 1990); and Tetrahymena ribosomal RNA-based ribozymes (see Cech et al., U.S.
Patent No. 4,987,071). The Cech-type ribozymes have an eight-base pair active site that
hybridizes to a target RNA sequence whereafter cleavage of the target RNA takes place.
Ribozymes of the present invention typically consist of RNA, but may also be composed of
DNA, nucleic acid analogs (e.g., phosphorothioates), or chimerics thereof (e.g,
DNA/RNA/RNA).

Ribozymes can be targeted to any RNA transcript and can catalytically cleave such
transcripts (see, e.g., U.S. Patent-No. 5,272,262; U.S. Patent No. 5,144,019; and U.S. Patent
Nos. 5,168,053, 5,180,818, 5,116,742 and 5,093,246 to Cech et al.). According to certain
embodiments of the invention, any such target gene sequence-specific ribozyme, or a nucleic
acid encoding such a ribozyme, may be delivered to a host cell to effect inhibition of target gene
expression. Ribozymes and the like may therefore be delivered to the host cells by DNA
encoding the ribozyme linked to a eukaryotic promoter (e.g., a strong constitutively expressed
pol III- or pol II-specific promoter), or a eukaryotic viral promoter, such that upon introduction

into the nucleus, the ribozyme will be directly transcribed.

Triple-helix formation. Alternatively, target gene expression can be reduced by targeting
deoxyribonucleotide séqucnces complementary to the regulatory region of the target gene (e.g.,
respective promoter and/or enhancers) to form triple helical structures that prevent transcription
of the target gene (see, e.g., Helen, Anticancer Drug Des., 6:569-84, 1991; Helene et al., Ann,
N.Y. Acad. Sci., 660:27-36, 1992; and Maher, Bioassays 14:807-15, 1992).

siRNA. The invention, in particular aspects, contemplates introduction of RNA with
partial or fully double-stranded character into the cell or into the extracellular environment.

According to particular aspects of the present invention, inhibition is specific to the particular
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target cellular gene expression product in that a nucleotide sequence from a portion of the
validated sequence is chosen to produce inhibitory RNA. This process is effective in producing
inhibition (partial or complete), and is validated gene-specific. In particular embodiments, the
target cell containing the validated gene may be a human HCC cell, or a cell subject to HCC.

Methods of preparing and using siRNA are generally disclosed in U.S. Patent 6,506,559,
incorporated herein by reference (see also reviews by Milhavet et al,, Pharmacological Reviews
55:629-648, 2003; and Gitlin et al., J. Virol. 77:7159-7165, 2003; incorporated herein by
reference).

The siRNA may comprise one or more strands of polymerized ribonucleotide, and may
include modifications to either the phosphate-sugar backbone or the nucleoside. For example,
the phosphodiester linkages of natural RNA may be modified to include at least one of a
nitrogen or sulfur heteroatom. Modifications in RNA structure may be tailored to allow specific
genetic inhibition while avoiding a general panic response in some organisms which is generated
by dsRNA. Likewise, bases may be modified to block the activity of adenosine deaminase.
RNA may be produced enzymatically or by partial/total organic synthesis, any modified
ribonucleotide can be introduced by in vitro enzymatic or organic synthesis.

The double-stranded structure may be formed by a single self-complementary RNA
strand or two complementary RNA strands. RNA duplex formation may be initiated either
inside or outside the cell. The RNA may be introduced in an amount which allows delivery of at
least one copy per cell. Higher doses of double-stranded material may yield more effective
inhibition. Inhibition is sequence-specific in that nucleotide sequences corresponding to the
duplex region of the RNA are targeted for genetic inhibition. Nucleic acid containing a
nucleotide sequence identical to a portion of the validated gene sequence is preferred for
inhibition. RNA sequences with insertions, deletions, and single point mutations relative to the
target sequence have also been found to be effective for inhibition. Sequence identity may be
optimized by alignment algorithms known in the art and calculating the percent difference
between the nucleotide sequences. Alternatively, the duplex region of the RNA may be defined
functionally as a nucleotide sequence that is capable of hybridizing with a portion of the target

gene transcript.
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RNA may be synthesized either in vivo or in vitro. Endogenous RNA polymerase of the
cell may mediate transcription in vivo, or cloned RNA polymerase can be used for transcription
in vivo or in vitro. For transcription from a transgene in vivo or an expression construct, a
regulatory region may be used to transcribe the RNA strand (or strands).

For siRNA (RNAi), the RNA may be directly introduced into the cell (ie.,
intracellularly); or introduced extracellularly into a cavity, interstitial space, into the circulation
of an organism, introduced orally, or may be introduced by bathing an organism in a solution
containing RNA. Methods for oral introduction inciude direct mixing of RNA with food of the
organism, as well as engineered approaches in which a species that is used as food is engineered
to express a RNA, then fed to the organism to be affected. Physical methods of introducing
nucleic acids include injection directly into the cell or extracellular injection into the organism of
an RNA solution.

Inhibition of gene expression refers to the absence (or observable decrease) in the level
of protein and/or mRNA product from a target gene target (e.g., inhibition of gene expression
may refer to the absence (or observable decrease) in the level of protein (e.g., SEQ ID NOS:1-7)
and/or mRNA product from a target gene). Specificity refers to the ability to inhibit the target
gene without manifest effects on other genes of the cell. The consequences of inhibition can be
confirmed by examination of the outward properties of the cell or organism or by biochemical
techniques such as RNA solution hybridization, nuclease protection, Northern hybridization,
reverse transcription, gene expression monitoring with a microarray, antibody binding, enzyme
linked immunosorbent assay (ELISA), Western blotting, radioimmunoassay (RIA), other
immunoassays, fluorescence activated cell analysis (FACS), and viral infection, replication,
maturation or progression assays as described herein. For RNA-mediated inhibition in a cell
line or whole organism, gene expression is conveniently assayed by use of a reporter or drug
resistance gene whose protein product is easily assayed. Many such reporter genes are known in
the art.

The phosphodiester linkages of natural RNA may be modified to include at least one of a
nitrogen or sulfur heteroatom. Modifications in RNA structure may be tailored to allow specific

genetic inhibition while avoiding a general panic response in some organisms which is generated
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by dsRNA. Likewise, bases may be modified to block the activity of adenosine deaminase.
RNA may be produced enzymatically or by partial/total organic synthesis, any modified
ribonucleotide can be introduced by ix vitro enzymatic or organic synthesis. |

RNA containing a nucleotide sequence identical to a portion of a particular target gene
sequence are preferred for inhibition. RNA sequences with insertions, deletions, and single
point mutations relative to the target sequence may be effective for inhibition. Sequence identity
may optimized by sequence comparison and alignment algorithms known in the art (see
Gribskov and Devereux, Sequence Analysis Primer, Stockton Press, 1991, and references cited
therein) and calculating the percent difference between the nucleotide sequences by, for
example, the Smith-Waterman algorithm as implem.ented in the BESTFIT software program
using default parameters (e.g., University of Wisconsin Genetic Computing Group). Greater
than 90% sequence identity, or even 100% sequence identity, between the inhibitory RNA and
the portion of particular validated gene (e.g., src family kinase target gene) sequence is
preferred. Alternatively, the duplex region of the RNA may be defined functionally as a
nucleotide sequence that is capable of hybridizing with a portion of the particular validated gene
transcript (e.g., 400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 50°C. or 70°C.
hybridization for 12-16 hours; followed by washing). The length of the identical nucleotide
sequences may be at least 20, 25, 50, 100, 200, 300 or 400 bases.

A 100% sequence identity between the RNA and a particular target gene sequence is not
required to practice the present invention. Thus the methods have the advantage of being able to
tolerate sequence variations that might be expected due to genetic mutation, strain
polymorphism, or evolutionary divergence.

Particular target gene sequence siRNA (e.g., those encoding SEQ ID NOS:1-7) may be
synthesized by art-recognized methods either in vivo or in vitro. Endogenous RNA polymerase
of the cell may mediate transcription in vivo, or cloned RNA polymerase can be used for
transcription in vivo or in vitro. For transcription from a transgene in vivo or an expression
construct, a regulatory region (e.g., promoter, enhancer, silencer, splice donor and acceptor,
polyadenylation) may be used to transcribe the RNA strand (or strands). Inhibition may be

targeted by specific transcription in an organ, tissue, or cell type; stimulation of an
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environmental condition (e.g., infection, stress, temperature, chemical inducers); and/or
engineering transcription at a developmental stage or age. The RNA strands may or may not be
polyadenylated; the RNA strands may or may not be capable of being translated into a
polypeptide by a cell's translational apparatus.

RNA may be chemically or enzymatically synthesized by manual or automated reactions.
The RNA may be synthesized by a cellular RNA polymerase or a bacteriophage RNA
polymerase (e.g., T3, T7, SP6). The use and production of an expression construct are known in
the art (e.g., WO 97/32016; U.S. Pat. Nos: 5,593,874, 5,698,425, 5,712,135, 5,789,214, and
5,804,693; and the references cited therein). If synthesized chemically or by in vitro enzymatic
synthesis, the RNA may be purified prior to introduction into the cell. For example, RNA can be
purified from a mixture by extraction with a solvent or resin, precipitation, electrophoresis,
chromatography, or a combination thereof. Alternatively, the RNA may be used with no or a
minimum of purification to avoid losses due to sample processing. The RNA may be dried for
storage or dissolved in an aqueous solution. The solution may contain buffers or salts to
promote annealing, and/or stabilization of the duplex strands.

siRNA may be directly introduced into the cell (i.e., intracellularly); or introduced
extracellularly into a cavity, interstitial space, into the circulation of an organism, introduced
orally, or may be introduced by bathing an organism in a solution containing the RNA. Methods
for oral introduction include direct mixing of the RNA with food of the organism, as well as
engineered approaches in which a species that is used as food is engineered to express the RNA,
then fed to the organism to be affected. For example, the RNA may be sprayed onto a plant or a
plant may be genetically engineered to express the RNA in an amount sufficient to kill some or
all of a pathogen known to infect the plant. Physical methods of introducing nucleic acids, for
example, injection directly into the cell or extracellular injection into the organism, may also be
used. Vascular or extravascular circulation, the blood or lymph system, and the cerebrospinal
fluid are sites where the RNA may be introduced. A transgenic organism that expresses RNA
from a recombinant construct may be produced by introducing the construct into a zygote, an
embryonic stem cell, or another multipotent cell derived from the appropriate organism.

Physical methods of introducing nucleic acids include injection of a solution containing
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the RNA, bombardment by particles covered by the RNA, soaking the cell or organism in a
solution of the RNA, or electroporation of cell membranes in the presence of the RNA. A viral
construct packaged into a viral particle would accomplish both efficient introduction of an
expression construct into the cell and transcription of RNA encoded by the expression construct.
Other methods known in the art for introducing nucleic acids to cells may be used, such as lipid-
mediated carrier transport, chemical-mediated transport, such as calcium phosphate, and the like.
Thus the RNA may be introduced along with components that perform one or more of the
following activities: enhance RNA uptake by the cell, promote annealing of the duplex strands,
stabilize the annealed strands, or other-wise increase inhibition of the target gene.

The siRNA may be used alone or as a component of a kit having at least one of the
reagents necessary to carry out the in vitro or in vivo introduction of RNA to test samples or
subjects. Preferred components are the dsRNA and a vehicle that promotes introduction of the
dsRNA. Such a kit may also include instructions to allow a user of the kit to practice the
invention.

Suitable injection mixes are constructed so animals receive an average of 0.5 x 10%to 1.0
x 10° molecules of RNA. For comparisons of sense, antisense, and dsRNA activities, injections
are compared with equal masses of RNA (i.e., dSRNA at half the molar concentration of the
single strands). Numbers of molecules injected per adult are given as rough approximations
based on concentration of RNA in the injected material (estimated from ethidium bromide
staining) and injection volume (estimated from visible displacement at the site of injection). A

variability of several-fold in injection volume between individual animals is possible.

Particular specific embodiments

Particular aspects provide a method for treating or preventing hepatocellular carcinoma,
comprising administering to a subject in need thereof a therapeutic agent in an amount sufficient
to inhibit the expression or biological activity of at least one polypeptide selected from the group
consisting of SEQ ID NOS:1-7, and naturally occurring variants thereof. Preferably, the
therapeutic agent comprises comprises at least one agent selected from the group consisting of: a

polyclonal antibody; a monoclonal antibody; a single chain Fv, a Fab fragment, a Fab(2)
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fragment, a minibody or a domain-deleted antibody; a cytokine, chemokine, growth factor or
other naturally occurring ligand; and a synthetic molecule.

Additional embodiments provide a method for treating or preventing hepatocellular
carcinoma, comprising generating in a subject in need thereof an immune response directed
against at least one polypeptide selected from the group consisting of: SEQ ID NOS:1-7,
wherein the method comprises immunizing the patient with one or more of the polypeptides or
immunogenic fragments thereof in an amount sufficient to illicit an immune response.
Preferably, the method comprises inhibition of the biological activity of the polypeptide of SEQ
ID NO:1, SEQ ID NO:2, or of both, and wherein the therapeutic agent comprises at least one
agent selected from the group consisting of: a polypeptide that is at least 88% identical at the
amino acid level to that of SEQ ID NO:1 or SEQ ID NO:2; a polypeptide fragment comprising
at least 15 contiguous amino acids of SEQ ID NO:1 or SEQ ID NO:2; a naturally occurring
allelic variant of SEQ ID NO:1 or SEQ ID NO:2 that is encoded by a nucleic acid molecule that
is at least 88% identical at the oligonucleotide level to a gene encoding SEQ ID NO:1 or SEQ
ID NO:2; a polypeptide fragment of a naturally occurring allelic variant of SEQ ID NO:1 or
SEQ ID NO:2, wherein the fragment comprises at least 15 contiguous amino acids of SEQ ID
NO:1 or SEQ ID NO:2; and a chimeric polypeptide comprising polypeptide fragments of SEQ
ID NO:1 or SEQ ID NO:2, wherein the polypeptide fragments are linked in a manner sufficient
to mimic a ligand binding site of SEQ ID NO:1 or SEQ ID NO:2, and wherein the therapeutic
agent exhibits the ligand binding activity of SEQ ID NO:1 or SEQ ID NO:2.

Yet additional aspects provide a method for treating or preventing hepatocellular
carcinoma, comprising administering to a subject in need thereof, a therapeutic compound
comprising a targeting agent conjugated or coupled to a therapeutic moiety, wherein the
targeting agent binds a polypeptide selected from the group consisting of SEQ ID NOS:1-7, and
wherein the therapeutic moiety is cytotoxic or cytostatic. Preferably, the targeting agent
comprises at least one therapeutic moiety selected from the group consisting of: a polyclonal
antibody; a monoclonal antibody; a single chain Fv, a Fab fragment, a Fab(2) fragment, a
minibody or a domain-deleted antibody; a bifunctional chimeric antibody molecule; a cytokine,

chemokine, growth factor or other naturally occurring ligand; and a synthetic molecule.
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Preferably, the therapeutic moiety comprises at least one of: an antibiotic; a toxin; an apoptotic
agent; an antimetabolite; a growth factor or cytokine; an RNase; and an anti-angiogenic agent.

Further embodiments provide a method for treating or preventing hepatocellular
carcinoma, comprising administering to a subject in need thereof, a therapeutic agent that
reduces the physiological levels of at least one polypeptide selected from the group consisting of
SEQ ID NOS:1-7. Preferably, the therapeutic agent is an antisense polynucleotide administered
to inhibit expression of a gene, or translation of a respective mRNA. encoding the at least one
polypeptide. Preferably, the antisense molecule is a polynucleotide comprising at least 10
contiguous nucleotides complementary to a sequence that encodes the at least one polypeptide.
Preferably, the antisense molecule is a peptide polynucleic acid or a non-nucleic acid polymer,
and wherein the antisense molecule is complementary to at least 10 contiguous nucleotides of
the at least one polypeptide. Preferably, the non-nucleic acid polymers are selected from the
group consisting of phosphorothionate derivatives, morpholino oligonucleotides, and
combinations thereof. In particular aspects, the therapeutic agent is a ribozyme.

Yet further embodiments provide a method for treating or preventing hepatocellular
carcinoma, comprising administering to a subject in need thereof a therapeutic agent to increase
histidine ammonia lyase activity in the subject. Preferably, the therapeutic agent is a
polynucleotide that encodes a polypeptide or polypeptide fragment comprising at least 15
contiguous amino acids that has at least 88% sequence identity to the polypeptide of SEQ ID
NO:8. Preferably, the therapeutic agent is a polypeptide or polypeptide fragment comprising at
Jeast 15 contiguous amino acids that has at least 88% sequence identity to the polypeptide of
SEQ ID NO:8.

Additional aspects provide a method of treating or preventing hepatocellular carcinoma
(HCC), comprising administering to a subject in need thereof a therapeutic agent that is an anti-
histamine.

In particular aspects, the above-described methods additionally comprise at least one step
selected from the group consisting of: administering a chemotherapeutic agent; administering

radiation therapy; administering surgical resection or liver transplantation; administering radio
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frequency ablation; administering cryosurgery; administering ethanol ablation; and
administering embolization.

In yet additional aspects, the above-described methods are conducted prophylactically.

Further embodiments provide a method for identification of a therapeutic agent for the
treatment or prevention of hepatocellular carcinoma, comprising: contacting at least one
polypeptide selected from the group consisting of SEQ ID NOS:1-5 with a test compound; and
determining, using one or more suitable assays, the effect of the test compound on the activity of
the at least one polypeptide by comparison with a control to identify a test compound that
modulates the activity of the at least one polypeptide. Preferably, determining in b) comprises
detecting binding of the test compound to the at least one polypeptide, and wherein the binding
is detected by at least one method selected from the group consisting of: direct detection of test
compound binding to the at least one polypeptide; competition binding assay; and an assay for
an activity mediated by the at least one polypeptide.

Yet further aspects provide a pharmaceutical composition, comprising, in combination
with a pharmaceutically acceptable carrier or excipient, at least one agent suitable for treating or
preventing hepatocellular carcinoma (HCC), wherein the agent is selected from the group
consisting of: an antibody or antibody reagent specific for at least one polypeptide selected from
the groups consisting of SEQ ID NOS:1-7; an antisense molecule specific for at least one
sequence selected from the group consisting of SEQ ID NOS:9-13; an siRNA agent specific for
at least one sequence selected from the group consisting of SEQ ID NOS:9-12; a soluble
receptor corresponding to at least one polypeptide selected from the groups consisting of SEQ
ID NOS:1-7; and a polynucleotide encoding HAL.

Additional aspect provide for use of the pharmaceutical composition of claim 22 in

preparing a medicament for treating or preventing hepatocellular carcinoma (HCC).

No license is expressly or implicitly granted to any patent or patent applications referred

to or incorporated herein. The discussion above is descriptive, illustrative and exemplary and is
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not to be taken as limiting the scope of any aspect of the inventive subject matter defined by any

presently or subsequently appended claims.
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CLAIMS

1. A method for treating or preventing hepatocellular carcinoma, comprising
administering to a subject in need thereof a therapeutic agent in an amount sufficient to inhibit
the expression or biological activity of at least one polypeptide selected from the group
consisting of SEQ ID NOS:1-7, and naturally occurring variants thereof.

2. The method of claim 1, wherein the therapeutic agent comprises at least one agent
selected from the group consisting of: a polyclonal antibody; a monoclonal antibody; a single
chain Fv, a Fab fragment, a Fab(2) fragment, a minibody or a domain-deleted antibody; a
cytokine, chemokine, growth factor or other naturally occurring ligand; and a synthetic
molecule.

3. A method of treating or preventing hepatocellular carcinoma, comprising generating in
a subject in need thereof an immune response directed against at least one polypeptide selected
from the group consisting of: SEQ ID NOS:1-7, wherein the method comprises immunizing the
patient with one or more of the polypeptides or immunogenic fragments thereof in an amount
sufficient to illicit an immune response.

4. The method of claim 1, comprising inhibition of the biological activity of the
polypeptide of SEQ ID NO:1, SEQ ID NO:2, or of both, and wherein the therapeutic agent
comprises at least one agent selected from the group consisting of: a polypeptide that is at least
88% identical at the amino acid level to that of SEQ ID NO:1 or SEQ ID NO:2; a polypeptide
fragment comprising at least 15 contiguous amino acids of SEQ ID NO:1 or SEQ ID NO:2; a
naturally occurring allelic variant of SEQ ID NO:1 or SEQ ID NO:2 that is encoded by a nucleic

* acid molecule that is at least 88% identical at the oligonucleotide level to a gene encoding SEQ

ID NO:1 or SEQ ID NO:2; a polypeptide fragment of a naturally occurring allelic variant of
SEQ ID NO:1 or SEQ ID NO:2, wherein the fragment comprises at least 15 contiguous amino
acids of SEQ ID NO:1 or SEQ ID NO:2; and a chimeric polypeptide comprising polypeptide
fragments of SEQ ID NO:1 or SEQ ID NO:2, wherein the polypeptide fragments are linked in a
manner sufficient to mimic a ligand binding site of SEQ ID NO:1 or SEQ ID NO:2, and wherein
the therapeutic agent exhibits the ligand binding activity of SEQ ID NO:1 or SEQ ID NO:2.
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5. A method of treating or preventing hepatocellular carcinoma, comprising
administering to a subject in need thereof; a therapeutic compound comprising a targeting agent
conjugated or coupled to a therapeutic moiety, wherein the targeting agent binds a polypeptide
selected from the group consisting of SEQ ID NOS:1-7, and wherein the therapeutic moiety is
cytotoxic or cytostatic.

6. The method of claim 5, wherein the targeting agent comprises at least one therapeutic
moiety selected from the group consisting of: a polyclonal antibody; a monoclonal antibody; a
single chain Fv, a Fab fragment, a Fab(2) fragment, a minibody or a domain-deleted antibody; a
bifunctional chimeric antibody molecule; a cytokine, chemokine, growth factor or other
naturally occurring ligand; and a synthetic molecule.

7. The method of claim 5, wherein the therapeutic moiety comprises at least one of: an
antibiotic; a toxin; an apoptotic agent; an antimetabolite; a growth factor or cytokine; an RNase;
and an anti-angiogenic agent.

8. A method of treating or preventing hepatocellular carcinoma, comprising
administering to a subject in need thereof, a therapeutic agent that reduces the physiological
levels of at least one polypeptide selected from the group consisting of SEQ ID NOS:1-7.

9. The method of claim 8, wherein the therapeutic agent is an antisense polynucleotide
administered to inhibit expression of a gene, or translation of a respective mRNA encoding the
at least one polypeptide.

10. The method of claim 9, wherein the antisense molecule is a polynucleotide
comprising at least 10 contiguous nucleotides complementary to a sequence that encodes the at
least one polypeptide.

11. The method of claim 9; wherein the antisense molecule is a peptide polynucleic acid
or a non-nucleic acid polymer, and wherein the antisense molecule is complementary to at least
10 contiguous nucleotides of the at least one polypeptide.

12. The method of claim 11, wherein the non-nucleic acid polymers are selected from the
group consisting of phosphorothionate derivatives, morpholino oligonucleotides, and
combinations thereof.

13. The method of claim 8, wherein the therapeutic agent is a ribozyme.
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14. A method of treating or preventing hepatocellular carcinoma, comprising
administering to a subject in need thereof a therapeutic agent to increase histidine ammonia
lyase activity in the subject.

15. The method of claim 14, wherein the therapeutic agent is a polynucleotide that
encodes a polypeptide or polypeptide fragment comprising at least 15 contiguous amino acids
that has at least 88% sequence identity to the polypeptide of SEQ ID NO:8.

16. The method of claim 14, wherein the therapeutic agent is a polypeptide or
polypeptide fragment comprising at least 15 contiguous amino acids that has at least 88%
sequence identity to the polypeptide of SEQ ID NO:8.

17. A method of treating or preventing hepatocellular carcinoma (HCC), comprising
administering to a subject in need thereof a therapeutic agent that is an anti-histamine.

18. The method of any one of claims 1-17, further comprising at least one step selected
from the group consisting of: administering a chemotherapeutic agent; administering radiation
therapy; administering surgical resection or liver transplantation; administering radio frequency
ablation; administering cryosurgery; .administering ethanol ablation; and administering
embolization.

19. The method of any one of claims 1-17, wherein the method is conducted
prophylactically.

20. A method for identification of a therapeutic agent for the treatment or prevention of
hepatocellular carcinoma, comprising:

a) contacting at least one polypeptide selected from the group consisting of SEQ ID
NOS:1-5 with a test compound; and

b) determining, using one or more suitable assays, the effect of the test compound on the
abtivity of the at least one polypeptide by comparison with a control to identify a test compound
that modulates the activity of the at least one polypeptide.

21. The method of claim 20, wherein determining in b) comprises detecting binding of
the test compound to the at least one polypeptide, and wherein the binding is detected by at least

one method selected from the group consisting of: direct detection of test compound binding to

44



10

WO 2005/104785 PCT/US2005/014668

the at least one polypeptide; competition binding assay; and an assay for an activity mediated by
the at least one polypeptide.

22. A pharmaceutical composition, comprising, iﬁ combination with a pharmaceutically
acceptable carrier or excipient, at least one agent suitable for treating or preventing
hepatocellular carcinoma (HCC), wherein the agent is selected from the group consisting of: an
antibody or antibody reagent specific for at least one polypeptide selected from the groups
consisting of SEQ ID NOS:1-7; an antisense molecule specific for at least one sequence selected
from the group consisting of SEQ ID NOS:9-13; an siRNA agent specific for at least one
sequence selected from the group consisting of SEQ ID NOS:9-12; a soluble receptor
corresponding to at least one polypeptide selected from the groups consisting of SEQ ID NOS:1-
7; and a polynucleotide encoding HAL.

23. Use of the pharmaceutical composition of claim 22 in preparing a medicament for

treating or preventing hepatocellular carcinoma (HCC).
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Leu

825

Glu

Ser

Gly

Asp

Ser

650

Leu

Ser

Lys

Thr

Tyr
730

Leu

Ser

Asn

Leu
810

Pro

Met

Gly

Lys

635

Glu

Val

Ala

Gly

Ile

715

Gln

Pro

Gly

Leu

Val

795

Lys

Gln

Leu

Asp

620

Ala

Ala

Ala

Met

Thr

700

Lys

Gln

Gly

Gly

Asp

780

Gly

Gly

Vval

Lys Gly Ser
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Gln

605

Asp

Met

Thr

Val

Leu

685

Thr

Asp

Val

Gly

Gln

765

Ile

Lys

Lys

Asp

Tyr

590

Ala

Leu

Gln

Val

Ile

670

Gly

Ala

Asn

Leu

Asp

750

Lys

TyrY

His

Thr

Glu

830

Ser

Ser

Asp

Phe

Arg

655

Gly

Glu

Tyr

Ile

Glu

735

Leu

Gln

Leu

Ile

Arg

815

Ile

Ala
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Val

Thr

Ser

640

Asp

Pro

Met

Val

Leu

720

Ala

Ala

Arg

Leu

Phe

800

Leu

val

Leu



Leu

His

865

Glu

Asp

Leu

Asn

Leu

945

Lys

Phe

Phe

Ile

val

Phe

Asn

Met

Phe
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Ala

850

Thr

Ala

Ala

Ser

Ser

930

vVal

val

Ser

Ile

Phe Asn

835

Lys

Gly

Asp

Ala

Arg

915

Leu

Lys

Lys

Ile

Gly
995

Lys

Pro

Asp

Ser

200

Ser

Lys

Gly

Phe

Phe

980

Ser

Ser

1010

Gly Val
1025

ITle Ala
1040

Ile Leu
1055

Arg Phe
1070

Ala Gly

Tyx

His

Phe

Asp

Gly

Glu

Tyr

885

Ile

Ser

Thr

Gln

Ser

965

Phe

Asn

Thr

Gly

Phe

Lys

Asp

Ile

Glu

Glu

870

Gly

Thr

Arg

Arg

Lys

950

Ile

Ile

Leu

Asp

Phe

855

Glu

Leu

Met

Ser

Asn

935

Leu

Tyr

Ile

Trp

Tyxr

840

Ala

Ala

Ile

Arg

Asn

920

vVal

Ile

Leu

Leu
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Lys

Thr

Ser

Arg

905

Gly

Asn

Lys

Glu

Ala
985

Asn

val

Ser

890

Glu

Arg

Ser

Lys

Tyr

970

Phe

Leu

His

875

Val

Asn

Leu

Glu

955

Leu

Val

Lys

860

Asp

Glu

Ser

Leu

Lys

940

Phe

Gln

Met

845

Thr

Gly

Glu

Phe

Lys

925

Glu

Ile

Ala

Asn

Phe

Ser

Ile

Arg

910

Ser

Asp

Glu

Ile

Ser
990

Leu

Glu

Pro

895

Arg

Leu

Glu

Thr

Gly

975

val
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Arg

Glu

880

Glu

Thr

Arg

Glu

Gly

960

Leu

Ala

Leu Ser Ala Trp Thr Ser Asp Ser Lys

1000

Pro

Ala

Ala

Trp

Gln

Thr

Ser

1015

Leu
1030

Ser
1045

Leu
1060

Thr
1075

Thr

Gly Leu

Ala Phe

Leu Asn

Pro Thr

Val Asp Asp
Page

Ser

Ala

Gly

Asn

Gly

Gln

Gln

Phe

Ile

Arg

10

1020

Gly

1035

Val

1050

Leu

1065

Ile

1080

Thr Leu
31

His

Arg

vVal

05

Arg Asp

Ile

Pro

Met

Arg

Phe Val

Ala Ser

Ala Pro

Asn Arg

Gln Ser



Leu

val

Pro

Thr

Ile

Arg

Arg

Asn

val

Ser

Thr

Thr

Glu

Trp

Tyr

Ile
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1085

Arg
1100

Met
1115

Leu
1130

Ser
1145

Tyx
1160

Ala
1175

Ile
1190

Arg
1205

Phe
1220

Gly
1235

Gln
1250

Asn
1265

Asn
1280

Pro
1295

Arg
1310

Gly

Thr

Ile

Gly

Arg

Ser

Phe

Asp

Trp

Phe

Asp

Thx

Ile

Glu

Ser

Pro

Ser

Trp

Cys

Tle

Gln

Glu

Thr

Leu

Ser

Thr

Leu

Val

Ala

Lys

Glu

Met

Ile

Met

Ile

Leu

Phe

His

Asn

Ala

Ala

Val

Asn

Ala

Pro

Gly

Leu

Glu

Thr

Ala

Tyr

Arg

Ser

Gln

Gln

Ile

Leu

Gly

Trp

Val

Trp

Lys

Asp

Lys

1090

Cys
1105

Thr
1120

val
1135

Arg
1150

Glu
1165

Gln
1180

Lys
1195

Arg
1210

Met
1225

Phe
1240

Leu
1255

Glu
1270

Val
1285

Ile
1300

Leu
1315

Ile
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Phe

Pro

Ser

Leu

Thr

Arg

Cys

Leu

Met

Val

Val

Arg

Thr

Gln

val

Gly

Leu

vVal

Val

Asp

Val

Phe

Val

Glu

Val

Leu

Arg

Ile

Asp

Phe

Leu

Val

Gly

Phe

Gln

Ser

Ser

Leu

Phe

Leu

Ile

Ser

Met

Thr

Lys

Asn

Arg

val
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Ile

Thr

Met

Val

Gly

Lys

Ser

val

Tyr

Asn

Thr

Glu

Arg

Asn

Gly

Gly
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.txt
1095

Ile
1110

Ile
1125

Phe
1140

Thr
1155

Leu
1170

His
1185

Trp
1200

Gly
1215

Arg
1230

Ala
1245

Sex
1260

Tyr
1275

Pro
1290

Tyr
1305

Ile
1320

Arg

Ser

Ile

Tyx

Arg

Pro

Asn

Ile

Asn

Asp

Leu

Glu

Thr

Pro

Gln

Thr

Thr

Thr

Val

Val

Ser

vVal

Glu

Thr

Leu

Thr

Asn

Ile

Lys

Pro

val

Cys

Gly

Leu

Ile

Ser

Pro

Ile

Val

Ser

Thr

Leu

Ile

Glu

Val

Asp

Arg

Asp

Ala

PCT/US2005/014668



Gly

Ala

Gly

Pro

Asn

His

Glu

Leu

val

Leu

Ile

Val

Glu
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1325 1330

Lys Ser Ser Leu Thr Asn Cys Leu Phe
1340 1345

Gly Gly Gln Ile Ile Ile Asp Gly Val
1355 1360

Leu His Asp Leu Arg Glu Lys Leu Thr
1370 1375

Ile Leu Phe Ser Gly Ser Leu Arg Met
1385 1390

Asn Tyr Ser Asp Glu Glu Ile Trp Lys
1400 1405

Leu Lys Ser Phe Val Ala Ser Leu Gln
1415 1420

Gly Thr Glu Ala Gly Gly Asn Leu Ser
1430 1435

Leu Cys Leu Gly Arg Ala Leu Leu Arg
1445 1450

Leu Asp Glu Ala Thr Ala Ala Val Asp
1460 1465

Ile Gln Thr Thr Ile Gln Asn Glu Phe
1475 1480

Thr Ile Ala His Arg Leu His Thr Ile
1490 1495

Met Val Leu Asp Asn Gly Lys Ile Ile
1505 1510

Glu Leu Leu Gln Ile Pro Gly Pro Phe
1520 1525

Glu Ala @Gly Ile Glu Asn Val Asn Ser Thr
1535 1540

<210> 8

<211l> 657

<212> PRT

<213> Homo sapiens

Page
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Arg

Asp

Ile

Asn

Ala

Leu

Ile

Lys

Leu

Ala

Met

Glu

Tyx

Lys
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.txt
1335

Ile
1350

Ile
1365

Ile
1380

Leu
1395

Leu
1410

Gly
1425

Gly
1440

Ser
1455

Glu
1470

His
1485

Asp
1500

Cys
1515

Phe
1530

Phe
1545

Leu

Ala

Pro

Asp

Glu

Leu

Gln

Lys

Thr

Cys

Ser

Gly

Met

Glu

Ser

Gln

Pro

Leu

Ser

Arg

Ile

Asp

Thr

Asp

Ser

Ala
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Ala

Ile

Asp

Phe

Ala

His

Gln

Leu

Asn

Val

Lys

Pro

Lys
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' 55382-28.8T25.txt
<400> 8

Met Pro Arg Tyr Thr Val His Val Arg Gly Glu Trp Leu Ala Val Pro
1 5 10 15

Cys Gln Asp Ala Gln Leu Thr Val Gly Trp Leu Gly Arg Glu Ala Val
20 25 30

Arg Arg Tyr Ile Lys Asn Lys Pro Asp Asn Gly Gly Phe Thr Ser Val
35 40 45

Asp Asp Ala His Phe Leu Val Arg Arg Cys Lys Gly Leu Gly Leu Leu

Asp Asn Glu Asp Arg Leu Glu Val Ala Leu Glu Asn Asn Glu Phe Val

Glu val Vval Ile Glu Gly Asp Ala Met Ser Pro Asp Phe Ile Pro Ser
85 90 95

@ln Pro Glu Gly Val Tyr Leu Tyr Ser Lys Tyr Arg Glu Pro Glu Lys
100 105 110

Tyr Ile Glu Leu Asp Gly Asp Arg Leu Thr Thr Glu Asp Leu Val Asn
115 120 125

Leu Gly Lys Gly Arg Tyr Lys Ile Lys Leu Thr Pro Thr Ala Glu Lys
130 135 140

Arg Val Gln Lys Ser Arg Glu Val Ile Asp Ser Ile Ile Lys Glu Lys
145 150 155 160

Thr Val Val Tyr Gly Ile Thr Thr Gly Phe Gly Lys Phe Ala Arg Thr
165 170 175

Val Ile Pro Ile Asn Lys Leu Gln Glu Leu Gln Val Asn Leu Val Arg
180 185 190

Ser His Ser Ser Gly Val Gly Lys Pro Leu Ser Pro Glu Arg Cys Arg
195 200 205

Met Leu Leu Ala Leu Arg Ile Asn Val Leu Ala Lys Gly Tyr Ser Gly
210 215 220

Ile Ser Leu Glu Thr Leu Lys Gln Val Ile Glu Met Phe Asn Ala Ser
225 230 235 240

Cys Leu Pro Tyr Val Pro Glu Lys Gly Thr Val Gly Ala Ser Gly Asp
245 250 255
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Leu

Met

Ala

Leu

305

Glu

Thr

His

Arg

His

385

Pro

Ile

Ala

Pro

Ala

465

Glu

Met
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Ala

Trp

His

290

Ile

Arg

Leu

Ala

Ser

370

Arg

Gln

Ile

Asn

Ala

450

Ile

Leu

Ile

Pro

Ser

275

Gly

Asn

Ala

Glu

Leu

355

Leu

Phe

Vval

Thxr

Arg

435

Lys

Ser

Pro

Ala

Leu

260

Pro

Leu

Gly

Ser

Val

340

Arg

Leu

Cys

His

Thr

420

Gly

Ala

Glu

Ala

His
500

Ser

Lys

Lys

Thr

Ala

325

Leu

Pro

Asp

Asp

Gly

405

Glu

Glu

Leu

Arg

Phe

485

Cys

Ser

Pro

Gln

310

Ile

Lys

Ser

Arg

390

Val

Leu

Thr

Asp

Arg

470

Leu

Thr

Leu

Gly

Val

295

Met

Ala

Gly

Arg

Asp

375

Val

vVal

Asn

Ile

Tyr

455

Ile

vVal

Ala

Ala

Trp

280

Ile

Ile

Arg

Thr

Gly

360

Gln

Asn

Ser

Ser

440

Leu

Glu

Ala

Ala
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Leu

265

Ala

Leu

Thr

Gln

Thr

345

Gln

His

Asp

Asp

Ala

425

Gly

Ala

Arg

Glu

Ala
505

Gly Leu Val Gly

Asp

Lys

Ser

Ala

330

Lys

Ile

Pro

Ala

Thr

410

Thr

Gly

Ile

Leu

Gly

490

Leu

Ala

Pro

Leu

315

Asp

Ala

Glu

Ser

Tyr

395

Ile

Asp

Asn

Gly

Cys

475

Gly

Val

Lys

Lys

300

Gly

Ile

Phe

Val

Glu

380

Thr

Ala

Asn

Phe

Ile

460

Asn

Leu

Ser
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Tyr

285

Glu

cys

Val

Asp

Ala

365

Ile

Leu

Phe

Pro

His

445

Pro

Asn

Glu

Glu

270

val

Gly

Glu

Ala

Thr

350

Phe

Ala

Arg

Val

Met

430

Gly

Glu

Ser

Ser

Asn
510

Gly

Leu

Leu

Ala

Ala

335

Asp

Arg

Glu

Cys

Lys

415

Val

Glu

Leu

Leu

Gly

495

Lys
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Lys

Glu

Ala

Val

320

Leu

Ile

Phe

Ser

Cys

400

Asn

Phe

Tyr

Ala

Ser

480

Phe

Ala
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Leu Cys His Pro Ser Ser Val Asp Ser Leu Ser Thr Ser Ala Ala Thr
515 520 525
Glu Asp His Val Ser Met Gly Gly Trp Ala Ala Arg Lys Ala Leu Arg
530 535 540
val Ile Glu His Val Glu Gln Val Leu Ala Ile Glu Leu Leu Ala Ala
545 550 555 560
Cys Gln Gly Ile Glu Phe Leu Arg Pro Leu Lys Thr Thr Thr Pro Leu
565 570 575
@lu Lys Val Tyr Asp Leu Val Arg Ser Val Val Arg Pro Trp Ile Lys
580 585 590
Asp Arg Phe Met Ala Pro Asp Ile Glu Ala Ala His Arg Leu Leu Leu
595 600 605
Glu Gln Lys Val Trp Glu Val Ala Ala Pro Tyr Ile Glu Lys Tyr Arg
610 615 620
Met Glu His Ile Pro Glu Ser BArg Pro Leu Ser Pro Thr Ala Phe Ser
625 630 635 640
Leu Gln Phe Leu His Lys Lys Ser Thr Lys Ile Pro Glu Ser Glu Asp
645 650 655
Leu
<210> 9
<211> 1890
<212> DNA
<213> Homo sapiens
<400> 9
gacccacgcg tccggggagg agaaagtgge gagttccgga tccctgecta gecgcggecca 60
acctttactc cagagatcat ggctgccgag gatgtggtgg cgactggcgc cgacccaage 120
gatctggaga geggcggget getgcatgag attttcacgt cgecgetcaa cctgetgetg 180
cttggectet gecatcttect gectctacaag atcgtgegeg gggaccagcc ggcggecage 240
ggcgacageg acgacgacga gccgcccect ctgceccegec tcaagceggceg cgacttcacc 300
ccegecgage tgeggegett cgacggegtc caggaccege gecatactcat ggccatcaac 360
ggcaaggtgt tcgatgtgac caaaggccgce aaattctacg ggcccgaggg gccgtatggg 420
gtctttgetg gaagagatgc atccaggggce cttgccacat tttgcctgga taaggaagca 480
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ctgaaggatg
gactgggagt
gaggagcccea
gattaaagca
tccactcectgt
aagtttttta
gtgtttgtgt
tgtttttett
aaggaagact
ggatcaactt
gacttaactg
actttggtat
tgcaaaaaag
cactcagaca
ttcaaaagaa
agattgtagg
ttttactcaa
tgtttgctct
ctagtcaagt
aaaactatac
ggttaacact
cctagtgaga
gtgttttatg

aaatggtttt

<210> 10

<211>
<212>
<213>

<400> 10
ctgctctecce

tcaggccage
ggcggceccgg
gcggagetgg

cctgeccacce

8056
DNA
Homo sapiens

agtacgatga
ctcagttcac
ctgtgtactc
ttcagtggaa
ctttaaaaca
attaacatca
gtcacaaatc
ctatctgtag
tgggtattte
ttagtcatga
catgatttct
ggattaagcg
catattttcet
ccctcacaaa
agctttggaa
actgtcttcc
ttggttacte
cctaagagcec
ggtttttaaa
ccactgcaaa
aagcttaagt
tttcaaactt
attttacctc

acccactaaa

tgagcceget
cgcggecectt
ccagtgtcge
cttggacacc

caccggttgg

cctttetgac
tttcaagtat
agatgaggaa
gtatatctat
tagtgattac
ctagtgacac
cagaaagtga
ttagtacagg
ccaaaacagg
tgttctgtaa
gttttatcta
ctgtccagta
gtgtttctgg
cacagtagtc
aaaaagagct
caagccccat
tcatttgaaa
ttcatgcaca
gtaaagtata
agtagtagtc
agactataca
gtaattgtgg
aaatcagaaa

aaaaaaaaaa

cccgageget
ggcecegetge
tcatcceggg
caactttgcc

ccgegegete

55382-28.ST25.txt

ctcactgctg
catcacgtgg
gaaccaaaag
ttttgtattt
aatatttaga
taataaaatt
actgcagtgce
atgaatttaa
taaaaatctt
agacaacaaa
cctctaaage
acaaaatgaa
actgcactgt
tatagttagg
ggctggcecta
gttcatggtg
tgagggaggg
ccecctgaacce
ttcataaggt
aagtgtctag
gttgtatgaa
ttaaatagte

acaaaatgat

gctttececge
agcccecggece
acgctcecctt

acctecgaggg

ggggaccgtg
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cccagcagga
gcaaactgct
atgagagtgc
tgcaaaatca
aagttttgag
aacttcttag
tgtaatacac
atgtgttttt
aaatgtgcac
tcecetttttt
aaatctgcag
atctcaaaac
tgtecttgee
attaaaatag
aaaacctaaa
gggcaatggt
acatacagaa
acgaggaaac
aacagttatt
gtctttgata
tttgtaaaag
attgtatttt

gtgetttggt

cgegggtgag
cteccacctte
ctcccaccca
tcgtctectge

ctecgtggcecc

PCT/US2005/014668
gactctgagt 540
gaaggaggdg 600
ccggaaaaat 660
tttgtaacag 720
cacttgctat 780
aatgcatgat 840
atgttaatac 200
cctgagagac 260
caagagcaaa 1020
tttctcaatt 1080
tgttccaaag 1140
agagctcagc 1200
ctcacataga 1260
gatctgaaca 1320
tatatgatga 1380
tatttggtta 1440
taggaacagg 1500
agtacagtcg 1560
ctgttgttat 1620
ttgctetttt 1680
tatatgaaca 1740
cttgtgaact 1800
cagttaataa 1860

1890
cttecgcagec 60
ccegtgcagg 120
ggactgcccce 180
tgggcgcgaa 240
ccaageccggt 300
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gceceecatte
gcagctgetg
cccccaggeg
tgggctggag
ctcecatecte
aagacacgtg
atggctgttce
tcagtgccag
ggagttcaga
agaacttgtt
tatccaggct
caaatcaaag
attcacctgt
ggctgagatc
ttccacagcg
aggacgtgat
gtacaactcc
tacctacttc
cagagctgcc
gaccacattc
caacgaattg
caccaatgtg
gcaggccttce
tceccaaccca
gaccgagaga
agtgaccaca
cgtggtgcag
cattaagaaa
tgagctcttce
gagtgtcctg
gttctacecge

ggtaatgaag

tggaactcag
cctecactte
ctggatgact
tgcccacgtg
tctctecttg
cccagagtca
tcaagcctgg
agaaccgagc
gcgaagaatg
gtaggagcaa
gtggaatggg
gaggaatgtc
gggaccaatg
catgatcaga
ctcctcecacag
cctgceeattt
aaatggctca
ttttteccgag
cgggtgtgea
atgaaggctc
cagagtactt
aacagcattg
tctgggececet
aacccccact
aatctgecagg
gtgcectect
ggcagagaag
gtgcgggtac
cctgagaggce
ttegtgggge
acacgcagca

aaatgcacaa

cgagtagggy
cctagccagg
ggcaccagcg
gctgtggagt
gcactttecca
gaggcccecett
ggctgtggag
atccagtcat
ctgcggattt
gaaactacct
agtgtgatga
agaactacat
cattcacgcce
tcagtggcat
ctggtgggga
accgaagcct
atgagccaaa
aaaatgcagt
agaacgatat
gcctgaactg
tctteetgee
cggcectcage
tcaagtacca
tccagtgtgg
atgctcagaa
tcatggagga
cgctegteca
ccctgaatea
ggaggdggagcec
tgcgggagca
cctgcattgg

gcctggagga

gcggetctgg
tgctgaagag
ctecectegeac
cagtgtgatt
cacatgagga
gcccaccatg
actcgeccac
ctcctataaa
ctcgecagtta
cttcaggtta
agctaccaaa
ccgggtgett
tgtctgcacc
ggccegetgt
gctctatget
aggcatttta
ctttgtgtea
agagcatgac
tggtgggcgce
ctcecegtecet
tgagctggat
tgtgtgecgtce
agaaaactcg
caccgtggac
gttecattctg
caatagccgce
catcatctat
gacctcaagce
catcaggagc
cgtggtcaag
ggcccaggac

gagcctgage
Page 38
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ggaagtggca
gatcctegga
ctgtgttggt
catgattgag
gaagaagagc
aagggaacct
ccagaggccc
gaaattggcce
acatttgacc
cagcttgagg
aaggcctgtt
ctggtgggtg
aaccgctcegt
ccctacagte
gctacagcca
cctectetec
tcttatgaca
tgtgggaaaa
ttectgetgg
ggggaagtcc
ttgatctatg
ttcaacctga
cgcteggect
cagggcctgt
gtgcatgagg
ttttecccacg
ttggccacag
agctgtttge
ctgcagatcc
atccccctga
ccttactgtg

atgacgcagt

PCT/US2005/014668
gggggcggct 360
gcegetetgg 420
gtgtgagact 480
gaaacgcgtc 540
ttctgtttag 600
gtgttatage 660
agggtacgac 720
cctggttacg 780
caggacagaa 840
atctgtctcet 900
acagcaaagg 960
gcgacecggtt 1020
tgagcaacct 1080
cccagcacaa 1140
tggattttce 1200
gcacggcgca 1260
tcggaaattt 1320
cagtgttecte 1380
aagacacctg 1440
ccttttacta 1500
gcatctttac 1560
gcgececatege 1620
ggctaccgta 1680
acgtgaacct 1740
tggtacagcc 1800
tggcagtcga 1860
attacggaac 1920
tggaagagat 1980
tgcacagcca 2040
agaggtgcca 2100
gctgggatgt 2160
gggaacagag 2220
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catctctgeg
gtggacgcct
ctectgegac
gatcgccaac
cactacctgt
gcacgggggc
gctatgtccce
atgcgggggt
ctgcaatgtg
gcecctggaca
attccgatac
gagaatcgaa
ttectggggat
agcctggacg
gcgtgtttge
ggaataccag
ccecctggaca
ctccaatcca
actctgcaac
tgaagcctct
ccagtgcetcee
agaagtatct
gtteccacatg
cgtectatact
cgtctcacct
cgactecggtg
caaatacttc
caataattat
cctcaaggce
tacatttcaa

ttaaaagcaa

cagggtggtg

tgtcecgacca
tgcacgcaca
agccecggecc
tgttccagga
gggategget
cgggtgtgeg
ccacacatgt
ggcattcaag
gagtaccagt
ccectggacac
acatgcaaag
atgcggtact
ttcetgegtg
tegtggtcac
aacaaccccg
gaatgcaaca
aaatgttcag
gcecccggect
acgcagccct
ggcgteccaag
gggaacacca
gtggcaagat
atcgcecgtgy
tactgccagce
gccecectta
gaggccatca
aacccacatce
gatgagtact
tgtgccecat
gtgcatttca
caaaaattga

aagtttttaa

ggaatctcac
cagatggcag
cgcagtgtgg
acggaggctg
tccaggtgeg
tgggacagaa
tctggacagg
ctcgececgeag
cttgcaacac
ctgtcaacat
ccegectgge
gttctagcga
ctgggagata
agtgcagccg
aacccaagta
ctttgecectg
caacatgcgg
atggagggga

gcccagagag

teegegeccg

cggagagccg
ccagtagcgt
ggctgagcag
ggtaccagca
ataccagcat
aggcatttaa
tcactgggaa
aacagctttc
gactgcccat
agccaccaga
aataagacat

ttggtgttea

55382-28.8T25.txt

cgtggatggg
cgcegtggga
tggctggeag
gactcecctgg
gcagcgctece
ccgecgaggaa
ctggggtcecect
gatctgtgag
caacccgtgt
ctctgacaac
tgatccgaat
cggcaccagt
ctetgeccac
tgactgcagc
tgggggaatg
cccagtggat
cggtggacac
catctgectg
ctggtcggag
ccagtgcate
gccgtgtgtyg
agaagagaaa
ctceatccte
gcaatccecac
aaccaaccac
caaaaacaac
gacctattcet
atgttttggg
gtttctgagg
gtgtcccatt
cgtgaaaatc

tcctattttt

cactttggtg
tcctgectet
tgcgagggec
acctegtggt
tgcagcaacc
agatactgca
tgggaacggt
aatgggcecctg
cctgagcetga
ggcgaccact
ttgctggaag
ggctgectcca
acggtcaacg
aggggcattce
ccttgeettg
ggcgtgtggt
tatatgagga
gggctgcaca
tggtecggact
ctcectgttcce
tttgactcta
aggtgtggag
ggctgectcee
gatgcgactg
atcaacaaac
ttgatcctag
aatgcctact
cttecttgtaa
cttcagagtc
ggtgccaaaa
ttgaccattg

ctgacaagtc

Page 395
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tgtggtctcc 2280
gtcgaacceg 2340
ctggcatgga 2400
cteccctgecag 2460
ccactcccag 2520
atgaacattt 2580
gcacagccca 2640
actgtgcagg 2700
agaagaccac 2760
atgagcaacg 2820
tgggaagaca 2880
cagatgggct 2940
gggcttggte 3000
ggaaccggaa 3060
gcccatctcet 3120
cttgetggtce 3180
cccegetettg 3240
cagaagaggc 3300
ggtctgagtg 3360
ccatgggcag 3420
atttcatcce 3480
agttcaacat 3540
tcaccctgct 3600
tcatccaccc 3660
tggacaagta 3720
aggaaagdgaaa 3780
ttacagatct 3840
atccccagtt 3900
gaagtttgga 3960
atacacgtct 4020
ttgattgagc 4080
cattggtttg 4140
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ttttttgagc
tttggagtgt
acctgcectect
atgtggccaa
gggattcttg
tggtccacac
gtttectgtgce
gegtggatgt
ggcattccag
gtgacgtcct
ctccatgcect
aaagtattga
aaagaactga
ggcaatcagce
aggtccacac
agcaggagat
ccagtccatt
tgggaagtca
tcatcgataa
tataattttce
aaaaaagaac
gtagacatgg
gggggactaa
taatttaaag
gttgagttca
caggtgggct
tcaatgtggc
atgctccaag
tcggctggat
aaaacatttt
ttgtaagett

caagaatgtt

attattttat
aaatcttcat
tccacaagaa
acaattattc
gaagcagctt
cggcagaagt
cattgctggt
gttctgcagg
gaagctccett
gaagagccag
tctetcetecc
aaatactaaa
tattaatgat
ccctaccatg
gaagtgctac
gctcagetcet
caccctcacc
ggatagctgg
gcatttaaga
tcacaaacaa
acgactgaaa
aaacgtgttc
ggaacataga
aaacaatttc
aaatattctc
ctgtaagtta
ccteteacte
gtccatactc
tttcatcatc
tcactttgta
aaagggacaa

ttccactgga

aaatgtgcca
gatgttgtaa
gtgcataggt
accatggatt
gagtgtttte
tacagtagac
gctggtggag
ttgctgcaaa
gccatgetgt
tctgtaaaat
tgcaaagaaa
ttataactaa
aatcatttta
agcattaatg
ccccagttite
ggtgcctttt
tctcectgea
aagtaagggt
gtgtgctaac
ccaatacata
aagttcatct
ttacaaatga
attttattag
agaaagtgtt
atatacccag
tttggggatt
atccctcecata
agtaggggga
agaaatttcc
gcacaatttt
ttttaatttt

attgatggga

cccacattgg
attcaagaaa
ccataatatt
gcccaacttt
atcttgectg
tgtgaggcac
gcagcggagce
actcacctta
tggcectggaa
aaccaaccac
aatcttgaac
aagcaacttt
tttttecatct
ccatgtaaag
tgctgttact
cttttatttc
tggaggcaac
ttttggggat
accattcaca
acctatggca
gatgcctctg
acctteggat
catatgtgat
agaagaattc
atttacagag
aatgaaatcc
tgtcaagagt
aatctagcecg
aactcatcte
agttattttt
ccecetggtta

aatggtttct
Page 40
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aaggagtctt
ataggcactt
tcataaaatg
ccaaatctgg
ggaagcccag
cccaccttge
agaggctcag
ttctgacttt
gtccacctgt
ttacttagcg
atttatgatg
ttatgttatt
ctctgatata
ctggetttet
tgctgectcce
agtgctgect
agcatttcca
ccetgtggte
gaggtccctg
gttggttgaa
agcatgtgat
ctatgaaaga
tttaccctta
tatgtttaat
atgacacagt
agggtcttgg
cctteetgte
gatggttcce
atcagttttc
gagtcttett
aagagggatt

aaatggcatc

PCT/US2005/014668
tctttagaac 4200
tctetgaaag 4260
aagaaaaaga 4320
ataaagctgt 4380
gaattccacc 4440
tcctgatgea 4500
gcacaatgaa 4560
tggatttcat 4620
ctggtccata 4680
tttggataga 4740
tcaattagtg 4800
gaaaatattg 4860
cccaatgtgt 4920
ggagtctgece 4980
aggccagggg 5040
tcccacccac 5100
agatgtacct 5160
tcttcactga 5220
gaaaaaaata 5280
taattattga 5340
aaagtcctgg 5400
aaatatagta 5460
tetttgttte 5520
aatgaatatt 5580
attgaaatgg 5640
caggggggac 5700
ttatatgcac 5760
caattgttcce 5820
ttgtaagaaa 5880
ccctaatagt 5940
ctaatatttc 6000
gaagctggte 6060
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tttaatgatc
ttgttaataa
cgtaccacac
tgacagaata
ggaataagtt
tccacgcetta
cttggaaact
gaaactttgce
ctttgttttt
cttatccgac
ggaacaaaaa
ttaatccact
catgaggaag
gctattcagg
cactgacagt
ttectgtage
atatggactt
aagagccaca
atatttctat
tagggatggt
agaagaaaag
gagacgataa
taggaagagt
tcacaggtga
cgtgaaaggc
cccacttcac
gccagagttt
gtgggagtca
tcatgctgtce
actttgggag
aacatgggga

tgcectgtggt

ttttgcaatg
tataaacaaa
tgttcaaagg
gcaagtgttt
gtgtttgtcce
tcgegtgaac
ccttcataaa
ggttcacatt
gtcettecatt
tatttecctece
ccaacacata
atttaacttc
ctegettgae
gtcctttett
ttacaggaag
tccagggaca
agtgaattct

gtctccagac

.gctgctgett

tcecctaagece
aacatttatt
acattgaatg
ccgtteatgt
tgccaaatag
aggacctggt
aggtccatgg
tagccaaagg
aagcctattt
aaaatcatgg
gccaaggtgg
aactccatct

cccagtttet

acttgggaaa
cctttgaaat
aaaattgttt
agataatttc
atcactgtgt
cctcacatgt
gcegetette
ttaaattect
ccctectttt
atttgcttcet
gttttaagct
taaaattatt
tttagtctta
gaggccagac
gagaagaaca
tgtagctttg
aaggaactca
tcatggegtt
cttgtgactt
tgttcaagta
aaatgtatgt
agggtgaggg
catgtggttt
aaaagaagca
caccccagea
gtctgaccct
tgtacttact
tgctgagtgt
acaaaggctg
geggatcacce

ctacaaaata

tgggaggctg
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aacaccctce
tagcattgca
atctctctte
agatatattc
agctaccgtt
tggactttca
cttaggectg
gaatgacctt
gttcttectt
tttctatttg
acacctttcet
tctgaataca
catttaaatt
tcatcaccat
gaatttctge
gtgaaactgg
gggggcacgt
ccecteccagaa
acatgaggca
ggctctcact
gtggggctga
catccectget
gggatgaacc
aatggaggaa
agtgctatgg
tggactctge
teccttattta
tcccactgga
ggtgcagtgg
tgagctcagg
tacaaaatat

aggcgggagt

ctcactacag
aaagaatccc
ctttctctet
ctaagtattt
cacatgttct
cagtgtgatc
ggctgtttgg
ttcattctct
cctgecettte
ccatcacctg
gcacctgatg
gttgcagata
ctttgaaagt
ctactattga
acactacaca
ggttttgtaa
ggtcaggcte
ctecccatte
tctcagcectte
agagttacca
ggttctaaag
ggggagaaac
aggggtctge
atagtcggat
acagttcccg
caggatcaac
tctccaaaag
tcctctgtag
ctcatgccta
agtttaagac
tagccagcca

atcatttgag

Page 41
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gatcttcatg 6120
atttttgttt 6180
ctctettatt 6240
taccagctgt 6300
ggctctgtac 6360
tctcacctgt 6420
aagtcctggt 6480
ctttctttat 6540
acgtcaccta 6600
tgacccgagt 6660
taaaatgaca 6720
ggctggtttt 6780
ggctcccagt 6840
ttttacagtg 6900
acatgtggge 6960
cctctgaatg 7020
caccgcacag 7080
ccctetgage 7140
ttcatgtttg 7200
ttcatatttg 7260
gaattgaaaa 7320
ctctgtecce 7380
cceccateggg 7440
aagtaggtga 7500
gaaacggttg 7560
tgcccagagt 7620
gatggaaact 7680
aattagcagg 7740
taatcccagce 7800
cagcectggge 7860
tcgtggtgcg 7920
ccaggaggtt 7980
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gaggttgcag tgagctgaga tcacatcact gcactccatce ctgggtgaca gagagagacc

ctgtctcaaa

11
3439
DNA

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

<400> 11
tctggtttgt

gtattgaagc
agctgeceget
tecttgetece
aggagctagt
actagtacaa
gtgctgggtt
ataatatctc
aactatgtta
ccaaccecett
tcecctgtetg
cttggggaca
ggagctctcet
agaagcatat
gaaattgctc
acgggcattce
tggcacatcc
ttctgteccag
caaagcttga
aaagaaagag
tccagctacc
ggaatcaatg
cctgtttatg
ttcettgtgg
gtttgtgecca

tatgtgagca

aaaaaa

Homo sapiens

aacttatgcce
cacaggttge
gagaagatta
tcctectgcea
caggtgcatg
tgacagaaga
ccttecagtt
actatagaca
tcaacagtac
gggctgagga
tatccagcett
cacttggaag
tgatggggtt
caggactata
caaccgctct
ttattagtca
tgcttggect
aaagccccag
aaagactcag
aagaagcatc
gacagcctat
gcatttttta
caaccattgg
agaaggcagg
tcttcatgte

tgatagccat

taagggacct
tgaggcaaag
gacttggact
atgcataact
tgccacacte
taaggtcact
tggatatgac
tgttttgggt
agatgaactg
agagactgtg
tgcagttggt
aatcaaagcc
ttcaaaattg
ttgtgggcta
caggggagca
gattattggt
gtctggtgtg
atacctttac
aggatatgat
gagtgagcag
tctagtggca
ctactcaacc
agttggegcet
gcgacgttet
agtgggactt

cttectettt

gctceccattt
cacttattga
ctcaggtctg
aggcctagge
acacaagacc
gggaccctgg
attggtgtga
gtteccactgg
cccacaatct
gcagctgctce
ggaatgactg
atgttagtag
ggaccatcte
atttcaggce
cttggcactt
cttgaattta
cgagccatce
atcaagttag
gatgtcacca
aaagtctcta
ctgatgctgce
agcattttte
gtaaacatgg
ctctttctaa
gtgctgectga
gtcagcttct

Page 42

tctttectag
ttagattecce
ggtagcccaa
agagctgcga
tggaattgac
ttttecactgt
tcaatgcacc
atgaccgaaa
catactcaat
aactaatcac
catcattcectt
caaacattct
atatacttat
tggttcctat
ttcatcaget
tcttgggcaa
ttcagtctct
atgaggaagt
aagatattaa
taattcagct
atgtggctca
agacggctgg
ttttecactge
ttggaatgag
ataagttctc

ttgaaattgg

tggaacaaag
atcaatattc
ctecctececte
ataaacaggc
aggactccca
catcactgct
tcaacaggta
agctatcaac
gaacccaaaa
catgetctgg
tggtgggtgg
gtcattagtt
aattgctgga
gtatatcggt
ggccatcgtce
ttatgatctg
gctactcttt
caaagcaaaa
tgaaatgaga
cttcaccaat
gcaattttce
tatcagcaaa
tgtctctgta
tgggatgttt
ttggatgagt

gccaggcccg

8040

8056

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
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atcccctggt
atagctgcat
gcggacttct
ctgttcacat
gaattccaaa
ctaggagcta
taagggaacc
gtattgtttt
tttttttaag
gctagtttat
ataacaaggt
agaaacctga
tacccatata
agacaactct
cttaaaattt
aatgtctata
aaaagaaaac
ctaaaaaggt
aaaaccatgt
attgaggaca
ttacctcaaa
ttgatcactt
agggtttgag
tttatcaaaa
acataaaata
gccaaactat
acataggcaa
caattatgga
taggectgttt
gtattgaaga
tgaacatttg

caagaaattg

tcatggtggc
tcagcaattg
gtggacctta
tttttaaagt
aéaagagtgg
cagagactgt
gtectgttttt
atttttatgt
ttagagaata
tttgttacac
tcttctaaaa
ggatgcaaca
tcttatgtta
tccatttatt
tacttttgtt
gagaaaaact
cattttagtt
ttcacctgat
tgattccecctt
gcetggtttt
ttcctaataa
tgttaaaaat
gattcectgag
tccctattta
atcgtctect
tctatggcca
attggaaata
aatatagttc
tctccaccaa
aaagcacttt
ctttgtttte

tttetttte

tgagttttte
gacctgcaat
tgtgttttte
tccagaaacc
ctcagcccac
gtaaaaaaaa
aaatgatgat
gctctcatceca
tatttttgat
taaagggcag
ttgaagagat
aatatttata
aaggagatat
gcactcagct
ctgtattttc
ttcatttttg
cctttattta
catatagcgt
ctggtacaat
cacatacact
gtttgatcaa
attttctgaa
tgtgggette
attttectgg
ttgacatttc
ttactaacac
cacagatgat
tgatgggtcce
ctggagcact
ttaaaaagta

taaagttgtt

agtcaaggac
ttcattgtag
ctetttgetg
aaaggaaagt
aggccaaaag
aaccctgett
tccttgagea
gaaatgtcat
ggtaagactg
gtggttctaa
ttcaacatat
tatttgaata
ggctagtggce
tttttettga
atgtggaatg
gtaggcttat
atggccaaat
gggttatcag
cctttgagtt
caaacaatca
atctaatgta
ttattatgte
tgaaacttca
aaagactgat
cttetttgte
gcattgtaca
taaacagact
caaaagctta
gatcaatcct
ctctttaaga

cacatatatg

Page 43
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cacgtcctge
ctctgtgttt
gagtgctcecet
cttttgagga
ctgctgtaga
tttgacatga
ttttatatcc
caaatattac
taattaagta
tatttttage
cattttttta
tcattaaatt
aataagttcc
gtactagaat
gattatagag
caaaatcttt
ggtttttgeca
ttaacattaa
atagtttgcet
tgagtcagac
agaaaatttg
tcaaaataag
taaatgttca
tgttttatgg
ttagctgtat
ctatctatct
ttagcttaca
gcagggtgcet
tettatgttt
gtgaaataat

taatttagca

PCT/US2005/014668
tgctttagea 1620
ccagtacatt 1680
ggcctttacce 1740
aattgetgca 1800
aatgaaattc 1860
acagaaacaa 1920
acatctttaa 1980
caaaaaagta 2040
aaccaaaaag 2100
tctgttettt 2160
acacataact 2220
ggaattttct 2280
atgttaaaat 2340
ttgtattttg 2400
tatactaaaa 2460
cagcactcag 2520
agatttaaca 2580
catctattat 2640
ttgcttttta 2700
atttggtata 2760
aagtaaagga 2820
ttgaaaaggt 2880
gcttcagact 2940
tgtgttccta 3000
acagattcta 3060
gcctttacct 3120
gtcaatttta 3180
aacgtatctc 3240
gctttaatgt 3300
taaaaaccac 3360
gtccaaagaa 3420

3439
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12
4868
DNA
Homo

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

<400> 12
gecggeegegt

tactttttgg
gcaaactgtt
tctcecacgtg
gcaggtatte
agaagactct
aggcacatgg
ctectggttc
gactctgatc
cttcatctce
tgagtcatca
gtatgacagc
agttgatgaa
agagctgcag
ctectggagece
cctggaagat
ctggttgatg
gaagctagtg
ctttgcecaagt
cactgecggcet
gggtgtaaaa
caacttggcc
ccagaagctce
tgtettatcet
ggtgatggtg
ggtcaaaaat
aatcaagatc
ccggaagaaa

cgtctteccag

sapiens

ctttgttcca
aattccteat
ctggtgtgga
tataaatcca
gttggtttte
ggacaagcca
ctectggttt
ctgtcecctat
cggacactct
tacggattcecce
aataatccat
atcattetga
gagatgaaaa
aaagccaggc
aggctgecctg
gttgaaaaga
aaggctctgt
aatgacatct
gaccgtgaca
ctcattcagt
gtacggacag
aggaaggagt
atggatgtga
atcttcttce
cttgtaatcc
atgaagaata
ctgaaatatt
gagctcaaga

ttaactccag

gacgcagtcc
tecetggacag
tteccttggg
ggaccaagag
ttcttattet
cagtccctge
tgctgatcca
tctggattct
tacagggtga
agatcctgat
catccatagc
aaggctacaa
ccaagacatt
gggcactcca
gcttgaacaa
aaaaaaagaa
tcaaaacttt
tcacgtttgt
catatttgtg
ctttctgect
ctatcatggce
acaccgttgg
ccaacttcat
tatggagaga
caattaatgc
aagacaaacg
ttgcctggga
acctgctggce

tectggtatce

aggaatcatg
tcecggaggcea
cttcctatgg
atcctctacce
agcagccata
tgttcgatat
atacagcaga
ctcgatactc
caattctaat
cctgatcettt
ttcattectg
gcgtectetg
agtgagcaag
gagacggcag
gaatcagagt
gtctgggacc
ctacatggtg
gagtcctcag
gattggatat
tcagtgttat
ttctgtatat
agaaacagtg
gcacatgctg
gttgggaccce
gatactgtcc
tttaaagatc
accttcattc
ctttagtcaa

tgtggtcaca
Page 44
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ctggagaagt
gacctgccac
ctcectggece
accaaactct
gagctggccce
accaatccaa
caatggtgtg
tgtggcactt
ctagcctact
tcagcatttt
agtagcatta
acactcgagg
tttgaaacgc
gagaagagct
caaagccaag
aaaaaagatg
ctecctgaaat
ctgctgaaat
ctctgtgcaa
ttccaactgt
aagaaggcat
aacctgatgt
tggtcaagtg
tcagtettag
accaagagta
atgaatgaga
agagaccaag
ctacagtgtg

ttttetgtit

PCT/US2005/014668
tctgcaactce 60
tttgttttga 120
cctggcaget 180
atcttgctaa 240
ttgtactcac 300
gcctctacct 360
tacagaaaaa 420
tccaatttca 480
cctgeetgtt 540
cagaaaataa 600
cctacagctg 660
atgtctggga 720
acatgaagag 780
cccagcagaa 840
atgcccttgt 9200
tteccaaaatce 960
cattcctact 1020
tgctgatcte 1080
tcctettatt 1140
gcttecaagcet 1200
tgaccctatc 1260
ctgtggatge 1320
ttctacagat 1380
caggtgttgg 1440
agaccattca 1500
ttcttagtgg 1560
tacaaaacct 1620
tagtaatatt 1680
atgtecectggt 1740
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ggatagcaac
cctgegettt
ttccacagag
acatgactgce
tgattcggaa
tgtgataggc
ggaaaatgtc
ctggattcag
gaggtaccag
aggagatttg
gatcagcctg
gtctgcagtg
cctgttgaaa
ggatgagatt
cctggccaaa
tgaagaggaa
atccagtgtg
ctttegtega
aaactccttg
acaaaaacta
ggagtaccta
gaattctgtg
aatcttcaat
agctctggga
tttecgtccat
tatgagattt
ttccacagtg
gataatcagc
tcetettgge
gaggcgtcetg
aggtttgcca

gaggattgac

aatattttgg
ccectgagea
cggctagaga
aattttgaca
gccacagtce
cctgtegget
cacgggcaca
aatggcacca
caagtactgg
gctgagattg
gccagagcta
gatgctcatg
ggcaagactc
gtagttctgg
aaaggagagt
gccacagtcc
gaagagatcc
acacttagcc
aaaactcgga
attaagaagg
caagcaatag
gcttttattg
agcaccgact
ttagcccaag
gcatcaaata
tttgacacaa
gatgacaccc
acccttgtca
attatttatg
gactctgtceca
gttatcegtg

accaaccaga

atgcacaaaa
tgctteccat
agtacttggg
aagccatgca
gagatgtgaa
ctgggaaatc
tcaccatcaa
taaaggacaa
aggcctgtge
gagagaaggg
cctaccaaaa
taggaaaaca
gactecttggt
ggaatggaac
ttgctaagaa
atgatggcag
ccgaagatge
gcagttctag
atgtgaatag
aattcataga
gattgtttte
gatccaacct
atcecageatc
gtatatttgt
tcttgcacaa
cacccacagg
tgcctecagte
tgatctgcat
tatctgttca
ccaggtceccece
cctttgagca

aatgtgtett

ggccttcacce
gatgatctcc
aggggatgac
gttttctgag
cctggacatt
ctcecttgata
gggcaccact
catccttttt
tctecteeca
tataaatctt
tttagacatc
tatttttaat
tacacatagc
aattgtagag
tctgaagaca
tgaagaagaa
agcctccata
gtccaatgge
cctgaaggaa
aactggaaag
gatattcttce
ctggcteagt
tcagagggac
gttcatagca
gcaactgcectg
ccggattgtg
cttgegecage
ggccactect
gatgttttat
aatctactct
ccagcagcga

ttecctggatce
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tccattacce
tccatgcetee
ttggacacat
gcctccettta
atggcaggcc
tcagccatgce
gectatgtcece
ggaacagagt
gacttggaaa
agtgggggte
tatcttctag
aaggtcttgg
atgcactttce
aaaggatcct
tttctaagac
gacgatgact
accatgagaa
aggcatctga
gacgaagaac
gtgaagttct
atcatccttg
gcttggacca
atgagagttg
catttctgga
aacaatatcc
aacaggtttg
tggattacat
gtcttcacca
gtgtctacct
cacttcagcg
tttctgaaac

acctccaaca
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tettecaatat
aggccagtgt
ctgececatteg
cctgggaaca
aacttgtggce
tgggagaaat
cacagcagtc
ttaatgaaaa
tgctgectgg
agaagcagcg
atgacccect
gccccaatgg
ttecctecaagt
acagtgctct
atacaggccce
atgggctgat
gagagaacag
agtccctgag
tagtgaaagg
ccatctacct
cgtttgtgat
gtgactctaa
gagtctacgg
gtgcctttgg
ttcgagcacce
ccggegatat
gcttcctggg
tcatcgtcat
cccecgecagcet
agaccgtatc
acaatgaggt

ggtggcttge

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660
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aattcgectg
ttatagagat
cacacaaacc
tgttgagcga
gaggcctceg
gtaccgacct
gaagattggt
cagaatctta
tgggcectcecac
tggaagcctg
ggccttggag
cgaagtgaca
cagggctetg
tctagagaca
gatcaccatc

caacgggaag
ttactttatg
ggccccatgg
aaatacagaa
cacccatgaa
ctcgattg

<210>
<211>

<212>
<213>

13

DNA
<400> 13

acagacagaa
aggtaggtgce
tggcagcagg
gcececcetgete
ctgcataaag
cccagataca

ctecactgtgg
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gagctggttg
accctaagtg
ctgaactggce
ataactgagt
ccagattggce
gagctggatc
gtggtgggca
gaggctgecg
gacctccgag
aggatgaatc
ctggctcacc
gaggctggtg
cttecggaaat
gacaacctca
gcccacaggc
attatagagt
gctaaggaag
gttagaaaag
tacatacaaa

cctactaccce

Homo sapiens

acgagggaag
catcagggac
tctggatgga
ggctacaaaa
ctctececte
cggtgcacgt

gctggetggg

ggaacctgac
gggacactgt
tggtgaggat
acacaaaagt
ccagcaaagg
tggtcctcag
ggacaggagc
gtggtcagat
agaagctgac
tcgacccettt
tcaagtcttt
gcaacctgag
ccaagatcct
ttcagacgac
tgcacaccat
gcggcagecc
ctggcattga
gactataaga
agtgtgtata

aggttaagaa

agagagaaat
aagaacagca
aagtggacag
accaaaggga
ctgtgaccag
acgtggggaa

ccgggaggec
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tgtecttettt
tggctttgtt
gacatcagaa
ggaaaatgag
caagatccag
agggatcact
tggaaagtca
tatcattgat
catcatccec
caacaactac
tgtggccage
cataggccag
ggtcctggat
catccaaaac
catggacagt
tgaagaactg
gaatgtgaac
ataatttctt
aaatgtacgt

aataaatgtc

tggggaccct
ccteccaggg
gaggctcacc
cagcagctga
ctgaggacct
tggctggcag

gtgaggegct
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tcagccttga
ctgtccaatg
atagagacca
gcaccctggg
tttaacaact
tgtgacatcg
tcectcacaa
ggagtagata
caggacccca
tcagatgagg
ctgecaacttg
aggcagctgc
gaggccactg
gagttcgcce
gacaaggtaa
ctacaaatcc
agcacaaaat
atttaatttt
tttaaaaaag

accaggtact

gaagaaaggg

tgggagaccc
cgtctgeatc
ccacaccecg
caggctgcag
tgcectgecea

atatcaagaa
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tgatggttat
cactcaatat
acattgtggc
tgactgataa
accaagtgcg
gtagcatgga
actgectcett
ttgecttececat
tcetgttcete
agatttggaa
ggttatccca
tgtgcctggg
ctgcggtgga
actgcacagt
tggtcctaga
ctggaccctt
tctagcagaa
attttttata
gataagtgaa

tgagaaaccc

ggccagcagc
caggccttte
ccetgetect
gtagccactce
cggagccatg
ggacgcgeag

taagccecgac

3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860

4868

60
120
180
240
300
360

420
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aatggtggct
ggcctgetgg
gtggttatag
tatctataca
accacggagg
gctgagaaga
gttgtttacg
aagctacagg
ctaagtcctg
tacagtggca
ctgeccctatg
catcttgctce
gatgctaaat
ggcctggcac
cgagccagtg
aagggcacca
attgaagttg
gcagagagtc
caggtccatg
ctgaacagcg
ggaaacttcc
gaacttgctg
ctgectgect
acggcagcag
ctcteccacca
gccctecaggyg
cagggcatag
ctggtgeget
gcagcccaca
aaatacagaa
caatttctge

tcatgaagta

tecacctecegt
acaacgagga
agggtgatgce
gcaagtaccg
atctggtcaa
gggtgcagaa
gtattactac
agcttcaggt
agaggtgtcg
tttecectgga
tcccagagaa
ttgggctagt
acgtgctaga
tcatcaatgg
ctattgcacg
ccaaagccett
ctttteggtt
acaggttctg
gtgtggtgaa
caacagataa
atggtgaata
caatcagtga
tectggtggce
ccettgttte
gcgcagccac
tcatcgagca
agtttctacg
ctgttgtaag
ggctgctect
tggagcatat

acaagaaatc

gcagatgaga

ggatgacgcg
ccggctegag
catgtctccet
ggagcctgaa
cttgggaaag
atccagggag
aggttttggg
caacttagta
gatgctcttg
gaccctcaaa
aggaaccgtt
tggagaaggg
agcccatgga
gacgcagatg
gcaggctgac
tgacactgac
tcggteactc
tgatcgegtce
tgatacaata
tecectatggte
cccagccaaa
gagaagaatc
tgaaggtggt
tgagaacaag
ggaggaccac
tgtggagcaa
tcecectgaaa
gcecctggata
ggagcagaag
tccagaatca

caccaaaatc

gggcagtcag
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cacttecettg
gtggccectag
gacttcatte
aagtacatcg
ggacgctaca
gtcatagata
aaatttgcca
cgctecacatt
gctttaagga
caagtcatag
ggtgccagtg
aagatgtggt
ttgaaaccag
atcacatcce
attgtggcag
attcatgctc
ttggactcag
caggatgcat
gcatttgtga
tttgccaata
gccctagact
gagcggcetct
ctgaactctg
gctetgtgee
gtctccatgg
gtgctggcca
acaaccactc
aaagatcgcect
gtttgggaag
agacctcttt
ccggagtcetg

tttagcacaa

tgcgeceggtg
agaacaacga
catctcaacc
agttagatgg
aaataaagct
gcatcataaa
gaactgtaat
cttecaggtgt
tcaatgtett
aaatgtttaa
gagaccttgc
ctcecgaagag
ttattttaaa
tgggctgtga
ccctgaccect
ttcgacctea
atcaccacce
acaccttgcg
agaacatcat
ggggagagac
acttggccat
gcaatcecte
ggttecatgat
atccctegte
gaggatgggc
tcgagctceccet
cgctggagaa
tcatggccecce
tagctgctcecce
cteccaacagce
aggaccttta

agcaatacta
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caagggcctyg
gttcgtggaa
agaaggagtt
agaccgtctg
caccccaaca
agagaaaaca
tcctatcaat
tgggaaacca
agccaaagga
tgectectge
ccecactcectet
tggetggget
accaaaagag
agctgtagag
tgaggtgctg
ccgtgggeaa
atcagaaata
ctgctgtcecea
taccacagaa
agtttctgga
tggcatccat
cctcagtgag
agctcactgce
tgttgactcc
agcaaggaaa
tgcagcctge
ggtctatgac
ggacatcgag
atacattgaa
cttttcactg
atgggcetttg

ggctgaagga

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340
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gagacctgag
tacgttggtt
tcgtggttea
gtttcaacag
tttttactct
aaaaacatta
ccaccagttg
taaataacca
tcatagtaaa
acaaggagtt
ctcttattaa
ggagtttgag
taaccttect

tggtaatcat

aactttccta
aggctgatgg
agacccacca
gccactcact
tagcattaga
gacttttgtt
actttetttg
ttttaagteca
gagtagtcaa
tcatgtgcaa
actgtgtatt
gttagtattt
catttcacag

taaaataag

ggtagatcaa
cagtattata
ggtattttca
cttaagggtg
tgaattcaaa
aacctttttt
gctaatttta
taatttgtcc
tagggtcttc
aggagataag
ttgtacttat
tcacttectt

ataaggaatc

tccattgtat
gttgctaaat

gattataaaa

,agaagaataa

tttggaaaca
ttttttttta
ctttgcatga
ttaagctgct
agctattaat
gaatgaatat
cactacacgt
ggtgttagta

tttggggatt
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cattcagtte
tcagcactgt
cttttettte
ccacaattgt
gattgatage
aatttgcttce
tatgccttaa
tttttettet
tgtagaggtg
aaagattgct
atcccccaaa
ctetattecac

aaccaacctc
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ttctaaagec 2400
gttecetgttg 2460
tttcttaaca 2520
atgtgcctgt 2580
aattttttet 2640
aacaagctct 2700
tatgccttceca 2760
attaattgga 2820
attaaaacca 2880
atttgggtgg 2940
tgcttacatg 3000
attcttattg 3060
ctttctgtaa 3120’

3139
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