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(57) ABSTRACT

Compositions and methods for diagnosing, treating and/or
preventing cancers characterized by CDH17 overexpression
based on the detection of CDH17 or the use of CDH17 as a
target for therapeutic intervention or prophylactic interven-
tion are provided. Methods for diagnosing and/or monitoring
liver cancers using the expressing of CDH17 involve detect-
ing and/or quantitating the CDH17 protein or encoding
nucleic acids (DNA or RNA) in a biological sample such as
urine from the subject. Methods for treating liver cancers
using CDH17 as a target and of sensitizing cells with aberrant
expression of CDH17 have also been developed. The methods
include suppression or knockdown of the expression of
CDHI17 by administering an effective amount of a CDH17
inhibitor.
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CADHERIN-17 AS DIAGNOSTIC MARKER
AND THERAPEUTIC TARGET FOR LIVER
CANCER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Ser. No.
61/104,038 filed Oct. 9, 2008.

FIELD OF THE INVENTION

[0002] This invention relates to compositions and methods
for detecting and inhibiting cancer by targeting the expres-
sion, translation, and biological activity of liver-intestine cad-
herin (LI-cadherin), CDH17.

BACKGROUND OF THE INVENTION

[0003] Hepatocellular carcinoma (HCC), commonly
referred to as liver cancer, is the sixth most common cancer
worldwide in terms of numbers of cases (626,000 or 5.7% of
new cancer cases in 2002). Parkin D M et al., C4 Cancer J
Clin 2005; 55:74-108. In the United States, the reported inci-
dence has increased to 4.7/100,000 persons. HCC is a malig-
nant tumor associated with high mortality and, because of the
very poor prognosis, the number of deaths (598,000 in 2002)
is almost the same each year as the number of new cases
reported (Parkin D M et al., C4 Cancer J Clin 2005; 55:74-
108). The high mortality rate makes HCC the third most
common cause of death from cancer. This unfortunate high
rate of death is largely attributed to late diagnosis of this
tumor as patients are usually in an advanced stage when first
diagnosed.

[0004] HCC is often refractory to all current chemothera-
pies. Four major categories of treatment modalities are com-
monly offered to HCC patients: (1) surgical operations
including tumor resection and liver transplantation; (2) per-
cutaneous approaches, such as radiofrequency ablation; (3)
transarterial interventions, such as embolization and
chemoembolization; (4) molecular and medicinal therapies
with the use of tagged antibody and drug medication. Unfor-
tunately, there is no definite cure for HCC patients. Surgical
resection is presently an effective means for removing tumor
nodules; however, it is not applicable to late-staged HCC
patients with large and multiple lesions and patients with
distant metastases. Other treatment approaches, such as tran-
sarterial interventions, suffer from low response rate. Sys-
temic chemotherapy has not been shown to be effective for
the treatment of nonresectable HCC. Due to high recurrence
rate after curative treatment, 5-year survival rate remains
sub-optimal, at about 15%, for HCC patients after initial
diagnosis. Ultimately, liver transplantation remains the best
therapeutic intervention that offers the longest discase-free
survival. Thus there remains a need for additional means for
diagnosing, prognosing, and treating HCC.

[0005] Current surveillance program for diagnosing liver
cancers relies mainly on detection of serum alpha-fetoprotein
(AFP) and ultrasound imaging. However, serological level of
AFP is inaccurate in detecting liver tumors, suffering from
low sensitivity, when the cut-off level of AFP is at 20 ng/ml
(Debruyne E N and Delanghe I R, Clin Chim Acta, 395:19-26
(2008)), and non-specific in differentiating liver tumors from
other malignancies as well (Marrero J A, Curr Opin Gastro-
enterol 19(3):243-249, 2003). Other imaging technologies,
such as magnetic resonance imaging, angiography, computed
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tomography, are frequently employed to spot liver nodules,
but these are usually only performed after other symptoms or
positive screening have occurred. Current analyses often vary
and are highly operator dependent.

[0006] Therefore, the objectives of the present invention
are to provide an improved method of diagnosing liver cancer
at an early stage and to identify new targets for liver cancer
therapy.

SUMMARY OF THE INVENTION

[0007] Compositions and methods for diagnosing and
treating liver cancers characterized by CDH17 overexpres-
sion based on the detection of CDH17 or the use of CDH17 as
a target for therapeutic intervention or prophylactic interven-
tion are provided.

[0008] Methods for diagnosing and/or monitoring liver
cancers using the expression of CDH17 involve detecting
and/or quantitating the CDH17 protein or encoding nucleic
acids (DNA or RNA) in a biological sample such as serum
from the subject. The methods include the steps of (a) con-
tacting (reacting) the biological sample with an antibody
specific for CDH17 which is directly or indirectly labeled
with a detectable substance; and (b) detecting the detectable
substance. The presence of CDH17 molecule in liver tissues
denotes the incidence of liver cancer. A panel of mouse mono-
clonal antibodies specific for detecting human CDH17 has
been developed and 1s used to detect the presence of CDH17
protein. The methods can be used to detect either soluble or
truncated forms of CDH17 by using antibodies specific for
the unique regions spanning domains 1 and 2 (D1-D2) of the
truncated and secreted CDH17. In a preferred embodiment,
the antibody is specific for SEQ ID NO: 1. In one embodi-
ment, the method steps comprise: (a) contacting the biologi-
cal sample with a binding agent that binds CDH17 protein to
form a complex; (b) detecting the complex; and (c) correlat-
ing the detected complex to the amount of CDH17 protein in
the sample, wherein the presence of elevated CDH17 protein
is indicative of cancer. In a specific embodiment, the detect-
ing of (b) further comprises linking or incorporating a label
onto the agent, or using ELISA-based immunoenzymatic
detection. Optionally, the method steps further comprise
detecting a biomarker of cancer in the same biological sample
or a different biological sample obtained from the subject,
before, during, or after the detecting of CDH17. Optionally,
the method steps further comprise comparing the level of
CDHI17 in the biological sample with the level of CDH17
present in a normal control sample, wherein a higher level of
CDHI17 in the biological sample as compared to the level in
the normal control sample is indicative of cancer such as liver
cancet.

[0009] The methods enable the use CDH17 as a tumor
biomarker for liver cancers. In a preferred embodiment, the
presence of CDH17 molecule in serum of HCC patients is
detected, thereby providing a non-invasive serological assay
for liver cancer, for use in patient surveillance programs, of
at-risk populations, such as hepatitis carriers and cirrhotic
patients.

[0010] In some embodiments, the subject has not yet been
diagnosed with cancer. For example, the method can be used
for the prognostic evaluation of a subject having, or suspected
of having, cancer, comprising: a) determining the level of
CDHI17 in a biological sample obtained from the subject,
such as urine, blood, or ascites fluid; b) comparing the level
determined in step (a) to a range of CDH17 known to be
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present in a biological sample obtained from a normal subject
that does not have cancer; and ¢) determining the prognosis of
the subject based on the comparison of step (b), wherein a
high level of CDH17 in step (a) indicates an aggressive form
of cancer and, therefore, a poor prognosis. In other embodi-
ments, the subject is suffering from cancer, such as liver
cancer, and the detecting is performed at several time points at
intervals, to monitor the subject before, during, or after treat-
ment for the cancer.

[0011] Methods for treating liver cancers using CDH17 as
a target and of sensitizing cells with aberrant expression of
CDH17 have also been developed. The methods include sup-
pression or knockdown of the expression of CDH17 by
administering an effective amount of a CDH17 inhibitor. The
suppression or knockdown of CDH17 reduces in size liver
tumors derived from tumor cells that exhibit an increased
expression of CDH17 and renders liver tumor cells more
sensitive to certain chemotherapeutic drugs, such as Taxol,
Epirubicin, and Carboplatin, and p53-based gene therapy. In
one embodiment, the composition is a single-stranded short
interfering ribonucleic acid (siRNA) molecule comprising
about 19 to about 23 base pairs that down-regulates expres-
sion of the CDH17 gene. In another embodiment, the com-
position is an siRNA molecule comprising a region, for
example, the antisense region of the siRNA construct,
complementary to a sequence comprising a CDH17 and/or
CDHI17 gene sequence or a portion thereof. In another
embodiment, a medicament comprising a siRNA molecule in
a pharmaceutically acceptable carrier or diluent is provided.
The CDH17 antagonist can suppress the expression of the
CDH17 gene, inhibit the progression of HCC and sensitize
the tumor cells to common chemotherapeutic treatment. In a
preferred embodiment, CDH17 expression is inhibited using
polynucleotide inhibitors which target SEQ ID NO: 5 or SEQ
IDNO: 6. In another embodiment, the CDH17 antagonist is a
monoclonal antibody specific for CDH17, which suppresses
the expression and/or the activity of the overexpressed protein
in the HCC cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a graph showing the reduction over time
(weeks) in size of tumor Xenograft (mm?) after silencing the
expression of CDH17 in MHCC97-H (97H) liver tumor cells.
[0013] FIGS. 24, 2B, 2C and 2D are bar graphs showing
the sensitization of MHCC97-H (97H) liver tumor cells to
Taxol (FIG. 2A, pmy/ml), Carboplatin (FIG. 2B, mg/ml), Epi-
rubicin (FIG. 2C, pg/ml) and gene therapy (2D, viral titre
rAd-p53, x107) after silencing the expression of CDHI17,
plotting percent cell viability to drug concentration.

[0014] FIGS.3A,3B, 3C, and 3D are graphs comparing the
effects of transfecting 97H cells with shRNA targeting the
CDH17 exon 5 with the effects of 97H and scramble(SC) on
CDH17 protein level (FIG. 3A, absorbance versus time,
hours), cell proliferation (FIG. 3B, cell concentration), cell
invasion (FIG. 3C, absorabance versus collagen concentra-
tion pg/ml), colony formation (FIG. 3D, number of colonies).
[0015] FIG. 4 is a bar graph showing reduction of tumor
volume (mm?) when knockdown shCDH17 cells (MHCC97-
H) were transplanted into nude mice for developing tumor
xenografts, controls were 97H and SC.

[0016] FIG.5is aschematic diagram illustrating the experi-
mental immuno-capture of D1D2 by Dynabeads to immuno-
capture recombinant D1D2. Two different Dynabeads were
used (Dynabeads Protein G and Dynabeads M-280 Tosylac-
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tivated). For the immuno-capture using Dynabeads Protein G,
different concentrations of D1D2 were incubated with puri-
fied Lic5 before mixing with the Dynabeads Protein G. For
the immuno-capture using Dynabeads M-280 Tosylactivated,
purified Lic5 was first coupled to the beads before mixing
with different concentrations of D1D2. This was followed by
Lic5-D1D2 immunocomplex being eluted from the beads
using SDS sample buffer and subsequently subjected to west-
ern blot analysis. Western blot is used with biotinylated Lic3
to detect D1D2 and a horseradish peroxidase (HRP)-conju-
gated streptavidin is used to react with the biotinylated Lic3.

DETAILED DESCRIPTION OF THE INVENTION

1. Definitions

[0017] The terms “body fluid” and “bodily fluid”, as used
herein, refer to a composition obtained from a human or
animal subject. Bodily fluids include, but are not limited to,
urine, whole blood, blood plasma, serum, tears, semen,
saliva, sputum, exhaled breath, nasal secretions, pharyngeal
exudates, bronchoalveolar lavage, tracheal aspirations, inter-
stitial fluid, lymph fluid, meningal fluid, amniotic fluid, glan-
dular fluid, feces, perspiration, mucous, vaginal or urethral
secretion, cerebrospinal fluid, and transdermal exudate.
Bodily fluid also includes experimentally separated fractions
of all of the preceding solutions or mixtures containing
homogenized solid material, such as feces, tissues, and
biopsy samples.

[0018] The term “ex vivo,” as used herein, refers to an
environment outside of a subject. Accordingly, a sample of
bodily fluid collected from a subject is an ex vivo sample of
bodily

[0019] As used herein, the term “conjugate” refers to a
compound comprising two or more molecules bound
together, optionally through a linking group, to form a single
structure. The binding can be made by a direct connection
(e.g., a chemical bond) between the molecules or by use of a
linking group.

[0020] As used herein, the terms solid “support”, “sub-
strate”, and “surface” refer to a solid phase which is a porous
or non-porous water insoluble material that can have any ofa
number of shapes, such as strip, rod, particle, beads, or multi-
welled plate.

[0021] As used herein, the term “tumor” refers to all neo-
plastic cell growth and proliferation, whether malignant or
benign, and all pre-cancerous and cancerous cells and tissues.
For example, a particular cancer may be characterized by a
solid mass tumor. The solid tumor mass, if present, may be a
primary tumor mass. A primary tumor mass refers to a growth
of cancer cells in a tissue resulting from the transformation of
anormal cell of that tissue. In most cases, the primary tumor
mass is identified by the presence of a cyst, which can be
found through visual or palpation methods, or by irregularity
in shape, texture or weight of the tissue. However, some
primary tumors are not palpable and can be detected only
through medical imaging techniques such as X-rays (e.g.,
mammography), ultrasound, CT, and MR, or by needle aspi-
rations. The use of these latter techniques is more common in
early detection. Molecular and phenotypic analysis of cancer
cells within a tissue will usually confirm if the cancer is
endogenous to the tissue or if the lesion is due to metastasis
from another site.

[0022] A “sample” (biological sample) can be any compo-
sition of matter of interest from a human or non-human sub-
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ject, in any physical state (e.g., solid, liquid, semi-solid,
vapor) and of any complexity. The sample can be any com-
position reasonably suspected of containing CDH17 that can
be analyzed by the disclosed methods, devices, and kits.
Preferably, the sample is a fluid (biological fluid). The sample
may be contained within a test tube, culture vessel, multi-well
plate, or any other container or supporting substrate. The
sample can be, for example, a cell culture or human tissue.
Fluid homogenates of cellular tissues are biological fluids
that may contain CDH17 for detection according to the dis-
closed methods. Others are fluid tissues, for example, blood
or urine.

[0023] The “complexity” of a sample refers to the relative
number of different molecular species that are present in the
sample.

[0024] As used herein, the terms “label” and “tag” refer to
substances that may confer a detectable signal.

[0025] As used herein, the term “receptor” and “receptor
protein” are used herein to indicate a biologically active pro-
teinaceous molecule that specifically binds to (or with) other
molecules such as CDH17.

[0026] As used herein, the term “ligand” refers to a mol-
ecule that contains a structural portion that is bound by spe-
cific interaction with a particular receptor protein.

[0027] Asusedherein, the term “antibody” refers to immu-
noglobulin molecules and immunologically active portions
(fragments) of immunoglobulin molecules, i.e., molecules
that contain an antibody combining site or paratope. The term
is inclusive of monoclonal antibodies, polyclonal antibodies
and fragments and single chain recombinant antibodies.
[0028] As used here, the terms “monoclonal antibody” or
“monoclonal antibody composition” refer to an antibody
molecule that contains only one species of antibody combin-
ing site capable of immunoreacting with a particular antigen.
[0029] A “coding sequence” or “coding region” is a poly-
nucleotide sequence that is transcribed into mRNA and/or
translated into a polypeptide. For example, a coding sequence
may encode a polypeptide of interest. The boundaries of the
coding sequence are determined by a translation start codon
at the 5'-terminus and a translation stop codon at the 3'-ter-
minus. A coding sequence can include, but is not limited to,
mRNA, cDNA, and recombinant polynucleotide sequences.
[0030] Asusedherein, the term “polypeptide” refers to any
polymer comprising any number of amino acids, and is inter-
changeable with “protein”, “gene product”, and “peptide”.
[0031] As used herein, the term “nucleoside” refers to a
molecule having a purine or pyrimidine base covalently
linked to a ribose or deoxyribose sugar. Exemplary nucleo-
sides include adenosine, guanosine, cytidine, uridine and thy-
midine.

[0032] Theterm “nucleotide” refers to a nucleoside having
one or more phosphate groups joined in ester linkages to the
sugar moiety. Exemplary nucleotides include nucleoside
monophosphates, diphosphates and triphosphates. The terms
“polynucleotide” and “nucleic acid molecule” are used inter-
changeably herein and refer to a polymer of nucleotides
joined together by a phosphodiester linkage between 5' and 3'
carbon atoms. The terms “nucleic acid” or “nucleic acid
sequence” encompass an oligonucleotide, nucleotide, poly-
nucleotide, or a fragment of any of these, DNA or RNA of
genomic or synthetic origin, which may be single-stranded or
double-stranded and may represent a sense or antisense
strand, peptide nucleic acid (PNA), or any DNA-like or RNA-
like material, natural or synthetic in origin. As will be under-
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stood by those of skill in the art, when the nucleic acid is
RNA, the deoxynucleotides A, G, C, and T are replaced by
ribonucleotides A, G, C, and U, respectively.

[0033] As used herein, the term “RNA” or “RNA mol-
ecule” or “ribonucleic acid molecule” refers generally to a
polymer of ribonucleotides. The term “DNA” or “DNA mol-
ecule” or deoxyribonucleic acid molecule” refers generally to
a polymer of deoxyribonucleotides. DNA and RNA mol-
ecules can be synthesized naturally (e.g., by DNA replication
or transcription of DNA, respectively). RNA molecules can
be post-transcriptionally modified. DNA and RNA molecules
can also be chemically synthesized. DNA and RNA mol-
ecules can be single-stranded (i.e., ssSRNA and ssDNA,
respectively) or multi-stranded (e.g., double stranded, i.e.,
dsRNA and dsDNA, respectively). The term “RNA” or “RNA
molecule” or “ribonucleic acid molecule” can also refer to a
polymer comprising primarily (i.e., greater than 80% or, pref-
erably greater than 90%) ribonucleotides but optionally
including at least one non-ribonucleotide molecule, for
example, at least one deoxyribonucleotide and/or at least one
nucleotide analog.

[0034] As used herein, the term “nucleotide analog”, also
referred to herein as an “altered nucleotide” or “modified
nucleotide” refers to a non-standard nucleotide, including
non-naturally occurring ribonucleotides or deoxyribonucle-
otides. Preferred nucleotide analogs are modified at any posi-
tion so as to alter certain chemical properties of the nucleotide
yet retain the ability of the nucleotide analog to perform its
intended function.

[0035] As used herein, the term “RNA analog” refers to a
polynucleotide (e.g., a chemically synthesized polynucle-
otide) having at least one altered or modified nucleotide as
compared to a corresponding unaltered or unmodified RNA
but retaining the same or similar nature or function as the
corresponding unaltered or unmodified RNA. As discussed
above, the oligonucleotides may be linked with linkages
which result in a lower rate of hydrolysis of the RNA analog
as compared to an RNA molecule with phosphodiester link-
ages. Exemplary RNA analogues include sugar- and/or back-
bone-modified ribonucleotides and/or deoxyribonucleotides.
Such alterations or modifications can further include addition
of non-nucleotide material, such as to the end(s) of the RNA
or internally (at one or more nucleotides of the RNA). An
RNA analog need only be sufficiently similar to natural RNA
that it has the ability to mediate (mediates) RNA interference
or otherwise reduce target gene expression.

[0036] As used here, the terms “monoclonal antibody” or
“monoclonal antibody composition” refer to an antibody
molecule that contains only one species of antibody combin-
ing site capable of immunoreacting with a particular antigen.
A monoclonal antibody composition thus typically displays a
single binding affinity for any antigen with which it immu-
noreacts.

[0037] As used herein, the term “ELISA” includes an
enzyme-linked immunosorbent assay that employs an anti-
body or antigen bound to asolid phase and an enzyme-antigen
or enzyme-antibody conjugate to detect and quantify the
amount of an antigen (e.g., CDH17) or antibody present in a
sample.

[0038] As used herein, the terms “subject”, “patient”, and
“individual” are used interchangeably and intended to
include such human and non-human mammalian species.
Likewise, in vitro methods can be carried out on cells of such
mammalian species. Host cells comprising exogenous poly-
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nucleotides as disclosed herein may be administered to the
subject, and may, for example, be autogenic (use of one’s own
cells), allogenic (from one person to another), or transgenic or
xenogenic (from one mammalian species to another mamma-
lian species), relative to the subject.

[0039] A cell proliferative disorder as described herein may
be a neoplasm. Such neoplasms are either benign or malig-
nant. The term “neoplasm” refers to a new, abnormal growth
of cells or a growth of abnormal cells that reproduce faster
than normal. A neoplasm creates an unstructured mass (a
tumor) which can be either benign or malignant. The term
“benign” refers to a tumor that is noncancerous, e.g., its cells
do not invade surrounding tissues or metastasize to distant
sites. The term “malignant” refers to a tumor that is meta-
static, invades contiguous tissue or no longer under normal
cellular growth control.

[0040] Asusedherein, “a clinical response™ is the response
of a subject to modulation of the gene of interest. Criteria for
determining a response to therapy are widely accepted and
enable comparisons ofthe efficacy alternative treatments (see
Slapak and Kufe, Principles of Cancer Therapy, in Harri-
sons’s Principles of Internal Medicine, 13™ edition, eds. Issel-
bacher et al., McGraw-Hill, Inc. 1994). A complete response
(or complete remission) is the disappearance of all detectable
malignant disease. A partial response is an approximately 50
percent decrease in the product of the greatest perpendicular
diameters of one or more lesions. There can be no increase in
size of any lesion or the appearance of new lesions. Progres-
sive disease means at least an approximately 25 percent
increase in the product of the greatest perpendicular diameter
of one lesion or the appearance of new lesions. The response
to treatment is evaluated after the subjects had completed
therapy.

[0041] Asusedherein, the terms “administer”, “introduce”,
“apply”, “treat”, “transplant”, “implant”, “deliver”, and
grammatical variations thereof] are used interchangeably to
provide CDH17 inhibitors to target cells in vitro (e.g., ex
Vivo) or in vivo, or provide genetically modified (engineered)
cells harboring the CDH17 inhibitors to a subject.

[0042] As used herein, the term “co-administration” and
variations thereof refers to the administration of two or more
agents simultaneously (in one or more preparations), or con-
secutively. For example, one or more types of genetically
modified cells can be co-administered with other agents.
[0043] As used herein, the terms “label” and “tag” refer to
substances that may confer a detectable signal. include, but
are not limited to, enzymes such as alkaline phosphatase,
glucose-6-phosphate dehydrogenase, and horseradish per-
oxidase, ribozyme, a substrate for a replicase such as QB
replicase, promoters, dyes, fluorescers, such as fluorescein,
isothiocynate, rhodamine compounds, phycoerythrin, phyco-
cyanin, allophycocyanin, o-phthaldehyde, and fluorescam-
ine, chemiluminescers such as isoluminol, sensitizers, coen-
zymes, enzyme substrates, radiolabels, particles such as latex
or carbon particles, liposomes, cells, etc., which may be fur-
ther labeled with a dye, catalyst or other detectable group.
[0044] As used herein, a semi-permeable membrane refers
to a bio-compatible material which is impermeable to liquids
and capable of allowing the transfer of gases through it. Such
gases include, but are not limited to, oxygen, water vapor, and
carbon dioxide. Semi-permeable membranes are an example
of a material that can be used to form a least a portion of an
enclosure defining a flow chamber cavity. The semi-perme-
able membrane may be capable of excluding microbial con-
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tamination (e.g., the pore size is characteristically small
enough to exclude the passage of microbes that can contami-
nate the analyte, such as cells). In a particular aspect, a semi-
permeable membrane can have an optical transparency and
clarity sufficient for permitting observation of an analyte,
such as cells, for color, growth, size, morphology, imaging,
and other purposes well known in the art.

[0045] As used herein, the term “bind” refers to any physi-
cal attachment or close association, which may be permanent
or temporary. The binding can result from hydrogen bonding,
hydrophobic forces, van der Waals forces, covalent, or ionic
bonding, for example.

[0046] Asused herein, the term “diagnosis” or “diagnostic”
generally includes determination of a subject’s susceptibility
to a disease or disorder, determination as to whether a subject
is presently affected by a disease or disorder, prognosis of a
subject affected by a disease or disorder (e.g., identification of
pre-metastatic or metastatic cancerous states, stages of can-
cer, or responsiveness of cancer to therapy), and therametrics
(e.g., monitoring a subject’s condition to provide information
as to the effect or efficacy of therapy).

[0047] As used herein, the term “particle” includes
insoluble materials of any configuration, including, but not
limited to, spherical, thread-like, brush-like, and irregular
shapes. Particles can be porous with regular or random chan-
nels inside. Particles can be magnetic. Examples of particles
include, but are not limited to, silica, cellulose, Sepharose
beads, polystyrene (solid, porous, derivatized) beads, con-
trolled-pore glass, gel beads, magnetic beads, sols, biological
cells, subcellular particles, microorganisms (protozoans, bac-
teria, yeast, viruses, and other infectious agents), micelles,
liposomes, cyclodextrins, and other insoluble materials.
[0048] The terms “operably-linked” or “operatively-
linked” are used herein interchangeably to refer to an arrange-
ment of flanking sequences wherein the flanking sequences
so described are configured or assembled so as to perform
their usual function. Thus, a flanking sequence operably-
linked to a coding sequence may be capable of effecting the
replication, transcription and/or translation of the coding
sequence. For example, a coding sequence is operably-linked
to a promoter when the promoter is capable of directing
transcription of that coding sequence. A flanking sequence
need not be contiguous with the coding sequence, so long as
it functions correctly. Thus, for example, intervening untrans-
lated yet transcribed sequences can be present between a
promoter sequence and the coding sequence, and the pro-
moter sequence can still be considered “operably-linked” to
the coding sequence. Each nucleotide sequence coding for a
siRNA will typically have its own operably-linked promoter
sequence.

[0049] The term “vector” is used to refer to any molecule
(e.g., nucleic acid, plasmid, or virus) used to transfer coding
information (e.g., a CDH17 polynucleotide inhibitor) to a
host cell. The terms “expression vector” and “transcription
vector” are used interchangeably to refer to a vector that is
suitable for use in a host cell (e.g., a subject’s cell) and
contains nucleic acid sequences that direct and/or control the
expression of exogenous nucleic acid sequences. Expression
includes, but is not limited to, processes such as transcription,
translation, and RNA splicing, if introns are present.

[0050] As used herein, the term “RNA interference”
(“RNA1”) refers to a selective intracellular degradation of
RNA. RNAi occurs in cells naturally to remove foreign RNAs
(e.g., viral RNAs). Natural RNAi proceeds via fragments
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cleaved from free dsRNA which direct the degradative
mechanism to other similar RNA sequences. Alternatively,
RNAI can be initiated by the hand of man, for example, to
silence the expression of endogenous target genes, such as
CDH17.

[0051] As used herein the terms “cancer”, “tumor”, and
“carcinoma”, are used interchangeably herein to refer to cells
which exhibit relatively autonomous growth, so that they
exhibit an aberrant growth phenotype characterized by a sig-
nificant loss of control of cell proliferation. In general, cells of
interest for detection or treatment in the present application
include precancerous (e.g., benign), malignant, metastatic,
and non-metastatic cells. Detection of cancerous cell is of
particular interest.

[0052] As used herein, the term “small interfering RNA”
(“siRNA”) (also referred to in the art as “short interfering
RNAs”) refers to an RNA (or RNA analog) comprising
between about 10-50 nucleotides (or nucleotide analogs)
which is capable of directing or mediating RNA interference.
[0053] As used herein, a siRNA having a “sequence suffi-
ciently complementary to a target mRNA sequence to direct
target-specific RNA interference (RNAi)” means that the
sIRNA has a sequence sufficient to trigger the destruction of
the target mRNA (e.g., CDH17 mRNA) by the RNAi machin-
ery or process. “mRNA” or “messenger RNA” or “transcript”
is single-stranded RNA that specifies the amino acid
sequence of one or more polypeptides. This information is
translated during protein synthesis when ribosomes bind to
the mRNA.

[0054] Asused herein, the term “cleavage site” refers to the
residues, e.g., nucleatides, at which RISC* cleaves the target
RNA, e.g., near the center of the complementary portion of
the target RNA, e.g., about 8-12 nucleotides from the 5' end of
the complementary portion of the target RNA.

[0055] The term “dominant negative mutant” is art-recog-
nized and refers to the mutant form of a wild-type protein that
interferes with the function of the wild-type protein (e.g., by
interacting with the wild-type protein). Thus, overexpression
of the dominant negative mutant can be expected to interfere
with the function of the wild-type version of the protein.
[0056] As used herein, the term “mismatch” refers to a
base-pair consisting of noncomplementary bases, e.g., not
normal complementary G:C, A:T or A:U base pairs.

[0057] As used herein, the term “isolated” molecule (e.g.,
isolated nucleic acid molecule) refers to molecules which are
substantially free of other cellular material, or culture
medium when produced by recombinant techniques, or sub-
stantially free of chemical precursors or other chemicals
when chemically synthesized.

[0058] As used herein, the term “in vitro™ has its art recog-
nized meaning, e.g., involving purified reagents or extracts,
e.g., cell extracts. The term “in vivo™ also has its art recog-
nized meaning, e.g., involving living cells in an organism,
e.g., immortalized cells, primary cells, and/or cell lines, in an
organism.

[0059] The terms “detecting” or “detect” include assaying
or otherwise establishing the presence or absence of the target
CDH17 (CDH17 encoding nucleic acid sequence or CDH17
gene product (polypeptide)), subunits thereof, or combina-
tions of agent bound targets, and the like, or assaying for,
interrogating, ascertaining, establishing, or otherwise deter-
mining one or more factual characteristics of liver cancer,
metastasis, stage, or similar conditions. The term encom-
passes diagnostic, prognostic, and monitoring applications
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for CDH17 and other cancer biomarkers. The term encom-
passes quantitative, semi-quantitative, and qualitative detec-
tion methodologies. In embodiments involving detection of
CDHI17 protein (as opposed to nucleic acid molecules encod-
ing CDH17 protein), the detection method is preferably an
ELISA-based method. Preferably, the detection method pro-
vides an output (i.e., readout or signal) with information
concerning the presence, absence, or amount of CDH17 in a
sample from a subject. For example, the output may be quali-
tative (e.g., “positive” or “negative”), or quantitative (e.g., a
concentration such as nanograms per milliliter).

1. CDH17 Compounds

[0060] The compositions and methods of use thereof are
based on the discovery that levels of CDH17 are positively
correlated with liver cancer and can be detected at low levels
with sensitivity and selectivity.

[0061] CDHI17 is amember of the cadherin family of trans-
membrane proteins often associated with cellular structural
organization and cellular adhesion. The cadherin family is
separated into members showing common organ or cellular
specificities. The cadherin CDH17 is associated with the liver
and gastrointestinal system. Overexpression of CDH17 has
been demonstrated in HCC, enabling the use of the CDH17
molecule as a tumor biomarker for liver cancers in humans.
CDH 17 exists in a unique truncated form in the serum of
patients with liver cancer. The cadherin-17 (CDH17), or LI
cadherin (liver intestine-cadherin), gene is a member of the
cadherin family of genes encoding calcium-dependent and
membrane-associated glycoproteins. The expressed CDH17
protein consists of an extracellular region, containing 7 cad-
herin domains, a transmembrane region, and a cytoplasmic
tail that differs from the conserved cadherin cytoplasmic
domain. CDH17 exists as a peptide transporter of the gas-
trointestinal tract and pancreatic ducts. Also, CDH17 may
play a role in the structural organization of liver and intestine.
[0062] The cadherin superfamily consists of several cad-
herin subfamilies, including type I and type 1I classical cad-
herins. The cadherins often play important roles in cell adhe-
sion, ensuring that cells within tissues are bound together.
They are dependent on calcium (Ca*) ions to function. The
differing classes of cadherins are commonly designated with
a one-letter prefix noting the type of tissue with which it is
associated (see Table 1). Cadherins within one class will often
bind to themselves (homotypic interactions). For example, an
N-cadherin will bind to another N-cadherin molecule. In
addition, cadherins will also mediate heterotypic interactions
in some instances.

TABLE 1

Cadherins - human

CDHI - E-cadherin (epithelial)
CDH2 - N-cadherin (neural)
CDH3 - P-cadherin (placental)
CDH4 - R-cadherin (retinal)
CDHS - VE-cadherin (vascular
endothelial)

CDHG6 - K-cadherin (kidney)
CDH?7 - cadherin-7

CDHS - cadherin-8

CDH?9 - cadherin-9 (T1-
cadherin)

CDHI0 - cadherin-10 (T2-
cadherin)
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TABLE 1-continued

Cadherins - human

CDH11 - OB-cadherin (osteoblast)
CDH12 - cadherin-12(N-cadherin 2)
CDH13 - T-cadherin (truncated)/H-
cadherin (heart)

CDH15 - M-cadherin (muscle)
CDH16 - Ksp-cadherin (Kidney-
specific)

CDH17 - LI cadherin (liver intestine)
CDH18 - cadherin-18, (synonym:
CDH14)

CDH19 - cadherin-19

CDH20 - cadherin-20

[0063] CDH17 has previously been implicated as a predic-
tive protein for metastasis and prognosis in gastric cancer
(Park S S etal., Ann Surg Oncol 2007;14(1):94-9; ItoR et al.,
Virchows Arch 2005;447(4):717-22). CDH17 expression has
also been linked to prognosis in colorectal cancer (Kwak JM
etal., Dis Colon Rectum 2007; 50(11):1873-80). Takamura et
al. found that reduced expression of CDH17 correlated to
progression of colorectal carcinoma and higher rates of
metastasis (Takamura M etal., Cancer Lett 2004; 212(2):253-
59).

[0064] CDHI17 possessed a possible genetic risk associa-
tion to HCC based upon two single nucleotide polymor-
phisms. Wang X Qetal., Clin Cancer Res 2006; 12(17):5248-
52. Further, CDH17 was found to have aberrant splicing of its
transcripts associated with HCC. Wang X Q et al., Clin Can-
cer Res 2005; 11:483-489. However, the overexpression and
aberrant splicing of CDH17 in HCC, without more, did not
offer a prospective use in the diagnosis or treatment of HCC.
Of particular importance in evaluating the significance of
such disclosures, serum levels of soluble intercellular adhe-
sion molecule-1, soluble interleukin-2 receptor, interleukin-
6, and anti-p53 were examined by an [talian laboratory and it
was concluded that these markers were not useful for the
diagnosis and did not correlate with prognosis of hepatocel-
lular carcinoma (Parasole, et al., Clir Cancer Res, 7:3504-
3509 (2001)). In addition, CDH17 was not found to be
increased in the serum of rats affected with liver diseases
(Lucka, et al., FEBS Lett, 438:37-40 (1998).

I. CDHI17 Inhibitors/Antagonists

[0065] (A) Polynucleotide CDH 17 Inhibitors/ Antagonists
[0066] The CDH17 molecule can be used as a target for
molecular therapy for liver cancers. Silencing the expression
of CDHI17 in liver cancer cells alleviates the tumor pheno-
types. The suppression of CDH17 expression has also been
found to render tumor cells more sensitive to certain chemo-
therapeutic drugs and p53-based gene therapy. Once diag-
nosed, CDH17-targeted therapy utilizing anti-CDH17 mono-
clonal antibodies or small interfering RNA (siRNA), for
example, can inhibit tumor progression and sensitize the
tumor cells to the current chemotherapeutic treatment
modalities. In addition, treatment of HCC with CDH17
antagonists such as monoclonal antibodies or siRNA directed
against CDH17 will improve the efficacy of currently limited
HCC therapy.

[0067] A CDH17 antagonist suppressing the expression of
CDHI17 leads to a significant reduction of tumor size in nude
mice, for which the tumor xenograft is derived from liver
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cancer cells having increased expression of CDH17. When
the expression of CDH17 is suppressed in liver tumor cells
that overexpress the cadherin, the tumor cells are rendered
more sensitive to current therapies that involve the use of
chemotherapeutic drugs and the application of gene therapy.
[0068] A CDH17 antagonist/inhibitor as used herein is a
compound that specifically binds to CDH17, preferably
human CDH17 or binds to a CDH17 polynucleotide or frag-
ment thereof, and inhibits the activity and/or expression of
CDHI17 protein or polynucleotide. Examples thereof include
ligands that bind CDH17 such as antibodies and antibody
fragments, recombinant or native. Other examples include
antisense oligonucleotides that bind to a CDH17 polynucle-
otide or fragment thereof. In a preferred embodiment, the
CDHI17 antagonist is a ShRNA.

[0069] (i) SARNA

[0070] The polynucleotide CDH17 inhibitors can be small
hairpin RNAs (shRNAs), and expression constructs engi-
neered to express shRNAs. Transcription of shRNAs is initi-
atedatapolymerase III (pol IIT) promoter, and is thought to be
terminated at position 2 of a 4-5-thymine transcription termi-
nation site. Upon expression, shRNAs are thought to fold into
a stem-loop structure with 3' UU-overhangs; subsequently,
the ends of these shRNAs are processed, converting the shR-
NAs into siRNA-like molecules of about 21 nucleotides
(Brummelkamp et al., Science 296:550-553 (2002); Lee et
al., Nature Biotechnol. 20:500-505 (2002); Miyagishi and
Taira, Nature Biotechnol. 20:497-500 (2002); Paddison et al.,
Genes Dev. 16:948-958 (2002); Paul et al., Nature Biotech-
nol. 20:505-508 (2002); Sui (2002) supra; Yu et al., Proc.
Natl. Acad. Sci. USA 99(9):6047-6052 (2002).

[0071] In a preferred embodiment, the RNA hairpin
sequence used to knockdown expression of CDH17 by tar-
geting Exon 3 is

[0072] TGCTGTTGACAGTGAGCGACCAAGAAC-
CGAGTCAAATTATTAGT GAAGCCACAGATG-
TAATAATTTGACTCGGTTCTTGGCTGCCTACTGCCT
CGGA (SEQ ID NO: 2).

[0073] The forward portion of the shRNA duplex for tar-
geting Exon 5 is GATCCCGCCAGTCCCTATCACCATA-
GAGAAGCTTGTCTATGGTGA TAGGGACTGGTTTTIT
(SEQID NO: 3) and the reverse portion of the siRNA duplex
for targeting exon 5 is CTAGAAAAAACCAGTCCCTAT-
CACCAT AGACAAGCTTCTCTATGGTGATAGGGACTG
GCGG (SEQ ID NO: 4).

[0074] RNA Interference

[0075] RNAi is an efficient process whereby double-
stranded RNA (dsRNA, also referred to herein as siRNAs or
ds siRNAs, for double-stranded small interfering RNAs)
induces the sequence-specific degradation of targeted mRNA
in animal and plant cells (Hutvagner and Zamore, Curr. Opin.
Genet. Dev.: 12,225-232 (2002); Sharp, Genes Dev., 15:485-
490 (2001)). In mammalian cells, RNAi can be triggered by
21-nucleotide (nt) duplexes of small interfering RNA
(siRNA) (Chiu et al., Mol. Cell. 10:549-561 (2002); Elbashir
et al., Nature 411:494-498 (2001)), or by micro-RNAs
(miRNA), functional small-hairpin RNA (shRNA), or other
dsRNAs which can be expressed in vivo using DNA tem-
plates with RNA polymerase I11 promoters (Zeng et al., Mol.
Cel[9:1327-1333 (2002); Paddison et al., Genes Dev. 16:948-
958 (2002); Lee etal., Nature Biotechnol. 20:500-505 (2002);
Paul et al., Nature Biotechnol. 20:505-508 (2002); Tuschl, T.,
Nature Biotechnol. 20:440-448 (2002); Yu et al., Proc. Natl.
Acad. Sci. USA 99(9):6047-6052 (2002); McManus et al.,
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RNA 8:842-850 (2002); Suietal., Proc. Natl. Acad. Sci. USA
99(6):5515-5520 (2002)), each of which are incorporated
herein by reference in their entirety.

[0076] The scientific literature contains many reports of
endogenous and exogenous gene expression silencing using
siIRNA, highlighting their therapeutic potential (Gupta, S. et
al. PNAS, 2004, 101:1927-1932; Takaku, H. Antivir Chem.
Chemother, 2004, 15:57-65; Pardridge, W. M. Expert Opin.
Biol. Ther, 2004, 4:1103-1113; Zheng, B. 1. Antivir. Ther.,
2004, 9:365-374; Shen, W. G. Chin. Med. J. (Engl), 2004,
117:1084-1091; Fuchs, U. et al. Curr. Mol. Med., 2004,
4:507-517; Wadhwa, R. et al. Mutat. Res., 2004, 567:71-84;
Ichim, T. E. etal. Am. J. Transplant, 2004, 4:1227-1236; Jana,
S. et al. Appl. Microbiol. Biotechnol., 2004, 65:649-657,
Ryther, R. C. et al. Gene Ther, 2005, 12:5-11; Chae, S-S. et
al., J. Clin. Invest., 2004, 114:1082-1089; Fougerolles, A. et
al., Methods Enzymol., 2005,392:278-296), each of which is
incorporated herein by reference in its entirety. Therapeutic
silencing of endogenous genes by systemic administration of
siIRNAs has been described in the literature (Kim B. et al.,
American Journal of Pathology, 2004, 165:2177-2185; Sout-
schek I. et al., Nature, 2004, 432:173-178; Pardridge W. M.,
Expert Opin. Biol. Ther., 2004, July. 4(7):1103-1113), each of
which is incorporated herein by reference in its entirety.
[0077] Accordingly, the pharmaceutical composition con-
tains an effective amount of such interfering RNA molecules
that are targeted to CDH17 mRNA. The interfering RNA
molecules are capable, when suitably introduced into or
expressed within a cell that otherwise expresses CDH17
mRNA, of suppressing expression of the CDH17 gene by
RNAi. The interfering RNA may be a double-stranded
siIRNA. An siRNA molecule may include a short 3' DNA
sequence also. Alternatively, the nucleic acid may be a DNA
(usually double-stranded DNA) which, when transcribed ina
cell, yields an RNA having two complementary portions
joined via a spacer, such that the RNA takes the form of a
hairpin when the complementary portions hybridize with
each other. In a mammalian cell, the hairpin structure may be
cleaved from the molecule by the enzyme Dicer, to yield two
distinct, but hybridized, RNA molecules.

[0078] (i) siRNA Molecules

[0079] Short interfering RNAs (siRNAs) induce the
sequence-specific suppression or silencing (i.e., reducing
expression which may be to the extent of partial or complete
inhibition) genes by the process of RNAi. Thus, siRNA is the
intermediate effector molecule of the RNAi process. The
interfering RNA that function as CDH17 inhibitors include
dsRNA molecules comprising 16-30, e.g., 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in each
strand, wherein one of the strands is substantially identical,
e.g., at least 80% (or more, e.g., 85%, 90%, 95%, or 100%)
identical, e.g., having 3, 2, 1, or 0 mismatched nucleotide(s),
to a target region in the CDH17 mRNA, and the other strand
is identical or substantially identical to the first strand. The
dsRNA molecules that function as CDH17 inhibitors can be
chemically synthesized, or can be transcribed in vitro from a
DNA template, or in vivo from, e.g., shRNA. The dsRNA
molecules can be designed using any method known in the
art, for instance, by using the following protocol:

[0080] 1. Using any method known in the art, compare the
potential targets to the appropriate genome database (human,
mouse, rat, etc.) and eliminate from consideration any target
sequences with significant homology to other coding
sequences. One such method for sequence homology
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searches is known as BLAST, which is available at the
National Center for Biotechnology Information (NCBI) web
site of the National Institutes of Health. Also available on the
NCBI webs site is the HomoloGene database, which is a
publicly available system for automated detection of
homologs among the annotated genes of several completely
sequenced eukaryotic genomes and is readily utilized by
those of ordinary skill in the art.

[0081] 2. Select one or more sequences that meet your
criteria for evaluation.

[0082] Further general information regarding the design
and use of siRNA can be found in “The siRNA User Guide,”
available at the web site of the laboratory of Dr. Thomas
Tuschl at Rockefeller University (Elbashir et al., EMBO J,
20:6877-6888 (2001).

[0083] 3. Negative control siRNAs preferably have the
same nucleotide composition as the selected siRNA, but with-
out significant sequence complementarity to the appropriate
genome. Such negative controls can be designed by randomly
scrambling the nucleotide sequence of the selected siRNA; a
homology search can be performed to ensure that the negative
control lacks homology to any other gene in the appropriate
genome. In addition, negative control siRNAs can be
designed by introducing one or more base mismatches into
the sequence.

[0084] Initially, basic criteria were defined for identifica-
tion of efficient siRNA, such as GC content and position of the
targeted sequence in the context of the mRNA (Elbashir S M.
et al., Methods, 26:199-213 (2002)). Further progress was
achieved more recently, when the assembly of the RNAi
enzyme complex was described as being dependent on ther-
modynamic characteristics of the siRNA (Khrvorova A. et al.,
Cell, 115:209-216 (2003); Schwarz D. S.etal., Cell, 115:199-
208 (2003)). The relative stability of both ends of the duplex
was determined to have effects on the extent to which the
individual strands enter the RNAi pathway. In addition, cer-
tain sequence motifs at defined positions of the siRNA were
reported to influence its potency (Amarzguioui, et al., Bio-
chem. Biophys. Res. Commun., 316:1050-1058 (2004); Rey-
nolds et al., Nature Biotechnol., 22:326-330 (2004)). On this
basis, sophisticated algorithms have been developed to
increase the success rate of siRNA design and are available to
those skilled in the art (Amarzguioui, et al., 2004; Reynolds,
et al., 2004; and Ui-Tei, et al., Nucl. Acids Res., 32:936-948
(2004), each of which is incorporated herein in its entirety).
Other computational tools that may be used to select siRNAs
inYuan, et al., Nucleic Acids Research, Vol. 32, W130-W134,
(2004) and Bonetta, Nature Methods, 1(1):79-86) (2004),
each of which are incorporated by reference herein in their
entirety.

[0085] Strategies for rational design of effective interfering
RNA are disclosed in Gong, et al., Trends ir Biotechnol.,
22(9):451 (2004); Schubert, et al., J. Mol. Biol., 348:383-893
(2005); Pancoska, etal., Nucleic Acids Res., 32(4):1469-1479
(2004); and Mittal, Nat. Rev. Genet., 5(5):355-365 (2004)
(each of which is incorporated herein by reference in its
entirety).

[0086] Screening for the most efficient siRNAs using cell
cultures may be carried out as disclosed for example in Yang
D. et al,, Proc. Natl. Acad. Sci. USA, 2002, 99:9942-9947;
Myers J. W. et al., Nat. Biotechnol., 2003, 21:324-328). The
short RNAs produced as a result of these digestions have been
found to be efficient in RNAi. Oligonucleotide arrays can also
be used for the efficient preparation of defined mixtures of
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siRNAs for reducing the expression of exogenous and endog-
enous genes such as CDH17 (Oleinikov A. V. et al., Nucleic
Acids Research, 2005, 33(10):¢92).

[0087] Unmodified siRNAs and modified siRNAs can be
used. Thus, siRNA derivatives that include siRNA having two
complementary strands of nucleic acid, such that the two
strands are crosslinked can be employed. For example, a 3'
OH terminus of one of the strands can be modified, or the two
strands can be crosslinked and modified at the 3' OH termi-
nus. The siRNA derivative can contain a single crosslink (e.g.,
a psoralen crosslink). In some embodiments, the siRNa can
be conjugated to another moiety, such as a nanoparticle, to
enhance a property of the compositions, e.g., a pharmacoki-
netic parameter such as absorption, efficacy, bioavailability,
and/or half-life. In these embodiments, the siRNA derivative
would for example, have at its 3' terminus a biotin molecule
(e.g., a photocleavable biotin), a peptide (e.g., a Tat peptide),
a nanoparticle, a peptidomimetic, organic compounds (e.g., a
dye such as a fluorescent dye), or dendrimer. Modifying
siIRNA derivatives in this way can improve cellular uptake or
enhance cellular targeting activities of the resulting siRNA
derivative as compared to the corresponding siRNA, are use-
ful for tracing the siRNA derivative in the cell, or improve the
stability of the siRNA derivative compared to the correspond-
ing siRNA.

[0088] The conjugation can be accomplished by methods
known in the art, e.g., using the methods known in the art as
disclosed for example in Lambert et al., Drug Deliv. Rev.
47(1): 99-112 (2001); Fattal et al., J. Control Release 53(1-
3):137-43 (1998); Schwab et al., Ann. Oncol. 5 Suppl. 4:55-8
(1994); and Godard et al., Fur J. Biochem. 232(2):404-10
(1995).

[0089] The siRNA can also be labeled using any method
known in the art; for instance, nucleic acids can be labeled
with a fluorophore, e.g., Cy3, fluorescein, or rhodamine. The
labeling can be carried out using a kit, e.g., the SILENCER
sIRNA labeling kit (AMBION). Additionally, the siRNA can
be radiolabeled, e.g., using *H, P, or other appropriate iso-
tope.

[0090] Because RNAI is believed to progress via at least
one single stranded RNA intermediate, the skilled artisan will
appreciate that ss-siRNAs (e.g., the antisense strand of a
ds-siRNA) can also be designed as described herein and uti-
lized according to the claimed methodologies.

[0091] There are a number of companies that will generate
interfering RNAs for a specific gene. Thermo Electron Cor-
poration (Waltham, Mass.) has launched a custom synthesis
service for synthetic short interfering RNA (siRNA). Each
strand is composed of 18-20 RNA bases and two DNA bases
overhang on the 3' terminus. Dharmacon, Inc. (Lafayette,
Colo.) provides siRNA duplexes using the 2'-ACE RNA syn-
thesis technology. Qiagen (Valencia, Calif.) uses TOM-
chemistry to offer siRNA with high individual coupling
yields (Li, et al., Nat. Med., 11(9):944-951 (2005).

[0092] SiRNAs targeting CDH17 mRNA may be fused to
other nucleotide molecules, or to polypeptides, in order to
direct their delivery or to accomplish other functions. Thus,
for example, fusion proteins comprising a siRNA oligonucle-
otide that is capable of specifically interfering with expres-
sion of CDHI7 may comprise affinity tag polypeptide
sequences, which refers to polypeptides or peptides that
facilitate detection and isolation of the polypeptide via a
specific affinity interaction with a ligand. The ligand may be
any molecule, receptor, counter-receptor, antibody or the like
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with which the affinity tag may interact through a specific
binding interaction as provided herein. Such peptides
include, for example, poly-His or “FLAG” or the like, e.g., the
antigenic identification peptides described in U.S. Pat. No.
5,011,912 and in Hopp et al., (Bio/Technology 6:1204,1988),
or the XPRESS epitope tag (INVITROGEN, Carlsbad,
Calif.). The affinity sequence may be a hexa-histidine tag as
supplied, for example, by a pBAD/His (INVITROGEN) or a
pQE-9 vector to provide for purification of the mature
polypeptide fused to the marker in the case of a bacterial host,
or, for example, the affinity sequence may be a hemagglutinin
(HA) tag when a mammalian host, e.g., COS-7 cells, is used.
The HA tag corresponds to an antibody defined epitope
derived from the influenza hemagglutinin protein (Wilson et
al., 1984 Cell 37:767).

[0093] (iii) Antisense Oligonucleotides

[0094] An “antisense” nucleic acid sequence (antisense oli-
gonucleotide) can include a nucleotide sequence that is
complementary to a “sense” nucleic acid encoding a protein,
e.g., complementary to the coding strand of'a double-stranded
c¢DNA molecule or complementary to the CDH17 mRNA.
Antisense nucleic acid sequences and delivery methods are
well known in the art (Goodchild, Curr. Opin. Mol. Ther.,
6(2):120-128 (2004); Clawson, et al., Gene Ther, 11(17):
1331-1341 (2004)), which are incorporated herein by refer-
ence in their entirety. The antisense nucleic acid can be
complementary to an entire coding strand of a target
sequence, or to only a portion thereof. In another embodi-
ment, the antisense nucleic acid molecule is antisense to a
“noncoding region” of the coding strand of a nucleotide
sequence within the CDH17 mRNA. An antisense oligo-
nucleotide can be, for example, about 7, 10, 15, 20, 25,30, 35,
40, 45, 50, 55, 60, 65, 70, 75, 80, or more nucleotides in
length.

[0095] An antisense nucleic acid sequence can be designed
such that it is complementary to the entire CDH17 mRNA
sequence, but can also be an oligonucleotide that is antisense
to only a portion of the CDH17 mRNA. For example, the
antisense oligonucleotide can be complementary to a portion
of the CDH17 enzymatic domain (inositol 5'-phosphatase
domain) or a portion of the amino-terminal src-homology
domain (SH2).

[0096] An antisense nucleic acid can be constructed using
chemical synthesis and enzymatic ligation reactions using
procedures known in the art. For example, an antisense
nucleic acid (e.g., an antisense oligonucleotide) can be
chemically synthesized using naturally occurring nucleotides
or variously modified nucleotides designed to increase the
biological stability of the molecules or to increase the physi-
cal stability of the duplex formed between the antisense and
sense nucleic acids, e.g., phosphorothioate derivatives and
acridine substituted nucleotides can be used. The antisense
nucleic acid also can be produced biologically using an
expression vector into which a nucleic acid has been sub-
cloned in an antisense orientation (i.e., RNA transcribed from
the inserted nucleic acid will be of an antisense orientation to
a target nucleic acid of interest, described further in the fol-
lowing subsection).

[0097] Other examples of useful antisense oligonucle-
otides include an alpha-anomeric nucleic acid. An alpha-
anomeric nucleic acid molecule forms specific double-
stranded hybrids with complementary RNA in which,
contrary to the usual beta-units, the strands run parallel to
each other (Gaultier et al., Nucleic Acids. Res. 15:6625-6641
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(1987)). The antisense nucleic acid molecule can also com-
prise a 2'-o-methylribonucleotide (Inoue et al. Nucleic Acids
Res. 15:6131-6148 (1987)) or a chimeric RNA-DNA ana-
logue (Inoue et al. FEBS Lett., 215:327-330 (1987)).

[0098] (iv) Ribozymes

[0099] Ribozymes are a type of RNA that can be engi-
neered to enzymatically cleave and inactivate other RNA
targets in a specific, sequence-dependent fashion. Ribozymes
and methods for their delivery are well known in the art
(Hendry, etal., BMC Chem. Biol., 4(1):1 (2004); Grassi, et al.,
Curr. Pharm. Biotechnol., 5(4):369-386 (2004); Bagheri, et
al., Curr. Mol. Med., 4(5):489-506 (2004); Kashani-Sabet M.,
Expert Opin. Biol. Ther., 4(11):1749-1755 (2004), each of
which are incorporated herein by reference in its entirety. By
cleaving the target RNA, ribozymes inhibit translation, thus
preventing the expression of the target gene. Ribozymes can
be chemically synthesized in the laboratory and structurally
modified to increase their stability and catalytic activity using
methods known in the art. Alternatively, ribozyme genes can
be introduced into cells through gene-delivery mechanisms
known in the art.

[0100] A ribozyme having specificity for CDH17 mRNA
can include one or more sequences complementary to a
nucleotide sequence within the CDH17 mRNA, and a
sequence having a known catalytic sequence responsible for
mRNA cleavage (see U.S. Pat. No. 5,093,246 or Haselhoff, et
al., Nature 334:585-591 (1988)). For example, a derivative of
a Tetrahymena [.-19 IVS RNA can be constructed in which
the nucleotide sequence of the active site is complementary to
the nucleotide sequence to be cleaved in the mRNA encoded
by a uORF of an extended, overlapping 5'-UTR AS mRNA
species (see, e.g., U.S. Pat. No. 4,987,071 and No. 5,116,
742). Alternatively, CDH17 mRNA can be used to select a
catalytic RNA having a specific ribonuclease activity from a
pool of RNA molecules (Bartel, et al., Science, 261:1411-
1418 (1993)).

[0101] (V) Vectors and Constructs

[0102] Also provided are vectors and constructs that
include or encode polynucleotide CDH17 inhibitors (e.g.,
siRNA), and in particular to “recombinant nucleic acid con-
structs” that include any nucleic acid such as a DNA poly-
nucleotide segment that may be transcribed to yield CDH17-
specific siRNA polynucleotides inhibitors, host cells which
are genetically engineered with vectors and/or constructs
comprising the polynucleotide inhibitors and to the produc-
tion of siRNA polynucleotides, polypeptides, and/or fusion
proteins, or fragments or variants thereof, by recombinant
techniques. siRNA sequences disclosed herein as RNA poly-
nucleotides may be engineered to produce corresponding
DNA sequences using well-established methodologies such
as those described herein. Thus, for example, a DNA poly-
nucleotide may be generated from any siRNA sequerce
described herein, such that the present siRNA sequences will
be recognized as also providing corresponding DNA poly-
nucleotides (and their complements).

[0103] A vector may comprise a recombinant nucleic acid
construct containing one or more promoters for transcription
of an RNA molecule, for example, the human U6 snRNA
promoter (see, e.g., Mivagishi et al., Nat. Biotechnol. 20:497-
500 (2002); Lee et al., Nat. Biotechnol. 20:500-505 (2002);
Paul et al., Nat. Biotechnol. 20:505-508 (2002); Grabarek et
al., BioTechniques 34:73544 (2003); see also Sui et al., Proc.
Natl. Acad. Sci. USA 99:5515-20 (2002)). Each strand of a
sIRNA polynucleotide may be transcribed separately each
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under the direction of a separate promoter and then may
hybridize within the cell to form the siRNA polynucleotide
duplex. Each strand may also be transcribed from separate
vectors (see Lee et al., supra). Alternatively, the sense and
antisense sequences specific for a CDH17 mRNA sequence
may be transcribed under the control of a single promoter
such that the siRNA polynucleotide forms a hairpin molecule
(Paul et al., supra). In such instance, the complementary
strands of the siRNA specific sequences are separated by a
spacer that comprises at least four nucleotides, but may com-
prise at least 5, 6,7, 8, 9, 10, 11, 12, 14, 16, or 18 or more
nucleotides as described herein. In addition, siRNAs tran-
scribed under the control of a U6 promoter that form a hairpin
may have a stretch of about four uridines at the 3' end that act
as the transcription termination signal (Miyagishi et al.,
supra; Paul et al., supra). By way of illustration, if the target
sequence is 19 nucleotides, the siRNA hairpin polynucleotide
(beginning at the 5' end) has a 19-nucleotide sense sequence
followed by a spacer (which as two uridine nucleotides adja-
cent to the 3' end of the 19-nucleotide sense sequence), and
the spacer is linked to a 19 nucleotide antisense sequence
followed by a 4-uridine terminator sequence, which results in
an overhang. siRNA polynucleotides with such overhangs
effectively interfere with expression of the target polypeptide.
A recombinant construct may also be prepared using another
RNA polymerase III promoter, the Hl RNA promoter, that
may be operatively linked to siRNA polynucleotide specific
sequences, which may be used for transcription of hairpin
structures comprising the siRNA specific sequences or sepa-
rate transcription of each strand of a siRNA duplex poly-
nucleotide (see, e.g., Brummelkamp et al., Science 296:550-
53 (2002); Paddison et al., supra). DNA vectors useful for
insertion of sequences for transcription of an siRNA poly-
nucleotide include pSUPER vector (see, e.g., Brummelkamp
etal., supra); pAV vectors derived from pCWRSVN (see, e.g.,
Pauletal., supra); and pIND (see, e.g., Lee etal., supra), or the
like.

[0104] The appropriate DNA sequence(s) may be inserted
into the vector by a variety of procedures. In general, the DNA
sequence is inserted into an appropriate restriction endonu-
clease site(s) by procedures known in the art. Standard tech-
niques for cloning, DNA isolation, amplification and purifi-
cation, for enzymatic reactions involving DNA ligase, DNA
polymerase, restriction endonucleases and the like, and vari-
ous separation techniques are those known and commonly
employed by those skilled in the art. A number of standard
techniques are described, for example, in Ausubel et al. (1993
Current Protocols in Molecular Biology, Greene Publ. Assoc.
Inc. & John Wiley & Sons, Inc., Boston, Mass.); Sambrook et
al. (2001 Molecular Cloning, Third Ed., Cold Spring Harbor
Laboratory, Plainview, N.Y.); Maniatis et al. (1982 Molecular
Cloning, Cold Spring Harbor Laboratory, Plainview, N.Y.);
and elsewhere.

[0105] The DNA sequence in the expression vector is
operatively linked to at least one appropriate expression con-
trol sequence (e.g., a promoter or a regulated promoter) to
direct mRNA synthesis. Representative examples of such
expression control sequences include LTR or SV40 promoter,
the E. coli lac or trp, the phage lambda P; promoter and other
promoters known to control expression of genes in prokary-
otic or eukaryotic cells or their viruses. Promoter regions can
be selected from any desired gene using CAT (chlorampheni-
col transferase) vectors or other vectors with selectable mark-
ers. Examples of Eukaryotic promoters include CMV imme-
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diate early, HSV thymidine kinase, early and late SV40, LTRs
from retrovirus, and mouse metallothionein-I. Selection of
the appropriate vector and promoter is well within the level of
ordinary skill in the art, and preparation of certain particularly
preferred recombinant expression constructs comprising at
least one promoter or regulated promoter operably linked to a
polynucleotide of the invention is described herein.

[0106] In certain embodiments the vector may be a viral
vector such as a mammalian viral vector (e.g., retrovirus,
adenovirus, adeno-associated virus, lentivirus). For example,
retroviruses from which the retroviral plasmid vectors may be
derived include, but are not limited to, Moloney Murine Leu-
kemia Virus, spleen necrosis virus, retroviruses such as Rous
Sarcoma Virus, Harvey Sarcoma virus, avian leukosis virus,
gibbon ape leukemia virus, human immunodeficiency virus,
adenovirus, Myeloproliferative Sarcoma Virus, and mam-
mary tumor virus.

[0107] The viral vector includes one or more promoters.
Suitable promoters which may be employed include, but are
not limited to, the retroviral LTR; the SV40 promoter; and the
human cytomegalovirus (CMV) promoter described in
Miller, et al., Biotechniques 7:980-990 (1989), or any other
promoter (e.g., cellular promoters such as eukaryotic cellular
promoters including, but not limited to, the histone, pol 111,
and beta-actin promoters). Other viral promoters that may be
employed include, but are not limited to, adenovirus promot-
ers, adeno-associated virus promoters, thymidine kinase
(TK) promoters, and B19 parvovirus promoters. The selec-
tion of a suitable promoter will be apparent to those skilled in
the art from the teachings contained herein, and may be from
among either regulated promoters (e.g., tissue-specific ot
inducible promoters) or promoters as described above). A
tissue-specific promoter allows preferential expression of the
polynucleotide CDHI17 inhibitor in a given target tissue,
thereby avoiding expression in other tissues. Liver-specific
promoters include the human phenylalanine hydroxylase
(PAH) gene promoters (Bristeau et al., Gene 274:283-291,
2001), hB1F (Zhanget al., Gene 273:239-249, 2001), and the
human C-reactive protein (CRP) gene promoter (Rutheretal.,
Oncogene 8:87-93, 1993).

[0108] (vi) Host Cells

[0109] Also provided are host cells containing the above
described recombinant constructs. Polynucleotide CDH17
inhibitors can be expressed in mammalian cells, yeast, bac-
teria, or other cells under the control of appropriate promot-
ers, providing ready systems for evaluation of siRNA poly-
nucleotides that are capable of interfering with CDH17
expression as provided herein. Appropriate cloning and
expression vectors for use with prokaryotic and eukaryotic
hosts are described, for example, by Sambrook, et al.,
Molecular Cloning: A Laboratory Manual, Third Edition,
Cold Spring Harbor Laboratory Press, N.Y., (2001).

[0110] Host cells are genetically engineered/modified
(transduced, transformed or transfected) with the disclosed
vectors and/or expression constructs for example, a cloning
vector, a shuttle vector, or an expression construct. The vector
or construct may be, for example, in the form of a plasmid, a
viral particle, a phage, etc. The engineered host cells can be
cultured in conventional nutrient media modified as appro-
priate for activating promoters, selecting transformants or
amplifying particular genes such as genes encoding siRNA
polynucleotides or fusion proteins thereof. The culture con-
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ditions for particular host cells selected for expression, such
astemperature, pH and the like, will be readily apparent to the
ordinarily skilled artisan.

[0111] The host cell can be a higher eukaryotic cell, such as
amammalian cell, or a lower eukaryotic cell, such as a yeast
cell, or the host cell can be a prokaryotic cell, such as a
bacterial cell. Representative examples of appropriate host
cells but need not be limited to, bacterial cells, such as F. cofi,
Streptomyces, Salmonella typhimurium; fungal cells, such as
yeast; insect cells, such as Drosophila S2 and Spodoptera S19;
animal cells, such as CHO, COS or 293 cells; adenoviruses;
plant cells, or any suitable cell already adapted to in vitro
propagation or so established de novo.

[0112] Various mammalian cell culture systems can also be
employed to produce polynucleotide CDH17 inhibitors from
recombinant nucleic acid constructs disclosed herein. Thus, a
method of producing a polynucleotide, such as an siRNA, by
culturing a host cell comprising a recombinant nucleic acid
construct that comprises at least one promoter operably
linked to a polynucleotide CDH17 inhibitor is additionally
provided. In certain embodiments, the promoter may be a
regulated promoter as provided herein, for example a tetra-
cycline-repressible promoter. In certain embodiments the
recombinant expression construct is a recombinant viral
expression construct as provided herein. Examples of mam-
malian expression systems include the COS-7 lines of mon-
key kidney fibroblasts, described by Gluzman, Cel/ 23:175
(1981), and other cell lines capable of expressing a compat-
ible vector, for example, the C127, 3T3, CHO, Hel.a, HEK,
and BHK cell lines. Mammalian expression vectors will com-
prise an origin of replication, a suitable promoter and
enhancer, and also any necessary ribosome binding sites,
polyadenylation site, splice donor and acceptor sites, tran-
scriptional termination sequences, and 5' flanking nontran-
scribed sequences, for example as described herein regarding
the preparation of recombinant polynucleotide constructs.
DNA sequences derived from the SV40 splice, and polyade-
nylation sites may be used to provide the required nontran-
scribed genetic elements. Introduction of the construct into
the host cell can be effected by a variety of methods with
which those skilled in the art will be familiar, including but
not limited to, for example, liposomes including cationic
liposomes, calcium phosphate transfection, DEAE-Dextran
mediated transfection, or electroporation (Davis et al., 1986
Basic Methods in Molecular Biology). or other suitable tech-
nique.

[0113] The expressed polynucleotides may be useful in
intact host cells; in intact organelles such as cell membranes,
intracellular vesicles or other cellular organelles; or in dis-
rupted cell preparations including but not limited to cell
homogenates or lysates, microsomes, uni- and multilamellar
membrane vesicles or other preparations. Alternatively,
expressed polynucleotides can be recovered and purified
from recombinant cell cultures by methods including ammo-
nium sulfate or ethanol precipitation, acid extraction, anion or
cation exchange chromatography, phosphocellulose chroma-
tography, hydrophobic interaction chromatography, affinity
chromatography, hydroxylapatite chromatography and lectin
chromatography. Finally, high performance liquid chroma-
tography (HPLC) can be employed for final purification
steps.

[0114] In general, the target nucleic acid is DNA or RNA.
However, the disclosed methods may employ, for example,
samples that contain DNA, or DNA and RNA, including
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messenger RNA, wherein DNA or RNA may be single
stranded or double stranded, or a DNA-RNA hybrid may be
included in the sample. A mixture of nucleic acids may also
be employed. The specific nucleic acid sequence to be
detected may be a fraction of a larger molecule or can be
present initially as a discrete molecule, so that the specific
sequence constitutes the entire nucleic acid. It is not neces-
sary that the sequence to be studied be present initially in a
pure form; the nucleic acid may be a minor fraction of a
complex mixture, such as contained in whole human DNA.
The nucleic acid-containing sample used for determination of
the sensitivity of the target cells to radiation therapy may be
extracted by a variety of techniques such as that described by
Sambrook, et al. (Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor, N.Y., 1989; incorporated in its entirety
herein by reference).

[0115] Cells expressing the target nucleic acid isolated
from a subject can be obtained in a biological specimen from
the subject. The cells, or nucleic acid, can be isolated from
tumor tissue, blood, plasma, serum, lymph, lymph nodes,
spleen, bone marrow, or any other biological specimen con-
taining the target nucleic acid. Tumor tissue, blood, plasma,
serum, lymph, spleen, and bone marrow are obtained by
various medical procedures known to those of skill in the art.
[0116] (B) CDH17 Antibodies

[0117] In a preferred embodiment, an antibody used in the
disclosed methods is CDH17 in a biological sample is a
monoclonal antibody. More preferably, a monoclonal anti-
body for the region spanning domains 1 and 2 (D1-D2) of
CDH17 is provided; this focuses the detection of CDH17 to
the form of the protein readily secreted into the serum of
patients having HCC.

[0118] A monoclonal antibody composition is typically
composed of antibodies produced by clones of a single cell
called a hybridoma that secretes (produces) only one type of
antibody molecule. The hybridoma cell is formed by fusing
an antibody-producing cell and a myeloma or other self-
perpetuating cell line. Such antibodies were first described by
Kohler and Milstein, Nature, 1975, 256:495-497, the disclo-
sure of which is herein incorporated by reference. An exem-
plary hybridoma technology is described by Niman et al.,
Proc. Natl. Acad. Sci. US.A., 1983, 80:4949-4953. Other
methods of producing monoclonal antibodies, a hybridoma
cell, or ahybridoma cell culture are also well known. See e.g.,
Antibodies: A Laboratory Manual, Harlow et al., Cold Spring
Harbor Laboratory, 1988; or the method of isolating mono-
clonal antibodies from an immunological repertoise as
described by Sasatry, etal., Proc. Natl. Acad. Sci. USA, 1989,
86:5728-5732; and Huse et al., Science, 1981, 246:1275-
1281. The references cited are hereby incorporated herein by
reference.

[0119] In order to produce monoclonal antibodies, a host
mammal is inoculated with a CDH17 protein or peptide and
then boosted. Spleens are collected from inoculated mam-
mals a few days after the final boost. Cell suspensions from
the spleens are fused with a tumor cell in accordance with the
general method described by Kohler and Milstein (Nature,
1975,256:495-497). In order to be useful, a peptide fragment
must contain sufficient amino acid residues to define the
epitope of the CDH17 molecule being detected.

[0120] If the fragment is too short to be immunogenic, it
may be conjugated to a carrier molecule. Some suitable car-
rier molecules include keyhole limpet hemocyanin and
bovine serum albumin. Conjugation may be carried out by
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methods known in the art. One such method is to combine a
cysteine residue of the fragment with a cysteine residue on the
carrier molecule. The peptide fragments may be synthesized
by methods known in the art. Some suitable methods are
described by Stuart and Young in “Solid Phase Peptide Syn-
thesis,” Second Edition, Pierce Chemical Company (1984).
[0121] Other antibodies specific for CDH17 that are useful
in the disclosed methods may be obtained from scientific or
commercial sources. Alternatively, isolated native CDH17 or
recombinant CDH17 may be utilized to prepare antibodies,
monoclonal or polyclonal antibodies, and immunologically
active fragments (e.g., a Fab or (Fab), fragment), an antibody
heavy chain, an antibody light chain, humanized antibodies, a
genetically engineered single chain F, molecule (Ladne etal.,
U.S. Pat. No. 4,946,778), or a chimeric antibody, for example,
an antibody which contains the binding specificity of a
murine antibody, but in which the remaining portions are of
human origin. Antibodies including monoclonal and poly-
clonal antibodies, fragments and chimeras, may be prepared
using methods known to those skilled in the art. Preferably,
antibodies used in the disclosed methods are reactive against
CDH17 if they bind with a K, of greater than or equal to 107
M. In a sandwich immunoassay mouse polyclonal antibodies
and rabbit polyclonal antibodies are utilized.

[0122] Preferred binding epitopes may be identified from a
known CDH17 gene sequence and its encoded amino acid
sequence and used to generate CDH17 antibodies with high
binding affinity. Also, identification of binding epitopes on
CDHI17 can be used in the design and construction of pre-
ferred antibodies. For example, a DNA encoding a preferred
epitope on CDH17 may be recombinantly expressed and used
to select an antibody which binds selectively to that epitope.
The selected antibodies then are exposed to the sample under
conditions sufficient to allow specific binding of the antibody
to the specific binding epitope on CDH17 and the amount of
complex formed then detected. Specific antibody methodolo-
gies are well understood and described in the literature. A
more detailed description of their preparation can be found,
for example, in Practical Immunology, Butt, W.R., ed., Mar-
cel Dekker, New York, 1984.

[0123] Purification of the antibodies or fragments can be
accomplished by a variety of methods known to those of skill
including, precipitation by ammonium sulfate or sodium sul-
fate followed by dialysis against saline, ion exchange chro-
matography, affinity or immunoaffinity chromatography as
well as gel filtration, zone electrophoresis, etc. (Goding in,
Monoclonal Antibodies: Principles and Practice, 2d ed., pp.
104-126, Orlando, Fla., Academic Press). It is preferable to
use purified antibodies or purified fragments of the antibodies
having at least a portion of a CDH17 binding region, includ-
ing such as Fv, F(ab'),, Fab fragments (Harlow and Lane,
1988, Antibody, Cold Spring Harbor Laboratory Press) for
the detection of CDH17 in the fluids of liver cancer patients or
those at risk, preferably in the urine or blood of liver cancer
patients.

[0124] A panel of characterized monoclonal antibodies
which recognize different epitopes of CDH17 has been devel-
oped. These antibodies can be used to differentiate liver
tumors selectively in diagnostic assays. Monoclonal antibod-
ies that recognize the unique truncated CDHI17 (spanning
domains 1 and 2 (D1-D2)) molecule secreted into the serum
of HCC patients serve as a superior diagnostic reagent for
HCC. Application of both the CDH17 molecule and its spe-
cific monoclonal antibodies leads to treatment of liver can-
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cers. Monoclonal antibodies specific for CDH17 can be used
in screening assays to detect the presence of this molecule in
both liver tumor tissues and serum of HCC patients. The
anti-CDH17 antibodies are preferably directed to the serum-
secretion-specific D1-D2 epitope of the CDH17 molecule.
These monoclonal antibodies can also be used as vehicles to
deliver cargos, such as nucleic acid, drug or toxin, to liver
tumor cells with high expression of CDH17 on cell surface or
simply as CDH17 antagonists to inhibit CDH17 activity in the
tumor cell. In addition, hybridoma cell lines provide unlim-
ited source for producing monoclonal antibodies when
needed. Culturing the hybridoma cells can produce large
quantities of the antibodies economically. Thus, cost effective
methods using monoclonal antibodies for detection/monitor-
ing the presence of CDH17 in biological samples are pro-
vided.

1. Pharmaceutical Compositions

[0125] CDHI17 inhibitors (also referred to herein as “active
compounds”) can be incorporated into pharmaceutical com-
positions suitable for administration. Such compositions
typically comprise a pharmaceutically effective amount of a
CDH17-inhibiting nucleic acid molecule, protein, or anti-
body and a pharmaceutically acceptable carrier. The term
“therapeutically effective amount” as used herein, means that
amount of CDH17 inhibitor alone or in combination with
another agent that elicits the biological or medicinal response
in cells (e.g., tissue(s)) that is being sought by a researcher,
veterinarian, medical doctor or other clinician, which
includes alleviation and/or prevention of the symptoms of the
disease or disorder being treated. As used herein the language
“pharmaceutically acceptable carrier” is intended to include
any and all solvents, dispersion media, coatings, antibacterial
and antifungal agents, isotonic and absorption delaying
agents, and the like, compatible with pharmaceutical admin-
istration. The use of such media and agents for pharmaceuti-
cally active substances is well known in the art. Except insofar
as any conventional media or agent is incompatible with the
active compound, use thereof in the compositions is contem-
plated. Supplementary active compounds can also be incor-
porated into the compositions.

[0126] Thepharmaceutical composition is formulated to be
compatible with its intended route of administration.
Examples of routes of administration include parenteral, e.g.,
intravenous, intradermal, subcutaneous, oral (e.g., inhala-
tion), transdermal (topical), transmucosal, and rectal admin-
istration. Solutions or suspensions used for parenteral, intra-
dermal, or subcutaneous application can include the
following components: a sterile diluent such as water for
injection, saline solution, fixed oils, polyethylene glycols,
glycerine, propylene glycol or other synthetic solvents; anti-
bacterial agents such as benzyl alcohol or methyl parabens;
antioxidants such as ascorbic acid or sodium bisulfite; chelat-
ing agents such as ethylenediaminetetraacetic acid; buffers
such as acetates, citrates or phosphates and agents for the
adjustment of tonicity such as sodium chloride or dextrose.
pH can be adjusted with acids or bases, such as hydrochloric
acid or sodium hydroxide. The parenteral preparation can be
enclosed in ampoules, disposable syringes or multiple dose
vials made of glass or plastic.

[0127] In one embodiment, the polynucleotide CDHI17
inhibitors are prepared with carriers that will protect against
rapid elimination from, or degradation in, the body, such as a
controlled release formulation, including implants and
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microencapsulated delivery systems. Biodegradable, bio-
compatible polymers can be used, such as ethylene vinyl
acetate, polyanhydrides, polyglycolic acid, collagen, poly-
orthoesters, and polylactic acid. Such formulations can be
prepared using standard techniques. Liposomal suspensions
(including liposomes targeted to antigen-presenting cells
with monoclonal antibodies) can also be used as pharmaceu-
tically acceptable carriers. These can be prepared according
to methods known to those skilled in the art, for example, as
described in U.S. Pat. No. 4,522 811. Strategies that inhibit
members of the RNAse A family of enzymes or can otherwise
protect polynucleotide CDH 17 inhibitors from these
enzymes may be utilized as described forexample in U.S. Pat.
No. 6,096,720 (Love et al.). A strategy for the compaction of
short oligonucleotides into well-defined condensates may
also beused to deliver the CDHI17 inhibitory polynucleotides
disclosed herein (Sarkar T. et al., Nucleic Acids Research,
2005,33(1):143-151), which is incorporated herein by refer-
ence in its entirety.

[0128] Inanother embodiment, the polynucleotide CDH17
inhibitors can be inserted into genetic constructs, e.g., viral
vectors, retroviral vectors, expression cassettes, or plasmid
viral vectors, e.g.. using methods known in the art, including
but not limited to those described in Xia et al., (2002), supra.
Genetic constructs can be delivered to a subject by, for
example, inhalation, orally, intravenous injection, local
administration (see U.S. Pat. No. 5,328,470 or by stereotac-
tic injection (see, e.g., Chen etal., Proc. Natl. Acad. Sci. USA
91:3054-3057 (1994)). The pharmaceutical preparation of
the delivery vector can include the vector in an acceptable
diluent, or can comprise a slow release matrix in which the
delivery vehicle is imbedded. Alternatively, where the com-
plete delivery vector can be produced intact from recombi-
nant cells, e.g., retroviral vectors, the pharmaceutical prepa-
ration can include one or more cells which produce the
polynucleotide delivery system.

[0129] (i) Injectable Compositions

[0130] Pharmaceutical compositions suitable for injectable
use include sterile aqueous solutions (where water soluble) or
dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For
intravenous administration, suitable carriers include physi-
ological saline, bacteriostatic water, Cremophor EL (BASF;
Parsippany, N.I.) or phosphate buffered saline (PBS). In all
cases, the composition must be sterile and should be fluid to
the extent that easy syringability exists. It must be stable
under the conditions of manufacture and storage and must be
preserved against the contaminating action of microorgan-
isms such as bacteria and fungi. The carrier can be a solvent
or dispersion medium containing, for example, water, etha-
nol, polyol (for example, glycerol, propylene glycol, and
liquid polyethylene glycol, and the like), and suitable mix-
tures thereof. The proper fluidity can be maintained, for
example, by the use of a coating such as lecithin, by the
maintenance of the required particle size in the case of dis-
persion and by the use of surfactants. Prevention of the action
of microorganisms can be achieved by various antibacterial
and antifungal agents, for example, parabens, chlorobutanol,
phenol, ascorbic acid, thimerosal, and the like. In many cases,
it will be preferable to include isotonic agents, for example,
sugars, polyalcohols such as mannitol, sorbitol, sodium chlo-
ride in the composition. Prolonged absorption of the inject-
able compositions can be brought about by including in the
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composition an agent which delays absorption, for example,
aluminum monostearate and gelatin.

[0131] Sterile injectable solutions can be prepared by
incorporating the active compound in the required amount in
an appropriate solvent with one or a combination of ingredi-
ents enumerated above, as required, followed by filtered ster-
ilization. Generally, dispersions are prepared by incorporat-
ing the active compound into a sterile vehicle which contains
abasic dispersion medium and the required other ingredients
from those enumerated above. In the case of sterile powders
for the preparation of sterile injectable solutions, the pre-
ferred methods of preparation are vacuum drying and freeze-
drying which yields a powder ofthe active ingredient plus any
additional desired ingredient from a previously sterile-fil-
tered solution thereof.

[0132] (1) Oral Compositions

[0133] Oral compositions generally include an inert diluent
or an edible carrier. They can be enclosed in gelatin capsules
or compressed into tablets. For the purpose of oral therapeutic
administration, the active compound can be incorporated
with excipients and used in the form of tablets, troches, or
capsules. Oral compositions can also be prepared using a fluid
carrier for use as a mouthwash, wherein the compound in the
fluid carrier is applied orally and swished and expectorated or
swallowed. Pharmaceutically compatible binding agents,
and/or adjuvant materials can be included as part of the com-
position. The tablets, pills, capsules, troches and the like can
contain any of the following ingredients, or compounds of a
similar nature: a binder such as microcrystalline cellulose,
gum tragacanth or gelatin; an excipient such as starch or
lactose, a disintegrating agent such as alginic acid, Primogel,
or corn starch; a lubricant such as magnesium stearate or
Sterotes; a glidant such as colloidal silicon dioxide; a sweet-
ening agent such as sucrose or saccharin; or a flavoring agent
such as peppermint, methyl salicylate, or orange flavoring.
These are not typically used for administration of polynucle-
otides or antibodies.

[0134] (iii)) Compositions for Pulmonary Administration
[0135] For administration by inhalation, the compounds
are delivered in the form of an aerosol spray from pressured
container or dispenser which contains a suitable propellant,
e.g., a gas such as carbon dioxide, or a nebulizer.

[0136] (iv) Compositions for Topical Administration
[0137] Systemic administration can also be by transmu-
cosal or transdermal means. For transmucosal or transdermal
administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are
generally known in the art, and include, for example, for
transmucosal administration, detergents, bile salts, and
fusidic acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or supposito-
ries. For transdermal administration, the active compounds
are formulated into ointments, salves, gels, or creams as gen-
erally known in the art.

[0138] (v) Parenteral Administration

[0139] Preparations for parenteral administration include
sterile aqueous or non-aqueous solutions, suspensions, and
emulsions. Examples of non-aqueous solvents are propylene
glycol, polyethylene glycol, vegetable oils such as olive oil,
and injectable organic esters such as ethyl oleate. Aqueous
carriers include water, alcoholic/aqueous solutions, emul-
sions or suspensions, including saline and buffered media.
Parenteral vehicles include sodium chloride solution, Ring-
er’s dextrose, dextrose and sodium chloride, lactated Ring-
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er’s, or fixed oils. Intravenous vehicles include fluid and nutri-
ent replenishers, electrolyte replenishers (such as those based
on Ringer’s dextrose), and the like. Preservatives and other
additives may also be present such as, for example, antimi-
crobials, anti-oxidants, chelating agents, and inert gases and
the like.

[0140] A method for preparing a medicament or pharma-
ceutical composition comprising the therapeutic agents of the
invention, the pharmaceutical composition being used for
therapy of hepatocellular carcinoma is also provided.

[0141] The compounds can also be prepared in the form of
suppositories (e.g., with conventional suppository bases such
as cocoa butter and other glycerides) or retention enemas for
rectal delivery.

[0142] Itis especially advantageous to formulate o compo-
sitions in dosage unit form for ease of administration and
uniformity of dosage. Dosage unit form as used herein refers
to physically discrete units suited as unitary dosages for the
subject to be treated; each unit containing a predetermined
quantity of active compound calculated to produce the
desired therapeutic effect in association with the required
pharmaceutical carrier. The specification for the dosage unit
forms are dictated by and directly dependent on the unique
characteristics of the active compound and the particular
therapeutic effect to be achieved, and the limitations inherent
in the art of compounding such an active compound for the
treatment of individuals.

[0143] The pharmaceutical compositions can be included
in a container, pack, or dispenser together with instructions
for administration.

IV. Therapeutic Methods of Use

[0144] (A) Method of Treatment/Sensitization: Suppres-
sion of Knockdown of CDH17 Expression

[0145] Methods of treatment include prophylactic and
therapeutic methods of treating a subject at risk of (or sus-
ceptible to) a disorder or having a disorder associated with
aberrant target gene expression or activity. Alternatively, the
target gene expression or activity may be normal (non-aber-
rant) but a decrease in target gene expression or activity
would nonetheless have a beneficial effect on the subject.
Such disorders include various liver cancers.

[0146] Methods of treatment also include sensitizing cells
exhibiting abberrent CDH17 expression to chemotherapeutic
agents, by co-administering the disclosed CDH17 inhibitors.
[0147] In one aspect, the subject is administered an agent
which modulates or inhibits the target gene (CDH17) expres-
sion. Subjects at risk for a condition which is caused or
contributed to by aberrant target gene expression or overex-
pression, such as liver cancer, can be identified by, for
example, any or a combination of diagnostic or prognostic
assays as s known in the art and described herein.

[0148] Inapreferred embodiment, the agent inhibits one or
more of the biological activities of the target gene protein.
Examples of such inhibitory agents include antisense target
gene nucleic acid molecules and anti-target gene antibodies.
These modulatory methods canbe performed in vitro (e.g., by
culturing the cell with the agent) or, alternatively, in vivo (e.g.,
by administering the agent to a subject). As such, methods of
treating an individual afflicted with a disease or disorder
characterized by aberrant expression or activity of the target
gene protein or nucleic acid molecule are provided. In one
embodiment, the method involves administering an agent, or
combination of agents that modulates (e.g., upregulates or
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downregulates) the target gene expression or activity. In
another embodiment, the method involves administering the
target gene protein or nucleic acid molecule as therapy to
compensate for reduced or aberrant target gene expression or
activity.

[0149] For example, in one embodiment, the method
involves administering a desired drug to an individual with a
cell population expressing relatively high target gene levels,
and coadministering an inhibitor of the target gene expression
or activity. The administration and coadministration steps can
be carried out concurrently or in any order, and can be sepa-
rated by a time interval sufficient to allow uptake of either
compound by the cells to be eradicated. For example, an
antisense pharmaceutical composition (or a cocktail compo-
sition comprising an the target gene antisense oligonucleotide
in combination with one or more other antisense oligonucle-
otides) can be administered to the individual sufficiently in
advance of administration of the drug to allow the antisense
composition to permeate the individual’s tissues, especially
tissue comprising the transformed cells to be eradicated; to be
internalized by transformed cells; and to disrupt the target
gene expression and/or protein production.

[0150] Inhibition of the target gene activity is desirable in
situations in which the target gene is abnormally upregulated,
e.g., in HCC.

[0151] The dosage ranges for the administration of the
therapeutic agents as disclosed herein are those large enough
to produce the desired effect in which the symptoms of HCC
are treated. The dosage should not be so large as to cause
adverse side effects, such as unwanted cross-reactions, ana-
phylactic reactions, and the like. Generally, the dosage will
vary with the age, condition, sex and extent of the symptoms
in the patient and can be determined by one of skill in the art.
The dosage can be adjusted by the individual physician in the
event of any counterindications. The dosage amount may
depend on the specific HCC which is treated and can be
readily determined using known dosage adjustment tech-
niques by a physician having ordinary skill in treatment of
these disorders. The dosage amount will generally lie within
an established therapeutic window for the therapeutic com-
pound which will provide a therapeutic effect while minimiz-
ing additional morbidity and mortality. Typically, therapeutic
compounds will be administered in a dosage ranging from
0.001 mg/kg to about 100 mg/kg per dose, preferably 0.1-20
mg/kg. The preferred dose of about 0.5-5 mg/kg is particu-
larly useful for compounds containing the therapeutic agents
disclosed herein, in one or more dose administrations daily,
for one or several days.

[0152] Inapreffered embodiment, the CDH17 molecule is
used as a target for molecular therapy. For this, several
approaches, such as the application of small interfering RNA
(siRNA) as CDH17 antagonists targeting the CDH17 tran-
script, can be used to inhibit or downregulate the expression
of CDH17 in liver tumor cells. In addition, suppression of the
expression of CDH17 can render liver tumor cells more sen-
sitive to current therapeutic drugs or gene therapy, improving
the efficacy of the treatments.

[0153] Inone embodiment of the treatment method, exon 3
of CDH17 can be targeted to silence the expression of CDH17
to inhibit the progression of liver cancer and sensitize the liver
tumor cells to therapeutic drugs or gene therapy, thus improv-
ing the efficacy of these treatments.

[0154] In another embodiment of the treatment method,
exon 5 of CDH17 can be targeted to silence the expression of
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CDH17 to inhibit the progression of liver cancer and sensitize
the liver tumor cells to therapeutic drugs or gene therapy, thus
improving the efficacy of these treatments.

[0155] Inyetanother embodiment of the treatment method,
RNAI directed to the suppression of CDH17 expression is
used for the therapeutic treatment of hepatocellular carci-
noma.

[0156] By “inhibit”, “downregulate”, ‘“knockdown” or
“silence” it is meant that the expression of the gene, or level of
RNAs or equivalent RNAs encoding CDH17, is reduced
below that observed in the absence of the inibitory nucleic
acid molecules disclosed herein. In one embodiment, inhibi-
tion or downregulation with enzymatic nucleic acid molecule
preferably is below that level observed in the presence of an
enzymatically inactive or attenuated molecule that is able to
bind to the same site on the target RNA, but is unable to cleave
that RNA. In another embodiment, inhibition or downregu-
lation with antisense oligonucleotides is preferably below
that level observed in the presence of, for example, an oligo-
nucleotide with scrambled sequence or with mismatches. In
another embodiment, inhibition or downregulation of
CDH17 with the disclosed inhibitorynucleic acid molecule is
greater in the presence of the nucleic acid molecule than in its
absence.

[0157] Suppression or knockdown of the expression by
CDHI17 antagonists/inhibitors has demonstrated a benefit in
the treatment of liver cancers. Thus, suppression of CDH17
expression is useful for producing a clinical response to treat-
ment of liver cancer, or HCC, or other cell proliferation dis-
orders. The method comprises administering an effective
amount of a CDH17 inhibitor to a subject in need thereof.
[0158] As used herein, an “effective amount” of a CDH17
inhibitor (such as an interfering RNA, an antisense oligo-
nucleotide, or a ribozyme, which selectively interferes with
expression of CDH17) is that amount effective to bring about
the physiological changes desired in the cells to which the
CDH17 inhibitor is administered in vitro (e.g., ex vivo) or in
vivo. Preferably, suppression of CDH17 function (e.g., by
reduction of CDH17 expression) results in tumor shrinkage
or increased sensitivity to chemotherapy.

[0159] Reduction (suppression) of expression results in a
decrease of CDH17 mRNA and/or protein. For example, ina
given cell, the suppression of CDH17 mRNA by administra-
tion of a CDH17 inhibitor that reduces CDH17 function by
reducing CDH17 expression (such as interfering RNA, anti-
sense oligonucleotide, or ribozyme) results in a decrease in
the quantity of CDH17 mRNA relative to an untreated cell.
Suppression may be partial. Preferred degrees of suppression
are at least 50%, more preferably one of at least 60%, 70%,
80%, 85%, or 90%. A level of suppression between 90% and
100% is generally considered a “silencing” of expression.
[0160] CDH17 gene expression can be determined before
and/or after introduction of the CDH17 inhibitor in vitro or in
vivo. Reduction in CDH17 gene expression can be detected at
either the protein or mRNA level. Protein expression analysis
can be performed by Western blotting, immunofluorescence,
or flow cytometry and cell sorting (FACS). Reduction in
CDHI17 gene expression can be detected at the mRNA level
by real-time RT-PCR, microarray analysis, or Northern blot-
ting, for example. Preferably, all expression data is compared
with levels of a “house keeping” gene to normalize for vari-
able amounts of RNA in different samples.

[0161] Inafurther embodiment of the method of treatment,
an anti-CDH17, or CDH17 antagonist, antibody is used to
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inhibit the symptoms ofa cancer overexpressing CDH17. The
CDH17 antagonist for use in treatment inhibits the activity of
the overexpressed CDH17 protein.

[0162] In this embodiment, the anti-CDH17 antibody is
preferably directed to an epitope spanning domains 1 and 2
(D1-D2) of CDH17, having the sequence :PLKPMTF-
SIYEGQEPSQUFQFKANPPAVTFELT-
GETDNIFVIEREGLLYYNR
ALDRETRSTHNLQVAALDANGIIVEG-
PVPITIKVKDINDNRPTFLQSKYEGS VRQNSRPGKP-
FLYVNATDLDDPATPNGQLY YQIVIQLP-
MINNVMYFQINN
KTGAISLTREGSQELNPAKNPSYNLVISVKD
MGGQSENSFSDTTSVDIIVTE NIWKAPKP (SEQ ID
NO: 1).

[0163] Creation of the D1-D2 anti-CDH17 antibody per-
mits the targeted inhibition of the overexpressed form of
CDH17 occurring in HCC.

[0164] In other embodiments, the CDH17 inhibitors are
polynucleotides (referred to herein as “polynucleotide
CDH17 inhibitors” or “nucleic acid CDH17 inhibitors™) such
as the antisense, interfering RNA molecules, and ribozymes.
The target of the polynucleotide CDH17 inhibitors may be
any portion of the CDH17 gene or CDH17 mRNA

[0165] The CDHI17 inhibitor can be administered alone or
in combination with other pharmaceutical agents. The sup-
pression or knockdown of CDH17 presents as a reduction in
size of liver tumors derived from tumor cells that exhibit an
increased expression of CDH17 and renders liver tumor cells
more sensitive to certain chemotherapeutic drugs, such as
Taxol, Epirubicin, and Carboplatin, and p53-based gene
therapy.

[0166] In one embodiment, the interfering RNA that is
capable, when suitably introduced or expressed within a cell
that normally expresses CDH17 mRNA, suppresses its
expression by RNAi, wherein the interfering RNA is gener-
ally targeted to the CDH17 D1-D2 domains, within the
human CDH17 c¢DNA, Preferably, the interfering RNA
sequence is within the range of about 19 to 23 nucleotides. For
example, in those embodiments in which an shRNA is uti-
lized, that portion of the shRNA targeting CDH17 is prefer-
ably within the range of about 19 to 23 nucleotides. A pre-
ferred shRNA targeted sequence of CDH17 in Exon 3 is
CAAGAACCGAGTCAAATTA (SEQ ID NO: 5) or in Exon
5: CAGTCCCTATCACCATAGAA (SEQ ID NO: 6).

[0167] Perfect identity/complementarity between the inter-
fering RNA used in the disclosed method and the target
sequence, although preferred, is not essential. Accordingly,
the interfering RNA may include a single mismatch com-
pared to the target sequence within the CDH17 mRNA. It is
expected, however, that the presence of even a single mis-
match is likely to lead to reduced efficiency, so the absence of
mismatches is preferred. When present, 3' overhangs may be
excluded from the consideration of the number of mis-
matches. The term “complementarity” is not limited to con-
ventional base pairing between nucleic acid consisting of
naturally occurring ribo- and/or deoxyribonucleotides, but
also includes base pairing between mRNA and inhibitory
nucleic acids that include non-natural nucleotides.

[0168] Inanotherembodiment, monoclonal antibodies spe-
cific for CDH17 can be used as a delivery vehicle for drug or
toxin. Drug or toxin can be conjugated to the antibodies using
a biochemical approach. Monoclonal antibodies specific for
the amino-terminus of cadherin-17 can be used as a delivery
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vehicle for drug or toxin. This enables the transport of drug or
toxin to tumor cells with high expression of CDH17.

[0169] The terms “treatment” and “therapy” are used inter-
changeably herein, and as used herein include both prophy-
lactic and responsive treatment, can be either acute short-term
or chronic long-term, and denote the inhibition or ameliora-
tion of hepatocellular carcinoma in a patient. “Patient”
includes animals, including humans. The term “therapeuti-
cally effective” means that the amount of therapeutic agent
(anti-CDH17 monoclonal antibody, CDH17-directed siRNA
(described below)) used is of sufficient quantity to inhibit or
ameliorate the symptoms of hepatocellular carcinoma.

[0170] siRNA Delivery for Longer-Term Expression

[0171] Synthetic siRNAs can be delivered into cells by
methods known in the art, including cationic liposome trans-
fection (LIPOFECTAMINE 2000 reagent, for example) and
electroporation, for example. However, these exogenous
siRNA generally show short term persistence of the silencing
effect (4 to 5 days in cultured cells), which may be beneficial
in certain embodiments. To obtain longer suppression of
CDHI17 expression and to facilitate delivery under certain
circumstances, one or more siRNA duplexes, e.g., CDH17 ds
siRNA, can be expressed within cells from recombinant DNA
constructs (Mclntyre, et al., BMC Biotechnology, 6:1-8
(2006)). Such methods for expressing siRNA duplexes within
cells from recombinant DNA constructs to allow longer-term
target gene suppression in cells are known in the art, including
mammalian Pol 1] promoter systems (e.g., HI or U6/snRNA
promoter systems (Tuschl (2002), supra) capable of express-
ing functional double-stranded siRNAs. Transcriptional ter-
mination by RNA Pol I1I occurs at runs of four consecutive T
residues in the DNA template, providing a mechanism to end
the siRNA transcript at a specific sequence. The siRNA is
complementary to the sequence of the target gene in 5'-3' and
3'-5' orientations, and the two strands of the siRNA can be
expressed in the same construct or in separate constructs.
Hairpin siRNAs, driven by an H1 or U6 snRNA promoter can
be expressed in cells, and can inhibit target gene expression
(Bagella, etal.,J. Cell. Physiol., 177:206-213 (1998); Lee, et
al., (2002), supra; Miyagishi, etal., (2002), supra; Paul, etal.,
(2002), supra; Yu, et al., (2002), supra; Sui, et al., (2002),
supra). Constructs containing siRNA sequence(s) under the
control of a T7 promoter also make functional siRNAs when
co-transfected into the cells with a vector expressing T7 RNA
polymerase (Jacque (2002), supra). A single construct may
contain multiple sequences coding for siRNAs, such as mul-
tiple regions of CDH17 mRNA, and can be driven, for
example, by separate Pollll promoter sites.

[0172] Animal cells express a range of noncoding RNAs of
approximately 22 nucleotides termed micro RNA (miRNAs)
which can regulate gene expression at the post transcriptional
or translational level during animal development. One com-
mon feature of miRNAs is that they are all excised from an
approximately 70 nucleotide precursor RNA stem-loop,
probably by Dicer, an RNase [1I-type enzyme, or a homolog
thereof. By substituting the stem sequences of the miRNA
precursor with miRNA sequence complementary to the target
mRNA, a vector construct that expresses the novel miRNA
can be used to produce siRNAs to initiate RNAi against
specific mRNA targets in mammalian cells (Zeng (2002),
supra). When expressed by DNA vectors containing poly-
merase III promoters, micro-RNA designed hairpins can
silence gene expression (McManus (2002), supra).
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[0173] Viral-mediated delivery mechanisms can also be
used to induce specific silencing of targeted genes through
expression of siRNA, for example, by generating recombi-
nant adenoviruses harboring siRNA under RNA Pol 1I pro-
moter transcription control (Xia et al. (2002), supra). Infec-
tion of HeL a cells by these recombinant adenoviruses allows
for diminished endogenous target gene expression. Injection
of the recombinant adenovirus vectors into transgenic mice
expressing the target genes of the siRNA results in in vivo
reduction of target gene expression. In an animal model,
whole-embryo electroporation can efficiently deliver syn-
thetic siRNA into post-implantation mouse embryos (Cale-
gari et al., Proc. Natl. Acad. Sci. USA 99(22):14236-40
(2002)). In adult mice, efficient delivery of siRNA can be
accomplished by the “high-pressure” delivery technique, a
rapid injection (within 5 seconds) of a large volume of siRNA
containing solution into animal via the tail vein (Liu (1999),
supra; McCaftrey (2002), supra; Lewis, Nature Genetics
32:107-108 (2002)).

[0174] Nanoparticles, liposomes and other cationic lipid
molecules can also be used to deliver siRNA into animals. It
has been shown that siRNAs delivered systemically in a lipo-
somal formulation can silence the disease target apolipopro-
tein B (ApoB) in non-human primates (Zimmermann, et al.,
Nature, 2006, 441:111-114). A gel-based agarose/liposome/
siIRNA formulation is also available (Jiamg, et al., Oligo-
nucleotides, 14(4):239-48 (2004)).

[0175] Engineered RNA precursors, introduced into cells
or whole organisms as described herein, will lead to the
production of a desired siRNA molecule. Such an siRNA
molecule will then associate with endogenous protein com-
ponents of the RNAi pathway to bind to and target a specific
mRNA sequence for cleavage and destruction. In this fashion,
the CDH17 mRNA to be targeted by the siRNA generated
from the engineered RNA precursor will be depleted from the
cell or organism, leading to a decrease in the concentration of
any translational product encoded by that mRNA inthe cell or
organism. The RNA precursors are typically nucleic acid
molecules that individually encode either one strand of a
dsRNA or encode the entire nucleotide sequence of an RNA
hairpin loop structure.

[0176] Antisense nucleic acid molecules are typically
administered to a subject (e.g., systemically or locally by
direct injection at a tissue site), or generated in situ such that
they hybridize with or bind to cellular mRNA and/or genomic
DNA encoding the CDH17 to thereby inhibit expression of
the CDH17 gene. Alternatively, antisense nucleic acid mol-
ecules can be modified to target selected cells (such as mega-
karyocytes and/or megakaryotcyte progenitors) and then
administered systemically. For systemic administration, anti-
sense molecules can be modified such that they specifically
bind to receptors or antigens (such as CD9, CD41, CD61,
actin, or FVIIIRAg) expressed on a selected cell surface, e.g.,
by linking the antisense nucleic acid molecules to peptides or
antibodies that bind to cell surface receptors or antigens. The
antisense nucleic acid molecules can also be delivered to cells
using the vectors described herein. To achieve sufficient intra-
cellular concentrations of the antisense molecules, vector
constructs in which the antisense nucleic acid molecule is
placed under the control of a strong pol 11 or pol I1I promoter
can be used.

[0177] The CDHI17 inhibitors can also be administered by
transfection or infection using methods known in the art,
including but not limited to the methods described in McCaf-
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frey et al., Nature 418(6893):38-39 (2002) (hydrodynamic
transfection); Xia et al., Nature Biotechnol. 20(10):1006-10
(2002) (viral-mediated delivery); or Putnam, Am. J. Health
Syst. Pharm. 53(2):151-160 (1996), erratum at Am. J. Health
Syst. Pharm. 53(3):325 (1996).

[0178] Polynucleotide CDH17 inhibitors can also be
administered by any method suitable for administration of
nucleic acid agents, such as a DNA vaccine. These methods
include gene guns, bio injectors, and skin patches as well as
needle-free methods such as the micro-particle DNA vaccine
technology disclosed in U.S. Pat. No. 6,194,389, and the
mammalian transdermal needle-free vaccination with pow-
der-form vaccine as disclosed in U.S. Pat. No. 6,168,587.
Additionally, intranasal delivery is possible, as described in
Hamajima et al., Clin. Immunol. Immunopathol. 83(2):205-
10 (1998). Liposomes (e.g., as described in U.S. Pat. No.
6,472,375) and microencapsulation can also be used. Biode-
gradable targetable microparticle delivery systems can also
be used (e.g., as described in U.S. Pat. No. 6,471,996).

[0179] Inparticular, suitable techniques for cellular admin-
istration of the polynucleotide CDH17 inhibitors, in vitro or
in vivo are reviewed for example in Borkhardt, Cancer Cell,
2:167-8; Hannon (2002); Nature, 418:244-51 (2002),
McManus, et al., Nat Rev Genet., 3:737-47 (2002); Scherr, et
al., Curr Med. Chem., 10:245-56 (2003); Shuey, et al. Drug
Discov Today, 7:1040-6 (2002); Gilmore, et al., J. Drug Tar-
get., 12(6):315-340 (2004); Dykxhoorn, et al., Annu. Rev.
Med., 2005, 56:401-423. Systemic delivery using liposomes
is disclosed for example in Lewis, et al. Nat Gener., 2002,
32:107-8; Paul, et al. Nat Biotechnol., 2002, 20:505-8; Song,
et al. Nat Med., 2003, 9:347-51; Sorensen, et al. J Mol Biol.,
2003, 327:761-6.

[0180] Virus mediated transfer is disclosed for example in
Abbas-Terki, et al. Hum Gene Ther, 2002, 13:2197-201;
Barton, et al. Proc Natl Acad Sci USA, 2002, 99:14943-5;
Devroe, etal., BMC Biotechnol., 2002,2:15; Lori, F. etal. Am
J Pharmacogenomics, 2002, 2:245-52; Matta, H. et al. Can-
cer Biol Ther,, 2003,2:206-10; Qin, X. F. et al. Proc Natl Acad
Sci US4, 2003, 100:183-8; Scherr, M. et al. Cell Cycle, 2003,
2:251-7; Shen, C. et al. FEBS Lett., 2003, 539:111-4; Lee S.
K. et al., Blood, 2005, 106(3):818-826, epub Apr. 14, 2005.
peptide delivery is disclosed in Morris, et al. Curr Opin
Biotechnol., 2000, 11:461-6; Simeoni, F. et al. Nucleic Acids
Res., 2003,31:2717-24. Song, et al., Nat. Biotecknol., 23(6):
709-717, (2005) describe antibody mediated in vivo delivery
of siRNAs via cell-surface receptors, which can be used to
target interfering RNA molecules to the cell-surface receptors
on megakaryocytes and megakaryocyte progenitors. Nano-
particles or nanocapsule delivery is disclosed in U.S. Pat.
Nos. 6,649,192B and 5,843,509B. Recent technologies that
may be employed for selecting, delivering, and monitoring
interfering RNA molecules include Raab, et al., Biotechnol.
Bioeng., 88:121-132 (2004); Huppi, et al. Mol. Cell, 2005,
17:1-10; Spagnou, et al. Biochemistry, 2004, 43:13348-
13356; Muratovska, et al., FEBS Lett., 2004, 558:63-68;
Kumar, et al. Genome Res., 2003, 13:2333-2340; Chen, A. A.
etal. Nucleic Acids Res., 2005, 33:e190; Dykxhoorn, D. M. et
al. Gene Ther, 2006, epub ahead of print; Rodriguez-Lebron,
E. and Paulson, H. L. Gene Ther, 2005, epub ahead of print;
Pai, S. L et al. Gene Ther., 2005, epub ahead of print; Raoul,
C. etal. Gene Ther., 2005, epub ahead of print; Manfredsson,
F. P. etal. Gene Ther, 2005, epub ahead of print, Downward,
J. BMJ, 2004, 328:1245-1248.
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[0181] A mixtureof CDH17 antagonists of the same type or
different types, may be introduced into cells in vitro or in
vivo. For example, a mixture or pool of polynucleotide
CDH17 antagonists such as interfering RNA molecules (e.g.,
2-4 interfering molecules or more) can be introduced into
cells (Oleinikov, et al., Nucleic Acids Research, 2005, 33(10):
292 (2005). Preferably, the interfering RNA molecules target
different regions of the CDH17 mRNA. Preferably, the inter-
fering RNA molecules have been previously validated as
individually functioning to reduce CDH17 expression. The
individual interfering RNAs of the mixture can be chemically
synthesized (Elbashir S. M. et al., Genes Dev., 2001, 15:188-
200) or introduced as short DNA templates containing RNA
polymerase promoter, which are transcribed within the cells
in vitro or in vivo (Yu 1. Y. et al., Proc. Natl. Acad. Sci. USA,
99:6047-6052).

[0182] Toxicity and therapeutic efficacy of compositions
can be determined by standard pharmaceutical procedures in
cell cultures or experimental animals, e.g.. for determining
the LD50 (the dose lethal to 50% of the population) and the
ED50 (the dose therapeutically effective in 50% of the popu-
lation). The dose ratio between toxic and therapeutic effects is
the therapeutic index and it can be expressed as the ratio
LD;/EDs,. Compositions which exhibit high therapeutic
indices can be used. While compositions that exhibit toxic
side effects can be used, care should be taken to design a
delivery system that targets such compounds to the site of
affected tissue in order to minimize potential damage to unin-
fected cells and, thereby, reduce side effects.

[0183] Data obtained from cell culture assays and animal
studies can be used in formulating a range of dosage foruse in
humans. The dosage of such compositions generally lies
within a range of circulating concentrations that include the
EDS0 with little or no toxicity. The dosage can vary within
this range depending upon the dosage form employed and the
route of administration utilized. For any composition used in
the methods disclosed herein, the therapeutically effective
dose can be estimated initially from cell culture assays. A
dose can be formulated in animal models to achieve a circu-
lating plasma concentration range that includes the ICs, (i.e.,
the concentration of the test composition which achieves a
half-maximal inhibition of symptoms) as determined in cell
culture. Such information can be used to more accurately
determine useful doses in humans. Levels in plasma can be
measured, for exaniple, by high performance liquid chroma-
tography.

[0184] The CDHI17 inhibitor can be administered on any
appropriate schedule, e.g., from one or more times per day to
one or more times per week; including once every other day,
for any number of days or weeks, e.g., 1 day, 2 days, 3 days,
4 days, 5 days, 6 days, 1 week, 10 days, 2 weeks, 3 weeks, 4
weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks, 2 months, 3
months, 6 months, or more, or any variation thereon. The
skilled artisan will appreciate that certain factors may influ-
ence the dosage and timing required to effectively treat a
subject, including but not limited to the severity of the disease
or disorder, previous treatments, the general health and/or age
of the subject, and other diseases present. Moreover, treat-
ment of a subject with a therapeutically effective amount of a
CDHI17 inhibitor can include a single treatment or can
include a series of treatments.
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[0185] The polynucleotide CDH17 inhibitors can be intro-
duced (administered) into cells (such as mammalian cells) in
vitro or in vivo using known techniques, as those described
herein, to suppress gene expression. Similarly, genetic con-
structs (e.g., transcription vectors) containing DNA may be
introduced into cells in vitro or in vivo using known tech-
niques, as described herein, for transient or stable expression
of CDH17 inhibitory RNA, to suppress gene expression.
When administered to the cells in vivo, the polynucleotide
CDHI17 inhibitors can be administered to a subject systemi-
cally (e.g., intravenously), for example, or administered
locally at the site of the cells (such as the liver).

[0186] The cells in which the polynucleotide CDH17
inhibitors are introduced may be any cell, such as a mega-
karyocyte or megakaryocyte progenitor, containing CDH17
mRNA. The cells can be primary cells, cultured cells, cells of
cell lines, etc. In one embodiment, the cells are from liver.

[0187] CDHI17 expression can also be inhibited by target-
ing nucleotide sequences complementary to the regulatory
region of the CDH17 gene to form triple helical structures that
prevent expression of CDH17 in target cells. See generally,
Helene, Anticancer Drug Des., 6:569-84 (1991); Helene,
Ann. N.Y. Acad. Sci., 660:27-36 (1992); and Maher, Bioas-
says 14:807-15 (1992). The potential sequences that can be
targeted for triple helix formation can be increased by creat-
ing a so called “switchback™ nucleic acid molecule. Switch-
back molecules are synthesized in an alternating 5'-3', 3'-5'
manner, such that they base pair with first one strand of a
duplex and then the other, eliminating the necessity for a
sizeable stretch of either purines or pyrimidines to be present
on one strand of a duplex.

[0188] Polynucleotide Inhibitor Targets

[0189] In some embodiments, the nucleic acid target is the
CDH17 domain or the amino-terminal or D1-D2 domain. In
other embodiments, the nucleic acid target is a translation
initiation site, 3' untranslated region, or 5' untranslated
region.). In a preferred embodiment, the polynucleotide
CDHI17 inhibitor targets an mRNA sequence shared by all
known hematopoietic CDH17 isoforms in humans. Such tar-
get sequence can be readily determined by those skilled in the
art due to the extensive amount of sequence overlap between
the isoforms. More preferably, the sequences in Exon 3 (SEQ
ID NO: 5) and Exon 5 (SEQ ID NO: 6) which were shown to
have good specificity and knockdown potential (>50%)
against the human CDH17 ¢cDNA sequence are used as target
sequences.

[0190] The nucleotide sequences of mouse CDHI17
(PubMed accession number: NM_ 019753), rat CDH17
(PubMed accession number: NM_053977) and human
CDH17 (PubMed accession number: NM_ 004063) have
been publicly available for several years. Pair-wise alignment
scoring of orthologues shows high levels ofhomology among
CDHI17 sequences of humans, mice, and rats. Each sequence
has seven CDH17 domains (D1 to D7) in the ectodomains and
the degree of nucleotide homology of these domains between
human, mouse, and rat is between 77% and 93%. In addition,
the homology of D1-D2 between human, mouse, and rat
ranges from 84% to 92% (Table 2).
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TABLE 2

Percentage homology of CDH17 demains between human,
mouse and rat

Percentage homology (%)

Human vs Mouse Human vs Rat Mouse vs Rat
D1 84 82 93
D2 85 86 91
D3 82 82 93
D4 79 77 89
D3 77 80 91
D6 77 77 91
D7 81 81 93
D1-2 85 84 92

*alignment was performed using ClustalW?2

[0191] The target CDH17 sequence can be within any
orthologue of CDH17, such as sequences substantially iden-
tical to human, mouse, rat, or bovine, or a portion of any of the
foregoing, including but not limited to GenBank Accession
Numbers (NM_004063), (NM_019753), and (NM_
053977), for human, mouse, and rat, respectively.

[0192] The term “orthologue™ as used herein refers to a
sequence which is substantially identical to a reference
sequence. The term “substantially identical” is used herein to
refer to a first amino acid or nucleotide sequence that contains
a sufficient or minimum number of identical or equivalent
(e.g., with a similar side chain) amino acid residues or nucle-
otides to a second amino acid or nucleotide sequence such
that the first and second amino acid or nucleotide sequences
have a common structural domain or common functional
activity. For example, amino acid or nucleotide sequences
that contain acommon structural domain having at least about
60%, or 65% identity, likely 75% identity, more likely 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
identity are defined herein as substantially identical.

[0193] Calculations of homology or sequence identity
between sequences (the terms are used interchangeably
herein) are performed as follows.

[0194] To determine the percent identity of two amino acid
sequences, or of two nucleic acid sequences, the sequences
are aligned for optimal comparison purposes (e.g., gaps can
be introduced in one or both of a firstand a second amino acid
or nucleic acid sequence for optimal alignment and non-
homologous sequences can be disregarded for comparison
purposes). In one embodiment, the length of a reference
sequence aligned for comparison purposes is at least 50%, at
least 60%, at least 70%, 80%, 90%, or 100% of the length of
the reference sequence. The amino acid residues or nucle-
otides at corresponding amino acid positions or nucleotide
positions are then compared. When a position in the first
sequence is occupied by the same amino acid residue or
nucleotide as the corresponding position in the second
sequence, then the molecules are identical at that position (as
used herein amino acid or nucleic acid “identity” is equivalent
to amino acid or nucleic acid “homology”). The percent iden-
tity between the two sequences is a function of the number of
identical positions shared by the sequences, taking into
account the number of gaps, and the length of each gap, which
need to be introduced for optimal alignment of the two
sequences.

[0195] The comparison of sequences and determination of
percent identity between two sequences can be accomplished
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using a mathematical algorithm. The percent identity
between two amino acid sequences can be determined using
the Needleman and Wunsch (J. Mol. Biol. 48:444-453
(1970)) algorithm, which has been incorporated into the GAP
program in the GCG software package (available at the offi-
cial Accelrys web site), using either a Blossum 62 matrix or a
PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4
and a length weight of 1, 2,3, 4, 5, or 6. The percent identity
between two nucleotide sequencescan also be determined
using the GAP program in the GCG software package (avail-
able at the official Accelrys web site), using a NWSgapdna.
CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a
length weight of 1, 2, 3, 4, 5, or 6. One set of parameters are
a Blossum 62 scoring matrix with a gap penalty of 12, a gap
extend penalty of 4, and a frameshift gap penalty of 5.
[0196] The percent identity between two amino acid or
nucleotide sequences can further be determined using the
algorithm of E. Meyers and W. Miller (CABIOS, 4:11-17
(1989)) which has been incorporated into the ALIGN pro-
gram (version 2.0), using a PAM120 weight residue table, a
gap length penalty of 12 and a gap penalty of 4.

[0197] The nucleic acid and protein sequences described
herein can be used as a “query sequence” to perform a search
against public databases to, for example, identify other
orthologs, e.g., family members or related sequences. Such
searches can be performed using the NBLAST and XBLAST
programs (version 2.0) of Altschul, et al. J. Mol. Biol. 215:
403-10 (1990). BLAST nucleotide searches can be per-
formed with the NBLAST program, score=100, word
length=12, to obtain nucleotide sequences homologous to
known CDH17 nucleic acid sequences. BLAST protein
searches can be performed with the XBLAST program,
score=50, word length=3, to obtain amino acid sequences
homologous to known polypeptide products of the CDH17
gene. To obtain gapped alignments for comparison purposes,
Gapped BLAST can be utilized as described in Altschuletal.,
Nucleic Acids Res. 25:3389-3402 (1997). When utilizing
BLAST and Gapped BLAST programs, the default param-
eters of the respective programs (e.g., XBLAST and
NBLAST) can be used (see the National Center for Biotech-
nology Information web site of the National Institutes of
Health).

[0198] Orthologs can also be identified using any other
routine method known in the art, such as screening a cDNA
library, e.g., ahuman cDNA library, using a probe designed to
identify sequences which are substantially identical to a ref-
erence sequence.

V. Methods for Monitoring, Diagnosing or Prognosing of
Liver Cancer

[0199] Methods useful in predictive medicine, including
diagnostic assays, prognostic assays, pharmacogenomics,
and monitoring clinical trials are used for prognostic (predic-
tive) purposes to thereby treat an individual prophylactically
are disclosed. Accordingly, diagnostic assays for determining
the target gene protein and/or nucleic acid expression as well
as the target gene activity, in a biological sample (e.g., blood,
serum, cells, tissue) to thereby determine whether an indi-
vidual is afflicted with a disease or disorder, or is at risk of
developing a disorder, associated with aberrant target gene
expression or activity (e.g., altered drug resistance) are pro-
vided. Also provided are prognostic (or predictive) assays for
determining whether an individual is at risk of developing a
disorder associated with the target gene protein, nucleic acid
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expression or activity (e.g., altered drug resistance). For
example, mutations in the target gene can be assayed in a
biological sample. Such assays can be used for prognostic or
predictive purpose to thereby prophylactically treat an indi-
vidual prior to the onset of a disorder characterized by or
associated with the target gene protein, nucleic acid expres-
sion or activity. For example, because HCC is associated with
instances where the CDH17 is expressed at a higher level in
cells than normal, expression of the CDH17 target gene can
be used as an indicator of HCC.

[0200] Methods for assessing expression, especially unde-
sirable expression, of a cellular target gene are used in diag-
nostic assays. Undesirable (e.g., excessive) expression may
indicate the presence, persistence or reappearance of HCC.
More generally, aberrant expression may indicate the occur-
rence of a deleterious or disease-associated phenotype con-
tributed to by the target gene. An exemplary method for
detecting the presence or absence of the target gene in a
biological sample involves obtaining a biological sample
(preferably from a body site implicated in a possible diagno-
sis of diseased or malignant tissue) from a test subject and
contacting the biological sample with a compound oran agent
capable of detecting the target gene protein or nucleic acid
(e.g., mRNA, genomic DNA) that encodes the target gene
protein such that the presence of the target gene is detected in
the biological sample. The presence and/or relative abun-
dance of the target gene indicates aberrant or undesirable
expression ofa cellular the target gene, and correlates with the
occurrence in situ of HCC.

[0201] A preferred agent for detecting the target gene
mRNA or genomic DNA is a labeled nucleic acid probe
capable of hybridizing to the target gene mRNA or genomic
DNA. The nucleic acid probe can be, for example, a full-
length the target gene nucleic acid, or a portion thereof, such
as an oligonucleotide of at least 15, 30, 50, 100, 250 or 500
nucleotides in length and sufficient to specifically hybridize
under stringent conditions to the target gene mRNA or
genomic DNA. Other suitable probes for use in the diagnostic
assays are described herein.

[0202] A preferred agent for detecting the target gene pro-
tein is an antibody capable of binding to the target gene
protein, preferably an antibody with a detectable label. Anti-
bodies can be polyclonal, or more preferably, monoclonal. An
intact antibody, ora fragment thereof (e.g., Fab or F(ab'}*) can
be used. The term “labeled”, with regard to the probe or
antibody, is intended to encompass direct labeling of the
probe or antibody by coupling (i.e., physically linking) a
detectable substance to the probe or antibody, as well as
indirect labeling of the probe or antibody by reactivity with
another reagent that is directly labeled. Examples of indirect
labeling include detection of a primary antibody using a fluo-
rescently labeled secondary antibody and end-labeling of a
DNA probe with biotin such that it can be detected with
fluorescently labeled streptavidin. The term ‘“biological
sample” is intended to include tissues, cells and biological
fluids isolated from a subject, as well as tissues, cells and
fluids present within a subject. That is, the detection method
discosed herein can be used to detect the target gene mRNA,
protein, or genomic DNA in a biological sample in vitro as
well as in vivo. For example, in vitro techniques for detection
ofthe target gene mRNA include Northern hybridizations and
in situ hybridizations. In vitro techniques for detection of the
target gene protein include enzyme linked immunosorbent
assays (ELISAs), Western blots, immunoprecipitations and
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immunofluorescence. In vitro techniques for detection of the
target gene genomic DNA include Southern hybridizations.

[0203] Inone embodiment, the biological sample contains
protein molecules from the test subject. Alternatively, the
biological sample can contain mRNA molecules from the test
subject or genomic DNA molecules from the test subject. A
preferred biological sample is a human serum isolated by
conventional means from a subject.

[0204] Inanother embodiment, the methods further involve
obtaining a control biological sample from a control subject,
contacting the control sample with a compound or agent
capable of detecting the target gene protein, mRNA, or
genomic DNA, such that the presence of the target gene
protein, mRNA or genomic DNA is detected in the biological
sample, and comparing the presence of the target gene pro-
tein, mRNA or genomic DNA in the control sample with the
presence of the target gene protein, mRNA or genomic DNA
in the test sample.

[0205] Methods for monitoring, diagnosing, or for the
prognosis of cancer, such as liver cancer, in a subject involve
detecting CDH17 in abiological sample from the subject. The
methods may be used for the detection of either an over- or an
under-abundance of CDH17 relative to a non-disorder state or
the presence of a modified (e.g., less than full length) CDH17
which correlates with a disorder state (e.g., liver cancer), or a
progression toward a disorder state, using an agent which is
capable of detecting CDH17. The methods may be used to
evaluate the probability of the presence of malignant or pre-
malignant cells. Such methods can be used to detect tumors,
quantitate their growth, and assist in the diagnosis and prog-
nosis of liver cancer. The methods can be used to detect the
presence of cancer metastasis, as well as confirm the absence
or removal of all tumor tissue following surgery, cancer che-
motherapy, and/or radiation therapy. They can further be used
to monitor cancer chemotherapy and tumor reappearance.
The methods are particularly useful in the diagnosis of early
stage liver cancer (e.g., when the subject is asymptomatic)
and for the prognosis of liver cancer disease progression and
mortality. As illustrated herein, increased levels of CDH17
detected in a sample (e.g., urine, serum, plasma, whole blood,
ascites) compared to a standard (e.g., levels for normal or
benign disorders) are indicative of advanced disease stage,
serous histological type, suboptimal debulking, large residual
tumor, and/or increased risk of disease progression and mor-
tality.

[0206] In some embodiments, a subject with the relevant
condition or disease (e.g., liver cancer) is identified or a
patient at risk for the condition or disease is identified prior to
administration of the CDHI17 inhibitor. A patient may be
someone who has not been diagnosed with the disease or
condition (diagnosis, prognosis, and/or staging) or someone
diagnosed with the disease or condition (diagnosis, progno-
sis, monitoring, and/or staging), including someone treated
for the disease or condition (prognosis, staging, and/or moni-
toring). Alternatively, the person may not have been diag-
nosed with the disease or condition but suspected of having
the disease or condition based either on patient history or
family history, or the exhibition or observation of character-
istic symptoms.

[0207] Agents that are capable of detecting CDH17 in the
biological samples of subjects are those that interact or bind
with the CDH17 polypeptide or the nucleic acid molecule
encoding CDH17. Examples of such agents (also referred to
herein as binding agents) include, but are not limited to,
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CDHI17 antibodies or fragments thereof that bind CDH17,
CDH17 binding partners, and nucleic acid molecules that
hybridize to the nucleic acid molecules encoding CDH17
polypeptides. Preferably, the binding agent is labeled with a
detectable substance (e.g., a detectable moiety). The binding
agent may itself function as a label.

[0208] The disclosed methods can include a step that
involves comparing a value, level, feature, characteristic,
property, etc. to a “suitable control”, referred to interchange-
ably herein as an “appropriate control”. A “suitable control”
or “appropriate control” is any control or standard familiar to
one of ordinary skill in the art useful for comparison pur-
poses. In one embodiment, a “suitable control” or “appropri-
ate control” is a value, level, feature, characteristic, property,
etc. determined prior to performing an RNAi methodology, as
described herein. For example, a transcription rate, mRNA
level, translation rate, protein level, biological activity, cellu-
lar characteristic or property, genotype, phenotype, etc. can
be determined prior to introducing an siRNA as disclosed
herein into a cell or organism. In another embodiment, a
“suitable control” or “appropriate control” is a value, level,
feature, characteristic, property, etc. determined in a cell or
organism, e.g., a control or normal cell or organism, exhibit-
ing, for example, normal traits. In yet another embodiment, a
“suitable control” or “appropriate control” is a predefined
value, level, feature, characteristic, property, etc.

[0209] In one embodiment, the method for detecting/diag-
nising liver cancer in a subject comprises contacting the
sample with an antibody specific for CDH17 which is directly
or indirectly labeled with a detectable substance, and detect-
ing the detectable substance.

[0210] The method steps involve (a) contacting a biological
sample from a subject with an antibody specific for CDH17
which is directly or indirectly labeled with an enzyme; (b)
adding a substrate for the enzyme wherein the substrate is
selected so that the substrate, or a reaction product of the
enzyme and substrate, forms fluorescent complexes; (c)
quantitating CDH17 in the sample by measuring fluorescence
of the fluorescent complexes; and (d) comparing the quanti-
tated levels to that of a standard.

[0211] A preferred embodiment comprises the following
steps:
[0212] (a) incubating a biological sample with a first anti-

body specific for CDH17 which is directly or indirectly
labeled with a detectable substance, and a second antibody
specific for CDH17 which is immobilized;

[0213] (b) separating the first antibody from the second
antibody to provide a first antibody phase and a second anti-
body phase;

[0214] (c) detecting the detectable substance in the first or
second antibody phase thereby quantitating CDH17 in the
biological sample; and

[0215] (d) comparing the quantitated CDH17 with a stan-
dard.
[0216] A standard may correspond to CDH 17 levels

obtained for samples from healthy control subjects, from
subjects with benign disease (e.g., benign liver disease), sub-
jects with early stage liver cancer, or from other samples of
the subject. Increased levels of CDH17 as compared to the
standard may be indicative of cancer, such as early or late
stage liver cancer.

[0217] Insome embodiments the method described herein
is adapted for diagnosing and monitoring liver cancer by
quantitating CDH17 in biological samples from a subject.
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Preferably, the amount of CDH17 quantitated in a sample
from a subject being tested is compared to levels quantitated
for another sample or an earlier sample from the subject, or
levels quantitated for a control sample. Levels for control
samples from healthy subjects may be established by pro-
spective and/or retrospective statistical studies. Healthy sub-
jects who have no clinically evident disease or abnormalities
may be selected for statistical studies. Diagnosis may be
made by a finding of statistically different levels of CDH17
compared to a control sample or previous levels quantitated
for the same subject.

[0218] Inanother embodiment of the detection/diagnosing
method, a sandwich enzyme-linked immunosorbent assay
(ELISA) can be developed using monoclonal antibodies spe-
cific for CDH17. This assay can be used to detect the presence
of CDH17 in suspect tissues or in the serum of patients. An
ELISA developed for detection of CDH17 is simple to use. It
has high degrees of specificity and sensitivity, low intra- and
inter-assay coefficients of variation, and uses chemicals that
pose a low risk to human health and are easily disposed of.
Thus ithas a low cost to benefit ratio. It is flexible in its sample
handling and can be used to process either low or high num-
bers of samples. This embodiment meets a longfelt but unmet
need for a method for detection of human serum CDHI17
protein expression in a large number of samples at a low cost
and with simplicity and accuracy.

[0219] A description of the ELISA technique is found in
Chapter 22 of the 4” Edition of Basic and Clinical Immunol-
ogy by D. P. Sites et al., 1982, published by Lange Medical
Publications of Los Altos, Calif. and in U.S. Pat. Nos. 3,654,
090, 3,850,752; and 4,016,043, the disclosures of which are
herein incorporated by reference. ELISA is an assay that can
be used to quantitate the amount of antigen, proteins, or other
molecules of interest in a sample. In particular, ELISA can be
carried out by attaching on a solid support (e.g., polyvinyl-
chloride) an antibody specific for an antigen or protein of
interest. Cell extract or other sample of interest such as urine
or blood can be added for formation of an antibody-antigen
complex, and the extra, unbound sample is washed away. An
enzyme-linked antibody, specific for a different site on the
antigen is added. The support is washed to remove the
unbound enzyme-linked second antibody. The enzyme-
linked antibody can include, but is not limited to, alkaline
phosphatase. The enzyme on the second antibody can convert
an added colorless substrate into a colored product or can
convert a non-fluorescent substrate into a fluorescent product.
The ELISA-based assay method provided herein can be con-
ducted in a single chamber or on an array of chambers and can
be adapted for automated processes.

[0220] The antibodies can be labeled with pairs of FRET
dyes, bioluminescence resonance energy transfer (BRET)
protein, fluorescent dye-quencher dye combinations, and beta
gal complementation assays protein fragments. The antibod-
ies may participate in FRET, BRET, and fluorescence
quenching or beta-gal complementation to generate fluores-
cence, colorimetric or enhanced chemiluminescence (ECL)
signals, for example. These methods are routinely employed
in the detection of antigen-specific antibody responses, and
are well described in general immunology text books such as
Immunology by Ivan Roitt, Jonathan Brostoft and David
Male (London: Mosby, ¢1998. 5th ed. and Immunobiology:
Immune System in Health and Disease/Charles A. Janeway
and Paul Travers. Oxford: Blackwell Sci. Pub., 1994), the
contents of which are herein incorporated by reference.
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[0221] The terms “sample” and “biological sample”, refer
to a material known to or suspected of expressing or contain-
ing CDH17, such as urine. The test sample can be used
directly as obtained from the source or following a pretreat-
ment to modify the character of the sample. The sample can
be derived from any biclogical source, such as tissues or
extracts, including cells (e.g., tumor cells) and physiological
fluids, such as, for example, whole blood, plasma, serum,
peritoneal fluid, ascites, and the like. The sample can be
obtained from animals, preferably mammals, most preferably
humans. The sample can be pretreated by any method and/or
can be prepared in any convenient medium that does not
interfere with the assay. The sample can be treated prior to
use, such as preparing plasma from blood, diluting viscous
fluids, applying one or more protease inhibitors to samples
such as urine (e.g., 4-(2 aminoethyl)-benzene sulfonyl fluo-
ride, EDTA, leupeptin, and/or pepstatin), and the like. Sample
treatment can involve filtration, distillation, extraction, con-
centration, inactivation of interfering components, the addi-
tion of reagents, and the like.

[0222] Thepresence of CDH17 may be detected ina variety
of biological samples, including tissues or extracts thereof.
Preferably, CDH17 is detected in human serum or plasma.
[0223] Antibodies specifically reactive with CDH17, or
derivatives, such as enzyme conjugates or labeled derivatives,
may be used to detect CDH17 in various biological samples,
for example they may be used in any known immunoassays
which rely on the binding interaction between an antigenic
determinant ofa protein and the antibodies. Examples of such
assays are radioimmunoassays, enzyne immunoassay (e.g.,
ELISA), immunofluorescence, immnunoprecipitation, latex
agglutination, hemagglutination, and histochemical tests.
[0224] Anantibody specific for CDH17 can be labeled with
a detectable substance and localized in biological samples
based upon the presence of the detectable substance.
Examples of detectable substances include, but are not lim-
ited to, the following radioisotopes (e.g., °H, **C, *°S, 1#°],
131D, flucrescent labels (e.g., FITC rhodamine, lanthanide
phosphors), luminescent labels such as luminol; enzymatic
labels (e.g., horseradish peroxidase, beta-galactosidase,
luciferase, alkalline phosphatase, acetylcholinestease), bioti-
nyl groups (which can be detected by marked avidin, e.g.,
streptavidin containing a fluorescent marker or enzymatic
activity that can be detected by optical or calorimetric meth-
ods), predetermined polypeptide epitopes recognized by a
secondary reporter (e.g., leucine zipper pair sequences, bind-
ing sites for secondary antibodies, metal binding domains,
epitope tags). Indirect methods may also be employed in
which the primary antigen-antibody reaction is amplified by
the introduction of a second antibody, having specificity for
the antibody reactive against CDH17. By way of exaniple, if
the antibody having specificity against CDH17 is a rabbit [gG
antibody, the second antibody may be goat anti-rabbit
gamma-globulin labeled with a detectable substance as
described herein.

[0225] Methods for conjugating or labeling the antibodies
discussed above may be readily accomplished by one of
ordinary skill in the art. (See, for example, Imman, Methods
In Enzymology, Vol. 34, Affinity Techniques, Enzyme Puri-
fication: Part B, Jakoby and Wichek (eds.), Academic Press,
New York, p. 30, 1974; and Wilchek and Bayer, Anal. Bio-
chem. 171:1-32, (1988)).

[0226] Time-resolved fluorometry may be used to detect a
signal. For example, the method described in Christopoulos
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T. K. and Diamandis E. P, Aral. Chem., 1992:64:342-346
may be used with a conventional time-resolved fluorometer.

[0227] Inoneembodiment, amethod is provided wherein a
CDHI17 antibody is labeled with an enzyme, a substrate for
the enzyme is added wherein the substrate is selected so that
the substrate, or a reaction product of the enzyme and sub-
strate, forms fluorescent complexes with a lanthanide metal.
A lanthanide metal is added and CDH17 is quantitated in the
sample by measuring fluorescence of the fluorescent com-
plexes. The antibodies specific for CDH17 may be directly or
indirectly labeled with an enzyme. Enzymes are selected
based on the ability of a substrate of the enzyme, or a reaction
product of the enzyme and substrate, to complex with lan-
thanide metals such as europium and terbium. Examples of
suitable enzymes include alkalline phosphatase and beta-
galactosidase. Preferably, the enzyme is alkaline phos-
phatase. The CDH17 antibodies may also be indirectly
labeled with an enzyme. For example, the antibodies may be
conjugated to one partner of a ligand binding pair, and the
enzyme may be coupled to the other partner of the ligand
binding pair. Representative examples include avidin-biotin,
and riboflavin-riboflavin binding protein. Preferably the anti-
bodies are biotinylated, and the enzyme is coupled to strepta-
vidin.

[0228] The substrate is selected so that in the presence of a
lanthanide metal (e.g., europium, terbium, samarium, and
dysprosium, preferably europium and terbinm), the substrate
or a reaction product of the enzyme and substrate, forms a
fluorescent complex with the lanthanide metal. Examples of
enzymes and substrates for enzymes that provide such fluo-
rescent complexes are described in U.S. Pat. No. 5,3112,922
to Diamandis. Exemplary substrates for an exzyme labeled
with alkalline phosphatase is 4-methylumbeliferyl phos-
phate, or 5-fluorpsalicyl phosphate. The fluorescence inten-
sity of the complexes is typically measured using a time-
resolved fluorometer, e.g., a CyberFluor 615 Immoanalyzer
(Nordion International, Kanata Ontario).

[0229] The sample, antibody specific for CDH17, or
CDHI17, may be immobilized on a carrier. Examples of suit-
able carriers are agarose, cellulose, dextran, Sephadex,
Sepharose, liposomes, carboxymethyl cellulose polystyrene,
filter paper, ion-exchange resin, plastic film, plastic tube,
glass beads, polyamine-methyl vinyl ether-maleic acid
copolymer, amino acid copolymer, ethylene-maleic acid
copolymer, nylon, silk, etc. The carrier may be in the shape of,
for example, a tube, test plate, well, beads, disc, sphere, etc.
The immobilized antibody may be prepared by reacting the
material with a suitable insoluble carrier using known chemi-
cal or physical methods, for example, cyanogen bromide
coupling.

[0230] In accordance with an embodiment, a method is
provided for detecting CDH17 in an appropriate sample such
as urine ot blood, preferably serum or plasma, by measuring
CDH17 by immunoassay. It will be evident to a skilled artisan
that a variety of immunoassay methods can be used to mea-
sure CDH17. In general, a CDH17 immunoassay method
may be competitive or noncompetitive. Competitive methods
typically employ an immobilized or immobilizable antibody
to CDH17 (anti-CDH17) and a labeled form of CDH17.
Sample CDH17 and labeled CDH17 compete for binding to
anti-CDH17. After separation of the resulting labeled CDH17
that has become bound to anti-CDH17 (bound fraction) from
that which has remained unbound (unbound fraction). the
amount of the label in either bound or unbound fraction is
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measured and may be correlated with the amount of CDH17
in the biological sample in any conventional manner, e.g., by
comparison to a standard curve.

[0231] Preferably, a noncompetitive method is used for the
determination of CDH17, with the most common method
being the “sandwich” method. In this assay, two anti-CDH17
antibodies are employed. One of the anti-CDH17 antibodies
is directly or indirectly labeled (also referred to as the “detec-
tion antibody”) and the other is immobilized or immobiliz-
able (also referred to as the “capture antibody™). The capture
and detection antibodies can be contacted simultaneously or
sequentially with the biological sample. Sequential methods
can be accomplished by incubating the capture antibody with
the sample, and adding the detection antibody at a predeter-
mined time thereafter (sometimes referred to as the “forward”
method); or the detection antibody can be incubated with the
sample first and then the capture antibody added (sometimes
referred to as the “reverse” method). After the necessary
incubation(s) have occurred, to complete the assay, the cap-
ture antibody is separated from the liquid test mixture, and the
label is measured in at least a portion of the separated capture
antibody phase or the remainder of the liquid test mixture.
Generally, it is measured in the capture antibody phase since
it comprises CDH17 bound by (“sandwiched” between) the
capture and detection antibodies.

[0232] In a typical two-site immunometric assay for
CDH17, one or both of the capture and detection antibodies
are polyclonal antibodies. The label used in the detection
antibody can be selected from any of those known conven-
tionally in the art. As with other embodiments of the protein
detection assay, the label can be an enzyme or a chemilumi-
nescent moiety, for example, or a radioactive isotope, a fluo-
rophore, a detectable ligand (e.g., detectable by a secondary
binding by a labeled binding partner for the ligand), and the
like. Preferably, the antibody is labeled with an enzyme that is
detected by adding a substrate that is selected so that a reac-
tion product of the enzyme and substrate forms fluorescent
complexes. The capture antibody is selected so that it pro-
vides a mode for being separated from the remainder of the
test mixture. Accordingly, the capture antibody can be intro-
duced to the assay in an already immobilized or insoluble
form, or can be in an immobilizable form, that is, a form
which enables immobilization to be accomplished subse-
quent to introduction of the capture antibody to the assay. An
immobilized capture antibody can comprise an antibody
covalently or noncovalently attached to a solid phase such as
a magnetic particle, a latex particle, a microtiter multi-well
plate, a bead, a cuvette, or other reaction vessel. An example
of an immobilizable capture antibody is an antibody that has
been chemically modified with a ligand moiety, e.g., ahapten,
biotin, or the like, and that can be subsequently immobilized
by contact with an immobilized form of a binding partner for
the ligand, e.g., an antibody, avidin, or the like. In an embodi-
ment, the capture antibody can be immobilized using a spe-
cies specific antibody for the capture antibody that is bound to
the solid phase.

[0233] In other embodiments a sandwich immunoassay
method employs two antibodies reactive against CDH17, a
second antibody having specificity against an antibody reac-
tive against CDH17 labeled with an enzymatic label, and a
fluorogenic substrate for the enzyme. In an embodiment, the
enzyme is alkaline phosphatase (ALP) and the substrate is
5-fluorosalicyl phosphate. ALP cleaves phosphate out of the
fluorogenic substrate, 5-fluorosalicyl phosphate, to produce
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5-fluorosalicylic acid (FSA). S-Fluorosalicylic acid can then
form a highly fluorescent ternary complex of the form FSA-
Tb(3+)-EDTA, which can be quantified by measuring the
Tb>* fluorescence in a time-resolved mode. Fluorescence
intensity is typically measured using a time-resolved fluo-
rometry as described herein.

[0234] The above-described immunoassay methods and
formats are intended to be exemplary and are not limiting
since, in general, it will be understood that any immunoassay
method or format can be used in the disclosed methods.
[0235] The protein detection methods, devices, and kits can
utilize nanowire sensor technology (Zhen et al., Nature Bio-
technology, 2005, 23(10):1294-1301; Lieber et al., Anal
Chem., 2006, 78(13):4260-4269, which are incorporated
herein by reference) or microcantilever technology (Lee et
al., Biosens. Bioelectron, 2005,20(10):2157-2162; Wee etal.,
Biosens. Bioelectron., 2005, 20(10):1932-1938; Campbell
and Mutharasan, Biosens. Bioelectron., 2005, 21(3):462-473,;
Campbell and Mutharasan, Biosens. Bioelectron., 2005,
21(4):597-607; Hwang et al., Lab Chip, 2004, 4(6):547-552;
Mukhopadhyay et al., Nano. Lett., 2005, 5(12):2835-2388,
which are incorporated herein by reference) for detection of
CDHI17 in samples. In addition, Huang et al. describe a pros-
tate specific antigen immunoassay on a commetcially avail-
able surface plasmon resonance biosensor (Biosens. Bioelec-
tron., 2005, 21(3):483-490, which is incorporated herein by
reference) which may be adapted for detection of CDH17.
High-sensitivity miniaturized immunoassays may also be uti-
lized for detection of CDH17 (Cesaro-Tadic et al., Lab Chip,
2004, 4(6):563-569; Zimmerman et al., Biomed. Microde-
vices, 2005, 7(2):99-110, which are incorporated herein by
reference).

[0236] In a preferred embodiment, the methods of detect-
ing CDH17 nucleic acid in biological fluids of liver cancer
patients or those at risk thereof, preferably blood of liver
cancer patients or those at risk thereof, include Northern blot
analysis, dot blotting, Southern blot analysis, FISH, and PCR.
[0237] Nucleic acids including naturally occurring nucleic
acids, oligonucleotides, antisense oligonucleotides, and syn-
thetic oligonucleotides that hybridize to the nucleic acid
encoding CDH17, are useful as agents to detect the presence
of CDH17 in the biological samples of liver cancer patients or
those at risk of liver cancer, preferably in the urine of liver
cancer patients or those at risk of liver cancer. Useful nucleic
acid sequences are those corresponding to the coding
sequence of CDH 17 and to the complementary sequence
thereof, as well as sequences complementary to the CDH17
transcript sequences occurring further upstream or down-
stream from the coding sequence (e.g., sequences contained
in, or extending into, the 5' and 3' untranslated regions). The
CDH17 encoding nucleic acid molecules conceivably may be
found in the biclogical fluids inside a Bel-positive cancer cell
that is being shed or released in the fluid under investigation.
Oligonucleotide pairs in polymerase chain reactions (PCR)
may also be used to detect the expression of CDH17 in bio-
logical samples. The oligonucleotide pairs include a forward
CDHI17 primer and a reverse CDH17 primer.

[0238] The preferred oligonucleotides for detecting the
presence of CDH17 in biological samples are those that are
complementary to at least part of the cDNA sequence encod-
ing CDH17. These complementary sequences are also known
in the art as “antisense” sequences. These oligonucleotides
may be oligoribonucleotides or oligodeoxyribonucleotides.
In addition, oligonucleotides may be natural oligomers com-



US 2010/0092978 Al

posed of the biologically significant nucleotides, i.e., A (ad-
enine), dA (deoxyadenine), G (guanine), dG (deoxyguanine),
C (cytosine), dC (deoxycytosine), T (thymine) and U (uracil),
or modified oligonucleotide species, substituting, for
example, a methyl group or a sulfur atom for a phosphate
oxygen in the inter-nucleotide phosohodiester linkage. Addi-
tionally, these nucleotides themselves, and/or the ribose moi-
eties may be modified.

[0239] The oligonucleotides may be synthesized chemi-
cally, using any of the known chemical oligonucleotide syn-
thesis methods well described in the art. For example, the
oligonucleotides can be prepared by using any of the com-
mercially available, automated nucleic acid synthesizers.
Alternatively, the oligonucleotides may be created by stan-
dard recombinant DNA techniques, for example, inducing
transcription of the noncoding strand. The DNA sequence
encoding CDH17 may be inverted in a recombinant DNA
system, e.g., inserted in reverse orientation downstream of a
suitable promoter, such that the noncoding strand now is
transcribed.

[0240] Although any length oligonucleotide may be uti-
lized to hybridize to a nucleic acid encoding CDH17, oligo-
nucleotides typically within the range of 8-100 nucleotides
are preferred. Most preferable oligonucleotides for use in
detecting CDH17 in urine or blood samples are those within
the range of 15-50 nucleotides.

[0241] The oligonucleotide selected for hybridizing to the
CDH17 nucleic acid molecule, whether synthesized chemi-
cally or by recombinant DNA technology. is thenisolated and
purified using standard techniques, and then preferably
labeled with a radioactive label (e.g., with **S or 3P), a
fluorescent label, an enzyme, a chemiluminescent tag, a colo-
rimetric tag or other labels or tags using standard labeling
protocols.

[0242] The presence of CDH17 in a sample from a patient
may be determined by techniques utilizing nucleic acid
hybridization, such as but not limited to Northern blot analy-
sis, dot blotting, Southern blot analysis, fluorescence in situ
hybridization (FISH), and PCR. Chromatography, preferably
HPLC, and other known assays may also be used to determine
messenger RNA levels of CDH17 in a sample.

[0243] For Northern blot analysis the first step of the analy-
sis involves separating a sample containing CDH17 nucleic
acid by gel electrophoresis. The dispersed nucleic acids are
then transferred to a nitrocellulose filter or another filter.
Subsequently, the labeled oligonucleotide is exposed to the
filter under suitable hybridizing conditions, e.g., 50% forma-
mide, 5xSSPE, 2x Denhardt’s solution, 0.1% SDS at 42° C.,
as described in Molecular Cloning: A Laboratory Manual,
Maniatis et al. (1982, CSH Laboratory). Other useful proce-
dures known in the art include solution hybridization, dot and
slot RNA hybridization, and probe based microarrays. Mea-
suring the radioactivity of hybridized fragments, using stan-
dard procedures known in the art quantitates the amount of
CDH17 nucleic acid present in the biological fluid of a
patient.

[0244] Dot blotting involves applying samples containing
the nucleic acid of interest to a membrane. The nucleic acid
can be denatured before or after application to the membrane.
The membrane is incubated with a labeled probe. Dot blot
procedures are well known to the skilled artisan and are
described more fully in U.S. Pat. Nos. 4,582,789 and 4,617,
261, the disclosures of which are incorporated herein by
reference.
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[0245] Polymerase chain reaction (PCR) is a process for
amplifying one or more specific nucleic acid sequences
present in a nucleic acid sample using primers and agents for
polymerization and then detecting the amplified sequence.
The extension product of one primer when hybridized to the
other becomes a template for the production of the desired
specific nucleic acid sequence, and vice versa, and the process
is repeated as often as is necessary to produce the desired
amount of the sequence. PCR is routinely used in the art to T
detect the presence of desired sequence (U.S. Pat. No. 4,683,
195). A specific example of PCR that is routinely performed
by the skilled artisan to detect desired sequences is reverse
transcript PCR (RT-PCR; Saiki et al., Science, 1985, 230:
1350; Scharf et al., Science, 1986, 233:1076). RT-PCR
involves isolating total RNA from biological fluid, denaturing
the RNA in the presence of primers that recognize the desired
nucleic acid sequence, using the primers to generate a cDNA
copy of the RNA by reverse transcription, amplifying the
cDNA by PCR using specific primers, and detecting the
amplified cDNA by electrophoresis or other methods known
to the skilled artisan.

[0246] The methods, devices, and kits described herein can
be used in conjunction with one or more additional markers
(“biomarkers™) for cancer. Therefore, a method for analyzing
abiological sample for the presence of CDH17 and analyzing
the same sample, or another biological sample from the same
subject, for other markers that are specific indicators of a
cancer is disclosed. The one or more additional markers may
be detected before, during, and/or after detection of CDH17 is
carried out. The methods, devices, and kits described herein
may be modified by including agents to detect the additional
markers, or nucleic acids encoding the markers.

[0247] Cancer markers that may be used in conjunction
with the disclosed methods include, but are not limited to:
alpha fetoprotein (AFP), e.g., for pancreatic, kidney, liver,
cervical, and testicular cancers; carcinogenic embryonic anti-
gen (CEA), e.g., for lung, pancreatic, kidney, breast, uterine,
liver, gastric, and colorectal cancers; carbohydrate antigen
15-3 (CA15-3), e.g., for lung, pancreatic, breast, and liver
cancers; carbohydrate antigen 19-9 (CA19-9), e.g., for lung,
uterine, liver, gastric, colorectal, and bile duct cancers; cancer
antigen 125 (CA125), e.g., for lung, pancreas, breast, liver,
cervical, uterine, gastric, and colorectal cancers; free prostate
specific antigen and prostate specific antigen-alpha(1) (PSA),
for prostate cancer; free prostate specific antigen (PSAF), for
prostate and colorectal cancers; prostate specific antigen-
alpha(1)antichymotrypsin complex (PSAC), for prostate can-
cer; prostatic acid phosphatase (PAP), for prostate cancer;
human thyroglobulin (hTG), for thyroid cancer or Wilm’s
tumor; human chorionic gonadaotropin beta (hCGb), e.g., for
lung, pancreatic, kidney, liver, uterine, testicular, colorectal,
bladder, and brain cancers; ferritin (Ferr), e.g., for lung can-
cer, testicular cancer, cancer of the larynx, Burkitt’s lym-
phoma, neuroblastoma, and leukemia; neuron specific eno-
lase (NSE), for lung cancer, thyroid cancer, Wilm’s tumor,
and neuroblastoma; interleukin 2 (IL-2), for kidney cancer
and multiple myeloma; interleukin 6 (IL-6), for kidney can-
cer, breast cancer, liver cancer, and multiple myeloma; beta 2
microglobulin (B2M), for kidney cancer, liver cancet, pros-
tate cancer, leukemia, multiple myeloma, and lymphoma; and
alpha 2 microglobulin (A2M), for prostate cancer. The selec-
tion of biological sample (such as blood or urine) in which the
aforementioned cancer markers are diagnostic and/or prog-
nostic can be readily determined by those skilled in the art.
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[0248] The disclosed methods can be carried out on a solid
support. A contacting step in the method can involve contact-
ing, combining, or mixing the biological sample and the solid
support, such as a reaction vessel, microvessel, tube, micro-
tube, well, multi-well plate, or other solid support.

[0249] The solid supports used may be those which are
conventional for the purpose of assaying an analyte in a
biological sample, and are typically constructed of materials
such as cellulose, polysaccharide such as Sephadex, and the
like, and may be partially surrounded by a housing for pro-
tection and/or handling of the solid support. The solid support
can be rigid, semi-rigid, flexible, elastic (having shape-
memory), etc., depending upon the desired application.
CDH17 can be detected in a sample in vivo or in vitro (ex
vivo). When, the amount of CDH17 in a sample is to be
determined without removing the sample from the body (i.e.,
in vivo), the support should be one which is harmless to the
subject and may be in any form convenient for insertion into
an appropriate part of the body. For example, the support may
be a probe made of polytetrafluoroethylene, polystyrene or
other rigid non-harmful plastic material and having a size and
shape to enable it to be introduced into a subject. The selec-
tion of an appropriate inert support is within the competence
of those skilled in the art, as are its dimensions for the
intended purpose.

[0250] Samples and/or CDHI17-specific binding agents
may be arrayed on the solid support, or multiple supports can
be utilized, for multiplex detection or analysis. “Arraying”
refers to the act of organizing or arranging members of a
library (e.g., an array of different samples or an array of
devices that target the same target molecules or different
target molecules), or other collection, into a logical or physi-
cal array. Thus, an “array” refers to a physical or logical
arrangement of, e.g., biological samples. A physical array can
be any “spatial format” or “physically gridded format” in
which physical manifestations of corresponding library
members are arranged in an ordered manner, lending itself to
combinatorial screening. For example, samples correspond-
ing to individual or pooled members of a sample library can
be arranged in a series of numbered rows and columns, e.g.,
on a multi-well plate. Similarly, binding agents can be plated
or otherwise deposited in microtitered, e.g., 96-well, 384-
well, or 1536-well plates (or trays). Optionally, CDH17-spe-
cific binding agents may be immobilized on the solid support.

[0251] Insome embodiments, the support has a fixed orga-
nizational support matrix that preferably functions as an orga-
nization matrix, such as a microtiter tray. Solid support mate-
rials include, but are not limited to, cellulose, polysaccharide
suchas Sephadex, glass, polyacryloylmorpholide, silica, con-
trolled pore glass (CPG), polystyrene, polystyrene/latex,
polyethylene such as ultra high molecular weight polyethyl-
ene (UPE), polyamide, polyvinylidine fluoride (PVDF),
polytetrafluoroethylene (PTFE; TEFLON), carboxyl modi-
fied teflon, nylon, nitrocellulose, and metals and alloys such
as gold, platinum and palladium. The solid support can be
biological, non-biological, organic, inorganic, or a combina-
tionof any of these, existing as particles, strands, precipitates,
gels, sheets, pads, cards, strips, dipsticks, test strips, tubing,
spheres, containers, capillaries, pads, slices, films, plates,
slides, etc., depending upon the particular application. Pref-
erably, the solid support is planar in shape, to facilitate contact
with a biological sample such as urine, whole blood, plasma,
serum, peritoneal fluid, or ascites fluid. Other suitable solid
support materials will be readily apparent to those of skill in
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the art. The solid support can be a membrane, with or without
a backing (e.g., polystyrene or polyester card backing), such
as those available from Millipore Corp. (Bedford, Mass.),
e.g., Hi-Flow™ Plus membrane cards. The surface of the
solid support may contain reactive groups, such as carboxyl,
amino, hydroxyl, thiol, or the like for the attachment of
nucleic acids, proteins, etc. Surfaces on the solid support will
sometimes, though not always, be composed of the same
material as the support. Thus, the surface can be composed of
any of a wide variety of materials, such as polymers, plastics,
resins, polysaccharides, silica or silica-based materials, car-
bon, metals, inorganic glasses, membranes, or any of the
aforementioned support materials (e.g., as a layer or coating).
[0252] As demonstrated in the Examples, CDH17-specific
monoclonal antibodies can be immobilized on magnetic
beads (more specifically, Dynabeads M280 Tosylactivated)
for capture of target protein(s) in a large volume, which is
usually limited in the microwell or array platforms. Thereby,
in certain embodiments, the CDH17-magnetic capture assay
is belived to enhance detection sensitivity.

[0253] A diagnostic device useful in carrying out the dis-
closed methods can be constructed in any form adapted for
the intended use. In one embodiment, the device can be con-
structed as a disposable or reusable test strip or stick to be
contacted with a biological sample such as urine or blood for
which CDH17 level is to be determined. In another embodi-
ment, the device can be constructed using art recognized
micro-scale manufacturing techniques to produce needle-like
embodiments capable of being implanted or injected into an
anatomical site, such as the peritoneal cavity, for indwelling
diagnostic applications. In other embodiments, devices
intended for repeated laboratory use can be constructed in the
form of an elongated probe.

[0254] In preferred embodiments, the disclosed devices
comprise a solid support (such as a strip or dipstick), with a
surface that functions as a lateral flow matrix defining a flow
path for a biological sample such as urine, whole blood,
serum, plasma, peritoneal fluid, or ascites. The solid support
is adapted for immunochromatographic assay of CDH17
[0255] Immunochromatographic assays, also known as lat-
eral flow test strips or simply strip tests, for detecting various
analytes of interest, are known in the art. The benefits of
lateral flow tests include a user-friendly format, rapid results,
long-term stability over a wide range of climates, and rela-
tively low cost to manufacture. These features make lateral
flow tests ideal for applications involving home testing, rapid
point of care testing, and testing in the field for various ana-
Iytes. The principle behind the test is straightforward. Essen-
tially, any ligand that can be bound to a visually detectable
solid support, such as dyed microspheres, can be tested for,
qualitatively, and in many cases even semi-quantitatively.
[0256] Immunochromatographic assays known in the art
may be adapted for detection of CDHI17 in biological
samples. For example, a one-step lateral flow immunostrip
for the detection of free and total prostate specific antigen in
serum is described in Fernandez-Sanchez et al. J. Immuno.
Methods, 307(1-2):1-12 (2005), which is incorporated herein
by reference. Some of the more common immunochromato-
graphic assays currently on the market are tests for pregnancy
(as an over-the-counter (OTC) test kit), Strep throat, and
Chlamydia. Many new tests for well-known antigens have
been recently developed using the immunochromatographic
assay method. For instance, the antigen for the most common
cause of community acquired pneumonia has been known
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since 1917, but a simple assay was developed only recently,
and this was done using this simple test strip method (Mur-
doch, D. R. et al. J Clin Microbiol, 2001, 39:3495-3498).
Human immunodeficiency virus (HIV) has been detected
rapidly in pooled blood using a similar assay (Soroka, S. D. et
al. J Clin Virol, 2003, 27:90-96). A nitrocellulose membrane
card has also been used to diagnose schistosomiasis by
detecting the movement and binding of nanoparticles of car-
bon (van Dam, G. J. et al. J Clin Microbiol, 2004, 42:5458-
5461).

[0257] The two common approaches to the immunochro-
matographic assay are the non-competitive (or direct) and
competitive (or competitive inhibition) reaction schemes
(TechNote #303, Rev. #001, 1999, Bangs Laboratories, Inc.,
Fishers, Ind.). The direct (double antibody sandwich) format
is typically used when testing for larger analytes with mul-
tiple antigenic sites such as luteinizing hormone (LH), human
chorionic gonadotropin (hCG), and HIV. In this instance, less
than an excess of sample analyte is desired, so that some of the
microspheres will not be captured at the capture line, and will
continue to flow toward the second line of immobilized anti-
bodies, the control zone. This control line uses species-spe-
cific anti-immunoglobulin antibodies, specific for the conju-
gate antibodies on the microspheres. Free antigen, if present,
is introduced onto the device by adding sample (urine, serum,
etc.) onto a sample addition pad. Free antigen then binds to
antibody-microsphere complexes. Antibody 1, specific for
epitope 1 of sample antigen, is coupled to dye microspheres
and dried onto the device. When sample is added, micro-
sphere-antibody complex is rehydrated and carried to a cap-
ture zone and control lines by liquid. Antibody 2, specific for
a second antigenic site (epitope 2) of sample antigen, is dried
onto a membrane at the capture line. Antibody 3, a species-
specific, anti-immunoglobulin antibody that will react with
antibody 1, is dried onto the membrane at the control line. If
antigen is present in the sample (i.e., a positive test), it will
bind by its two antigenic sites, to both antibody 1 (conjugated
to microspheres) and antibody 2 (dried onto membrane at the
capture line). Antibody 1-coated microspheres are bound by
antibody 3 at the control line, whether antigen is present or
not. If antigen is not present in the sample (a negative test),
microspheres pass the capture line without being trapped, but
are caught by the control line.

[0258] The competitive reaction scheme is typically used
when testing for small molecules with single antigenic deter-
minants, which cannot bond to two antibodies simulta-
neously. As with double antibody sandwich assay, free anti-
gen, if present is introduced onto the device by adding sample
onto a sample pad. Free antigen present in the sample binds to
an antibody-microsphere complex. Antibody 1 is specific for
sample antigen and couple to dyed microspheres. An antigen-
carrier molecule (typically BSA) conjugate is dried onto a
membrane at the capture line. Antibody 2 (Ab2) is dried onto
the membrane at the control line, and is a species-specific
anti-immunoglobulin that will capture the reagent particles
and confirm that the test is complete. If antigen is present in
the sample (a positive test), antibody on microspheres (Ab1)
is already saturated with antigen from sample and, therefore,
antigen conjugate bound at the capture line does not bind to it.
Any microspheres not caught by the antigen carrier molecule
can be caught by Ab2 on the control line. If antigen is not
present in the sample (a negative test), antibody-coated dyed
microspheres are allowed to be captured by antigen conjugate
bound at the capture line.
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[0259] Normally, the membranes used to hold the antibod-
iesinplace onthese devices are made of primary hydrophobic
materials, such as nitrocellulose. Both the microspheres used
as the solid phase supports and the conjugate antibodies are
hydrophobic, and their interaction with the membrane allows
them to be effectively dried onto the membrane.

[0260] Samples and/or CDH17-specific binding agents
may be arrayed on the solid support, or multiple supports can
be utilized, for multiplex detection or analysis. “Arraying”
refers to the act of organizing or arranging members of a
library (e.g., an array of different samples or an array of
devices that target the same target molecules or different
target molecules), or other collection, into a logical or physi-
cal array. Thus, an “array” refers to a physical or logical
arrangement of, e.g., biological samples. A physical array can
be any “spatial format” or physically gridded format” in
which physical manifestations of corresponding library
members are arranged in an ordered manner, lending itself to
combinatorial screening. For example, samples correspond-
ing to individual or pooled members of a sample library can
be arranged in a series of numbered rows and columns, e.g.,
on a multi-well plate. Similarly, binding agents can be plated
or otherwise deposited in microtitered, e.g., 96-well, 384-
well, or 1536-well plates (or trays). Optionally, CDH17-spe-
cific binding agents may be immobilized on the solid support.
[0261] Detection of CDH17 and cancer biomarkers, and
other assays that are to be carried out on samples, can be
carried out simultaneously or sequentially with the detection
of other target molecules, and may be carried out in an auto-
mated fashion, in a high-throughput format.

[0262] The CDHI17-specific binding agents can be depos-
ited but “free” (non-immobilized) in the conjugate zone, and
be immobilized in the capture zone of a solid support. The
CDHI17-specific binding agents may be immobilized by non-
specific adsorption onto the support or by covalent bonding to
the support, for example. Techniques for immobilizing bind-
ing agents on supports are known in the art and are described
for example in U.S. Pat. Nos. 4,399,217, 4,381,291, 4,357,
311, 4,343,312 and 4,260,678, which are incorporated herein
by reference. Such techniques can be used to immobilize the
CDHI17 binding agents. When the solid support is polytet-
rafluoroethylene, it is possible to couple antibodies onto the
support by activating the support using sodium and ammonia
to aminate it and covalently bonding the antibody to the
activated support by means of a carbodiimide reaction (yon
Klitzing, Schultek, Strasburger, Fricke and Wood in “Radio-
immunoassay and Related Procedures in Medicine 19827,
International Atomic Energy Agency, Vienna (1982), pages
57-62.).

[0263] Inoneembodiment, the device uses lateral flow strip
(LFS) technology, which has been applied to a number of
other rapid strip assay systems, such as over-the-counter early
pregnancy test strips based on antibodies to human chorionic
gonadotropin (hCG). As with many other diagnostic devices,
the device utilizes a binding agent to bind the target molecule
(CDH17). The device has an application zone for receiving a
biological sample such as blood or urine, a labeling zone
containing label which binds to CDHI17 in the sample, a
detection zone where CDH17 label is retained, and option-
ally, a reference zone. Migration of sample from the applica-
tion zone to the detection zone will generally be assisted by a
wick downstream of the detection zone to aid capillary move-
ment. This wick is typically formed from absorbent material
such as blotting or chromatography paper.
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[0264] The labeling zone, and the detection zone contain a
binding agent for CDH17. Where the binding agent in the
labeling zone and the detection zone are both antibodies, they
will typically recognize different epitopes on the target mol-
ecule (CDH17 protein). This allows the formation ofa “sand-
wich” comprising antibody-CDH17-antibody.

[0265] Inapreferred embodiment, the detection, reference
and control zones are preferably formed on a nitrocellulose
support.

[0266] The device can be produced simply and cheaply,
conveniently in the form of a dipstick. Furthermore, it can be
used very easily, for instance by the home user, therefore,
providing a device which can be used at home as a screen for
cancer, such as liver cancer.

[0267] The application zone in the device is suitable for
receiving the biological sample to be assayed. It is typically
formed from absorbent material such as blotting paper.
[0268] The labeling zone contains binding agent that binds
to any CDH17 in the sample. The binding agent may be an
antibody for example, a monoclonal antibody, polyclonal
antibody, or an antibody fragment. For ease of detection, the
binding agent is preferably in association with a label that
provides a signal that is visible to the naked eye, e.g., it is
tagged with a fluorescent tag or a colored tag such as conju-
gated colloidal gold, which is visible as a pink color.

[0269] The detection zone is downstream of the application
zone, with the labelling zone typically located between the
two. The detection zone retains CDH17 to which the binding
agent has bound. This will typically be achieved using an
immobilized binding agent such as an immobilized antibody.
A sample will thus migrate from the application zone into the
labeling zone, where any CDH17 in the sample binds to the
label.

[0270] CDH 17-binding agent complexes continue to
migrate into the detection zone together with excess binding
agent. When the CDH17-binding agent complex encounters
the capture reagent, the complex is retained whilst the sample
and excess binding agent continue to migrate. As CDH17
levels in the sample increase, the amount of binding agent (in
the form of CDH17-binding agent complex) retained in the
detection zone increases proportionally.

[0271] Binding agent retained in the detection zone gives a
signal, and the signal differs depending on whether CDH17
levels in the biological sample are lower than, equal to, or
greater than a given threshold concentration. For example, in
the case of serum CDH17 for the detection of liver cancer, the
threshold concentration may be between 0 ng/ml and 2.0
ng/ml. In another embodiment, in the case of serum CDH17
for the detection of liver cancer, the threshold concentration is
1.8 ng/ml. A sample from a subject having a CDH17 level
equal to or greater than the given reference CDH17 concen-
tration can be referred to as a “threshold level”, “threshold
amount”, or “threshold sample”.

[0272] Inpreferred embodiments, the device has the ability
to distinguish between samples according to the threshold
concentration. This can be achieved in various ways.

[0273] In some embodiments the devise includes a refer-
ence zone which contains a signal of fixed intensity against
which the amount of binding agent retained in the detection
zone can be compared; when the signal in the detection zone
equals the signal in the reference zone, the sample is a thresh-
old sample; when the signal in the detection zone is less
intense than the reference zone, the sample contains less
CDH17 than a threshold sample; when the signal in the detec-
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tion zone is more intense than the reference zone, the sample
contains more CDH17 than a threshold sample. A suitable
reference zone can be prepared and calibrated without diffi-
culty. For this type of device, the binding agent will generally
be present in excess to CDH17 in the sample, and the refer-
ence zone may be upstream or, preferably, downstream of the
detection zone. The signal in the reference zone will be of the
same type as the signal in the detection zone, i.e., they will
typically both be visible to the naked eye, e.g., they will use
the same tag. A preferred reference zone in a device of this
type comprises immobilized protein (e.g., bovine serum albu-
min) which is tagged with colloidal gold.

[0274] Inother embodiments of the device including a ref-
erence zone, the reference zone is downstream of the detec-
tion zone and includes a reagent which captures binding agent
(e.g., an immobilised anti-binding agent antibody). Binding
agent that flows through the device is not present in excess,
but is at a concentration such that 50% of it is bound by a
sample having CDH17 at the threshold concentration. In a
threshold sample, therefore, 50% of the binding agent will be
retained in the detection zone and 50% in the reference zone.
Ifthe CDH17 level in the sample is greater than in a threshold
sample, less than 50% of the binding agent will reach the
reference zone and the detection zone will give a more intense
signal than the reference zone; conversely, if the CDH 17
level in the sample is less than in a threshold sample, less than
50% of the binding agent will be retained in the detection
zone and the reference zone will give a more intense signal
than the detection zone.

[0275] Instill other embodiments of the device including a
reference zone (which operates according to similar prin-
ciples), the reference zone is downstream of the detection
zone and includes a limiting amount of a reagent which cap-
tures binding agent (e.g., an immobilised anti-binding agent
antibody). The reagent is present at a level such that it retains
the same amount of label which would bind to the detection
zone for a threshold sample, with excess label continuing to
migrate beyond the reference zone.

[0276] In these three types of device, therefore, a compari-
son between the detection zone and the reference zone is used
to compare the sample with the threshold concentration. The
detection: reference binding ratio can preferably be deter-
mined by eye. Close juxtaposition of the detection and refer-
ence zones is preferred in order to facilitate visual comparison
of the signal intensities in the two zones.

[0277] In some embodiments of the device, no reference
zone is needed, but the detection zone is configured such that
it gives an essentially on/off response, e.g., no signal is given
below the threshold concentration but, at or above the thresh-
old, signal is given.

[0278] In other embodiment of the device, no reference
zone is needed, but an external reference is used which cor-
responds to the threshold concentration. This can take various
forms, e.g., a printed card against which the signal in the
detection zone can be compared, or a machine reader which
compares an absolute value measured in the detection zone
(e.g., acalorimetric signal) against a reference value stored in
the machine.

[0279] Instill another embodiment of the device, the device
includes a control zone downstream of the detection zone.
This will generally be used to capture excess binding agent
that passes through the detection and/or reference zones (e.g.,
using immobilized anti-binding agent antibody). When bind-
ing agent is retained at the control zone, this confirms that
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mobilization of the binding agent and migration through the
device have both occurred. It will be appreciated that this
function may be achieved by the reference zone.

[0280] In still other devices, using electromagnetic sensot,
the detection sensitivity can be greatly enhanced, and can also
increase the speed of the assay.

[0281] Kits for detecting the presence of the target gene in
a biological sample are provided. Such kits can be used to
determine if a subject is suffering from or is at increased risk
of developing a disorder associated with aberrant expression
of the target gene (e.g., the presence of a drug resistance
cancer). For example, the kit can comprise a labeled com-
pound or agent capable of detecting the target gene protein or
mRNA in a biological sample and means for determining the
amount of the target gene in the sample (e.g., an anti-target
gene antibody or an oligonucleotide probe which binds to
DNA encoding the target gene). Kits may also include
instruction for observing that the tested subject is suffering
from or is at risk of developing a disorder associated with
aberrant expression of the target gene if the amount of the
target gene protein or mRNA is above or below a normal
level.

[0282] Kits for diagnosing or monitoring liver cancer are
provided. In one embodiment includes kits comprising the
required elements for diagnosing or monitoring cancer. Pref-
erably, the kits comprise a container for collecting biological
fluid from a patient and an agent for detecting the presence of
CDHI17 or its encoding nucleic acid in the fluid. The compo-
nents of the kits can be packaged either in aqueous medium or
in lyophilized form.

[0283] The detection/diagnostic methods disclosed herein
can be carried out using a diagnostic kit for qualitatively or
quantitatively detecting CDH17 in a sample such as blood or
urine. Thus, the kits include reagents for use in the methods
described herein, in one or more containers. The kits may
include primers, specific internal controls, and/or probes,
buffers, and/or excipients, separately or in combination. Each
reagent can be supplied in a solid form or liquid buffer that is
suitable for inventory storage. Kits may also include means
for obtaining a sample from a host organism or an environ-
mental sample.

[0284] For antibody-based kits, the kit may comprise, for
example: (1) a first antibody (e.g., attached to a solid support)
which binds to the target gene protein; and, optionally, (2) a
second, different antibody which binds to the target gene
protein or the first antibody and is conjugated to a detectable
agent.

[0285] For oligonucleotide-based kits, the kit may com-
prise, for example: (1) a oligonucleotide, e.g., a detectably
labelled oligonucleotide, which hybridizes to the target gene
nucleic acid sequence or (2) a pair of primers useful for
amplifying the target gene nucleic acid molecule.

[0286] Thekit may also comprise, e.g., a buffering agent, a
preservative, or a protein stabilizing agent. The kit may also
comprise components necessary for detecting the detectable
agent (e.g., an enzyme or a substrate). The kit may also
contain a control sample or a series of control samples which
can be assayed and compared to the test sample contained.
Each component of the kit is usually enclosed within an
individual container and all of the various containers are
within a single package along with instructions for observing
whether the tested subject is suffering from or is at risk of
developing a disorder associated with aberrant expression of
the target gene.
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[0287] By way of example, the kit can contain binding
agents (e.g., antibodies) specific for CDH17, antibodies
against the antibodies labeled with an enzyme; and a substrate
for the enzyme. The kit can also contain a solid support such
as microtiter multi-well plates, standards, assay diluent, wash
buffer, adhesive plate covers, and/or instructions for carrying
outa method as disclosed herein, using thekit. In one embodi-
ment, the kit includes one or protease inhibitors (e.g., a pro-
tease inhibitor cocktail) to be applied to the biological sample
to be assayed (such as blood or urine).

[0288] In some embodiments kits containing one or more
agents that detect the CDH17 protein, such as but not limited
to CDH17 antibodies, fragments thereof, or CDH17 binding
partners, can be prepared. The agent(s) can be packaged with
a container for collecting the biological fluid from a patient.
When the antibodies or binding partner are used in the kits in
the form of conjugates in which a label is attached, such as a
radioactive metal ion or a moiety, the components of such
conjugates can be supplied either in fully conjugated form, in
the form of intermediates or as separate moieties to be con-
jugated by the user of the kit.

[0289] In other embodiments, kits containing one or more
agents that detect CDH 17 nucleic acid, such as but not
limited to the full length CDH 17 nucleic acid, CDH17 oli-
gonucleotides, and pairs of CDH17 primers can also be pre-
pared. The agent(s) can be packaged with a container for
collecting biological samples from a patient. The nucleic acid
can be in the labeled form or to be labeled form.

[0290] Other components of the kit may include but are not
limited to, means for collecting biological samples, means for
labeling the detecting agent (binding agent), membranes for
immobilizing the CDH17 protein or CDH17 nucleic acid in
the biological sample, means for applying the biological
sample to a membrane, means for binding the agent to
CDH17 in the biological sample of a subject, a second anti-
body, a means for isolating total RNA from a biological fluid
ofa subject, means for performing gel electrophoresis, means
for generating cDNA from isolated total RNA, means for
performing hybridization assays, and means for performing
PCR, etc.

[0291] The kits may optionally be provided in suitable
packaging. As used herein, “packaging” refers to a solid
matrix or material customarily used in a system and capable
of holding within fixed limits one or more of the reagent
components for use in the disclosed diagnostic/detection
method. Such materials include glass and plastic (e.g., poly-
ethylene, polypropylene, and polycarbonate) bottles, vials,
paper, plastic, and plastic-foil laminated envelopes and the
like. Preferably, the solid matrix is a structure having a surface
that can be derivatized to anchor an oligonucleotide probe,
primer, molecular beacon, specific internal control, etc. Pref-
erably, the solid matrix is a planar material such as the side of
a microtiter well or the side of a dipstick. In certain embodi-
ments, the kit includes a mictotiter tray with two or more
wells and with reagents including primers, probes, specific
internal controls, and/or molecular beacons in the wells.

[0292] The kits may optionally include a set of instructions
in printed or electronic (e.g., magnetic or optical disk) form,
relating information regarding the components of the kits
and/or how to make various determinations (e.g., CDH17
levels, comparison to control standards, etc.). The kit may
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also be commercialized as part of a larger package that
includes instrumentation for measuring other biochemical
components.

V1. Screening Assays for CDH17 Antagonists

[0293] A method for identifying (also referred to herein as
a“screening assay”) CDH17 inhibitors, 1.e., candidate or test
compounds or agents (e.g., peptides, peptidomimetics, small
molecules or other drugs) that bind to the CDH17 protein or
have a stimulatory or inhibitory effect on, for example, the
CDH17 gene expression or CDH17 gene activity. Such iden-
tified compounds may be useful for the modulation of drug
resistance. The test compounds can be obtained using any of
the numerous approaches in combinatorial library methods
known in the art, including: biological libraries; natural prod-
ucts libraries; spatially addressable parallel solid phase or
solution phase libraries; synthetic library methods requiring
deconvolution; the ‘one-bead one-compound’ library
method; and synthetic library methods using affinity chroma-
tography selection. The biological library approach is limited
to peptide libraries, while the other approaches are applicable
to peptide, non-peptide oligomer or small molecule libraries
of compounds (Lam (1997) Anticancer Drug Des. 12:145).
[0294] Examples of methods for the synthesis of molecular
libraries can be found in the art, for example in: DeWitt et al.
Proc. Natl. Acad. Sci. USA, 1993, 90:6909; Erb et al. Proc.
Natl. Acad. Sci. USA, 1994, 91:11422; Zuckermann et al. J.
Med. Chem., 1994, 37:2678; Cho et al. Science, 1993, 261:
1303; Carrell et al. Angew. Chem. Int. Ed. Engl., 1994,
33:2059; Carell et al. Angew. Chem. Int. Ed. Engl., 1994,
33:2061; and Gallop et al. J. Med. Chem., 1994, 37:1233.
[0295] Libraries of compounds may be presented in solu-
tion (e.g., Houghten Bio/Techniques, 1992, 13:412-421), or
on beads (Lam Nature, 1991, 354:82-84), chips (Fodor
Nature, 1993, 364:555-556), bacteria (U.S. Pat. No. 5,223,
409), spores (U.S. Pat. Nos. 5,571,698; 5,403,484; and 5,223,
409), plasmids (Cull et al. Proc. Natl. Acad. Sci. US4, 1992,
89:1865-1869) or on phage (Scott and Smith Science, 1990,
249:386-390; Devlin Science, 1990, 249:404-406; Cwirla et
al. Proc. Natl. Acad. Sci., 1990, 87:6378-6382; and Felici J.
Mol: Biol., 1991, 222:301-310).

[0296] Inoneembodiment, an assay is a cell-based assay in
which a cell which expresses the target gene protein, or a
biologically active portion thereof, is contacted with a test
compound and the ability of the test compound to bind to the
target gene protein is determined. The cell, for example, can
be ayeast cell or a cell of mammalian origin. Determining the
ability of the test compound to bind to the target gene protein
can be accomplished, for example, by coupling the test com-
pound with a radioisotope or enzymatic label such that bind-
ing of the test compound to the target gene protein or biologi-
cally active portion thereof can be determined by detecting
the labeled compound in a complex. For example, test com-
pounds can be labeled with '*°I, >*C, "*C, or *H, either
directly or indirectly, and the radioisotope detected by direct
counting of radioemmission or by scintillation counting.
Alternatively, test compounds can be enzymatically labeled
with, for example, horseradish peroxidase, alkaline phos-
phatase, or luciferase, and the enzymatic label detected by
determination of conversion of an appropriate substrate to
product. In a preferred embodiment, the assay comprises
contacting a cell which expresses the target gene protein, or a
biologically active portion thereof, with a known compound
which binds the target gene to form an assay mixture, con-
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tacting the assay mixture with a test compound, and deter-
mining the ability of the test compound to interact with the
target gene protein, wherein determining the ability of the test
compound to interact with the target gene protein comprises
determining the ability of the test compound to preferentially
bind to the target gene or a biologically active portion thereof
as compared to the known compound.

[0297] In another embodiment, an assay is a cell-based
assay comprising contacting a cell expressing the target gene
protein, or a biologically active portion thereof, with a test
compound and determining the ability of the test compound
to modulate (e.g., stimulate or inhibit) the activity of the target
gene protein or biologically active portion thereof. Determin-
ing the ability of the test compound to modulate the activity of
the target gene or a biologically active portion thereof can be
accomplished, for example, by determining the ability of the
target gene protein to bind to or interact with the target gene
target molecule. As used herein, a “target molecule” is a
molecule with which the target gene protein binds or interacts
in nature, for example, a molecule in the nucleus or cytoplasm
of a cell which expresses the target gene protein. The target
gene target molecule can be a non-target gene molecule or the
target gene protein or polypeptide. The target, for example,
can be a second intracellular protein which has catalytic activ-
ity, a protein which naturally binds to the target gene, or a
protein which facilitates the association of DNA with the
target gene.

[0298] Determining the ability of the target gene protein to
bind to or interact with the target gene target molecule can be
accomplished by one of the methods described above for
determining direct binding. Ina preferred embodiment, deter-
mining the ability of the target gene protein to bind to or
interact with the target gene target molecule can be accom-
plished by determining the activity of the target molecule or
detecting a cellular response, for example, cell survival or cell
proliferation in the presence of a chemotherapeutic drug.
[0299] In yet another embodiment, an assay method is a
cell-free assay comprising contacting the target gene protein
or biologically active portion thereof with a test compound
and determining the ability of the test compound to bind to the
target gene protein or biologically active portion thereof.
Binding of the test compound to the target gene protein can be
determined either directly or indirectly as described above. In
a preferred embodiment, the assay includes contacting the
target gene protein or biologically active portion thereof with
a known compound which binds the target gene to form an
assay mixture, contacting the assay mixture with a test com-
pound, and determining the ability of the test compound to
interact with the target gene protein, wherein determining the
ability of the test compound to interact with the target gene
protein comprises determining the ability of the test com-
pound to preferentially bind to the target gene or biologically
active portion thereof as compared to the known compound.
[0300] Inanother embodiment, an assay is a cell-free assay
comprising contacting the target gene protein or biologically
active portion thereof with a test compound and determining
the ability of the test compound to modulate (e.g., stimulate or
inhibit) the activity of the target gene protein or biologically
active portion thereof. Determining the ability of the test
compound to modulate the activity of the target gene can be
accomplished, for example, by determining the ability of the
target gene protein to bind to the target gene target molecule
by one of the methods described above for determining direct
binding. In an alternative embodiment, determining the abil-
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ity of the test compound to modulate the activity of the target
gene can be accomplished by determining the ability of the
target gene protein further modulate the target gene target
molecule. For example, the catalytic/enzymatic activity of the
target molecule on an appropriate substrate can be deter-
mined as previously described.

[0301] Inyetanother embodiment, the cell-free assay com-
prises contacting the target gene protein or biologically active
portion thereof with a known compound which binds the
target gene to form an assay mixture, contacting the assay
mixture with a test compound, and determining the ability of
the test compound to interact with the target gene protein,
wherein determining the ability of the test compound to inter-
act with the target gene protein comprises determining the
ability of the target gene protein 1o preferentially bind to or
modulate the activity of the target gene target molecule.
[0302] The disclosed cell-free assays are amenable to use
of both native and variant forms (e.g., peptide fragments and
fusion proteins) of the target gene. In the case of cell-free
assays comprising a hydrophobic form of the target gene, it
may be desirable to utilize a solubilizing agent such that the
hydrophobic form of the target gene is maintained in solution.
Examples of such solubilizing agents include non-ionic
detergents such as n-octylglucoside, n-dodecylglucoside,
n-dodecylmaltoside, octanoyl-N-methylglucamide,
decanoyl-N-methylglucamide, Triton® X-100, Triton®
X-114, Thesit®, Isotridecypoly(ethylene glycol ether)n,
3-[(3-cholamidopropyl)dimethylamminio]-1-propane  sul-
fonate (CHAPS), 3-[(3-cholamidopropyl)dimethylam-
minio]-2-hydroxy-1-propane sulfonate (CHAPSO), or
N-dodecyl=N,N-dimethyl-3-ammonio-1-propane sulfonate.
[0303] Insomeembodiments, it may be desirable to immo-
bilize either the target gene or its target molecule to facilitate
separation of complexed from uncomplexed forms of one or
both of the proteins, as well as to accommodate automation of
the assay. Binding of a test compound to the target gene, or
interaction of the target gene with a target molecule in the
presence and absence of a candidate compound, can be
accomplished in any vessel suitable for containing the reac-
tants. Examples of such vessels include microtitre plates, test
tubes, and micro-centrifuge tubes. In one embodiment, a
fusion protein can be provided which adds a domain that
allows one or both of the proteins to be bound to a matrix. For
example, glutathione-S-transferase/target gene fusion pro-
teins or glutathione-S-transferase/target fusion proteins can
be adsorbed onto glutathione sepharose beads (Sigma Chemi-
cal; St. Louis, Mo.) or glutathione derivatized microtitre
plates, which are then combined with the test compound or
the test compound and either the non-adsorbed target protein
or the target gene protein, and the mixture incubated under
conditions conducive to complex formation (e.g., at physi-
ological conditions for salt and pH). Following incubation,
the beads or microtitre plate wells are washed to remove any
unbound components, the matrix immobilized in the case of
beads, complex determined either directly or indirectly, for
example, as described above. Alternatively, the complexes
can be dissociated from the matrix, and the level of the target
gene binding or activity determined using standard tech-
niques.

[0304] Other techniques for immobilizing proteins on
matrices can also be used in the screening assays. For
example, either the target gene or its target molecule can be
immobilized utilizing conjugation of biotin and streptavidin.
Biotinylated target gene or target molecules can be prepared
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from biotin-NHS (N-hydroxy-succinimide) using techniques
well known in the art (e.g., biotinylation kit, Pierce Chemi-
cals; Rockford, I11.), and immobilized in the wells of strepta-
vidin-coated 96 well plates (Pierce Chemical). Alternatively,
antibodies reactive with the target gene or target molecules
but which do not interfere with binding of the target gene
protein to its target molecule can be derivatized to the wells of
the plate, and unbound target or the target gene trapped in the
wells by antibody conjugation. Methods for detecting such
complexes, in addition to those described above for the GST-
immobilized complexes, include immunodetection of com-
plexes using antibodies reactive with the target gene or target
molecule, as well as enzyme-linked assays which rely on
detecting an enzymatic activity associated with the target
gene or target molecule.

[0305] In another embodiment, modulators of the target
gene expression are identified in a method in which a cell is
contacted with a candidate compound and the expression of
the target gene (mRNA or protein, or the copy number of the
target gene) in the cell is determined. The level of expression
of the target gene in the presence of the candidate compound
is compared to the level of expression of the target gene in the
absence of the candidate compound. The candidate com-
pound can then be identified as a modulator of the target gene
expression based on this comparison. For example, when
expression of the target gene mRNA or protein is greater
(statistically significantly greater) in the presence of the can-
didate compound than in its absence, the candidate compound
is identified as a stimulator of the target gene mRNA or
protein expression. Alternatively, when expression of the tar-
get gene mRNA or protein is less (statistically significantly
less) in the presence of the candidate compound than in its
absence, the candidate compound is identified as an inhibitor
of the target gene mRNA or protein expression. The level of
the target gene mRNA or protein expression in the cells, or the
number of the target gene copies per cell can be determined
by methods described herein for detecting the target gene
genomic DNA, mRNA, or protein. Target gene proteins can
be used as “bait proteins” in a two-hybrid assay or three
hybrid assay (see, e.g., U.S. Pat. No. 5,283.317; Zervos et al.
Cell, 1993, 72:223-232; Madura et al. J. Biol. Chem., 1993,
268:12046-12054; Bartel et al. Bio/Techniques, 1993,
14:920-924; Iwabuchi et al. Oncogene, 1993, 8:1693-1696;
and W094/10300), to identify other proteins, which bind to or
interact with the target gene (“target gene-binding proteins™
or “target gene-bp”) and modulate the target gene activity.

[0306] The two-hybrid system is based on the modular
nature of most transcription factors, which consist of sepa-
rable DNA-binding and activation domains. Briefly, the assay
utilizes two different DNA constructs. In one construct, the
gene that codes for the target gene is fused to a gene encoding
the DNA binding domain of a known transcription factor
(e.g., GAL-4). In the other construct, a DNA sequence, from
a library of DNA sequences, that encodes an unidentified
protein (“prey” or “sample”) is fused to a gene that codes for
the activation domain of the known transcription factor. If the
“bait” and the “prey” proteins are able to interact, in vivo,
forming the target gene-dependent complex, the DNA-bind-
ing and activation domains of the transcription factor are
brought into close proximity. This proximity allows tran-
scription of a reporter gene (e.g., LacZ) which is operably
linked to a transcriptional regulatory site responsive to the
transcription factor. Expression of the reporter gene can be
detected and cell colonies containing the functional transcrip-
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tion factor can be isolated and used to obtain the cloned gene
which encodes the protein which interacts with the target
gene.

[0307] Thus novel agents identified by the above-described
screening assays and uses thereof for treatments as described
herein are also provided.

VII. Pharmacogenomics

[0308] Another aspect provides methods for determining
the target gene protein, nucleic acid expression or the target
gene activity in an individual to thereby select appropriate
therapeutic or prophylactic agents for that individual (re-
ferred to herein as “pharmacogenomics”). Pharmacogenom-
ics allows for the selection of agents (e.g., drugs) for thera-
peutic or prophylactic treatment of an individual based on the
genotype of the individual (e.g., the genotype of the indi-
vidual examined to determine the ability of the individual to
respond to a particular agent).

[0309] Agents, or modulators which have a stimulatory or
inhibitory effect on the target gene activity (e.g.. CDH17) as
identified by a screening assay can be administered to indi-
viduals to treat (prophylactically or therapeutically) disorders
(e.g., anemias) associated with aberrant target gene activity.
In conjunction with such treatment, the pharmacogenormics
(i.e., the study of the relation CDH17 between an individual’s
genotype and that individual’s response to a foreign com-
pound or drug) of the individual may be considered. Differ-
ences in metabolism of therapeutics can lead to severe toxic-
ity or therapeutic failure by altering the relation between dose
and blood concentration of the pharmacologically active
drug. Thus, the pharmacogenomics of the individual permits
the selection of effective agents (e.g., drugs) for prophylactic
or therapeutic treatments based on a consideration of the
individual’s genotype. Such pharmacogenomics can further
be used to determine appropriate dosages and therapeutic
regimens. Accordingly, the activity of the target gene protein,
expression of the target gene nucleic acid, or mutation content
of the target genes in an individual can be determined to
thereby select appropriate agent(s) for therapeutic or prophy-
lactic treatment of the individual.

[0310] Pharmacogenomics deals with clinically significant
hereditary variations in the response to drugs due to altered
drug disposition and abnormal action in affected persons.
See, e.g., Linder, Clin. Chem., 1997, 43(2): 254-266. In gen-
eral, two types of pharmacogenetic conditions can be differ-
entiated. Genetic conditions transmitted as a single factor
altering the way drugs act on the body (altered drug action) or
genetic conditions transmitted as single factors altering the
way the body acts on drugs (altered drug metabolism). These
pharmacogenetic conditions can occur either as rare defects
or as polymorphisms. For example, glucose-6-phosphate
dehydrogenase deficiency (G6PD) is a common inherited
enzymopathy in which the main clinical complication is
haemolysis after ingestion of oxidant drugs (anti-malarials,
sulfonamides, analgesics, nitrofurans) and consumption of
fava beans.

[0311] Thus, the activity of the target gene product
(CDH17), expression of the target gene nucleic acid, or muta-
tion content of the target genes in an individual can be deter-
mined to thereby select appropriate agent(s) for therapeutic or
prophylactic treatment of the individual. In addition, pharma-
cogenetic studies can be used to apply genotyping of poly-
morphic alleles encoding drug-metabolizing enzymes to the
identification of an individual’s drug responsiveness pheno-
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type. This knowledge, when applied to dosing or drug selec-
tion, can avoid adverse reactions or therapeutic failure and
thus enhance therapeutic or prophylactic efficiency when
treating a subject with the target gene modulator, such as a
modulator identified by one of the exemplary screening
assays described herein.

VIIL Monitoring of Effects During Clinical Trials

[0312] Monitoring the influence of agents (e.g., drugs,
compounds) on the expression or activity of the target gene
(e.g., the ability to modulate the CDH17 phenotype of a cell)
can be applied not only in basic drug screening, but also in
clinical trials. For example, the effectiveness of an agent
determined by a screening assay to decrease the target gene
expression, protein levels, or downregulate the target gene
activity, can be monitored in clinical trails of subjects exhib-
iting increased target gene expression, protein levels, or
upregulated target gene activity.

[0313] Alternatively, the effectiveness of an agent deter-
mined by a screening assay to increase the target gene expres-
sion, protein levels, or upregulate target gene activity (e.g., to
decrease megakarvocyte production), can be monitored in
clinical trials of compounds designed to increase the target
gene expression, protein levels, or upregulate target gene
activity. In such clinical trials, the expression or activity of the
target gene and, preferably, other genes that have been impli-
cated in, for example, a cellular proliferation disorder, can be
used as a “read out” or markers of the drug resistance of a
particular cell.

[0314] For example, and not by way of limitation, genes,
including the target gene, that are modulated in cells by treat-
ment with an agent (e.g., compound, drug or small molecule)
which modulates the target gene activity (e.g., identified in a
screening assay ) can be identified. Thus, to study the effect of
agents on cellular proliferation disorders, for example, in a
clinical trial, cells can be isolated and RNA prepared and
analyzed for the levels of expression of the target gene and
other genes implicated in the disorder. The levels of gene
expression (i.e., a gene expression pattern) can be quantified
by Northern blot analysis or RT-PCR, or as is otherwise
known in the art, or alternatively by measuring the amount of
protein produced, by one of the methods as described herein,
or by measuring the levels of activity of the target gene or
other genes. In this way, the gene expression pattern can serve
as a marker, indicative of the physiological response of the
cells to the agent. Accordingly, this response state may be
determined before, and at various points during, treatment of
the individual with the agent.

[0315] Inapreferred embodiment, amethod for monitoring
the effectiveness of treatment of a subject with an agent (e.g.,
an agonist, antagonist, peptidomimetic, protein, peptide,
nucleic acid, small molecule, or other drug candidate identi-
fied by the screening assays described herein) comprises the
steps of (i) obtaining a pre-administration sample from a
subject prior to administration of the agent; (ii) detecting the
level of expression of the target gene protein, mRNA, or
genomic DNA in the preadministration sample; (iii) obtain-
ing one or more post-administration samples from the sub-
ject; (iv) detecting the level of expression or activity of the
target gene protein, mRNA, or genomic DNA in the post-
administration samples; (v) comparing the level of expression
or activity of the target gene protein, mRNA, or genomic
DNA in the pre-administration sample with the target gene
protein, mRNA, or genomic DNA in the post administration
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sample or samples; and (vi) altering the administration of the
agent to the subject accordingly. For example, increased
administration of the agent may be desirable to decrease the
expression or activity of the target gene to lower levels than
detected, i.e., to increase the effectiveness of the agent.
[0316] Unless defined otherwise, all technical and scien-
tific terms have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or
equivalent to those described herein can be used in the prac-
tice or testing of the present invention, the preferred methods
and materials are now described.

[0317] All publications and patent applications mentioned
herein are incorporated by reference to disclose and describe
the methods and/or materials in connection with which the
publications are cited. All patents, patent applications, provi-
sional applications, and publications referred to or cited
herein are incorporated by reference in their entirety, includ-
ing all figures and tables, to the extent they are not inconsis-
tent with the explicit teachings of this specification.

[0318] Following are examples which illustrate procedures
for practicing the invention. These examples should not be
construed as limiting.

Examples
Example 1

CDHI17 mRNA Levels in Human HCC Cell Lines
and Cancer Patients

[0319] Materials and Methods

[0320] The CDH17 mRNA level in a panel of human HCC
cell lines with different metastatic potential was measured
using qPCR analysis. The control cell line MIHA was an
immortalized normal human hepatocyte, which expressed
very little or undetectable CDH17. Primary HCC cell lines
expressed some CDH17 transcript while strong expression
was seen in their metastatic counterparts (e.g. MHCC97-H,
MHCC97-L and H2-M).

[0321] These cell line data were supported by results from
46 pairs of tumor and adjacent liver tissues from HCC
patients who received curative surgery. Table 3 below was
prepared based on the correlation analysis performed in a
total of 46 HCC patients with defined clinical data. mRNA
was extracted in clinical samples using standard protocol and
reverse transcribed to cDNA for determining the expression
of CDH17 transcript using quantitative polymerase chain
reaction (qPCR). Categorical parameters of clinical samples
were compared using y° test.

[0322] Results

[0323] Correlating the gPCR data with the clinical param-
eters revealed an association of CDH17 overexpression with
late tumor stage (11I-IV) and presence of venous infiltration,
whereas no significant correlation was found for other param-
eters. Overexpression of CDH17 was strongly associated
with advanced tumor stages (pTNM III and IV) (p=0.022)
and tumor venous invasion (p=0.022). No significant corre-
lation was found for other clinicopathologic Parameters.
Most strikingly, copy number variation analysis revealed
genomic amplification of the CDH17 gene in the tumor com-
pared with adjacent non-tumor tissues in 49% of HCC cases
that were analyzed (n=231) (data not shown). Taken together,
these results suggest that CDH17 is a candidate target for
intervening in the initiation and metastasis of HCC.

Apr. 15,2010

TABLE 3

Statistical correlation between the expression of CDH17 and the
clinicopathological parameters of HCC patients (n = 46).

CDH17

Clinicopathological Over-expression
parameters Frequency (%) - + P value
Gender 0.116
Male 37 (804) 19 18
Female 9(19.6) 2 7
Age 0.305

<60 34(73.9) 14 20

=60 12(26.1) 7 5
Tumor size (cm) 0.786

<5 8(174) 4 4
=5 38 (82.6) 17 21

Alpha fetoprotein 0.226
(ATP) (ng/ml)
<250 24 (522) 13 11
=250 22(478) 8 14
HBsAg 0.126
Negative 6 (1.0) 1 5
Positive 40 (87.0) 20 20
Histological differentiation 0.261
Well 26 (61.9) 9 7
Moderately, Poorly 16 (38.1) 10 16
TNM stage 0.022%
Early (I, IT) 18 (39.1) 12 6
Late (IIL, IV) 28 (60.9) 9 19
Venous infiltration 0.022%
Absent 18 (39.1) 12 6
Present 28 (60.9) 9 19
Recurrence 0.161
Absent 35(76.1) 18 17
Present 11(23.9) 3 8
Cirrhosis 0.375
Negative 23 (50.0) 9 14
Positive 23 (50.0) 12 11

*statistically significant (p < 0.05)

Example 2

CDH17 Levels Predict Microcvascular Invasion and
Disease

[0324] Prognosis in Cancer Patients

[0325] The data above was further confirmed by Ding, et
al., Cancer, 115 July, 2009, the contents of which are incor-
porated herein by reference. Ding, et al., evaluated CDH17
expression in three HBV-positive HCC cell lines and in tis-
sued samples from HCC cancer patients. Western blot and
immunofluresence analysis showed a significant increase in
CDHI17 protein levels in high-invasive HCCLM3 cells com-
pared to low-invasive Hep3B and PLC/PRF/5 cells. The
effect of CDH17 expression on cell migration (a characteris-
tic of metastasis) was investigated in the high-invasive cell
line using a wound healing migration assay. Using SiRNA-
mediated inhibition, Ding, et al., showed that CDH17 inhibi-
tion resulted in a significant delay in wound closure in the
HCCLM3-SiRNA-treated cells, when compared to the con-
trol cells, confirming the involvement of CDH17 in cancer
cell migration. In a Matrigel invasion assay, Ding, et al. also
showed that SIRNA-mediated inhibition of CDH17 resulted
in a 57% reduction in invaded cells in the HCCLM3-SiRNA-
treated cells compared to the control cells.

[0326] Immunohistochemical analysis of 50 pairs of HCC
and adjacent nontumor tissue was used to confirm the rela-
tionship between CDH17 and microvascular metastasis in
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patients with HBV-related HCC. Of the 50 HCC patient
samples tested, 36 (72%) showed overexpression of CDH17,
which was associated with vascular invasion. Since Micro-
vacular invasion is a predictor of tumor recurrence or poor
prognosis in HCC patients undergoing curative resection,
Ding, et al. studied the correlation between CDH17 overex-
pression and prognosis in HBV-positive HCC using the
Kaplan-Meier Survival test. The results showed that patients
with positive CDH17 expression had a poorer prognosis that
those without CDH17 expression.

Example 3

Reduction in Size of Tumor Xenograft After Silenc-
ing the Expression of CDH17 in MHCC97-H (97H)
in Liver Tumor Cells

[0327] Materials and Methods

[0328] 97H cells are derived from liver tumor cells with
high metastatic potentials. These cells were transfected stably
with either vector alone (Mock) or short hairpin-RNA
(shRNA) (see SEQ ID NO: 2) targeting exon 3 (SEQ ID NO:
5) of CDH17 (shCDH17). 97H cells with (Mock or
shCDH17) or without (97H) transfection were inoculated in
nude mice for a period of up to 8 weeks. Changes in tumor
volume were quantified and represented in the chart.

[0329] Results

[0330] The results are shown in FIG. 1. Growth of subcu-
taneous tumors was observed visually and using a fluorescent
imaging technique four weeks after cell inoculation. Appear-
ance and size of the subcutaneous tumors were shown after
dissecting the tumors from mice on 8-week after cell inocu-
lation. A significant reduction in size of the tumor xenografts
was observed when the expression of CDH 17 was sup-
pressed.

[0331] Insimilar experiments in which the 97H tumor cells
were transplanted subcutaneously or injected systemically,
all control amimals (Mock group) developed metastasis in the
lungs as shown by the presence of GFP-positive tumor cells at
8 weeks regardless of whether the 97H tumor cells were
transplanted subcutaneously or injected systemically. By
contrast, no lung metastasis was observed in animals from the
CDH17 shRNAmir treatment group. Thus knockdown of
CDH17 not only reduced tumor growth but also diminished
the metastatic potential of hepatic carcinoma. This has a great
clinical implication since most of the HCC patients die from
tumor recurrence due to intra- or extra-hepatic metastasis.

Example 4

MHCC97-H (97H) Liver Tumor Cells are Sensitized
to Drug and Gene Therapy After RNAi-mediated
Silencing of CDH17 Expression

[0332] Materials and Methods

[0333] 97H cells are derived from liver tumor cells with
high metastatic potentials. These cells were transfected stably
with either vector alone (Mock) or short hairpin-RNA
(shRNA) (see SEQ ID NO: 2) targeting exon 3 (SEQ ID NO:
5) of CDH17 (miCDH17). 97H cells (97H, Mock, and
miCDH17) were treated with different concentrations of che-
motherapeutic drugs, such as Taxol (FIG. 2A), Carboplatin
(FIG. 2C), and Epirubicin (FIG. 2B). In addition, 97H cells of
different groups were transfected with p53, a tumor suppres-
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sor, using adenovirus-mediated approach (rAd-p53) (FIG.
2D). Cell viability of different treatment groups was assessed
by MTT assay.

[0334] Results

[0335] The administration of a CDH17 inhibitor, a shRNA,
sensitizes tumor cells to treatment with other chemotherapeu-
tic agents including drugs such as taxol, carboplatin and
epirubicin, as well as a p53 tumor suppressor administered in
an adeno-viral vector. 97H tumor cells were sensitized to
treatments of chemotherapy and gene therapy.

[0336] FIG. 3A, 3B, 3C, and 3D, compare the effects of
transfecting 97H cells with shRNA targeting the CDH17
exon 5 with the effects of 97H and scramble (SC) on CDH17
protein level (FIG. 3A, absorbance versus time, hours), cell
proliferation (FIG. 3B, cell concentration), cell invasion
(FIG. 3C, absorabance versus collagen concentration j1g/ml),
colony formation (FIG. 3D, number of colonies). Tumor cells
with reduced expressions of CDH17 were rendered to be less
“tumorigenic”.

Example 5

Characterization of Two Monoclonal Antibodies
Against CDH17 and the Use of These Antibodies for
Establishing an ELISA for Detection of CDH17 in
Human Serum

[0337] Materials and Methods

[0338] Two monoclonal antibodies (Lic3 and Lic5) against
CDHI17 were synthesized and selected using an established
protocol in the laboratory. Isotypes of these antibodies were
determined using IsoStrip Mouse Monoclonal Antibody Iso-
typing Kit (Roche). The isotypes of Lic3 and Lic5 are IgG2a
and [gG2b, respectively.

[0339] Results

[0340] Based on the preliminary data, the truncated form of
CDH17 spanning domains 1 and 2 of CDH17 (D1-D2) was
detected in serum of HCC patients. It was postulated that
detection of D1-D2 in human serum serves as a marker to
indicate incidence of HCC. Recombinant D1-D2 (SEQ ID
NO: 1), having a molecular weight of 85 kDa, was synthe-
sized using established protocols and western blots were per-
formed to examine the specificity of Lic3 and Lic5 in detect-
ing this recombinant protein. Lic3 and Lic5 were found to
detect synthesized D1-D2. The recombinant protein was syn-
thesized with several tags, such as Nus tag, His tag, and S tag.
The apparent molecular weight of this protein was ~147 kDa
(on a polyacrylamide gel).

[0341] An ELISA was performed based on different con-
centration of D1-D2, Lic3, and Lic5. The results of the char-
acterization of the two monoclonal antibodies against recom-
binant CDH17, representing the D1-D2 epitope, established
the antibodies could be used in an ELISA for detection of
CDHI17 in human serurn.

Example 6

Reduction in Tumor Size After Silencing Expression
of CDH17 in MHCC97-H Cells by shRNA Targeting
Exon 5

[0342] Materials and Methods

[0343] shRNA constructtargeting exon 5 of human CDH17
was designed. The shRNA forward (sh_eSF: 5'-GAT CCC
GCCAGT CCC TAT CAC CAT AGA GAA GCT TGT CTA
TGG TGA TAG GGA CTG GTT TTT T-3") (SEQ ID NO: 3)
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and reverse (sh_e5R: 5'-CTA GAA AAA ACC AGT CCC
TAT CAC CAT AGA CAA GCT TCT CTA TGG TGA TAG
GGA CTG GCG G-3') (SEQ ID NO: 4) inserts for cloning
into shRNA expression vectors were designed based on
http://www.sigma-aldrich.com/missionsearch. These two
inserts were linked by a loop sequence described in the
GeneFraser™ shRNA Mammalian Expression Vector Kit
(Stratagene, La Jolla, Calif.). This construct was transfected
into liver cancer cells (MHCC97-H cells) using lipofectamine
(Invitrogen, Carlsbad, Calif.) to suppress the expression of
CDH17. Stable transfectants were selected using G418 sul-
fate (Calbiochem, San Diego, Calif.) at a concentration of 1
mg/ml. A scramble experiment was also included to assess
the specificity of the transfection experiment.

[0344] Results

[0345] The protein level of CDH17 was diminished in one
of the selected transfectants (shCDH17) when assessed by
western blot analysis. A significant reduction in cell prolif-
eration, cell invasion, colony formation, and cell adhesion
was observed in shCDH17 cells. In a tumor xenograft model,
knockdown of CDH17 in MHCC97-H cells was performed as
described above before these cells were transplanted subcu-
taneously in nude mice for developing tumor xenografts. A
reductionin size and volume of the subcutaneous tumor were
observed when shCDH17 cells were used to transplant into
the nude mice (FIG. 4). [abbreviations: MHCC97-H, 97H;
Scramble Control, SC]

Example 6

Methods of Extracting Recombinant D1-D2 of
CDH17 (SEQ ID: 1) Using Immunomagnetic Bead
Capture Assay

[0346] As shown in FIG. 5, two ways to selectively extract
the recombinant D1-D2 of CDH17 (D1-D2) using an immu-
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nomagnetic bead capture assay were used. Two different
Dynabeads were used (Dynabeads Protein G and Dynabeads
M-280 Tosylactivated). For the immuno-capture using Dyna-
beads Protein G, different concentrations of D1-D2 were
incubated with purified Lic5 before mixing with the Dyna-
beads Protein G. For the immuno-capture using Dynabeads
M-280 Tosylactivated, purified Lic5 was first coupled to the
beads before mixing with different concentrations of D1-D2.
This was followed by Lic5-D1-D2 immunocomplex being
eluted from the beads using SDS sample buffer and subse-
quently subjected to western blot analysis. Western blot is
used with biotinylated Lic3 to detect D1-D2 and a horseradish
peroxidase (HRP)-conjugated streptavidin is used to react
with the biotinylated Lic3.

[0347] For the first approach, purified anti-CDH17 Lic3
monoclonal antibody was coupled to Dynabeads M-250
Tosylactivated beads (Invitrogen), according to the manufac-
turer’s protocol. The anti-CDH17-beads were then allowed to
bind to D1-D2. After that, sample buffer was added to the
beads to elute the Lic3-D1-D2 complex. After separation of
the beads using a magnet, the supernatant was used to run a
westernblot or to determine the antigen by standard ELISA or
mass spectrometry methods. A titration experiment was per-
formed to optimize the concentration of coating purified Lic3
monoclonal antibody for conjugation to the magnet beads.
For the second approach, purified Lic3 monoclonal antibody
was allowed to bind to pre-washed Dynabeads Protein G
(Invitrogen), followed by incubating the beads with D1-D2.
After that, sample buffer was added to the beads to elute the
Lic3-D1-D2 complex from the beads. After separation of the
beads using a magnet, the supernatant was used to run a
western blot. The abilities of using Dynabeads to extract
D1-D2 by enzyme-linked immunosorbent assay (ELISA)
were also analyzed and used to determine the amount of
D1-D2.

SEQUENCE LISTING

«<160> NUMBER OF SEQ ID NOS: 6

«210> SEQ ID NO 1

<211> LENGTH: 215

«<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Pro Leu Lys Pro Met Thr Phe Ser Ile Glu Gln

1 5

Tyr
10

Gly

Gln Ile Ile Phe Val

20

Gln Phe Ala Asn Pro Pro Ala

25

Lys

Thr Gly Thr Ile Glu

40

Asp Asn Phe Val Ile Arg

Ala Leu Glu Thr Ser

55

Leu Tyr Asn

50

Tyr Arg Asp 2Arg Arg

Gln Val Ala Ala Ile

75

Leu Asn Ile Val

70

Leu
65

Asp Gly

Val Ile Thr Ile

85

Val Ile

90

Pro Lys Lys Asp Asn Asp Asn

Phe Leu Gln Ser Lys Tyr Glu Gly Ser Val Arg Gln Asn

Glu Pro Ser

15

Thr
30

Phe Glu

Glu Gly Leu

Thr His Asn

Glu Pro

80

Gly

Pro Thr

95

Arg

Ser Arg Pro
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34

-continued

100 105 110

Gly Lys Pro Phe Leu Tyr Val Asn Ala Thr Asp Leu Asp Asp Pro Ala
115 120 125

Thr Pro Asn Gly Gln Leu Tyr Tyr Gln Ile Val Ile Gln Leu Pro Met
130 135 140

Ile Asn Asn Val Met Tyr Phe Gln Ile Asn Asn Lys Thr Gly Ala Ile
145 150 155 160

Ser Leu Thr Arg Glu Gly Ser Gln Glu Leu Asn Pro Ala Lys Asn Pro
165 170 175

Ser Tyr Asn Leu Val Ile Ser Val Lys Asp Met Gly Gly Gln Ser Glu
180 185 190

Asn Ser Phe Ser Asp Thr Thr Ser Val Asp Ile Ile Val Thr Glu Asn
195 200 205

Ile Trp Lys Ala Pro Lys Pro
210 215

<210> SEQ ID NO 2

<211> LENGTH: 97

<21l2> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic shRNA for targeting CDH17 Exon 3

<400> SEQUENCE: 2
tgctgttgac agtgagcgac caagaaccga gtcaaattat tagtgaagec acagatgtaa 60

taatttgact cggttcttgg ctgcctactg cctecgga 97

<210> SEQ ID NO 3

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic forward portion of the shRNA duplex
for targeting CDH17 Exon 5

<400> SEQUENCE: 3

gatcecegeca gteectatea ccatagagaa gettgtetat ggtgataggg actggttttt 60

t 6l

<210> SEQ ID NO 4

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic reverse portion shRNA duplex for
targeting CDH17 exon &5

<400> SEQUENCE: 4

ctagaaaaaa ccagtcccta tcaccataga caagettcete tatggtgata gggactggeg 60

g 6l

<210> SEQ ID NO 5

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

caagaaccga gtcaaatta 19
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-continued

<210> SEQ ID NO 6

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

cagtcectat caccatagaa

20

We claim:

1. A method of diagnosing a cancer characterized by the
overexpression and/or upregulation of CDH17 comprising
the steps of: (1) determining the level of expression of CDH17
in a patient sample; (ii) comparing the levels of CDH17
expression to a normal sample; and (iii) correlating the level
of CDH17 expression in the patient sample relative to the
normal sample to a positive or negative diagnosis of a cancer
associated with the overexpression and/or upregulation of
CDH17.

2. The method of claim 1, wherein the cancer is hepatocel-
lular carcinoma.

3. The method of claim 1, wherein the determination of the
level of expression of CDH17 is made with an antibody
specific for CDHI17.

4. The method of claim 1, wherein the comparison of the
levels of expression of CDH17 is made by comparing the
level of expression of a truncated form of CDH17.

5. The method of claim 3, wherein the CDH17 is detected
with an antibody specific for a domain 1 or domain 2 region
of CDH17.

6. The method of claim 5 wherein the antibody is specific
for an epitope spanning domains 1 and 2 (D1-D2) of CDH17,
having the sequence :PLKPMTFSIYEGQEPSQIIFQFKAN-
PPAVTFELTGETDNIFVIEREGLLYYNR
ALDRETRSTHNLQVAALDANGIIVEG-
PVPITIKVKDINDNRPTFLQSKYEGS VRQNSRPGKP-
FLYVNATDLDDPATPNGQLY YQIVIQLP-
MINNVMYFQINN
KTGAISLTREGSQELNPAKNPSYNLVISVKD
MGGQSENSFSDTTSVDIIVTE NIWKAPKP (SEQ ID
NO: 1).

7. The method of claim 5 wherein the patient sample is a
serum sample extracted from the patient.

8. A method of killing cancer cells or rendering cells of a
cancer involving the overexpression and/or upregulation of
CDH17 more susceptible to a chemotherapeutic substance
comprising:

administering to cells of the cancer an effective amount of

at least one CDH 17 antagonist.

9. The method of claim 8, wherein the CDH17 antagonist
comprises an antibody that binds CDH17.

10. The method of claim 9 wherein the antibody is selected
from the group of antibodies consisting of monoclonal anti-
bodies, recombinant antibodies, single chain antibodies, chi-
meric antibodies, and fragments thereof immunoreactive
with CDH17.

11. The method of claim 8, wherein the CDH17 antagonist
comprises a nucleotide molecule modulating CDH17 expres-
sion or activity.

12. The method of claim 11 wherein the nucleotide mol-
ecule is a short interfering RNA specific for a transcript of
CDH17 that modulates CDH17 expression.

13. The method of claim 11 wherein the nucleotide mol-
ecules is a shRNA targeting CDH17 or a complement thereof.

14. The method of claim 11 wherein the nucleotide mol-
ecule is within the range of about 19 to 23 nucleotides.

15. The method of ¢laim 11 wherein the nucleotide mol-
ecule targets SEQ ID NO: 5 or SEQ ID NO: 6 or a comple-
ment thereof

16. The method of claim 11 wherein the nucleotide mol-
ecule inhibits expression of CDH17 by targeting Exon 3 or
Exon 5.

17. The method of claim 16 wherein the nucleotide mol-
ecule targets TGCTGTTGACAGTGAGCGACCAAGAAC-
CGAGTCAAATTATTAGTGAAG CCACAGATG-

TAATAATTTGACTCGGTTCTTGGCTGCCTACTGCCTCGGA

(SEQ ID NO: 2), GATCCCGCCAGTCCCTATCACCATA-
GAGAAGCTTGTCTATGGTGA TAGGGACTGGTTTTIT
(SEQ ID NO: 3), CTAGAAAAAACCAGTCCCTATCAC-
CATAGACAAGCTTCTCTATGGTGA TAGGGACTG
GCGG (SEQ ID NO: 4), or a molecule hybridizing thereto
under stringent conditions.

18. The method of claim 8, wherein the CDH17 antagonist
is administered with a therapeutic agent.

19. The method of claim 18 wherein the CDH17 antagonist
is administered before or after the therapeutic agent.

20. The method of claim 18 wherein the therapeutic is a
chemotherapeutic that kills cancer cells.

21. An antibody specific for a domain 1 and domain 2
region of CDH17.

22. The antibody of claim 21 wherein the antibody is spe-
cific for an epitope spanning domains 1 and 2 (D1-D2) of
CDHI17, having the sequence :PLKPMTFSIYEGQEPSQI-
IFQFKANPPAVTFELTGETDNIFVIEREGLLYYNR
ALDRETRSTHNLQVAALDANGIIVEG-
PVPITIKVKDINDNRPTFLQSKYEGS VRQNSRPGKP-
FLYVNATDLDDPATPNGQLY YQIVIQLP-
MINNVMYFQINN
KTGAISLTREGSQELNPAKNPSYNLVISVKD
MGGQSENSFSDTTSVDIIVTE NIWKAPKP (SEQ ID
NO: 1).

23. The antibody of claim 21 selected from the group
consisting of monoclonal antibodies, recombinant antibod-
ies, chimeric antibodies, single chain antibodies, and immu-
noreactive fragments thereof.

24. Anisolated polynucleotide modulating CDH17 expres-
sion or activity.

25. The polynucleotide of claim 24 wherein the nucleotide
moleculeisa short interfering RNA specific for a transcript of
CDH17 that modulates CDH17 expression.
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26. The polynucleotide of claim 24 wherein the nucleotide
molecules is a shRNA targeting CDH17 or a complement
thereof.

27. The polynucleotide of claim 24 wherein the nucleotide
molecule is within the range of about 19 to 23 nucleotides.

28. The polynucleotide of claim 24 wherein the nucleotide
molecule targets SEQ ID NO: § or SEQ ID NO: 6 or a
complement thereof.

29. The polynucleotide of claim 24 wherein the nucleotide
molecule inhibits expression of CDH 17 by targeting Exon 3
or Exon 5.

30. The polynucleotide of claim 24 wherein the nucleotide
molecule targets TGCTGTTGACAGTGAGCGACCAA-
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GAACCGAGTCAAATTATTAGTGAAG CCACAGATG-
TAATAATTTGACTCGGTTCTTGGCTGC-
CTACTGCCTCGGA (SEQ ID NO: 2),
GATCCCGCCAGTCCCTATCACCATA-
GAGAAGCTTGTCTATGGTGA TAGGGACTGGTTTTIT
(SEQ ID NO: 3), CTAGAAAAAACCAGTCCCTATCAC-
CATAGACAAGCTTCTCTATGGTGA TAGGGACTG
GCGG (SEQ ID NO: 4), or a molecule hybridizing thereto
under stringent conditions.

31. A diagnostic assay kit or reagents for use with the
method claim 1.



