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FIG. 5
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FIG. 6
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FIG.7
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FIG. 8
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FIG. 12A
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FIG. 15A
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[HC Score Intensity of Representative Image | Specimen Source
Staining (Brief {Ovarian tumour type
description) and Grade)

- No staining of Normal ovarian tissue
tissue

-/ Very weak Normal ovarian tissue
stajning;

Majority of
cells nepative
for staining;
weak staining
of some cells

’ Weak staining Mucinous papillary
of majority of eRLALLinama,
cells Grade 1-11

‘i Light staining Serous papillary
of majority of alengsarcinama,
cells Grade I}

4 Moderate Serous papillary
staining of adenocarcinama,
majority of Grade I1
cells

e Intense Serous papillary
staining of aslenesarsinemabrase.
majority of It
cells
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FIG. 19

Ovarian biopsy
Grade
Position {intensity ranking)

Normal ovarian tissue
H-7(-), H-8(-/+), H-10 (-)

Serous papillary adenocarcinoma
Grade |
D-5 (++), C-5(+), C-6 (+++)

Serous papillary adenocarcinoma
Grade Il

G-5 (++), GB (+++), G10 (++4)

Serous papillary adenocarcinoma
Grade |li

E-3 (++++), F-4 (+++), F-7 {(++++)
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FIG. 20
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FIG. 21
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FIG. 23

A. SPIO Bead Control

Tumor Pre-injection Tumor 24 hrs post-injection

B. SPI0-SorC27 TRPV6-Binding Conjugate

Tumor Pre-injection Tumor 24 hrs post-injection
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COMPOUNDS AND METHODS FOR THE
DETECTION OF TRPV-6 CANCERS AND
DRUG DELIVERY

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. application
No. 61/220,833 filed on Jun. 26, 2009 and to U.S. application
No. 61/244,634 filed on Sep. 22, 2009, both of which are
incorporated by reference herein in their entirety.

INCORPORATION OF SEQUENCE LISTING

[0002] A computer readable form of the Sequence Listing
“15309-29_Sequence_Listing.txt” (41,472 bytes), submitted
via EFS-WEB and created on Jun. 28, 2010, is herein incor-
porated by reference.

FIELD

[0003] The present invention relates to detection and diag-
nosis of Transient Receptor Potential Vanilloid 6 (TRPV6)-
expressing cancers. Certain embodiments of the invention
also relate to TRPV-6 binding compounds that target cells that
express TRPV6 for use in diagnostics or drug delivery.

BACKGROUND

[0004] Soricidin (NCBI accession no. POC2C6) is a fifty-
four amino acid paralytic peptide isolated from the submax-
ilary saliva gland of the Northern Short-tailed Shrew (Blarina
brevicauda). U.S. Pat. No. 7,119,168 (incorporated by refer-
ence herein in its entirety) describes soricidin, its paralytic
activity and usefulness of the peptide for conditions, such as
treating pain and neuromuscular disease. U.S. Pat. No. 7,273,
850 (incorporated by reference herein in its entirety)
describes that soricidin has paralytic activity, and among
other things, provides data that it inhibits calcium uptake in
two ovarian cancer cell lines.

[0005] One group of calcium ion channels implicated in
cancer is the Transient Receptor Potential (TRP) channels
that are found across the invertebrates and vertebrates. The
Transient Receptor Potential Vanilloid (TRPV) members of
the TRP super-family were named after it was discovered that
they activate in the presence of vanilloids (capsaicin from hot
peppers for example). The first four of these receptors tested
(TRPV1, TRPV2, TRPV3 and TRPV4) all responded to cap-
saicin and were also responsible for detecting changes in
temperature and other environmental signals. The remaining
two ofthe TRPV sub-family, TRPVS5 and TRPV 6, were found
predominantly in epithelial type or derived tissues and were
responsible for influx of calcium ion into the cell. U.S. Pat.
No. 7,7205,108 describes genes encoding TRPV 8, 9 and 10
and their use as biomarkers for cancer and in associated
diagnostic and therapeutic methods.

[0006] TRPV6 was identified as responsible for import of
calcium into epithelial tissues of the intestine and hence
uptake of calcium from the diet. These channels were also
shown to be present in a number of other tissues in varying
amounts, but most notably intestinal epithelial cell, kidney,
placenta and pancreas. The expression of TRPV6 was mea-
sured as highly elevated in some cancer tissues and in some
known ovarian, breast, prostate, and leukemia cancer cell-
lines. (Peng et al. 2000; Zhuang et al. 2002).

[0007] Accordingly, there is a need for compounds and
associated methods for detecting cells that express TRPV6.

Dec. 30, 2010

There is also a need for compositions and methods capable of
targeting cells that express TRPV6 for the delivery of agents
useful for the diagnosis or treatment of cancer.

SUMMARY

[0008] The present inventor has synthesized compounds
that bind to TRPV6 calcium ion channels. These compounds
have at least a portion that has sequence identity to a continu-
ous string of amino acids from the C-terminal peptides of
soricidin. In certain cases, the peptide component represents
the entirety of the compound, while in other cases the peptide
is a component of the compound, for example, if the com-
pound comprises peptide conjugated to a drug or a detectable
label.

[0009] It was not previously known that the structure of
soricidin that provided calcium channel inhibition activity
was separate from the structure that caused paralytic activity.
Fluorescent conjugates of the compounds described herein
bind to cells expressing TRPV6 protein in co-localization
experiments with TRPV6 antibodies. TRPV 6 has been shown
to be overexpressed in a number of cancer-tissue samples and
celllines. TRPV6-binding compounds are useful for the iden-
tification of cancer as well as for targeting anti-cancer drug
activity to cells that express TRPV. A further aspect includes
the use of TRPV6 antibodies in the identification and diag-
nosis of cancer as well as for targeting anti-cancer drug activ-
ity to cells that express TRPV. In addition, fluorescently
labeled TRPV6-binding compounds have been shown to be
useful for imaging and identifying tumors in vivo. The
TRPV6-binding peptides described herein have also been
shown to be useful for targeting biomolecules to cells
expressing TRPV6, such as tumor cells.

[0010] Accordingly, some embodiments include a com-
pound comprising a Transient Receptor Potential Vanilloid 6
(TRPV6)-binding peptide conjugated to a biomolecule.
Optionally, the compound may comprise all or part of a
peptide with the amino acid sequence EGKLSSNDTEG-
GLCKEFLHPSKVDLPR (SEQ ID NO:1). In one embodi-
ment, the compound comprises from 9 to 27 amino acids of
SEQ ID NO:1. In one embodiment, the compound comprises
a contiguous part of the C-terminal sequence of SEQ ID
NO:1. In one embodiment, the compound comprises at least
9 contiguous amino acids of SEQ ID NO:1, at least 10 con-
tiguous amino acids of SEQ ID NO:1 or greater than 10
contiguous amino acids of SEQ ID NO:1. In one embodi-
ment, the compound comprises a TRPV6-binding peptide
with at least 70%, at least 80%, or at least 90% identity to one
of HPSKVDLPR, KEFLHPSKVDLPR or
EGKLSSNDTEGGLCKEFLHPSKVDLPR  (SEQ ID
NO:1). In some embodiments, the TRPV6-binding peptide
comprises the amino acid sequence HPSKVDLPR or KEFL.-
HPSKVDLPR.

[0011] In some embodiments, there is provided a com-
pound comprising an antibody to TRPV6 conjugated to a
biomolecule.

[0012] Inoneembodiment, the compound comprises a bio-
molecule with a detectable label. In some embodiments, the
biomolecule is fluorescently, radioactively or immunologi-
cally labeled. In one embodiment, the detectable label com-
prises a magnetic resonance imaging (MRI) contrast agent. In
one embodiment, the detectable label is super-paramagnetic
iron oxide (SPIO).
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[0013] Inoneembodiment,the biomolecule is atherapeutic
agent. Optionally, the therapeutic agent is an anti-cancer
agent for example a taxane-based drug, anthracycline-type
drug or a platin-based drug.

[0014] In some embodiments, the biomolecule is a small
drug molecule, oligosaccharide, antibody, antibody epitope,
nanometallic cluster, radioactively-labeled molecule, taxane-
based drug, anthracycline-type drug, platin-based drug, anti-
biotic, anti-cancer drug, anti-fungal, anti-viral or anti-retro-
viral, or boron complex, epitope for an endogenous or
therapeutically administered antibody, signaling peptide or
oligosaccharide that recruits immune cells e.g. killer-T cells.
[0015] In one embodiment, the TRPV6-binding peptide
and the biomolecule are attached through a spacer. In one
embodiment, the TRPV6-binding peptide is conjugated to
more than one biomolecule or to more than one type of
biomolecule.

[0016] Also included are pharmaceutical compositions
comprising a compound containing a TRPV6-binding pep-
tide as described herein and a pharmaceutically acceptable
carrier. Optionally, the pharmaceutical composition com-
prises a TRPV6-binding peptide conjugated to a biomolecule,
or to a plurality of biomolecules.

[0017] One embodiment includes a method for detecting
TRPV6 protein in a sample comprising contacting the sample
with a TRP-binding peptide comprising all or part of a peptide
comprising EGKLSSNDTEGGLCKEFLHPSKVDLPR
(SEQ ID NO:1) and detecting the TRPV6-binding peptide. In
one embodiment, the TRPV6-binding peptide is detected
using an antibody that selectively binds the TRPV6-binding
peptide.

[0018] Another embodiment includes a method for detect-
ing TRPV6 protein in a sample comprising contacting the
sample with a compound comprising a TRPV6-binding pep-
tide conjugated to a biomolecule and then detecting the bio-
molecule. For example, in one embodiment the biomolecule
is a fluorophore and the compound comprising the TRPV6-
binding peptide is detected by detecting the fluorophore.
[0019] A further embodiment includes the use of the com-
pounds described herein for detecting TRPV6 in a sample. In
one embodiment, the sample is a bodily fluid such as blood,
saliva or urine.

[0020] Some embodiments relate to methods for identify-
ing cancer in a sample from a subject comprising detecting
TRPV6 mRNA or protein in the sample and comparing the
amount of TRPV6 mRNA or protein in the sample with a
control sample, wherein an increased amount of TRPV6
mRNA or protein in the sample compared to the control is
indicative of cancer. In one embodiment, the sample is a
bodily fluid. In some embodiments, the TRPV6 protein is
detected in vivo, ex vivo or in vitro. The TRPV6 protein can
be detected using the compounds described herein or anti-
bodies directed to TRPV6. In some embodiments, TRPV6
mRNA is detected using PCR, RT-PCR or real time quanti-
tative RT-PCR. In some embodiments, said cancer is an early
stage cancer such as stage [ or stage II cancer.

[0021] Insomeembodiments the subject can be amammal,
such as a human. The sample may comprise a bodily fluid,
excreta, tissue sample, tumor sample or microvesicles. In one
embodiment, the bodily fluid is blood, urine, saliva, plasma,
cerebrospinal fluid, mucus, vaginal secretions, lymph or pleu-
ral fluid.

[0022] Insomeembodiments the methods described herein
are used to identify breast cancer, ovarian cancer, blood can-
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cer, brain cancer, retinal cancer, liver cancer, thyroid cancer,
colon cancer, prostate cancer, pancreatic cancet, glial cancer,
leukemia or endometrial cancer. In one embodiment, the can-
cer is metastatic cancer or lymph node metastatic cancer.
[0023] In one embodiment, the methods described herein
are used to stage cancer. In some embodiments, the method
includes comparing the amount of TRPV6 mRNA or protein
in a sample with a control sample or samples that have stage
I II, 11T or IV cancer.

[0024] In another embodiment, the methods described
herein are used to grade cancer cells or tumors. In some
embodiments, the cancer is ovarian cancer. In one, the meth-
ods disclosed herein identify subjects with grade I ovarian
cancer.

[0025] A further embodiment includes a method of manu-
facturing one of the compounds disclosed herein comprising
conjugating a biomolecule to a TRPV6-binding peptide or to
a TRPV6 antibody. In one embodiment, the TRPV6-binding
peptide is covalently conjugated to a biomolecule. For
example, in one embodiment the TRPV6-binding peptide
comprises all or part of SEQ ID NO:1 and the biomolecule is
attached through the cystein thiol corresponding to position
14 in SEQ ID NO:1. In one embodiment, the biomolecule is
conjugated to the peptide through an activated maleimide.
[0026] Yetanother embodiment includes a method of deliv-
ering a biomolecule to a cell expressing TRPV6 comprising
contacting the cell with a compound comprising a TRPV6-
binding peptide conjugated to a biomolecule or a TRPV6
antibody conjugated to a biomolecule. In one embodiment,
the biomolecule comprises a detectable label or a therapeutic
agent. The step of contacting the cell with the compound can
occur in vivo, in vitro or ex vivo. In some embodiments the
cell expressing TRPV6 comprises a tissue, tumor or
microvesicle.

[0027] Additional embodiments include kits for detecting
TRPV6 in a sample comprising reagents for conducting the
methods described herein and instructions for use. Other
embodiments include kits for diagnosing cancer, reagents for
conducting the methods described herein and instructions for
use.

[0028] In another aspect, there is provided a method of
identifying a cancer tumor in a subject. In one embodiment,
the cancer tumor over-expresses TRPV6. In some embodi-
ments, the method comprises administering to the subject a
compound comprising a TRPV6-binding peptide or an anti-
body to TRPV6 as described herein. The TRPV6-binding
peptide or antibody to TRPV6 is then detected, indicating the
presence of TRPV6. In one embodiment, the TRPV6-binding
peptide is detected by detecting a biomolecule conjugated to
the peptide. Optionally, regions of the subject with increased
levels of TRPV6 are then identified, wherein increased levels
of TRPV6 are indicative of a tumor. In one embodiment, the
levels TRPV6 are compared to a control level such as those
observed in a non-cancerous tissue, a pre-determined control
level, or an average level taken throughout the subject. In one
embodiment, TRPV6 is detected in vivo, for example by
detecting a fluorescent label conjugated to the TRPV6-bind-
ing peptide or antibody to TRPV6. In one embodiment,
TRPV6 is detected using magnetic resonance imaging (MRI)
and an MRI contrast agent conjugated to a TRPV6-binding
peptide. In some embodiments, the cancer tumor is a prostate
tumor, a breast tumor or an ovarian tumor.

[0029] Other features and advantages of the present inven-
tion will become apparent from the following detailed
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description. It should be understood, however, that the
detailed description and the specific examples while indicat-
ing preferred embodiments of the invention are given by way
of illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from the detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Embodiments of the invention will now be
described in relation to the drawings in which:

[0031] FIG.1 is a line drawing showing the location of the
lymph nodes in the mouse. Significant accumulation of
SorC13-Cy5.5 compound and SorC27-Cy 5 5 compound four
hours after i.v. injection of 100 ug of each of the labeled
peptides into CD1 mice was observed in the following nodes
labeled in FIG. 1: 1. Superfacial cervical nodes; 4. Axillary
nodes; 5. Branchial nodes; 8. Mesenteric nodes; 9. Inguinal
nodes.

[0032] FIG. 2 shows the distribution of SorC13-Cy5.5
compound in CD1 mice 4 hours afteri.v. injection. The Y-axis
is the percentage of total fluorescence measured in all tissues.
[0033] FIG. 3 shows the distribution of SorC27-Cy5.5
compound in CD1 mice 4 hours afteri.v. injection. The Y-axis
is the total fluorescence measured in each tissue.

[0034] FIG. 4 shows the distribution of SorC13-Cy5.5
compound in CD1 mice after i.v. injection over time after
perfusion to wash out fluids. The Y-axis is the percentage of
total fluorescence measured in all tissues. The highest percent
uptake (of total fluorescence) of SorC13-Cy5.5 compound
was observed in liver, lung and kidney. Lymph node is not
shown because perfusion washes out lymph. Panel A shows
the distribution 4 hours after i.v. injection and Panel B 24
hours after i.v. injection.

[0035] FIG. 5 shows the immuno-localization of TRPV6in
ovarian cancer cells (SKOV-3). SKOV-3 cells were trans-
fected with a TRPV6-GFP fusion protein. Both endogenous
TRPV6 and TRPV6-GFP were detected with a combination
of a primary antibody to TRPV6 N-terminal region and a
secondary antibody to IgG labeled with FITC (a green fluo-
rescent label). One cell in the field shows co-localization of
brightly fluorescent, transfected TRPV6-GFP protein and the
antibody to TRPV6. The other cells (not transfected) in the
field show the red fluorescence of wheat germ agglutinin
marking the cell membrane, and the green fluorescence of
immuno-localization indicating the secondary antibody
labeled with FITC used to detect the primary anti-TRPV6
antibody.

[0036] FIG. 6 shows the co-localization of TRPV6 protein
expressed in HEK-293 cells with antibody to TRPV6 and
with SorC27-cy5.5. HEK293 cells not transfected with the
TRPV6 expression vector show no fluorescence when incu-
bated with SorC27-cy5.5 (FIG. 6A, negative control). FIG.
6B shows cells imaged with green TRPV-antibody while FIG.
6C shows the same field of cells imaged with red SorC27-
cyS.5. FIG. 6D shows both images superimposed and the
co-localization of TRPV6 and SorC27-cy5.5 in cells trans-
fected with TRPV6 vector.

[0037] FIG. 7 shows the co-localization of SorC27-cy5.5
and fluorescently labeled TRPV6 antibodies in prostate can-
cer cell line PC-3. The A series of images shows Al: TRPV6-
antibody immunofluorescence, A2: labeling with SorC27-
cyS.5 and A3: overlap of Al and A2. The B series of images
shows PC-3 cells in the same sequence as the A series, but
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now transfected with a TRPV6 expression vector to increase
the level of TRPV6 expressed by the cells. Both series of
images show co-localization of SorC27-cy5.5 and TRPVG6.
The level of TRPV6 immunofluorescence and SorC27-cy5.5
fluorescence are both increased in the transfected cells with
increased TRPV6 expression shown in the 7B series of Fig-
ures compared to the cells in the 7A series of Figures.

[0038] FIG. 8 shows the co-localization of SorC27-cy5.5
and fluorescently labeled TRPV6 antibodies in breast cancer
cellline T 47D. The A series of images shows Al: immunot-
luorescence, A2: labeling with SorC27-cy5.5 and A3: overlap
of Al and A2. The B series of images shows PC-3 cells in the
same sequence as the A series, but now transfected with a
TRPV6 expression vector to increase the level of TRPV6
expressed by the cells. Both series of images show co-local-
ization of SorC27-cy5.5 and TRPV6. The level of TRPV6
immunofluorescence and SorC27-cy5.5 fluorescence are
both increased in the transfected cells with greater TRPV6
expression shown in the 8B series of Figures compared to the
cells in the 8A series of Figures.

[0039] FIG. 9 shows the co-localization of SorC27-cy5.5
and fluorescently labeled TRPV6 antibodies in ovarian can-
cer cell line SKOV-3. The A series of images shows Al:
immunofluorescence, A2: labeling with SorC27-cy5.5 and
A3:overlap of Al and A2. The B series of images shows PC-3
cells in the same sequence as the A series, but now transfected
with a TRPV6 expression vector to increase the level of
TRPVG6 expressed by the cells. Both series of images show
co-localization of SorC27-cy5.5 and TRPV6. The level of
TRPV6 immunofluorescence and SorC27-cy5.5 fluorescence
are both increased the transfected cells with greater TRPV6
expression shown in the 9B series of Figures compared to the
cells in 9A series of Figures.

[0040] FIG. 10 shows the PCR detection of TRPV6 cDNA
present in cDNA libraries made from total RNA extracted
from a number of human ovarian tumor biopsies. Lane 1:
Blank; 2: LTL320 TRPV6; 3: LTL320 $-actin; 4: LTL317
TRPV6; 5: LTL317 B-actin, 6: LTL.269 TRPV6; 7: LTL269
[-actin, 8: 100 base pair ladder; 9: TRPV6 negative control;
10: p-actin negative control. The ranking of the band densities
of the 3 TRPV6 amplicons for as reported in Table 1 is:
LTL320 (+); LTL317 (+++); LTL269 (++++). The TRPV6
amplicon is at approximately 370 base pairs and the p-actin
amplicon is at 50 base pairs.

[0041] FIG. 11 shows the PCR detection of TRPV6 cDNA
present in cDNA libraries made from total RNA extracted
from a number of human ovarian cancer cell lines. Lane
1-Blank; 2-100 base pair ladder; 3-Positive control;
4-OVCAR3; 5-SKOV3 6A-OVC13 badly degraded, 6B
OVCI13 repeat showing some TRPV6 signal; 7-HEYC2;
8-O0V2008; 9-Negative control; 10-100 by ladder. The
TRPV6 amplicon is at approximately 370 base pairs. Lanes 7
and 8 were isolated from very small sample sizes (low cell
count) and thus show weak signals.

[0042] FIG. 12A shows the PCR detection of TRPV6
cDNA present in cDNA libraries made from total RNA
extracted from a number of human breast cancer cell lines.
Lane 1: HCC1954 p-actin; 2: T47D p-actin; 3: MCF10A
[-actin; 4: 100 base pair ladder; 5: HCC1954 TRPVG6; 6: T
47D TRPV6; 7: contaminated sample; 8: TRPV6 positive
control from a TRPV6-containing expression vector
(pcAGGS-TRPV6). FIG. 12B shows the PCR detection of
TRPV6 cDNA present in cDNA libraries made from total
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RNA extracted from the human breast cancer cell line MB423
(to the right of the 100 by ladder). The TRPV6 amplicon is at
approximately 370 base pairs.

[0043] FIG. 13 shows PCR detection of TRPV6 ¢cDNA
present in cDNA libraries made from total RNA extracted
from a human prostate cancer cell line (PC-3). The TRPV6
amplicon is at approximately 370 base pairs. The molecular
weight ladder is a 100 by ladder. Lane 1: Blank; Lane 2: PCR
of ¢cDNA library from PC-3 cells; Lane 3: blank; Lane 4: MW
ladder; Lane 5: blank.

[0044] FIG. 14 is a Western blot showing the detection of
TRPV6 protein over-expression in extracts from human ova-
rian, breast and prostate cancer cell lines. Lane 1: Molecular
weight standard; 2: blank; 3: HEP G2 (positive control); 4:
Breast cancer cell line T 47D; 5: Ovarian cancer cell line
SKOV-3; 6: Prostate cancer cell line PC-3. In lane 3, the HEP
G2 (hepatoblastoma) lysate shows two bands: the top band is
TRPV6 that has not been glycosylated while the fully glyco-
sylated TRPV6 is shown in the second band. The de-glyco-
sylated TRPV6 is heavily produced in all three cancer cell
types. De-glycosylation of membrane-bound TRPV6 has
been shown to trap the ion channel in the membrane and to
increase channel activity (Lu et al., 2008).

[0045] FIGS. 15A, 15B, 15C and 15D are Western blots
showing the detection of TRPV6 protein in extracts from 18
human ovarian tumor samples. Each separate patient/tumour
is cited as an alphanumeric code. In all sections the top arrow
at the right of the image indicates the position of the glyco-
sylated form of TRPV6 while the lower arrow indicates the
position of the de-glycosylated form of TRPV6 protein. FI1G.
15A: Lane 1: molecular weight standard; 2: LTL-175; 3:
LTL-205; 4: LTL-234; 5: LTL-237; 6: LTL-246; 7: HEP G2
(positive control); 8: molecular weight standard. FIG. 15B:
Lane 1: molecular weight standard; 2: [LT1.-247; 3: LTL-258;
4: LTL-259; 5: LTL-260; 6: LTL-269; 7: HEP G2 (positive
control); 8: molecular weight standard. FIG. 15C: Lane 1:
molecular weight standard; 2: LTL.-273;3: LTL-284; 4: LTL-
290; 5: LTL-300; 6: PC-3; 7: blank; 8: molecular weight
standard. FIG. 15D: Lane 1: molecular weight standard; 2:
LTL-305; 3: LTL-315; 4: LTL-317; 5: LTL-320; 6: PC-3; 7:
blank 8: molecular weight standard. The PC-3 was a small
protein load (50 ug) to match the ovarian tumor biopsy pro-
tein load (50 ug) and shows a very weak signal, barely visible
in 15D (for example see FIG. 14, lane 3 for HEP G2 and lane
6 for PC-3). Trapped, de-glycosylated TRPV6 is the predomi-
nant form observed in each ovarian tumor sample tested. The
bands in the HEP-G2 control are very faint with this amount
of'loaded protein and indicate further the over-expression of
TRPV6 in the tested biopsies.

[0046] FIG. 16 is a Western blot showing the detection of
TRPV6 protein over-expressed in extracts of human glioblas-
toma (U87MG), human colon (CaCo-2) and pancreatic car-
cinoma cells (Panc1). Lane 1: Molecular weight markers with
the light thin band at 75 kDa; 2: U87MG cells; 3: CaCo-2
cells; 4: Pancl cells at 2 culture passages; 5: Panc1 cells at 5
culture passages; 6: Pancl cells at 7 culture passages. In the
last three lanes, increasing the passage number appears to
increase the amount of de-glycosylated TRPV6. The top band
is the glycosylated form of the ion channel and the lower band
is the de-glycosylated form of TRPV6.

[0047] FIG. 17 shows the calibration of grading for tissue
micro-array immunohistochemical (IHC) scores with corre-
sponding representative sample images.
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[0048] FIG. 18 shows the percentage of tissue micro-array
slides that were negative for TRPV6 antibody staining or had
a stain intensity score 1 for normal ovarian tissue samples
compared to serous papillary adenocarcinoma tissue samples
with grade I, grade I, or grade III cancer. 100% of serous
papillary adenocarcinoma tissue samples had a stain intensity
score of 21, compared with only about 24% of normal ova-
rian tissues.

[0049] FIG. 19 shows the immunohistochemical detection
of TRPV6 in micro-array samples of normal ovarian tissues,
as well as in samples of Grades I, II and III serous papillary
carcinoma. TRPV6-antibody staining intensity scores (-,
—/+, +, ++, +++ or ++++) are also given for each sample.

[0050] FIG. 20 shows the co-localization of antibodies to
TRPV6 and fluorescently labeled SorC27-cy5.5 in a tissue
micro-array sample of grade II serous papillary adenocarci-
noma. Panel A shows an ovarian tumour biopsy stained with
an antibody to TRPV6 while Panel B shows the same sample
stained with the fluorescent tagged peptide SOR-C27-cy5.5.

[0051] FIG. 21 shows the time dependent localization of
SorC27-cy5.5 in xenograft mouse models of ovarian (FIG.
21A) and prostate (FIG. 21B) cancer tumors. FIG. 21C
shows: 3-D image of a mouse indicating the plane of obser-
vation (left), an image of a 2 mm slice of the mice through the
center (middle) and, animage showing a perpendicular ‘slice’
through the center of the tumors (right) for both ovarian
(SKOV-3; top) and prostate (DU145; bottom) tumors.

[0052] FIG. 22 shows TRPV6 mRNA expression relative to
healthy controls in samples of ovarian (A), prostate (B) and
breast (C) cancer.

[0053] FIG. 23 shows the localization of an MRI enhance-
ment agent conjugated to the TRPV6 binding peptide SorC27
(SPIO-SorC27) to SKOV-3 derived ovarian tumors
xenografted into CD-1 nude mice. Panel A shows the tumor
indicated by the white arrow prior to and 24 hours after
injection of SPIO control beads. Panel B shows the tumor
prior to (white arrow) and 24 hours after injection with SP1O-
SorC27 and the localization of the contrast agent to the tumor
site (dashed white arrow).

[0054] FIG. 24 shows RT-PCR analysis of the amount of
TRPV6 mRNA isolated from blood samples from healthy
controls and patients with prostate (FIG. 24A), breast (FIG.
24B) and ovarian (24C) cancers at different cancer stages.
RT-PCR of TRPV6 mRNA easily distinguishes subjects with
stage I cancer from healthy controls.

[0055] FIG. 25 shows the amount TRPV6 mRNA deter-
mined by RT-PCR in blood plasma of healthy women com-
pared to women with either Stage [ or Stage I1 ovarian cancer.
The data represent the integrated band density readings of the
amplicons from the samples. The samples were determined in
triplicate for each sample. Both Stage I (p<0.0001) and Stage
II (p=0.047) TRPV6 levels were statistically significantly
larger than observed in plasma from healthy women.

[0056] FIG. 26A shows Western blot data for TRPV6 pro-
tein levels in samples of blood plasma from healthy women
compared to women with Stage | and Stage Il ovarian cancer.
The figure shows the quantified band density of TRPV6 anti-
body staining. Both Stage I (p=0.0001) and Stage II (p=0.
0210) TRPV6 levels were significantly higher than those
observed in plasma from healthy women. FIG. 26B compares
the band density from Western Blots of healthy plasma and
combined Stage I and II data (‘early stage’ ovarian cancer).
The plasma from combined stage I and II cancer patients
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contained statistically significant higher amounts of TRPV6
protein than healthy women (p=0.0006).

DETAILED DESCRIPTION

[0057] The inventor has determined that TRPV6 calcium
channel expression is upregulated in certain cells, such as
ovarian cancer cells, and that this overexpression is indicative
of cancer. The present description provides new methods for
detecting TRPV 6 overexpression for identifying and/or diag-
nosing cancer. The application also provides new compounds
and methods that target TRPV6 protein or cells that express
TRPV6 such as cancer cells.

[0058] In one embodiment, the inventor synthesized com-
pounds that bind to calcium channels and in particular to
TRPV6 calcium channels. The TRPV6-binding compounds
described herein have sequence identity to part of soricidin
but do not exhibit paralytic activity. It is surprising that the
compounds retain TRPV-6 binding activity in the absence of
paralytic activity. It was not previously known that soricidin
has two functional domains in its structure, one portion that
binds to calcium channels and the other portion which binds
to sodium channels. It was also unknown that peptides could
be prepared that separated the calcium channel detection/
binding activity from the sodium-channel binding paralytic
activity.

[0059] The inventor has determined that it is an N-terminal
domain of soricidin that has the paralytic function and a
C-terminal domain that has the calcium channel inhibitor
function, and more specifically TRPV6-binding activity.
Truncating soricidin at the N-terminal successfully produced
peptides that retain calcium channel binding/detection activ-
ity without exhibiting paralytic activity. The compounds
therefore are more likely to bind to TRPV6 in vivo because
sodium channels cannot bind the compounds and remove
them from circulation. As well, the calcium channel-binding
activity is now obtained without the unwanted side effect of
sodium channel-binding, which avoids paralysis and other
potential side effects. The surprising nature of the embodi-
ments described herein is emphasized by considering that,
while bifunctional large proteins and enzymes are common in
biological systems, inherent bifunctionality is a very rare
phenomenon in small peptides, particularly where one end of
the peptide binds calcium channels and the other end of the
peptide binds sodium channels. Reports in the literature of
bifunctionality have typically resulted from artificial produc-
tion, for example, where two different peptides have been
chemically fused (Anes et al. 2006; Yamamoto et al. 2008).
[0060] The compounds described herein typically have a
peptide component that is half the length of soricidin, or
shorter. In one embodiment, the peptide retains TRPV6 bind-
ing activity. In some embodiments, the peptide component is
the entirety of the compound, while in other embodiments it
is a component of the compound, for example, if the com-
pound comprises peptide conjugated to a drug or a detectable
label. In one embodiment, the TRPV6-binding peptide com-
prises all or part of a peptide comprising EGKLSSNDTEG-
GLCKEFLHPSKVDLPR (called “SorC277; SEQ ID NO:1).
The TRPV6-binding peptide optionally comprises a contigu-
ous part of SEQ ID NO: 1. In some embodiments, the TRPV6-
binding peptide comprises a contiguous part of the C-termi-
nal sequence of SEQ ID NO:1. Optionally the TRPV6-
binding peptide comprises at least: 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19 or 20 amino acids of SEQ ID NO:1. In some
embodiments, the compound comprises a TRPV6-binding
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peptide that has at least 50% identity over its full length to a
part of SEQ ID NO:1. In some embodiments, the compound
comprises a TRPV6-binding peptide that has at least 70%,
80% or 90% identity over its full length to a part of SEQ ID
NO:1. In some embodiments, the TRPV6-binding peptide
optionally comprises, consists essentially of or consists of the
amino acid sequence: HPSKVDLPR (called “SorC9”’; amino
acid nos. 19-27 of SEQ ID NO:1), KEFLHPSKVDLPR
(called “SorC13”; amino acid nos. 15-27 of SEQ ID NO:1) or
EGKLSSNDTEGGLCKEFLHPSKVDLPR (“SorC277;
SEQ ID NO:1). The SorC9 9 amino acid sequence
HPSKVDLPR contains three positive charges at physiologi-
cal pH that are expected to interact with the four negatively
charged aspartic acids that are present at the entrance to the
calcium channel of the TRPV6 tetramer (den Dekker et al.
2003).

[0061] Insomeembodiments, the TRPV6-binding peptides
are typically 35 or 30 amino acids or less, optionally less than:
27,25,20, 15 or 13 amino acids long, while optionally at least
9 amino acids long. The TRPV6-binding peptide optionally
comprises at least 9-13, 10-15, 15-20, 20-25 or 20-27 amino
acids. In some embodiments, amino acids may be added to the
TRPV6-binding peptides described herein. One can readily
make longer peptides by adding a variety of additional amino
acids to the SorC27 sequence to make a TRPV6-binding
peptide that could be up to, for example, 30, 35, 40 or 45
amino acids long (e.g. additional amino acids corresponding
to the soricidin amino acid sequence such as one or more of
the amino acids that are immediately towards the N-terminal
segment of SorC27 in soricidin (SILARPAELNTETCILEC
SEQ ID NO:2), a targeting sequence, or other amino acids) or
longer.

[0062] In some embodiments, the compounds comprise
TRPV6-binding peptide conjugated to a biomolecule, which
is optionally a second protein or peptide, either directly or
through a spacer. In some embodiments, the spacer molecule
may be a carbon containing substance. For example, the
spacer may be a short peptide, such as 3 amino acids (Gly-
Gly-Gly) or longer, or a carbon chain, for example, (CH,),,
wherein n optionally equals 1 to 5, 1 to 10, or greater than 10.
In other embodiments the spacer is optionally a polymer, for
example Poly-ethylene Glycol (PEG), a sugar, a lipid or the
like.

[0063] As noted above, a TRPV6-binding peptide of the
invention will have calcium channel binding activity. The
peptides having such activity are readily identified with any
known assays suitable for measuring binding of the peptides
with TRPV6. For example, in one embodiment, a peptide
having calcium channel inhibition activity is optionally iden-
tified by determining that the peptide reduces calcium chan-
nel activity by reducing (i.e., partially or fully inhibiting) the
flow of calcium through calcium channels. TRPV6-binding
activity can also be measured using methods such as: inter-
nalized calcifluors (such as FURA-2 am); whole cell patch
clamping to measure inhibition calcium currents electro-
physiologically; equilibrium binding assays using peptides
labeled with detectable tags such as radioactive or fluorescent
tags; and/or NMR determination of “bound’ and ‘unbound’
peptides. In some embodiments, the TRPV6-binding pep-
tides also have 1) calcium channel blocking and ii) lack of
paralytic activity.

[0064] Calcium channel binding activity is optionally iden-
tified by using a readily available cell line (e.g. human embry-
onic kidney cell lines-HEK293) transfected with an expres-
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sion vector for TRPV6. Such transfected cells are readily
aliquoted and stored (typically —80° C.) until required. This
provides a standard transfected cell preparation to test for
detection of calcium ion channels in the cells and for testing
for the inhibition of these ion channel activities. Optionally
the peptides have an equilibrium inhibition constant of less
than: 1000 nM, 150 nM or 100 nM in LNCaP, HEK293 or
SKOV-3 cell models. For example, the equilibrium dissocia-
tion constant (Kd) for SorC27 is 140 nM and for SorC13 is
100 nM in an LNCaP model. Based on a linear relationship
with the number of amino acids, the Kd of SorC9 is expected
to be approximately 90 nM.

[0065] The TRPV6-binding peptides described herein
optionally include analogs of the aforementioned peptides.
Analogs ofthe protein of the invention optionally include, but
are not limited to an amino acid sequence containing one or
more amino acid substitutions, insertions, deletions and/or
mutations. Amino acid substitutions may be of a conserved or
non-conserved nature. Conserved amino acid substitutions
involve replacing one or more amino acids of the peptides of
the invention with amino acids of similar charge, size, and/or
hydrophobicity characteristics. When only conserved substi-
tutions are made, the resulting analog should be functionally
equivalent. Non-conserved substitutions involve replacing
one or more amino acids of the amino acid sequence with one
or more amino acids that possess dissimilar charge, size,
and/or hydrophobicity characteristics. The analog is option-
ally a peptoid, which is an N-substituted polyglycine with
amino acid R groups attached at the N atom. Another analog
is optionally a peptide synthesized from D-amino acids rather
than the natural L-amino acids.

[0066] One or more amino acid insertions are optionally
introduced into the TRPV6-binding peptide sequences of the
invention. Amino acid insertions consist of single amino acid
residues or sequential amino acids ranging for example from
2 to 15 amino acids in length.

[0067] Deletions consist of the removal of one or more
amino acids, or discrete portions from the amino acid
sequence of the peptide. The deleted amino acids may or may
not be contiguous.

[0068] Analogs of a TRPV6-binding peptide of the inven-
tion are optionally prepared by introducing mutations in a
nucleotide sequence encoding the peptide. Mutations in
nucleotide sequences constructed for expression of analogs
of'a protein of the invention preserve the reading frame of the
coding sequences. Furthermore, the mutations will preferably
not create complementary regions that could hybridize to
produce secondary mRNA structures such as loops or hair-
pins, which could adversely affect translation of the mRNA.
[0069] Mutations are optionally introduced at particular
loci by synthesizing oligonucleotides containing a mutant
sequence, flanked by restriction sites enabling ligation to
fragments of the native sequence. Following ligation, the
resulting reconstructed sequence encodes an analog having
the desired amino acid insertion, substitution, or deletion.
[0070] Alternatively, oligonucleotide-directed site-specific
mutagenesis procedures are employed to provide an altered
gene having particular codons altered according to the sub-
stitution, deletion, or insertion required. Deletion or trunca-
tion of a peptide of the invention is also readily achieved by
utilizing convenient restriction endonuclease sites adjacent to
the desired deletion. Subsequent to restriction, overhangs
may be filled in, and the DNA re-ligated. Exemplary methods
of making the alterations set forth above are disclosed by
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Sambrook et al. (Sambrook J et al. 2000. Molecular Cloning:
A Laboratory Manual (Third Edition), Cold Spring Harbor
Laboratory Press).

[0071] Inaddition, analogs of a TRPV6-binding peptide of
the invention are readily prepared by chemical synthesis
using techniques well known in the chemistry of proteins
such as solid phase synthesis (Merrifield, 1964, J. Am. Chem.
Assoc. 85:2149-2154) or synthesis in homogenous solution
(Houbenweyl, 1987, Methods of Organic Chemistry, ed. E.
Wansch, Vol. 15 I and II, Thieme, Stuttgart). The TRPV6-
binding peptides of the invention also include peptides having
sequence identity to a peptide of the invention, mutated pep-
tides and/or truncations thereof as described herein. Such
peptides have amino acid sequences that correspond to
nucleic acid sequences that hybridize under stringent hybrid-
ization conditions (see discussion of stringent hybridization
conditions herein) with a probe used to obtain a peptide of the
invention. Peptides having sequence identity will often have
the regions that are characteristic of the protein.

[0072] Other useful peptides of the invention optionally
comprise, consist essentially of or consist of an amino acid
sequence with at least: 30%, 40%, 50%, 60%, 70%, 80%,
90% or 95% sequence identity to all or part of SEQ ID NO:1
described herein, wherein the peptide has TRPV6-binding
activity. Sequence identity is typically assessed by the
BLAST version 2.1 program-advanced search (parameters as
above; Altschul, S. F., Gish, W., Miller, W., Myers, E. W. &
Lipman, D. J. (1990) “Basic local alignment search tool.” J.
Mol. Biol. 215:403-410). BLAST is a series of programs that
are available online through the U.S. National Center for
Biotechnology Information (National Library of Medicine
Building 38A Bethesda, Md. 20894) The advanced Blast
search is set to default parameters. References for the Blast
Programs include: Altschul, S. F., Gish, W., Miller, W.,
Myers, E. W. & Lipman, D. J. (1990) “Basic local alignment
searchtool.” J. Mol. Biol. 215:403-410; Gish, W. & States, D.
J. (1993) “Identification of protein coding regions by data-
base similarity search.”” Nature Genet. 3:266-272.; Madden,
T. L., Tatusov, R. L.. & Zhang, J. (1996) “Applications of
network BLAST server” Meth. Enzymol. 266:131-141; Alts-
chul, S. F., Madden, T. L., Schiffer, A. A., Zhang, J., Zhang,
Z., Miller, W. & Lipman, D. J. (1997) “Gapped BLAST and
PSI-BLAST: a new generation of protein database search
programs.” Nucleic Acids Res. 25:3389-3402); Zhang, J. &
Madden, T. L. (1997) “PowerBLAST: A new network
BLAST application for interactive or automated sequence
analysis and annotation.” Genome Res. 7:649-656). In a fur-
ther embodiment, there is provided a compound comprising
an antibody to TRPV6 conjugated to a biomolecule.

Preparation of Antibodies

[0073] In one aspect, antibodies to TRPV6 are useful in
accordance with the embodiments described herein. In
another aspect, antibodies to the TRPV6-binding peptides, or
antibodies to the compounds comprising the TRPV6-binding
peptides, are useful to identify the presence of the peptide in
atest sample. Any method of labeling the antibody that would
report on peptide density/location would be useful (e.g. radio-
actively labeled peptide or fluorescently tagged peptide). The
antibody is typically a monoclonal antibody or a polyclonal
antibody. The antibodies are also valuable for immuno-puri-
fication of peptides. For example, one may contact a biologi-
cal sample with the antibody under conditions allowing the
formation of an immunological complex between the anti-
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body and a peptide recognized by the antibody and detecting
the presence or absence of the immunological complex
whereby the presence of the peptide of the invention is
detected in the sample. The invention also includes compo-
sitions preferably including the antibody, a medium suitable
for the formation of an immunological complex between the
antibody and a peptide recognized by the antibody and a
reagent capable of detecting the immunological complex to
ascertain the presence of TRPV6, the TRPV6-binding pep-
tides of the invention or similar peptides.

[0074] To recognize the TRPV6-binding peptides of the
invention, one may generate antibodies against a range of
unique epitopes throughout the peptides. Optionally, to rec-
ognize the compounds comprising the TRPV6-binding pep-
tides one may generate antibodies against a range of unique
epitopes throughout the compound.

[0075] Monoclonal and polyclonal antibodies are prepared
according to the description in this application and techniques
known in the art. For examples of methods of the preparation
and uses of monoclonal antibodies, see U.S. Pat. Nos. 5,688,
681, 5,688,657, 5,683,693, 5,667,781, 5,665,356, 5,591,628,
5,510,241, 5,503,987, 5,501,988, 5,500,345 and 5,496,705
that are incorporated by reference in their entirety. Examples
of the preparation and uses of polyclonal antibodies are dis-
closedin U.S. Pat. Nos. 5,512,282, 4,828,985, 5,225,331 and
5,124,147, which are incorporated by reference in their
entirety.

[0076] The term “antibody” as used herein includes frag-
ments thereof which also specifically react with TRPV6 or a
TRPV6-binding peptide of the invention. Antibodies can be
fragmented using conventional techniques and the fragments
screened for utility in the same manner as described above.
For example, F(ab'), fragments can be generated by treating
antibody with pepsin. The resulting F(ab'), fragment can be
treated to reduce disulfide bridges to produce Fab' fragments.
[0077] In one embodiment, a TRPV6 protein may be
detected in a sample by contacting the sample with a TRPV6-
binding peptides and then detecting the TRPV6-binding pep-
tide with an antibody that selectively binds the TRPV6-bind-
ing peptide. In some embodiments the antibody selectively
binds a TRPV6-binding peptide or compound of the inven-
tion but does not bind soricidin.

Compounds of TRPV6-Binding Peptide Conjugated to a Bio-
molecule

[0078] The embodiments described herein include novel
compounds comprising a TRPV6-binding peptide conju-
gated to a biomolecule. As used herein, a “biomolecule”
includes any atom or molecule that is detectable through
chemical, biological or physical means or exhibits chemical
or biological activity. In some embodiments, the “biomol-
ecule” comprises an inorganic molecule such as boron clus-
ters and iron, gold, silver and nickel nano-structures. In one
embodiment, the biomolecule comprises a detectable label or
a therapeutic agent. In one embodiment, the biomolecule is a
moiety of the compound that is distinguishable from the
TRPV6-binding component of the compound.

[0079] As used herein, “conjugated to a biomolecule”
refers to linking the TRPV6-binding peptide with a biomol-
ecule. In some embodiments, the linking is the result of a
chemical bond between a TRPV6-binding peptide and a bio-
molecule. In one embodiment, the linking is a covalent bond.
The TRPV6-binding peptide may also be conjugated to a
biomolecule through the use of recombinant genetic tech-
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nologies wherein a nucleic acid sequence encodes both the
TRPV6-binding peptide and a protein biomolecule. In some
embodiments, the TRPV6-binding molecule is directly
linked to a biomolecule. In other embodiments, a spacer is
used to link the TRPV6-binding peptide with the biomol-
ecule. In some embodiments, a TRPV6-binding molecule
may also be chemically modified such that it comprises a
biomolecule, such as by radioactively labeling the TRPV6-
binding peptide. In one embodiment the biomolecule is con-
jugated to the TRPV6-binding peptide through a bond that
can be hydrolyzed by general hydrolytic enzymes.

[0080] The compounds and compositions described herein
may be used to detect or bind TRPV6 protein in vivo, in vitro
or ex vivo. In some embodiments, the compounds include a
biomolecule that comprises a detectable label. Any suitable
biomolecular labeling system known in the art may be used to
detectably label the TRPV6-binding peptides described
herein. In some embodiments, the label is selected from the
group consisting of a radioisotope, a bioluminescent com-
pound, a chemiluminescent compound, a fluorescent com-
pound, a metal chelate, and an enzyme. In some embodi-
ments, the biomolecule may comprise a fluorescent,
radioactive or immunological labeled. As used herein the
terms “fluorescent label” or “fluorophore” refer to a molecule
or moiety that can absorb energy of a specific wavelength and
re-emit energy at a different specific wavelength. For
instance, examples of fluorescent labels include, but are not
limited to, Cy2, Fluor X, Cy3, Cy3.5, CyS5, Cy5.5, Cy7,
fluorescein isothiocyanate (FITC), Texas Red, or Rhodamine.
In some embodiments, the compound includes more than one
biomolecule conjugated to TRPV6-binding peptides.

[0081] The compounds described herein can be used to
deliver diagnostically or therapeutically useful biomolecules
to tumors, tissues or cells that produce TRPV6. In some
embodiments the compound includes a biomolecule that is
detectable by Positron Emission Tomography (PET), radio-
metric detection, or by Magnetic Resonance Imaging (MRI).
[0082] Inoneembodiment, the biomolecules conjugated to
the TRPV6-binding peptides include metallic nano-clusters.
In some embodiments, metallic clusters such as SPIO (super
paramagnetic iron oxide) provide for very sensitive detection
using MRI (Magnetic Resonance Imaging) that could be used
for primary detection of TRPV6-rich tumors, tissues and
cells. As shown in Example 28 and FIG. 23, the TRPV6-
binding peptide SorC27 conjugated to SPIO targets tumors
and can be used to identify cancer tumors in vivo.

[0083] Insomeembodiments, the compounds and methods
described herein allow for the estimation of tumor volume or
for following the change in tumor volume during the course
of treatment of the cancer. Microvesicles sloughed of from
TRPV6-rich tumors and present in a bodily fluid are also
readily detected by metallo-TRPV6-binding peptide conju-
gates.

[0084] In another embodiment, the TRPV6-binding pep-
tides are conjugated with biomolecules that are radio-mol-
ecules such as '®F-containing biomolecules. These com-
pounds target TRPV 6-expressing tumors, cells or tissues, and
allow for the detection in vitro, ex vivo or in vivo using PET
scanning (Positron Emission Tomography) of tumors, cells or
tissues that express TRPV6 (Cheng et al. J. Nucl. Med.
48:987-994, 2007). Similarly, microvesicles sloughed of
from TRPV6-rich tumors and present in the blood, other
bodily fluids and excreta, can be detected by *F-derivatives
of'the TRPV6-binding peptides.
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[0085] In an additional embodiment, TRPV6-binding pep-
tides conjugated with '**I-containing biomolecules target
such compounds to TRPV6-expressing tumors, cells or tis-
sues in vitro, ex vivo or in vivo to allow for detection using
radiometric methods of these tumors, cells or tissues (Bolton
et al. Biochem. J., 133, 529-539, 1973). Similarly,
microvesicles sloughed off from TRPV6-rich tumors and
present in the blood, other body fluids or excreta can be
detected by using the compounds described herein.

[0086] In some embodiments, the compounds disclosed
herein include a biomolecule that is a therapeutic agent. As
used herein, a “therapeutic agent” is a substance used in the
treatment, cure, prevention or suppression of a disease, dis-
order or medical condition. A therapeutic agent may also be
used in the treatment, cure prevention or suppression of any
symptoms associated with a disease, disorder or medical
condition.

[0087] In some embodiments, the therapeutic agent is an
anti-cancer agent. Examples of anti-cancer agents include,
but are not limited to, taxane-based drugs, platin-based drugs,
anthracyclines (e.g. doxorubicin, cyclophosphamide), topoi-
somerase [1 inhibitors (e.g. etoposide), alkylating agents (e.g.
ifosfamide) plant alkaloids (e.g. vinorelbine), and antime-
tabolites (e.g. fluorouracil).

[0088] In some embodiments, the biomolecule is a small
drug molecule, oligosaccharide, antibody, antibody epitope,
nanometallic cluster, radioactively-labeled molecule, taxane-
based drug, anthracycline-type drug, platin-based drug, anti-
biotic, anti-cancer drug, anti-fungal, anti-viral or anti-retro-
viral, or boron complex.

[0089] In some embodiments, the compound comprises a
TRPV6-binding peptide attached to a biomolecule through a
spacer. In one embodiment, the biomolecule is a protein or
peptide and the compound is a fusion protein of the TRPV6-
binding peptide and the biomolecule. Optionally, the fusion
protein includes a peptide spacer between and the TRPV6-
binding peptide and the biomolecule.

[0090] The invention also includes an isolated nucleic acid
encoding a TRPV6-binding peptide of the invention, such as
anucleic acid encoding SEQ ID NO:1 or one of its fragments
described herein. The invention also relates to isolated anti-
bodies against a peptide of the invention. In one embodiment,
the antibody optionally selectively binds a peptide of the
invention, but does not bind to soricidin.

Compounds of TRPV6 Antibodies Conjugated to a Biomol-
ecule

[0091] In another aspect, there are provided compounds
comprising a TRPV6 antibody conjugated to a biomolecule.
These compounds may be generated and used as described
herein for compounds comprising TRPV6-binding peptides
conjugated to a biomolecule. For Example, TRPV6 antibod-
ies may be conjugated to a biomolecule, such as a detectable
label or anti-cancer agent, either directly or through a spacer.
[0092] As shown in Examples 3 and 25, antibodies to
TRPV6 and the fluorescently labeled TRPV6-binding pep-
tide SorC27-cy5.5 co-localize in HEK293 cells expressing
recombinant TRPV6 as well as in samples of Grade II serous
papillary adenocarcinoma.

Detection of TRPV6

[0093] The compounds described herein bind to TRPV6
calcium channels and in some embodiments are useful to
identify calcium channels in cells, tissues, tumors or
microvesicles. In some embodiments, the peptides are useful
to identify cells, tumors, tissues or microvesicles that do not
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express TRPV6. In a further embodiment, the peptides are
useful to identify or label cells, tissues tumors or
microvesicles that express large quantities of calcium chan-
nels. In one embodiment, the compounds described herein are
useful for quantifying the amount of TRPV6 in a sample.
[0094] Accordingly, some embodiments described herein
include a method for detecting TRPV6 protein in a sample
comprising contacting the sample with a TRP-binding com-
pound as described herein and detecting the TRPV6-binding
compound. In one embodiment, the TRPV6-binding com-
pound can be detected using an antibody that selectively
binds to the TRPV6-binding peptide.

[0095] The compounds described herein that include a
detectable label are also useful to detect TRPV6 protein or
cells, tissues, tumors or microvesicles that express TRPV6
protein. Accordingly, embodiments described herein include
methods for detecting TRPV6 protein in a sample comprising
contacting the sample with any one of the compounds com-
prising a detectable biomolecule described herein and detect-
ing the biomolecule conjugated to the TRPV6-binding pep-
tide.

[0096] As used herein “sample” refers to biological sample
representative of an organism or part of an organism.
Examples of samples include, but are not limited to, biologi-
cal fluids, blood, tissue samples, tissue biopsies, samples
taken from tissue culture, biological fluids, tissue extracts,
freshly harvested cells, microvesicles and lysates of cells
which have been incubated in cell cultures. A “sample” may
also refer to a defined area or volume of an organism, in vivo
or ex vivo, such as an sample volume or area for magnetic
resonance imaging. In one embodiment, the sample is an in
vitro sample from a subject, such as a blood sample taken
from the subject.

[0097] As used herein, the phrase “contacting the sample”
typically includes, but is not limited to, mixing or incubating
a compound as described herein with the sample, and the
sample may include additional components such as a buffer,
solution or test reagent. “Contacting the sample” may also
include injecting or administering a compound described
herein to an organism.

Identification and Diagnosis of Cancer

[0098] TRPV6 has been shown to be overexpressed in a
number of cancer cell lines. The TRPV6-binding compounds
disclosed herein are therefore useful for detecting cells that
have over-expressed TRPV6 and accordingly the identifica-
tion or diagnosis of tumors or cancer in vivo, €x vivo or in
vitro.

[0099] The TRPV6-binding compounds described herein
have been shown to bind to and co-localize with TRPV6 in
vitro. As shown in FIG. 6 and Example 3, a compound com-
prising SorC27 conjugated to an infrared fluorescent tag
binds to TRPV 6 expressed in HEK293 cells by transfection of
the cells with an expression vector, but not to HEK293 cells
without a transfected vector expressing TRPV6. FIG. 6 also
shows that the TRPV6-binding compound co-localizes with a
fluorescently labeled antibody to TRPV6. FIGS. 7-9 further
show that SorC27 co-localizes with TRPV6 in prostate cancer
cell line PC-3, breast cancer cell line T 47D and ovarian
cancer cell line SKOV-3.

[0100] TRPV6 is expressed in samples taken from human
ovarian tumor biopsies. As shown in FIG. 10 and Example 4,
TRPV6 transcripts were identified in ¢cDNA libraries from
human ovarian tissue tumor biopsies. The amount of TRPV6
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in each sample was estimated and also quantitatively mea-
sured by densitometry with respect to the levels for the house-
keeping gene [3-actin. Table 1 provides the tumor type, ratio of
TRPV6/B-actin and qualitative TRPV6 level for 18 patients
with ovarian tumors.

TABLE 1

The relative amounts of TRPV6 transcripts in 18 human ovarian
tumor biopsies detected by PCR of ¢cDNA libraries produced from the
tumors, and a ratio of the integrated band density of the TRPV6 amplicon
to that of the house keeping gene B-actin.

Ratio of
density
TRPV6/b- Qualitative
Patient Code Ovarian tumour type actin TRPVS level
LTL-175 clear cell carcinoma 1.1 +H++
LTL-205 serous adenocarcinoma 0.2 ++
LTL-234 mucinous carcinoma 0.8 +++
LTL-237 serous adenocarcinoma 0.4 ++
LTL-246 serous carcinoma 1.8 ++++
LTL-247 serous adenocarcinoma 0.3 +++
LTL-258 serous adenocarcinoma 0.5 +++
LTL-259 serous adenocarcinoma 0.4 ++
LTL-260 Carcinoma undifferentiated 0.5 +++
LTL-269 serous adenocarcinoma 1.8 +H+H++
LTL-273 endometrioid 0.6 +++
adenocarcinoma
LTL-284 serous borderline 0.5 ++
LTL-290 serous carcinoma 2.9 +++
LTL-300 endometrioid 1.1 +++
adenocarcinoma
LTL-305 clear cell carcinoma 0.3 +
LTL-315 serous carcinoma 0.5 ++
LTL-317 clear cell carcinoma 0.4 ++
LTL-320 not known at this time 0.4 +
[0101] TRPV6 cDNA was also identified in a number of

c¢DNA libraries prepared from total RNA extracts of human
ovarian cancer cell lines including OVCAR3, SKOV3,
OVCI13, HEYC2, and OV2008 as shown in FIG. 11.

[0102] TRPV6 expression was also determined in relation
to the expression of the housekeeping gene $-actin in a series
of'breast cancer lines including T47D, HCC1954 and MB468
as shown in FIGS. 12A and 12B. The TRPV6 mRNA status
results with respect to a number of breast cancer cell lines and
ovarian cancer cell lines is shown in Table 2:

TABLE 2

TRPV6 mRNA status of human breast and ovarian cancer cell lines.

TRPV6 mRNA status

Breast Cancer Cell Lines

MB 231 Positive
MB468 Positive
T 47D Positive
HCC1954 Positive
MCF 7 Positive
Ovarian Cancer Cell Lines

OVCar-3 Positive
SKOV-3 Positive
OV 90 Positive
HeyC2 Positive
OV 2008 Positive
OV C13 Positive
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[0103] TRPV6 cDNA was also detected in a cDNA library
made from a human prostate cancer cell line as shown in FI1G.
13.

[0104] Inaddition, TRPV6 protein levels were shown to be
over-expressed in a number of different cancer cell lines and
ovarian tumor samples as shown in FIGS. 14-16 and Example
5.

[0105] Accordingly, embodiments disclosed herein include
amethod for identifying or diagnosing cancer in a test sample
from a subject comprising detecting TRPV6 mRNA or pro-
tein in the test sample and optionally comparing the amount
of TRPV6 mRNA or protein in the test sample with a control
sample. In one embodiment, an increased amount of TRPV6
mRNA or protein in the test sample compared to the control
sample is indicative of cancer. In one embodiment, a minimal
increase of at least 10% is indicative of cancer. In another
embodiment, an increased amount of at least: 20%, 50%, or
100% of mRNA or protein in the test sample compared to the
control sample is indicative of cancer. In some embodiments,
an increase of 3-times the amount of TRPV6 mRNA or pro-
tein in the test sample compared to the control sample is
indicative of cancer. Examples of tissues where TRPV6
would be present in the control are colon, kidney, prostate and
breast. In other tissues, such as any endothelial-derived tis-
sues, TRPV6 is not expressed at all, so detection of the pres-
ence of TRPV6 mRNA or protein in the test sample is indica-
tive of the presence of cancer. Optionally, such methods are
performed on such tissues by detecting TRPV6 in the test
sample, without also using a control sample comparison.
[0106] TRPV6 rich tumours are nearly exclusively of epi-
thelial origin although some prostate cancer cell lines such as
DU145 do not express TRPV6. Types of cancer that are
TRPV6-rich include, but are not limited to, ovarian, breast,
prostate, liver, endometrial, glial, colon, pancreatic, and leu-
kemia cancers.

[0107] In some embodiments, the subject is a mammal,
such as a human. In some embodiments, the methods
described herein are used in vivo, ex vivo or in vitro.

[0108] As used herein, the term “control sample” includes
any sample that can be used to establish a base or normal
level, and may include samples taken from healthy persons or
tissues. In some embodiments, the “control sample” is a pre-
determined standardized control. In some embodiments, the
“control sample” is a pre-determined value, threshold or
range.

[0109] As used herein, the phrase “identifying cancer”
includes the detection of cells in a sample from a subject that
have lost normal control mechanisms and have unregulated
proliferative growth. Optionally, “identifying cancer” in a
sample from a subject can refer to diagnosing cancer in the
subject.

[0110] In one embodiment, the methods described herein
can be used to provide further information regarding a tumor
or cancer. Determination of cancer stage or type typically
includes the determination of information regarding the stage
of cancer (e.g. tumor stage) or type of cancer. In one embodi-
ment, cancer stage is determined as known in the art using the
Tumor, Node, Metastasis (TNM) system. T (for Tumor)
reflects on the size of the primary tumor and where it is
located; N (for node) reflects on whether the tumor has spread
to lymph node; and, M (for Metastasis) reflects on whether
the cancer has metastasized (See for example AJCC Cancer
Staging Manual, Seventh Edition (2010) published by
Springer-Verlag New York, herein incorporated by refer-
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ence). For example, in one embodiment the cancer is ovarian
cancer and the following staging guidelines may be used:

[0111] Stage I (inovaries): T1, NO, MO with sub-stages |
A, B, C (where N and M remain “0”)

[0112] Stage II (in one or both ovaries, pelvic invasion):
T2, NO, MO with sub-stages Il A, B, C (where N and M
remain “0”)

[0113] Stage III (in ovaries, pelvic region and spread into
peritoneal area >2 cm: T3 NO, MO with sub-stages 111 A,
B, C (where N and M remain “0”); Stage IIIC (into
lymph): T, N1, MO

[0114] Stage IV (spread to distant organs): any T, any N,
Ml
[0115] Optionally, the methods described herein are useful

to further characterize a tumor by providing an estimation of
tumor volume, tumor location, or tumor type. In some
embodiments, the diagnosis of cancer includes obtaining
therapy response information such as to determine the result
of a course of anti-cancer therapy on tumor size typically
measured as tumor volume.

[0116] As shown in Example 24, levels of TRPV6 are
higher in tissue samples from subjects with cancer compared
to samples of normal tissue. More specifically, FIG. 18 and
Table 3 show that tissue micro-array samples of Grade I, II
and III serous papillary adenocarcinoma exhibited more
expression of TRPV6 compared to samples of normal ovarian
tissue. TRPV6 levels are useful to distinguish between early
stage Grade [ cancers compared to normal samples. Accord-
ingly, detection of TRPV6 using antibodies or using the
TRPV6-binding peptides described herein is useful to iden-
tify or diagnose subjects with cancer or with a greater likeli-
hood of developing cancer. Optionally, levels of TRPV6
expression are useful to grade cancers or identify more
aggressive forms of cancer.

[0117] In some embodiments, methods described herein
are used to identify or diagnose breast cancer, ovarian cancer,
blood cancer, brain cancer, retinal cancer, liver cancer, thy-
roid cancer, colon cancer, prostate cancer, pancreatic cancer,
glial cancer or endometrial cancer.

[0118] Inoneembodiment, measuringthe expressionofthe
trpv6 gene, through measurement of the amount of TRPV6
mRNA or corresponding cDNA transcripts produced in a
sample or cell line cell provides a diagnostic tool with which
to identify cancer in a sample. In some embodiments, the
presence or amount of TRPV6 mRNA or transcripts in a
sample from a subject is used to diagnose or indicate the stage
of cancer in the subject. For example, FIG. 24 shows that the
relative levels of TRPV6 mRNA in blood is significantly
higher in subjects with cancer compared to levels in healthy
controls. Accordingly, in one embodiment the presence or
amount of TRPV6 mRNA or transcripts in a sample from a
subject is useful to identify cancer in a subject. In one embodi-
ment, the presence or amount of TRPV6 mRNA or transcripts
in a sample is useful to identify ovarian, breast or prostate
cancer in a subject.

[0119] As shown in FIG. 25, the relative amount of TRPV6
protein is also higher in samples of plasma from subjects with
stage I or II ovarian cancer compared to healthy controls.
Accordingly, in one embodiment the detection of the TRPV6
protein is useful to identify cancer in a subject. For example,
in one embodiment levels of TRPV6 protein in a test sample
from a subject are compared to levels of TRPV6 protein in a
corresponding sample from a healthy control, wherein higher
levels of TRPV6 in the test sample are indicative of cancer. In
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one embodiment, the test sample is a blood or plasma sample
and a TRPV6 level that is twice as high as the level in a
corresponding sample from a healthy control is indicative of
cancet.

[0120] As set out in Example 1 and FIGS. 1 to 3, the
TRPV6-binding peptides localize predominantly in lymph
nodes, but also in lung, liver and kidney, which are common
sites where metastatic cancer is located. Accordingly, the
TRPV6-binding peptides described herein are useful for
detecting and binding to metastatic cancer, including glio-
blastomas and cancers that have spread to the lung, liver,
kidney, spleen, pancreas and bone marrow.

[0121] The peptides and compounds described herein are
particularly useful for detecting and binding to lymph node
metastases. “Lymph node metastases™ optionally include
lung cancer (Mujoomdar et al, 2007), gastric cancer, cervical
carcinoma (Lyshchik et al., 2007), vulvar carcinoma (Ver-
nooij et al, 2007), endometrial cancer (Aalders et al, 2007),
head and neck squamous cell carcinoma (Veness etal., 2007),
esophagus and throat cancer, nasopharyngeal carcinoma (Ma
etal., 2007), gastrointestinal cancer (Wind et al., 2006), Gall
bladder cancer, brain cancer (Mujoomdar et al., 2007), thy-
roid cancer, breast cancer, ovarian cancer, prostate cancer,
glial cell cancer and colorectal cancer. The peptides of the
invention are therefore useful in detecting cancer in a mam-
mal at any of cancer stages I, 11, IIT or IV.

[0122] The TRPV6-binding peptides and compositions
described herein are also useful for detecting intact TRPV6
channels present in microvesicles sloughed off from tumors,
circulating in the blood or cancer cells circulating in the
blood. In some embodiments, microvesicles sloughed off
from TRPV6-expressing tumors, or cancer cells circulating in
bodily fluids or excreta, are detected by PCR-based (e.g.
RT-PCR or Q-RT-PCR) or antibody-based methods (e.g.
Western blotting, immunofluorescent detection in biopsies or
bodies such as cells or microvesicles in bodily fluids or
excreta). For example, intact microvesicles derived from
tumor cells and present in a bodily fluid or excreta would
show a population of TRPV6 channels when treated with
TRPV6 antibodies or TRPV6-binding peptides conjugated
with a detectable biomolecule. For example, FIGS. 24 to 26
show that blood and plasma samples taken from subjects with
cancer, including stage I cancer, have significantly higher
levels of TRPV6 mRNA or protein compared to healthy con-
trols. Testing bodily fluids such as blood or plasma for
TRPV6 mRNA or protein therefore provides a relatively
simple test for the early stage detection of cancer, compared
to, for example, detecting tumors and testing tumor biopsies
for the presence of cancer cells.

[0123] Antibodies developed to the TRPV6-binding pep-
tides are useful to detect the TRPV6-binding peptide/ TRPV6
complex in tumors, tissues or cells in vitro or ex vivo by
tagging the TRPV6-binding peptide antibodies with a detect-
able entity (fluorescent tag, radioactive tag, etc.). Similarly,
microvesicles sloughed of from TRPV6-rich tumors and
present in bodily fluids or excreta are readily detected by such
antibodies or conjugates of the TRPV6-binding peptides.

Drug Delivery and Method of Manufacture

[0124] The TRPV6-binding peptides and compounds
described herein are useful to deliver biomolecules to tumors,
cells ortissues that express TRPV6. As shown in Examples 26
and 28, TRPV6-binding peptides are able to target TRPV6
expressing cells and deliver compounds to tumor sites in vivo.
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[0125] Accordingly, one embodiment includes a method of
manufacturing a pharmaceutical compound by conjugating a
biomolecule to a TRPV6-binding peptide. Biomolecules are
readily conjugated to the TRPV6-binding peptides or anti-
bodies to TRPV6-binding peptides, by methods known in the
art, such as those set out in Examples 1, 11-13, 16, 19-23, 26
and 28.

[0126] Biomolecules can be conjugated to the TRPV6-
binding peptide by linking either directly or indirectly the
TRPV6-binding peptide to the biomolecule. In one embodi-
ment, the TRPV6-binding peptide is conjugated to Cy5.5 at
the single cysteine thiol through a maleamide-activated reac-
tion. In other embodiments, the biomolecule is liked to either
the C-terminus, or N-terminus of the peptide. In other
embodiments, the biomolecule is linked through any another
suitable molecular site such as a functional group side chain
of the peptide.

[0127] The biomolecule may also be conjugated to a
TRPV6-binding peptide via chemical modification such as by
an ester linkage or an amide linkage. Various methods of
conjugating peptides to a biomolecule are disclosed for
example in Peng Li et al., Biopolymers 87: 225-230, 2007,
U.S. Pat. No. 6,348,317; and U.S. Application Nos.
20070218502 and 20070020264.

[0128] In another aspect, there is provided a method of
manufacturing a pharmaceutical compound comprising con-
jugating a biomolecule to a TRPV6 antibody.

[0129] Another embodiment includes a method of deliver-
ing a pharmaceutical composition to a cell expressing TRPV6
comprising contacting the cell with a compound comprising
i) TRPV6-binding peptide conjugated to a biomolecule and
ii) a carrier. The methods of delivering a pharmaceutical
composition include methods for delivering the compositions
comprising the TRPV6-binding peptides described herein.

[0130] In one embodiment, the compounds optionally
comprise a TRPV6-binding peptide chemically altered to
deliver nano-metallic clusters to tumors, tissues or cells (for
example, gold nano-particles, nano-spheres, nano-tubes or
other nano-constructs) that, when irradiated with electromag-
netic radiation, heat and kill cells in the vicinity of the metallic
cluster.

[0131] In another embodiment, the compound comprises
TRPV6-binding peptides that are chemically altered to
deliver boron clusters (e.g. closo-boron, a cluster containing
12 boron atoms) which, when irradiated with slow thermal
neutrons, produce energetic alpha particles that kill nearby
cells.

[0132] Other compounds comprise TRPV6-binding pep-
tides of the invention chemically altered to deliver to TRPV6
producing tumors, cells or tissues, antigens that serve to
recruit pre-existing antibodies to the TRPV6-rich tumors,
tissues or cells. This, in turn, would mark cancers for destruc-
tion by the immune cell system.

[0133] The compounds described herein are also useful to
deliver to TRPV6 producing tumors, cells or tissues, novel
antigens toward which monoclonal antibodies are specifi-
cally developed and administered with the result being anti-
body tagging of TRPV6-rich cancers. This would mark can-
cers for destruction by the immune cell system.

[0134] The compounds described herein are also useful to
deliver covalently attached radioactively labeled molecules to
that deliver a therapeutic radiation dose to tumors, tissues or
cells rich in TRPV6 channels.
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[0135] The compounds described optionally deliver to
TRPV6-producing tumors, cells or tissues, covalently
attached therapeutics such as the taxane-based drugs, anthra-
cyline-type drugs, platin based drugs or any other therapeutic
molecule. The methods and compounds described herein are
alsouseful to deliver anti-biotics, anti-fungals, anti-virals and
anti-retrovirals or any other therapeutic drug to cells that
express TRPVG6 or to lymph nodes, lung, liver and/or kidney.

Detection of Cancer Tumors in a Subject

[0136] Asshown in Examples 26 and 28 and corresponding
FIGS. 21 and 23, detection of TRPV may be used to identify
a cancer tumor in a subject in vivo. As used herein “identify-
ing a cancer tumor” refers to localizing or detecting a region
in a sample or subject that has a cancer tumor. As used herein,
“cancer tumor” refers to a neoplasm or a solid lesion formed
by the abnormal growth of cells that have lost normal control
mechanism and have unregulated proliferative growth. A
number of cancers have been shown to overexpress TRPV6
and therefore generate TRPV6-rich tumors (see Examples 4
and 5). Accordingly, in one aspect there is provided a method
for detecting a cancer tumor comprising administering to a
subject a compound comprising a TRPV6-binding peptide or
an antibody to TRPV6. Preferably, the compounds also
include a detectable label that facilitates the detection of
TRPV6 in the subject. For example, in one embodiment the
TRPV6-binding peptide is SorC27, and the detectable label is
Cy5.5. In another embodiment, the TRPV6-binding peptide
is conjugated to a magnetic resonance imaging (MRI) con-
trast agent such as super-paramagnetic iron oxide and MRI is
used to detect regions in a sample or subject with increased
levels of TRPV6. Regions of the subject that exhibit increased
levels of TRPV6 are indicative of a TRPV6-rich tumor in that
region. Mathematical models that compare the distribution of
TRPV6 across the subject are readily applied to identify
specific regions of the subject that have increased levels of
TRPVG6 that are indicative of a TRPV6-rich tumor. In some
embodiments, an average level of TRPV6 observed through-
out a subject is used to normalize the TRPV6 levels and
identify specific regions with increased expression of
TRPV6. In other embodiments, levels of TRPV6 are com-
pared to a pre-standardized control level or to levels observed
in corresponding regions in subjects known not to contain
TRPV6-rich cancer tumors.

[0137] A person skilled in the art will appreciate a number
of imaging techniques and corresponding detectable labels
are suitable for detecting TRPV6-rich tumors in accordance
with the present description. For example, the TRPV6-bind-
ing peptides are optionally radioactively labeled and detected
using a scintillation counter. Alternatively, the TRPV6-bind-
ing peptides are fluorescently labeled and detected using an
optical detection system. In one embodiment, the TRPV6-
binding peptides are conjugated with a contrast agent. As
used herein, a “contrast agent” is a substance used to enhance
the contrast of structures or cells within a sample of subject in
medical imaging. In one embodiment the contrast agent is a
MRI contrast agent, such as an agent that alters the T1 or T2
relaxation time of protons located nearby. Examples of MRI
contrast agents include paramagnetic gadolinium, paramag-
netic manganese, or super-paramagnetic iron oxide (SPIO).

Additional Properties of the Peptides

[0138] The TRPV6-binding peptides of the compounds
described herein, such as SorC13 and SorC27, are typically
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stable in aqueous solution at 4° C. for at least 3 weeks with no
change in purity as measured by HPL.C. As dry solids, the
peptides are typically stable at —80° C. for at least 1.5 years.
[0139] The TRPV6-binding peptides also avoid a major
adverse effects of pharmaceuticals related to the ability of a
substance to cross the central nervous system protective bar-
rier, the blood-brain barrier. The inability of the peptides of
the invention to cross this protective barrier obviates the
potential toxicity to the central nervous system.

[0140] The peptides of the invention, particularly the
shorter peptides, such as SorC13, are typically less antigenic.
Peptides having a number of amino acids equal to or less than
the empirical cutoff for antigenicity (typically considered to
be 13 amino acids for peptides in general) possess no antige-
nicity.

[0141] Some embodiments include pre-packaged kits that
comprise some or all of the reagents necessary to perform any
of the methods described herein. Optionally, the kits may
include one or more control samples. In some embodiments
the control sample is known to express or contain TRPV6 (a
positive control). In other embodiments, the control sample is
a negative control that is known not to express or contain
TRPV6. In a further embodiment, the control sample is
known to express or contain a certain level of TRPV6 or
correspond to specific type or stage of cancer. In some
embodiments the kits include at least one compound com-
prising a TRPV6-binding peptide as described herein, and a
buffer solution. In some embodiments, the kits may include
nucleic acid primers for amplifying or detecting TRPV6
mRNA in a polymerase chain reaction. In some embodi-
ments, the kits can also include nucleotides, enzymes and
buffers useful in the method of the invention as well as elec-
trophoretic markers such as a by ladder. In some embodi-
ments, the kits will include detailed instructions for carrying
out the methods described herein.

EXAMPLES

[0142] The following examples illustrate embodiments of
the invention and do not limit the scope of the invention.

Example 1
Tissue Distribution of SorC13 and SorC27

[0143] SorC13 and SorC27 were labeled with the near-
infrared probe, Cy5.5. SorC13 was labeled at lysine-1 and
lysine-8 with the infrared fluorescent probe cy5.5 through
reaction with Cy5.5 NHS ester-activated process. SorC27
was labeled at the single cysteine thiol with Cy5.5 maleimide-
activated reaction. The labeled peptides were purified with a
combination of size exclusion chromatography and HPLC.
Thelabel, Cy5.5, fluoresces in the infra-red region after exci-
tation with a scanning laser. The low energy laser is able to
penetrate the animal to about 1 cm and, thus, by scanning
prone and supine positions, the presence of the tagged pep-
tides can be quantified in three dimensions.

[0144] Cy5.5-labeled peptides were intravenously injected
into CD1 mice (4 for each compound) at 100 ug per animal in
100 uL,, and animals were imaged live using an optical imag-
ing system, Optix eXplorer (GE Healthcare Systems) at dif-
ferent time points (30 min, 90 min, 4 h). Some animals were
observed at 24 hours after perfusion to remove blood (and
lymph). The bio-distribution of the labeled peptides in difter-
ent organs and tissues were visualized and relatively quanti-
fied by optical imaging analysis. This protocol allows for
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visualization of the location of the labeled peptides and how
the location changes over time. FIG. 1 shows the location of
lymph nodes in the mouse. Nodes that accumulated the
labeled peptides are indicated by line 1 (superfacial cervical
nodes), line 4 (axillary nodes), line 5 (brachial nodes), line 8
(mesenteric nodes) and line 9 (inguinal nodes). FIGS. 2,3 and
4 show the amounts of labeled peptides in various organs ex
vivo. Combined, these experiments show that:

[0145] Neither of the C-peptides moved across the
blood-brain barrier.

[0146] Tagged SorC13 and SorC27 localize predomi-
nantly in lymph nodes, lung, liver and kidney.

[0147] Tagged SorC13 and SorC27 were still detectable
in these tissues after perfusion at 24 hours.

[0148] Measurement of the fluorescence life-time in
various organs showed that metabolism of labeled pep-
tides appears to be in liver and kidney as Cy5.5 has a
shorted life-time than peptide/Cy5.5 adducts.

[0149] TRPV6-binding peptides are capable of targeting
TRPV6 with a ‘cargo’ linked to the peptides that can be
delivered to these tissues

Example 2

Co-Localization of TRPV6 Antibodies and Fluores-
cently-Labeled TRPV6 Expressed in Human Cancer
Cells

[0150] As shown in FIG. 5, TRPV6 expressed in a cancer
cell line (SKOV-3) or in ex vivo samples is optionally
detected using a primary antibody to the TRPV6 protein,
followed by a secondary antibody that is, itself, detectable.
Additionally cancers are readily detected by using the
TRPV6-binding peptides conjugated or tagged with a detect-
able molecule. Alternatively, an antibody developed to the
TRPV6-binding peptides is readily tagged with a detectable
entity such as a fluorescent tag or radioactive tag.

[0151] Aswell, an antibody to the TRPV6-binding peptides
is readily developed and used in traditional immunochemical
fashion for tissues (in vitro), tumors, cells or microvesicles.

Example 3

Co-Localization of Fluorescently-Labeled TRPV 6-
Binding Peptides and Antibodies to TRPV6 in
HEK269 Cells

[0152] HEK-293 cells were transfected with a TRPV6
expression vector and incubated with fluorescently labeled
antibodies to the N-terminal peptides of TRPV6 as well as
fluorescently labeled SorC27 (SorC27-cy5.5). HEK-293
cells that were not transfected with a TRPV6 expression
vector were also incubated with fluorescently labeled anti-
TRPV6 and SorC27-cy5.5 as a negative control (FIG. 6A).
[0153] As shown in FIGS. 6B to 6D, SorC27-cy5.5 bound
to TRPV6 as indicated by the co-localization of SorC27-
cy5.5 and anti-TRPV6. This experiment shows that the com-
pounds described herein target and bind to TRPV6 and fur-
ther that compounds comprising a TRPV6-binding peptide
conjugated to a biomolecule, are effectively localized to cells
that express TRPV6.

Example 4

Expression of TRPV6 mRNA in Cancer Cell Lines
and Tumor Biopsies as a Diagnostic for Cancer and
for Staging Cancers
[0154] As shown in FIGS. 10-13, polymerase chain reac-
tion with primers directed towards TRPV6 transcripts detects
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up-regulation of TRPV6 mRNA in cDNA libraries produced
from extracts of total RNA of cancer cells or biopsies of
human cancerous tumors.

[0155] In order to quantify the relative amount of TRPV6
transcripts in a sample, transcripts were also amplified and
detected for the housekeeping gene [-actin and the observed
ratio of TRPV6 [-actin was recorded.

[0156] A common mechanism is in effect in all of the
cancer types referenced herein, as they are all derived from
epithelial tissues. Peng et al. showed in prostate cancer that
normalized amounts of TRPV6 mRNA were about 2-fold
greater in samples from subjects with Gleason scores of 5-7 as
compared to samples with benign hyperplasia, and about
3-fold greater in samples with Gleason scores of 8-9.

[0157] FIGS. 10-13 show a significant increase in the
expression of TRPV6 in samples of cancer lines such as
ovarian cancer. The methods described herein that detect
either TRPV6 mRNA or protein levels are therefore useful for
the staging of cancers such as ovarian cancer.

Example 5
Analysis of TRPV6 Protein in Cancer Cells

[0158] Western blotting using antibodies developed to
TRPV6 was used to detect the expression of TRPV6 protein
in a number of cancer cells.

[0159] As shown in FIG. 14, TRPV6 protein was over-
expressed in extracts from ovarian (SKOV-3), breast (T47D)
and prostate cancer (PC-3) cell lines compared to extracts
from a hepatoblastoma HEP G2 control cell line known to
express TRPV6.

[0160] FIGS. 15A through 15D show that extracts from
human ovarian tumors also overexpress TRPV6 protein and
that TRPV6 is upregulated in ovarian tumors.

[0161] FIG. 16 shows that TRPV6 is over-expressed in
extracts from human glioblastoma (U87MG), human colon
(CaCo-2) and pancreatic carcinoma cells (Pancl). Further,
the degree of de-glycosylation in Pancl increases with
increase numbers of culture passaging.

[0162] Collectively the data in FIGS. 14 to 16 shows that
TRPV6 protein is overexpressed in a number of cancer cells
and ovarian tumor samples.

Example 6

Use of TRPV6 Antibodies to Determine Cancer
Stages

[0163] Antibodies to TRPV6 are used to determine the
stage of a tumor (e.g. ovarian tumors) using immunolocaliza-
tion methods. Staged tissue microarrays of ovarian tumors are
probed with fluorescently labeled-TRPV6 antibodies.

Results

[0164] Experiments show that, as the stage of the tumor
progresses through Stage I to Stage IV there is an increase in
the density of the immunofluorescence signal indicating an
increase in the population of TRPV6 channels in the tissues.

Example 7

Use of Fluorescently Tagged TRPV6-Binding Pep-
tides to Determine Cancer Stages

[0165] Fluorescently tagged TRPV6-binding peptides are
useful to determine the stage of a tumor by direct incubation
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of Tissue Micro-Arrays (TMA) with the peptide reagent.
SorC27-cyS5.5 compound is incubated with cells from a sub-
ject and fluorescence levels are compared to levels from con-
trol staged tumor samples.

Results

[0166] Experiments show that, as the stage of the tumor
progresses through Stage I to Stage IV, there is an increase in
the intensity of the fluorescent signal due to binding of the
tagged compound comprising SorC27-tagged with cy5.5 to
the increased population of TRPV6 channels.

Example 8

Use of Fluorescently Tagged Antibodies to Com-
pounds Comprising TRPV6-Binding Peptides to
Determine Cancer Stages

[0167] Fluorescently tagged antibodies to TRPV6-binding
peptides are used to detect TRPV 6-binding peptides bound to
TRPV6 channels of a validated ovarian cancer tissue microar-
ray.

Results

[0168] After incubating the TMA with one of the TRPV6-
binding peptides, and then deploying a fluorescently tagged
antibody developed against the TRPV6-binding peptides,
there is a positive correlation between the intensity of the
fluorescent signal with the stage of the cancer from Stage |
through Stage 1V.

Example 9

Fluorescently-Labeled TRPV6-Binding Peptides
Bind to TRPV6-Rich Tumors Xenografted in Mice

[0169] Mice xenografted with an ovarian TRPV6-rich
tumor (SKOV-3 cells) are injected with the fluorescently-
labeled TRPV6-binding peptide SorC27-cy5.5.

Results

[0170] The ovarian tumors over-expressing the TRPV6
channel are detected in vivo by SorC27-cy5.5 compound after
administration to mice in which TRPV6 tumors are
xenografted (e.g. ovarian tumors). The TRPV6-rich
xenografted tumor mass derived from SKOV-3 cells is clearly
distinguished from the background tissue as strongly fluo-
rescing in the far infrared.

Example 10

Use of Super Paramagnetic Iron Oxide-labeled
(SPIO) TRPV6-Binding Peptides to Detect TRPV6-
Producing Cells

[0171] A compound comprising TRPV6-binding peptide
conjugated with Super Paramagnetic Iron Oxide such as
SPIO-SorC27 is incubated with SKOV-3 cells (TRPV6 posi-
tive) and HEK293 cells (TRPV6 negative). The cells are then
imaged using Magnetic Resonance Imaging.

Results

[0172] SKOV-3 cells over-expressing the TRPV6 channel
are detected in vitro by MRI enhancement agents such as
SPIO-SorC27. The TRPV6-rich SKOV-3 cells are clearly
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distinguishable from the TRPV6-negative HEK293 cells by
strongly enhanced magnetic resonance signals and imaging.

Example 11

SPIO-labeled TRPV6-Binding Peptides Bind to
TRPV6-Expressing Tumors but not to TRPV6-Nega-
tive Tumors

[0173] Mice xenografted with a SKOV-3 TRPV6-rich ova-
rian tumor are administered SPIO-SorC27 and imaged using
Magnetic Resonance Imaging.

Results

[0174] The results show SPIO-conjugated TRPV6-binding
peptides bind to TRPV6-rich tumors from human ovarian
cancer cell line SKOV-3, and can imaged using Magnetic
Resonance Imaging. Experiments show that ovarian tumors
over-expressing the TRPV6 channel are detected in vivo by
MRI enhancement agents such as SPIO-SorC27 after admin-
istration to the mouse. The TRPV6-rich xenografted tumor
mass is clearly distinguished from the background tissue by
strongly enhanced magnetic resonance signals and imaging.

Example 12

Use TRPV6-Binding Peptides Conjugated to *°F-
Containing Radio-Molecules

[0175] Compounds comprising TRPV6-binding peptides
covalently labeled with '®*F-containing radio-molecules tar-
get such molecules to TRPV6-expressing tumors, cells or
tissues and allow for detection using PET scanning (Positron
Emission Tomography) and detection of these tumors, cells
or tissues (Cheng et al. J. Nucl. Med. 48:987-994, 2007).
SorC27 conjugated with an ' ®F-containing radio-molecule is
incubated with SKOV-3 cells and HEK293 cells. The cells are
then imaged using PET scanning.

Results

[0176] The '*F—SorC27 clearly shows the identification
of the TRPV6-rich SKOV-3 cells as compared to TRPV6-
negative cells (HEK293).

Example 13

Use TRPV6-Binding Peptides Conjugated to **°I-
Containing Radio-Molecules

[0177] Compounds comprising TRPV6-binding peptides
covalently labeled with '**I-containing radio-molecules tar-
get such molecules to TRPV6-expressing tumors, cells or
tissues and allow for detection using radiometric detection of
these tumors, cells or tissues (Bolton et al. Biochem. J., 133,
529-539, 1973). SorC27 conjugated with a '**I-containing
radio-molecule is incubated with SKOV-3 cells and HEK293
cells. The cells are then imaged using PET scanning.

Results

[0178] The '*°I-C-peptide clearly shows the identification
of the TRPV6-rich SKOV-3 cells as compared to TRPV6-
negative cells (HEK293).

Example 14

Detection Of TRPV6 mRNA in Microvesicles Iso-
lated from Samples of Blood, Other Body Fluids or
Excreta

[0179] TRPV6 mRNA is detected in microvesicles isolated
from samples of blood, other body fluids or excreta of patients
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with TRPV6-rich cancers (e.g. ovarian tumors). The fraction
of blood containing microvesicles sloughed off of tumors
through an endocytotic process is isolated from a sample
obtained from a subject. RNA is then extracted from these
microvesicles, with subsequent analysis by PCR-based tech-
niques.

Results

[0180] Q-RT-PCR shows the presence of TRPV6 mRNA at
excess in cancer patient blood samples in comparison to
people without a TRPV6-rich cancer. Detection of relative
amounts of TRPV6 expression is therefore useful to diagnose
TRPV6-rich cancers such as ovarian cancer.

Example 15

Detection of TRPV6 Protein in Microvesicles Iso-
lated From Bodily Fluids or Excreta

[0181] TRPV6 protein is detected in microvesicles isolated
from bodily fluids such as blood, lymph or excreta samples of
patients with TRPV6-rich cancers (e.g. ovarian tumors). The
fraction of the sample containing microvesicles sloughed off
of tumors through an endocytotic process is isolated. Protein
is then extracted from these microvesicles, with subsequent
analysis by Western blotting and antibody-based techniques
to detect TRPV6 protein. Alternatively, isolated
microvesicles can be treated with either anti-TRPV6 antibod-
ies or TRPV6-binding peptides and detected.

Results

[0182] Western blotting shows the presence of TRPV6 pro-
tein at excess in cancer patient blood samples in comparison
to people without a TRPV6-rich cancer such as ovarian can-
cer. Whole microvesicles show TRPV6 by immunofiuores-
cence using an antibody to TRPV6 and by using appropriately
labeled TRPV6-binding peptides.

Example 16

In Vivo Use of TRPV6-Binding Peptides Conjugated
to Taxanes

[0183] Itis clear from the bio-distribution studies set out in
Example 1 that the compounds comprising TRPV6-binding
peptides are useful to deliver the attached fluorophore of the
cyanidine class (cy5.5) to tissues, and to cells expressing
TRPV6 (See FIGS. 6 to 9). Compounds comprising the
TRPV6-binding peptides described herein may therefore be
used to deliver other molecules to cells or tissues expressing
TRPVG.

[0184] Compounds are prepared by covalent attachment of
oncology drugs such as a taxanes to the TRPV6-binding
peptides in order to use the TRPV6-targeting function of the
peptides to deliver the drug directly to a TRPV6-rich tumor or
cancer cell. The chemistry for attaching such drugs to com-
pounds is known in the art (see for example, Peng Li et al.,
Biopolymers 87: 225-230, 2007).

[0185] Paclitaxel is attached through a four carbon spacer
molecule to the SorC27 peptide at a primary amine or free
thiol group. The SorC27-conjugated taxane is then adminis-
tered to mice xenografted with a TRPV6-rich tumor. Control
mice are administered saline solution.

Results

[0186] In vivo experiments in mice show that a compound
comprising a TRPV6-binding peptide conjugated to pacli-
taxel results in the adequate delivery of paclitaxel to the tumor
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site, regression of the tumor and the death of cancer cells
when compared to control mice administered saline solution.

Example 17

Delivery of Anti-Viral Drugs Conjugated to TRPV6-
Binding Peptides

[0187] Anti-viral or anti-retroviral drugs are readily
covalently attached to TRPV6-binding peptides for the treat-
ment of reservoirs of HIV. A primary reservoir of HIV in
humans is the mesenteric lymph nodes (Cumont et al. Cell
Death and Differentiation, 14, 1747-1758, 2007; Estaquier
and Hurtrel. Medical Science (Paris) 24(12): 1055-1060,
2008). Compounds comprising the TRPV6-binding peptides
carrying a fluorescent tag accumulate in the mesenteric
lymph nodes as shown by the presence of fluorescence in
these nodes after i.v. injection of the tagged peptide (see FI1G.
1).

[0188] Anti-viral or anti-retrovirals are covalently attached
to the TRPV6-binding peptides described herein. A com-
pound comprising a SorC27-anti-viral conjugate is then
administered to mice following the protocol set out in
Example 1.

Results

[0189] The results show the anti-viral conjugate is detected
in lymph node tissue. Anti-viral activity is obtained, blocking
HIV reproduction and thereby treating HIV.

Example 18

TRPV6-Binding Peptides Conjugated to Anti-Micro-
bials

[0190] The covalent attachment of anti-microbial drugs to
the TRPV6-binding peptides is useful for the treatment of
reservoirs of bacterial infection. Compounds comprising the
TRPV6-binding peptide conjugated to a fluorescent tag accu-
mulate in the lymph nodes as indicated by the presence of
fluorescence in these nodes after iv injection of the tagged
peptide (see FI1G. 1). Similarly, anti-microbials are optionally
covalently attached to the TRPV6-binding peptides by meth-
ods known in the art, and used to target lymph nodes.

Results

[0191] The results show that the drugs are detected in
lymph node tissue isolated from mice treated with the anti-
microbial-TRPV6-binding conjugates and will kill microbes.

Example 19

TRPV6-Binding Peptides Conjugated to Boron
Complexes

[0192] Compounds comprising a boron complex
covalently attached to a TRPV6-binding peptide are useful
for cancer therapy. The TRPV6-binding peptides target and
contact TRPV6-rich cells and tumors causing concentration
of the boron complexes therein (each with multiple boron
atoms, for example the 12 boron closo-boron complex). Irra-
diation with thermal neutrons results in neutron capture by
boron-10 atoms and transfer of high energy alpha-particles to
the tissue killing tumor cells. This aspect of the invention
provides for large amounts of boron clusters being targeted to
tumors. The threshold has been stated to be about 20 ug B/g
tumor (Barth et al. Clinical Cancer Research, 11 (11) 3987-
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4002, 2005). The chemistry to attach boron compounds to
protein complexes is a well established (Guan et al. Proc.
Natl. Acad. Sci., 95 13206-13210, 1998). Boron conjugated
to TRPV6-binding peptides is administered to mice
xenografted with a TRPV6-rich tumor. The tumor is then
irradiated with thermal neutrons.

Results

[0193] The concentration of boron is greatly increased in
TRPV6-rich tumors such as ovarian tumors. Irradiation of the
tumor with thermal neutrons kills the tumor cells. The boron-
peptide compounds are useful for killing tumor cells.

Example 20
TRPV6-Binding Peptides Conjugated to Epitopes

[0194] The covalent attachment of known and/or recog-
nized epitopes of global antibodies to the TRPV6-binding
peptides recruit these pre-existing antibodies to TRPV6-ex-
pressing tumors and cancer cells. This complex (antibody-
epitope-TRPV6-binding peptide) results in detection and
destruction of TRPV6-expressing cells by immune cells as
shown in xenograft experiments where tumors (e.g. ovarian)
had lower growth rates.

Example 21

TRPV6-Binding Peptides Conjugated to Antigens or
Epitopes

[0195] The covalent attachment of a novel antigen or
epitope to the TRPV6-binding peptides and administration of
the compound to mice directs the epitope/TRPV6-binding
peptide complex to the TRPV6-bearing tumors. Subsequent
administration of a monoclonal or polyclonal antibody
directed against the specific epitope results in either type of
antibody attaching to the TPRV6-rich cell, tissue or tumor.
Subsequent recruitment of immune cells (e.g. killer T-cells)
results in death of these peptide-targeted cells and shrinkage
of the tumors.

Example 22

TRPV6-Binding Peptides Conjugated to Immunoac-
tivators

[0196] The covalent attachment of TRPV6-binding pep-
tides and a molecule that is recognized and bound by recep-
tors on cells of the immune system, particularly killer T-cells,
directs such cells to TRPV6-rich tumors or cancer cells. The
recruitment of such cells as killer T-cells destroy the cancer
cell or tumor. The experiments indicate that the TRPV6-
binding peptide targets the TRPV6 channel while the ‘bate
molecule’ attached to the other end of the TRPV6-binding
peptides recruits the immune cell; administration of this prod-
uct causes shrinkage of tumors (e.g. xenografted ovarian
tumors).

Example 23

TRPV6-Binding Peptides Conjugated to Metallic
Nano-Structures

[0197] The covalent attachment of metallic nano-structures
(e.g nano-gold particles) to the TRPV6-binding peptides tar-
gets the metal nano-particles or other constructs (spheres,
rods etc.) through the TRPV6 binding function of the pep-
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tides, to cancer cells and tumors. Because of the unique prop-
erties of, for example, nano-gold particles, irradiation with
radio frequencies or infrared radiation cause the particles to
heatup. Subsequent heating of the cancer cell or tumor causes
death of the cells or tumor. The chemistry to attach metallic
nano-particles to molecules such as peptides, is well estab-
lished. Experiments indicate that targeting of the nano-gold
conjugate, to TRPV6-rich xenografted tumors (e.g. ovarian
tumors), with subsequent irradiation causes shrinkage of the
tumor mass.

Example 24

Use of TRPV6 Antibodies to Detect and Grade Can-
cer

[0198] Samples comprising tissue sections of 146 indepen-
dent biopsies over 4 tissue micro-arrays (IMA) (OV483,
0OV802, T112, BCN721 obtained from US Biomax, Inc.
Rockville, Md. 20850, USA) were tested for immunohis-
tochemical staining of TRPV6 using a TRPV6 antibody, sec-
ondary antibody and colorimetric detection using horseradish
peroxidase (HRP). The samples included eighteen different
ovarian cancer types representing all the major types of ova-
rian cancers as well as 21 samples of normal ovarian tissues.
Many of the samples represented cancers that were previ-
ously graded. FIG. 17 shows the calibration and representa-
tive grading of TMA samples on a six-point scale from (-) to
(++++) used to assess intensity of TRPV6 staining. As shown
in Table 3, each of the 146 samples was ranked according to
this six-point scale.

[0199] FIG. 18 shows that a much smaller percentage of
normal ovarian tissue samples had a TRPV6 stain intensity
score 21+ compared to serous papillary adenocarcinoma
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tissue samples with grade I, grade 11, or grade I1I cancer. For
example, 100% of serous papillary adenocarcinoma tissue
samples had a stain intensity score of 21, compared with only
about 24% of normal ovarian tissues. Accordingly, detection
of TRPV6 such as by antibody staining is useful in order to
predict or diagnose the likelihood of cancer in a sample.
Furthermore, detection of TRPV6 is useful to identify
samples with Grade I (early stage) cancer compared to nor-
mal ovarian tissue samples.

[0200] FIG. 19 shows examples of the immunohistochemi-
cal detection of TRPV6 using TRPV6 antibodies in micro-
array samples of normal ovarian tissues, as well as samples of
Grades 1, IT and 1] serous papillary carcinoma. FIG. 19 shows
an observed trend of increased staining of TRPV6 in samples
with higher Grades of cancer.

[0201] Cancer staging data was also available for a number
of'tissue array samples. Cancers were staged according to the
Tumor, Node, Metastasis (TNM) system as known in the art.
TRPV6 immunohistochemical staining intensity for each
sample assessed on a five-point scale from (=) to (++++) using
a TRPV6 antibody, secondary antibody and colorimetric
detection using horseradish peroxidase (HRP) is provided in
Table 4.

[0202] As shown in Table 4, only 23.8% (5/21) of normal
ovarian tissue samples had a TRPV6 stain intensity score
greater than or equal to +1. In contrast, 95.7% (44/46) of
samples with stage [-IV cancer had a TRPV6 intensity score
greater than or equal to +1. Early stage cancers (stage I and
stage 1I) were readily detected with 92.9% (26/28) of early
stage cancers having a TRPV6 stain intensity score greater
than or equal to +1. Detection of TRPV6, such as by immu-
nohistochemical methods, can therefore be used to detect
cancer and in particular early stage cancers.

TABLE 3

Ovarian carcinoma and normal tissue array TRPV6 staining in
146 samples.

Total
Case TRPV6 THC Results (Stain Intensity

Pathology Diagnosis Number - -+ EE I =
Normal ovarian tissue 21 8 8 3 2 0 0
Mucinous papillary adenocarcinoma

Total 12 1 0 3 0 4 4
Grade I 2 0 0 0 0 1 1
Grade II 7 1 0 1 0 2 3
Grade IIT 3 0 0 2 0 1 0
Mucinous papillary

cystadenocarcinoma

Total 14 2 0 2 4 4 2
Grade I 11 2 0 2 3 4 0
Grade II 3 0 0 0 1 0 2
Serous papillary adenocarcinoma

Total 58 0 0 7 13 18 20
Grade I 8 0 0 2 2 0 4
Grade II 22 0 0 1 6 8 7
Grade IIT 28 0 0 4 5 10 9
Serous papillary cystadenocarcinoma

Total (Grade III) 3 0 0 0 1 2 0
Clear cell carcinoma 9 0 0 1 6 2 0
Endometroid adenocarcinoma 4 0 0 0 0 3 1
Transitional cell carcinoma 1 0 0 0 0 1 0
Granular cell tumor 3 0 1 2 0 0 0
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TABLE 3-continued
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Ovarian carcinoma and normal tissue array TRPV6 staining in

146 samples.

Total

Case TRPV6 IHC Results (Stain Intensity)
Pathology Diagnosis Number - -+ + A
Endodermal sinus carcinoma 2 0 0 0 0 0 2
Squamous cell carcinoma 1 0 0 0 0 1 0
Metastatic signet-ring cell carcinoma 3 0 0 1 1 1 0
Metastatic adenocarcinoma 6 0 0 0 0 2 4
Mixed germ cell tumor 1 0 0 0 0 1 0
Malignant follicular theca cytoma 1 0 0 0 1 0 0
Malignant tumor (sparse) 2 0 0 0 2 0 0
Dysgerminoma 3 0 0 0 2 1 0
Immature teratoma 1 0 0 1 0 0 0
Hyperplastic fibrous tissue 1 0 0 1 0 0 0

Results
TABLE 4 [0204] FIG. 20 shows TRPV6 antibody detection and fluo-

Ovarian carcinoma and normal tissue arrays grouped by cancer
stage. Total number of cases = 67; total number of tumor samples = 46.

TRPV6 THC
Total Case Results (Stain Intensity)
Pathology Diagnosis Number - +  ++  +++  ++++
Normal ovarian tissue 21 16 3 2 0 0
Mucinous papillary
adenocarcinoma
Total 11 1 3 0 3 4
Stage I 5 0 0 0 2 3
Stage 1T 1 1 0 0 0 0
Stage 11T 3 0 1 0 1 1
Stage IV 2 0 2 0 0 0
Mucinous papillary
cystadenocarcinoma
Total 12 1 2 4 4 1
Stage I 9 1 1 3 3 1
Stage 1T 1 0 0 0 1 0
Stage 11T 1 0 1 0 0 0
Stage IV 1 0 0 1 0 0
Serous papillary
adenocarcinoma
Total 15 0 2 5 3 5
Stage I 7 0 1 3 0 3
Stage 1T 2 0 0 0 1 1
Stage 11T 6 0 1 2 2 1
Stage IV 0 0 0 0 0 0
Clear cell carcinoma (Stage I) 3 0 2 1 0 0
Endometroid adenocarcinoma 4 0 0 0 3 1
Transitional cell carcinoma 1 0 0 0 1 0
Example 25

Co-Localization of TRPV6 and Fluorescently-La-
beled Sorc27 in Grade 11 Serous Papillary Adenocar-
cinoma

[0203] To test the efficacy of tagged SorC27 peptide to
detect its binding target TRPV6, standard immunohis-
tochemical and SorC27-cy5.5 binding protocols were applied
to tissue micro-arrays of a number of ovarian cancer tumor
sections. The detection of TRPV6 channel by both methods
was observed across different ovarian cancer microarray
samples.

rescent detection a tissue micro-array sample of grade II
serous papillary adenocarcinoma stained with antibodies to
TRPVG6 as well as SorC27 fluorescently labeled with cy5.5
(SorC27-cy5.5). The use of fluorescently-labeled TRPV6-
binding peptides therefore corresponds to the standard immu-
nohistochemical detection of TRPV6 ion channels and
TRPV6-binding peptides are useful to reliably detect TRPV6
or cells or tissues that express TRPV6.

Example 26

Localization of SorC27 to Xenografted Cancer
Tumors In Vivo

[0205] Mice xenografted with a TRPV6-rich ovarian
(SKOV-3 cells) and prostate (DU145 cells) tumors were
injected (intraperitoneally) with the fluorescently-labeled
TRPV6-binding peptide SorC27-cy5.5. SorC27 was labeled
with the near-infrared probe Cy5.5 at the single cysteine thiol
using a Cy5.5 maleimide-activated reaction. The labeled pep-
tides were purified with a combination of size exclusion chro-
matography and HPLC. CyS5.5, fluoresces in the infra-red
region after excitation with a scanning laser. The low energy
laser is able to penetrate the animal to about 1 cm and, thus, by
scanning, the presence of the tagged peptides can be quanti-
fied in three dimensions. Cy5.5-labeled peptides were intra-
peritoneally injected into nude CD1 mice at 100 ug per ani-
mal, and animals were imaged live using an optical imaging
system, Optix eXplorer (GE Healthcare Systems) at diftferent
time points (30 min, 90 min, 4 h).

Results

[0206] The ovarian and prostate tumors over-expressing
the TRPV6 channel are clearly detected in vivo for at least 24
hours after injection. The TRPV6-rich xenografted tumor
masses are clearly distinguished from the background tissue
as strongly fluorescing in the far infrared. FIG. 21A shows the
time dependent localization of SorC27-cy5.5 in ovarian
tumor, while FIG. 21B shows the time dependent localization
of' SorC27-cy5.5 in prostate tumor. The kidneys are also high-
lighted in these two images. The 3-D nature of the scanning
device allows clear discrimination between the tumors and
the visible kidney tissues by isolating a 2 mm slice of the
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animal. As well, a ‘slice’ through the tumor (the Z-slice)
allows clear observation of the fluorescing central region of
the tumors.

Example 27

Quantitative RT-PCR of TRPV6 mRNA in Cancer
Tissues

[0207] Quantitative RT-PCR for TRPV6 mRNA was per-
formed on samples of ovarian, prostate and breast cancer
biopsies as well as corresponding pooled control samples
from 15 healthy individuals. 18 ovarian tumor biopsies, 4
prostate tumor biopsies, and 3 breast tumor biopsies were
tested. 3 different RT-PCR primer sets (A, B and C) were used
for testing of the prostate samples. Results were standardized
against the expression levels of the housekeeping gene
hypoxanthine phosphoribosyl transferase (HPRT) and
expressed as a ratio of the standardized signal from the tumor
samples to the standardized signals from a pooled sample of
15 healthy tissues.

Results

[0208] FIG. 22 shows the results of Q-RT-PCR quantifica-
tion of TRPV6 mRNA extracted from human ovarian (A),
prostate (B) and breast cancer biopsies (C), compared to
healthy tissues. Tables 5 to 7 also provide the quantitative
Q-RT-PCR results for each of the sample biopsies relative to
normal controls. Tumor biopsies showed a significant
increase in expression levels of TRPV6 mRNA. Increases in
TRPV6 mRNA expression relative to control tissues were
seen in each cancer sample tested except one ovarian cancer
sample (L'TL.290). Ovarian cancer samples showed an aver-
age 39 times increase in the expression of TRPV6 mRNA
compared to healthy controls, while prostate cancer samples
and breast cancer samples exhibited 8.7 times and 13 times
increases respectively. The significant increases observed in
transcription of TRPV6 mRNA in cancer tissues provides a
useful diagnostic or prognostic tool for identifying cancer
including ovarian, breast and/or prostate cancers.

TABLE §

TRPV6 mRNA quantitative RT-PCR results for ovarian cancer
biopsies.

Average Relative
Increase in TRPV6 mRNA

Sample ID Expression S.D n
LTL175 2.93 0.6 3
LTL205 10.08 1.7 3
LTL234 12.04 1.0 3
LTL237 17.62 33 3
LTL246 5.94 0.0 3
LTL247 41.52 3.0 3
LTL258 4.54 0.1 3
LTL259 4.55 1.4 3
LTL260 4.87 0.4 3
LTL269 14.56 0.6 3
LTL273 12.44 0.3 3
LTL284 13.49 1.6 3
LTL290 0.44 0.0 3
LTL300 101.15 9.1 3
LTL305 13.42 3.0 3
LTL315 72.90 7.0 3
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TABLE 5-continued

TRPV6 mRNA quantitative RT-PCR results for ovarian cancer
biopsies.

Average Relative
Increase in TRPV6 mRNA

Sample ID Expression S.D n
LTL317 20.23 1.2 3
LTL320 354.02 33.8 3
Average 393
Median 12.9

S.D. = standard deviation;
n = number of samples.

TABLE 6

TRPV6 mRNA quantitative RT-PCR results for prostate
cancer biopsies. Average and median taken for all primer sets across
each sample.

Relative Increase in TRPV6
mRNA Expression

Sample ID Primer Set A Primer Set B Primer Set C
A5 12.3 4.9 5.4
All 20.8 5.9 9.6
Al2 9.1 2.4 5.6
PA-T 16.3 3.1
Average 8.7
Median 5.9
TABLE 7
TRPV6 mRNA quantitative RT-PCR results for breast cancer
biopsies.
Sample ID Relative Increase in TRPV6 mRNA Expression
FBT-1 225
FBT-2 3.6
FBT-3 12.9
Average 13
Example 28

In Vivo Injection and MRI Imaging of TRPV6-Bind-
ing Peptide Conjugates (SPIO-SorC27)

Conjugation of SorC27 to SPIO Nano-Beads

[0209] SPIO (Super Paramagnetic Iron Oxide) beads func-
tionalized with approximately 120 maleimide groups per
bead (Product No. 77-96-201 from micromod Partikeltech-
nologie GmbH, Germany) were reacted with a 5-fold molar
excess of buffered Sor-C27 (1 mM, 10xPBS, pH 7.2) for 1
hour at room temperature. The beads were separated from the
reaction mixture by centrifugation and suspended ina volume
of'sterile Dulbecco’s PBS for injection into the tumor-bearing
CD-1 nude mice. The number of SOR-C27 peptides per bead
was determined by quantitative 'H NMR analysis of the
supernatant to determine number of reacted peptide mol-
ecules. On average 75 molecules of SOR-C27 were conju-
gated to each SPIO particle. Conjugation of the peptide to the
SPIO was confirmed by LC-MS after trypsin digest of the
SPIO-peptide conjugate. The SPIO-SorC27 conjugate was
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then injected intraperitoneally (i.p.) into SKOV-3 derived
ovarian tumors xenografted into CD-1 nude mice prior to
imaging.

MRI Image Capture

[0210] The MRI images were acquired on a 3T Varian
Direct Drive Console using a 305/210 mm OD/ID Magnex
gradient coil and a 25 mm diameter quadrature mouse RF coil
from Doty Inc. The images were acquired using a pulse
sequence specifically selected to optimize contrast sensitivity
to iron-oxide nanoparticles. The iron-oxide appears dark
(negative contrast) for these types of acquisitions. The acqui-
sitions used a 3D balanced steady state free precession
(b-SSFP) pulse sequence with a TR/TE of 8/4 ms and an
image resolution of 150 micron (150 micron pixel dimension
in all 3 directions).

Results

[0211] FIG. 23 shows MRI images and the localization of
the MRI enhancement agent (SPIO-SorC27) to SKOV-3
derived ovarian tumors xenografted into CD-1 nude mice.
The upper control panels (A) show the administration of the
SPIO control beads, without conjugated SorC27. The SPIO
control beads were cleared from the tumor by 24 hours post-
injection. The lower level panel (B) shows that the SPIO-
SorC27 compound labels the cortex of the tumor 24 hours
post-injection. The solid white arrow shown in the left-hand
images indicates the position of the tumor in the xenograft.
The dashed arrow in the bottom right panel indicates the
darkened enhanced MRI signal of the SPIO-SorC27 con-
struct bound to the cortex of the tumor. No corresponding
accumulation of the iron nano-particles is observed in the top
right control panel. The panels on the right hand side show
MRI imaging before i.p. injection, while those on the right-
hand side show MRI imaging 24 hours after administration of
the control or diagnostic reagent. Conjugated TRPV6-bind-
ing peptides such as SorC27-conjugates are therefore able to
effectively target tumor sites in vivo.

Example 29
RT-PCR of Blood from Staged Cancer Subjects

[0212] Samples ofblood taken from subjects with prostate,
breast or ovarian cancer (stages 1 to IV) were tested for
TRPV6 mRNA expression using RT-PCR. Control samples
of blood taken from a healthy male (prostate) or healthy
female (breast and ovarian) were also tested. RT-PCR prod-
ucts were loaded onto agarose gels and separated using elec-
trophoresis. Integrated band density was then measured on
the agarose gels for the amplicons of the TRPV6 mRNA
(~320 bp) for each sample and control.

Results

[0213] FIG. 24 shows thatthe expression of TRPV6 mRNA
in blood samples taken from patients with cancer was signifi-
cantly higher compared to samples taken from normal
healthy controls. FIG. 24A shows that subjects with stage I,
1L, ITT or IV prostate cancer had up to 6 times more expression
of TRPV6 in blood. A significant increase in TRPV6 expres-
sion is also seen in samples representing different cancer
stages compared to normal samples. FIG. 24B shows that
subjects with breast cancer exhibit a significant increase in
blood TRPV6 expression. F1G. 24C shows that subjects with
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ovarian cancer also exhibit an increase in TRPV6 expression
compared to healthy female control samples. The integrated
signals represented in FIG. 24 were divided by a factor of
either 100,000 (24A & 24B) or 10,000 (24C). Analysis of
expression levels of TRPV6 mRNA in blood is therefore
useful to identify subjects with cancer, including the early
detection of stage I prostate, breast or ovarian cancer.

Example 30

TRPV6 mRNA in Plasma Samples from Subjects
with Stage [ or Stage II Ovarian Cancer

[0214] Total RNA was extracted from plasma samples from
healthy women (10) and from women with Stage I (3) or
Stage II (3) ovarian cancer using the TRI Reagent® LS
method (Sigma Aldrich). After preparation of cDNA libraries
(iScript, BioRad) from an equal amount ofthe extracted RNA
from each sample, the samples were subjected to standard
PCR. PCR reactions were analyzed using E-Gel® EX 1%
agarose gels and run on the E-Gel® iBase gel electrophoresis
unit. Using Program 7, for E-Gel® EX 1-2% gels, for 10
mins. The TRPV6 mRNA (cDNA) amplicons were imaged
and quantified with an Alpha Innotech Fluor Chem® FC2
imager, using filter position#1 (green filter) and UV light (302
nm) using Auto Expose. All samples were analyzed in tripli-
cate and data were compared using the Student’s t-test and the
95% confidence limit.

Results

[0215] As shown in FIG. 25, plasma taken from subjects
with stage I or II ovarian cancer had significantly more
expression of TRPV6 mRNA (p<0.0001 OVI; p=0.0475
OVII) compared samples from healthy controls.

Example 31

Analysis of TRPV6 Protein Levels in Subjects with
Stage 1 and I Ovarian Cancer

[0216] Plasmasamples were obtained from healthy women
and women diagnosed with stage I or II ovarian cancer. Pro-
tein was isolated from the plasma samples following the TRI
Reagent® LS method (Sigma Aldrich). Lysates were pre-
pared from the plasma protein pellets from the TRI Reagent®
LS procedure by heating in a solution of 1% SDS in PBS and
15 mM dithiothrietol (DTT) in a boiling water bath. Protein
extracts were quantified by measuring the absorbance at 280
nm of each lysate on a Varian Cary 50 UV spectrophotometer.
The amount of protein in ug/ul. was extrapolated from a
bovine serum albumin protein standard curve. Protein
extracts were electrophoresed on NuPage® Novex 4-12%
Bis-Tris Gel 1.5 mm wells (Invitrogen) at 145V for 55 mins.
The gels were transferred for 10 mins onto a iBlot® Transfer
Stack, PVDF regular (Invitrogen) using the Invitrogen iBlot
transfer system. PVDF blocking, antibody incubation and
washing were performed using a SNAP i.d. protein detection
system (Millipore). The PVDF membranes were then
blocked for 30 seconds with 0.5% ECL advanced blocking
buffer (Fisher). The PVDF’s were incubated in a 1/30 dilution
of TRPV6 (H-90) primary antibody (Santa Cruz) for 10 min
and washed 3 times with 30 mL of TBS-T. The PVDFs were
then incubated in a 1/1500 dilution of goat anti-rabbit IgG
HRP secondary antibody (Santa Cruz) for 10 min and washed
3 times with 30 mL of TBS-T. The TRPV6 bands were
detected with 15 ml of Luminol for 3 mins. Gels were imaged
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and the band density was quantified with an Alpha Innotech
FluoroChem imager for 10 minutes. All samples were ana-
lyzed in triplicate and data were compared using the Student’s
t-test and the 95% confidence limit.

Results

[0217] Asshown in FIG. 26A, the levels of TRPV6 protein
were significantly higher in blood samples taken from sub-
jects with stage 1 (p=0.0001) or stage II (p=0.0270) ovarian
cancer compared to samples take from healthy controls. FIG.
26B shows that stage I and stage I ovarian cancer considered
together (early stage cancers) also exhibit increased levels of
TRPV6 protein (p=0.0006) compared to healthy controls.
[0218] While the present invention has been described with
reference to what are presently considered to be the preferred
examples, it is to be understood that the invention is not
limited to the disclosed examples. To the contrary, the inven-
tion is intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

[0219] All publications, patents and patent applications are
herein incorporated by reference in their entirety to the same
extent as if each individual publication, patent or patent appli-
cation was specifically and individually indicated to be incor-
porated by reference in its entirety.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 27

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic peptide
<400> SEQUENCE: 1

Glu Gly Lys Leu Ser Ser Asn Asp Thr Glu Gly Gly Leu Cys
1 5 10

Phe Leu His Pro Ser Lys Val Asp Leu Pro Arg

20 25
<210> SEQ ID NO 2
<211> LENGTH: 18
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 2

Ser Ile Leu Ala Arg Pro Ala Glu Leu Asn Thr Glu Thr Cys
1 5 10

Glu Cys

Lys Glu
15

Ile Leu
15

1. A compound comprising a Transient Receptor Potential
Vanilloid 6 (TRPV6)-binding peptide conjugated to a bio-
molecule, wherein the TRPV6-binding peptide comprises all
or part of a peptide comprising EGKLSSNDTEGGLCK-
EFLHPSKVDLPR (SEQ ID NO:1).

2. The compound of claim 1, wherein the TRPV6-binding
peptide comprises from 9 to 27 amino acids of SEQ ID NO:
1.

3. The compound of claim 1, wherein the TRPV6-binding
peptide comprises a contiguous part of the C-terminal
sequence of SEQ ID NO:1.

4. The compound of claim 3, wherein the TRPV6-binding
peptide comprises at least 9 contiguous amino acids of the
C-terminal sequence of SEQ ID NO:1

5. The compound of claim 1, wherein the TRPV6-binding
peptide has at least 70% identity to the amino acid sequence
HPSKVDLPR.

6. The compound of claim 1, wherein the TRPV6-binding
peptide comprises the amino acid sequence HPSKVDLPR.

7. The compound of claim 1, wherein the TRPV6-binding
peptide has at least 70% identity to the amino acid sequence
KEFLHPSKVDLPR.

8. The compound of claim 1, wherein the peptide com-
prises the amino acid sequence KEFLHPSKVDLPR.

9. The compound of claim 1, wherein the TRPV6-binding
peptide has at least 70% identity to the amino acid sequence
EGKLSSNDTEGGLCKEFLHPSKVDLPR.

10. The compound of claim 1, wherein the peptide com-
prises the amino acid sequence EGKLSSNDTEGGLCK-
EFLHPSKVDLPR.

11. The compound of claim 1, wherein the biomolecule
comprises a detectable label.

12. The compound of claim 1, wherein the biomolecule

comprises a therapeutic agent.

13. The compound of claim 12, wherein the therapeutic

agent is an anti-cancer agent.

14. A pharmaceutical composition comprising the com-

pound of claim 1 and a pharmaceutically acceptable carrier.

15. A method for detecting TRPV6 protein in a sample

comprising:

a) contacting the sample with the compound of claim 1;

b) detecting the biomolecule conjugated to the TRPV6-
binding peptide thereby detecting the TRPV6 protein.

16. The method of claim 15, wherein the biomolecule

comprises a fluorophore and the step of detecting the biomol-
ecule comprises detecting the fluorophore.

17. The method of claim 15, wherein the sample is a bodily

fluid.

18. The method of claim 17, wherein the bodily fluid is

blood.

19. The method of claim 15, wherein the biomolecule is

detected in vivo.

20. A method of identifying cancer in a sample from a

subject comprising:

a) detecting TRPV6 mRNA or protein in the sample;

b) comparing the amount of TRPV6 mRNA or protein in
the sample with an amount of TRPV6 mRNA or protein
in a control sample, wherein an increased amount of
TRPV6 mRNA or protein in the sample compared to the
control is indicative of cancer.

21. The method of claim 20, wherein the step of detecting

TRPV6 protein comprises contacting the sample with the
compound of claim 1.
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22. The method of claim 20, wherein the sample is a bodily
fluid.
23. The method of claim 22, wherein the bodily fluid is
blood.
24. The method of claim 20, wherein the cancer is stage |
cancer or stage Il cancer.
25. The method of claim 20, wherein the cancer is ovarian
cancer, breast cancer or prostate cancer.
26. A method of identifying a cancer tumor in a subject
comprising:
a) administering to the subject a compound comprising a
TRPV6-binding peptide or an antibody to TRPV6;

b) detecting the TRPV6-binding peptide or antibody to
TRPV6 in the subject thereby detecting TRPV6;

¢) identifying regions of the subject with increased levels
of TRPV6 relative to a control level, wherein increased
levels of TRPV6 are indicative of a cancer tumor.

27. The method of claim 26, wherein the compound com-
prises the compound of claim 1.

28. The method of claims 26, wherein the cancer tumor is
an ovarian cancer tumor, breast cancer tumor or a prostate
cancer tumor.

29. The method of claim 26, wherein the compound com-
prising a TRPV6-binding peptide or antibody to TRPV6 com-
prises a magnetic resonance imaging contrast agent and the
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step of detecting the TRPV6-binding peptide or antibody to
TRPV6 comprises magnetic resonance imaging (MRI).

30. The method of claim 29, wherein the magnetic reso-
nance imaging contrast agent is super paramagnetic iron
oxide (SPIO)

31. The method of claim 26, wherein the compound com-
prising a TRPV6-binding peptide or antibody to TRPV6 com-
prises a fluorophore and the step of detecting the TRPV6-
binding peptide or antibody to TRPV6 comprises detecting
the fluorophore.

32. A method of delivering a biomolecule to a cell express-
ing TRPV6 comprising contacting the cell with the com-
pound of claim 1.

33. The method of claim 32, wherein the biomolecule
comprises a therapeutic agent.

34. The method of claim 33, wherein the therapeutic agent
comprises an anti-cancer agent.

35. The method of claim 32, wherein the biomolecule
comprises a detectable label.

36. The method of claim 35, wherein the detectable label is
a fluorophore or a magnetic resonance imaging contrast
agent.

37. The method of claim 32, wherein the step of contacting
the cell occurs in vivo.
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