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CELL SURFACE PROSTATE CANCER ANTIGEN FOR DIAGNOSIS

INCORPORATION BY CROSS-REFERENCE
The present application claims priority from Unites States of America provisional
patent application number 61/928,776 filed on 17 January 2014, the entive contents of which

are incorporated herein by cross-reference.

FIELD OF THE INVENTION
The present invention relates generally to the field of prostate cancer diagnostics. In
particular, the present invention relates to the identification of biomarkers in biological
samples, which can be used in the detection of prostate cancer. The identified markers may
also be used i determining prognosis and monitoring response to treatment for prostate

cancer patients.

BACKGROUND OQF THE INVENTION

Prostate cancer is the most frequently diagnosed visceral cancer and the second
leading cause of cancer death for men in the United States. The Americant Cancer Society
estimates that in 2013 about 238,590 new cases of prostate cancer will be diagnosed and
29,720 men will die of the disease. Overall, one in six men will be diagnosed with prostate
cancer in their lifetime.

Currently, prostate cancer can be detected by either digital rectal exam (DRE} or by
the measurement of prostate-specific antigen (PSA) in the blood of patients. However, neither
test is entirely conclusive, and both can lead to false negatives (leaving real cancers
undetected), and false positives (signaling cancer where there is none), For example, standard
PSA tests conducted at the recommended 4.0 ng/ml cutoff, are 86% sensitive to cancer
patients but only 33% specific, producing false positives in roughly 67% of non-cancer
patients (Hoffman et al. 2002). False positives are usually followed by mvasive and painful
biopsies.

A need exists for prostate cancer diagnostic tests with improved accuracy and/or

sensitivity.



10

15

20

25

30

SUMMARY OF THE INVENTION

The present invention is based, in part, on the discovery that glypican-1 heparan
sulfate proteoglycan (GPC-1) levels are elevated in the body fluids or tissues of prostate
cancer patients. The present inventors have discovered that glypican-1 is a new marker for
prostate cancer. Accordingly, the present invention provides for methods of detecting
glypican-1 to determine the existence of prostate cancer in patients.

In one aspect, the present invention provides a method of detecting prostate cancer in
a patient, the method comprising measuring the level of soluble glypican-1 in a body fluid
sample from a patient and determining that said patient has prostate cancer or an increased
likelihood of developing prostate cancer based upon the level of soluble glypican-1 in the
body fluid sample.

In one example, the disclosure provides for methods for detecting prostate cancer in a
patient comprising obtaining a body fluid or tissue sample from a patient, contacting said
sample with an anti-glypican-1 antibody, determining that said patient has prostate cancer or
an increased likelihood of developing prostate cancer based upon binding of said anti-
glypican-1 antibody to said body fluid or tissue sample. In some examples the levels of one
or more additional prostate markers are measured in the body fluid or tissue sample, and the
determination that the patient has cancer is based upon the levels of glypican-1 and the levels
of the one or more additional markers in the patient body fluid or tissue sample. In some
examples, the cancer is prostate cancer, and the additional marker is PSA. In some examples,
the anti-glypican-1 antibody is MIL-38. In other examples, the anti-glypican-1 antibody is not
MIL-38. In some examples, the anti-glypican-1 antibody is an antibody fragment or
recombinant antibody capable of binding glypican-1. In some examples, the anti-glypican-1
antibody is labeled for easy detection. In some examples the antibody label can be a
fluorescent label, a biotin-avidin amplification system, a chemiluminescence system,
microspheres or colloidal gold among others.

In some examples the body fluid sample obtained from the patient is a blood, serum,
plasma, or urine sample.

In one example, the anti-glypican-1 antibody binding to the patient’s body fluid or
tissue sample is compared to the level of anti-glypican-1 antibody binding of a control
sample; wherein increased anti-glypican-1 antibody binding of the body fluid or tissue

sample over the control sample is associated with the presence of prostate cancer. In



some examples, said control sample comprises the body fluid from an age-matched prostate
cancer-free patient.

In other examples, the level of anti-glypican-1 antibody binding to the patient’s body
fluid or tissue is compared to the level of anti-glypican-1 antibody binding to a reference
standard, wherein increased anti-glypican-1 antibody binding of the body fluid or tissue

sample over the reference standard sample is associated with the presence of prostate
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cancer. In some examples, said reference standard comprises a sample with known glypican-
1 content. In some examples, the comparison of the anti-glypican-1 binding to the body fluid
or tissue is compared to the anti-glypican-1 binding to the glypican-1 standards to quantify
the amount of glypican-1 in said body fluid.

In some examples, glypican-1 content higher than about: 0.1ng/ml, 0.5ng/ml, Ing/ml,
Sng/ml, 10ng/ml, 15ng/ml or 20ng/ml in the body fluid sample is indicative of prostate
cancer.

The diagnostic methods of the disclosure may further comprise administering one or
more prostate cancer treatments to a patient, and following changes in the level of glypican-1
in body fluids or tissues as a mechanism to monitor patient recovery or responses to the
prostate cancer treatments. In some examples, the anti-glypican-1 antibody binding is
detected via techniques such as immunofluorescence, radiolabeling, immunoblotting,
enzyme-linked immunoassay, flow cytometry, optical density, and chemiluminescence.

In another aspect, the present invention provides use of a kit comprising: a first anti-
glypican-1 antibody, and glypican-1 standards; for detecting prostate cancer in the body fluid
of a patient, wherein the first anti-glypican-1 antibody is used to detect soluble glypican-1 in
the body fluid.

’ The present disclosure also includes kits for detecting glypican-1 in the body fluids or
tissues of patients. In one example the kit for detecting prostate cancer comprises a first anti-
glypican-1 antibody, a pharmaceutically acceptable carrier, and glypican-1 standards;
wherein said kit is capable of detecting glypican-1 in the body fluid or tissue of a patient. In
some examples the kit further comprises a secondary ligand. In some examples the secondary
ligand is a second anti-glypican-1 antibody. In one example, the second anti-glypican-1
antibody is the same as the first anti-glypican-1 antibody.

In some examples, the secondary ligand is conjugated to a label for rapid detection of
said ligand.

The present disclosure thus relates at least to the following series of numbered
examples below:

Example 1: A method of detecting prostate cancer in a patient, the method comprising
measuring the level of glypican-1 in a body fluid sample from a patient

and determining that said patient has prostate cancer or an increased likelihood of

developing prostate cancer based upon the level of glypican-1 in the body fluid sample.



Example 2: The method of detecting prostate cancer in a patient of example 1,
comprising the steps of:

(a) obtaining a body fluid sample from a patient;

(b) contacting said body fluid sample with an anti-glypican-1 antibody; and
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(c) determining that said patient has prostate cancer or an increased likelihood of
developing prostate cancer based upon binding of said anti-glypican-1 antibody to
said body fluid sample.
Example 3: The method of example 2, wherein said anti-glypican-1 antibody is MIL-
38.
Example 4: The method of example 2, wherein said body fluid sample is contacted
with a population of antibodies, wherein:
antibodies of the population comprise:
(a) a heavy chain variable region comprising:
a complementarity determining region 1 (CDR1) comprising or consisting of
an amino acid sequence defined by positions 50-54 of SEQ ID NO: 10;
a complementarity determining region 2 (CDR2) comprising or consisting of
an amino acid sequence defined by positions 69-85 of SEQ ID NO: 10;
a complementarity determining region 3 (CDR3) comprising or consisting of
an amino acid sequence defined by positions 118-126 of SEQ ID NO: 10; and
(b) a light chain variable region comprising:
a complementarity determining region 1 (CDR1) comprising or consisting of
an amino acid sequence defined by positions 44-54 of SEQ ID NO: 11;
a complementarity determining region 2 (CDR2) comprising or consisting of
an amino acid sequence defined by positions 70-76 of SEQ ID NO: 11;
a complementarity determining region 3 (CDR3) comprising or consisting of
an amino acid sequence defined by positions 109-117 of SEQ ID NO: 11; and
antibodies of the population do not comprise a light chain variable region
comprising:
a complementarity determining region 1 (CDR1) comprising or consisting of
an amino acid sequence defined by positions 48-58 of SEQ ID NO: 12;
a complementarity determining region 2 (CDR2) comprising or consisting of
an amino acid sequence defined by positions 74-80 of SEQ ID NO: 12;
a complementarity determining region 3 (CDR3) comprising or consisting of
an amino acid sequence defined by positions 113-121 of SEQ ID NO: 12.
Example 5: The method of example 4, wherein the antibody population is produced

by or otherwise identical to an antibody population as generated by hybridoma cells
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deposited on 22 August 2014 at CellBank Australia (CBA) under accession number
CBA20140026.

Example 6: The method of example 2, wherein said anti-glypican-1 antibody is not
MIL-38.

Example 7: The method of any one of examples 2 to 4, wherein said anti-glypican-1
antibody is an antibody fragment or recombinant antibody capable of binding glypican-1.

Example 8: The method of any one of examples 2 to 7, wherein said anti-glypican-1
antibody is labeled.

Example 9: The method of example 8, wherein said label is chosen from a group
consisting of a radiolabel, a fluorescent label, a biotin-avidin amplification system, a
chemiluminescence system, microspheres, and colloidal gold.

Example 10: The method of any one of examples 2 to 9, wherein anti-glypican-1
antibody binding is detected via a technique selected from the group conmsisting of
immunofluorescence, radiolabeling, immunoblotting, Western blotting, enzyme-linked
immunosorbent assay (ELISA), flow cytometry, immunoprecipitation,
immunohistochemistry, biofilm test, affinity ring test, antibody array optical density test, and
chemiluminescence. ;

Example 11: The method of example 1, wherein said level of glypican-1 in the body
fluid sample from a patient is compared to the level of glypican-1 in a control sample;
wherein increased anti-glypican-1 antibody binding of the body fluid sample over the control
sample is associated with the presence of prostate cancer.

Example 12: The method of example 11, wherein a 50% or more increase in the level
of glypican-1 of said body fluid sample over the level of glypican-1 in the control sample is
indicative of prostate cancer.

Example 13: The method of any one of examples 2 to 10, wherein anti-glypican-1
antibody binding to said body fluid sample is compared to anti-glypican-1 antibody binding
of a control sample; wherein increased anti-glypican-1 antibody binding of the body fluid
sample over the control sample is associated with the presence of prostate cancer.

Example 14: The method of example 13, wherein a 50% or more increase in the anti-
glypican-1 antibody binding to said body fluid sample over the level of anti-glypican-1

antibody binding of the control sample is indicative of prostate cancer.
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Example 15: The method of any one of examples 2 to 10, 13 or 14 wherein anti-
glypican-1 antibody binding to said body fluid sample is compared to anti-glypican-1
antibody binding to one or more glypican-1 standards; wherein the anti-glypican-1 antibody
binding of the standards is used to quantify the amount of glypican-1 in said body fluid
sample.

Example 16: The method of any one of examples 1 to 15, wherein a glypican-1
content higher than about 10ng/ml in the body fluid sample is indicative of prostate cancer.

Example 17: The method of any one of examples 1 to 16, further comprising:

measuring the level of prostate-specific antigen (PSA) in a body fluid sample from the

patient, and

determining that said patient has prostate cancer or an increased likelihood of
developing prostate cancer based upon (i) the level of PSA measured in the body fluid
sample, and (ii) binding of said anti-glypican-1 antibody to said body fluid sample.

Example 18: The method of example 17, wherein the level of prostate-specific

‘antigen (PSA) is measured in a blood sample from the patient.

Example 19: The method of example 17 or example 18, wherein the level of prostate-
specific antigen (PSA) in the body fluid sample measured is compared to the level of PSA
measured in a control sample; wherein increased PSA levels in the body fluid sample over
the control sample is associated with the presence of prostate cancer.

Example 20: The method of any one of examples 1 to 19, wherein said body fluid is
selected from the group consisting of blood, serum, plasma, and urine.

Example 21: A kit for detecting prostate cancer comprising a first anti-glypican-1
antibody, a pharmaceutically acceptable carrier, and glypican-1 standards; wherein said kit is
capable of detecting glypican-1 in the body fluid of a patient.

Example 22: The kit of example 21, wherein the anti-glypican-1 antibody is not MIL-
38.

Example 23: The kit of example 21, wherein the anti-glypican-1 antibody is MIL-38.



Example 24: The kit of example 21, wherein the anti-glypican-1 antibody is the
antibody referred to in any one of examples 4, 5 or 7.

Example 25: The kit of any one of examples 21 to 24, further comprising a secondary
ligand.
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Example 26: The kit of example 25, wherein said secondary ligand is a second anti-
glypican-1 antibody or an aptamer capable of binding to glypican-1; wherein said second
anti-glypican-1 antibody can be the same as the first anti-glypican-1 antibody.

Example 27: The kit of example 25 or example 26, wherein said secondary ligand is
conjugated to a label for rapid detection of said ligand.

Example 28: The kit of example 27, wherein said label is for use in a detection
method selected from the group consisting of immunofluorescence, radiolabeling,
immunoblotting, Western blotting, enzyme-linked immunosorbent assay (ELISA), flow
cytometry, immunoprecipitation, immunohistochemistry, biofilm test, affinity ring test,
antibody array optical density test, and chemiluminescence.

Example 29: The kit of any one of examples 22 to 28, wherein the kit comprises

components for conducting an ELISA.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1. Characterization of the cell bound MIL-38 glypican-1 antigen.

DU-145 prostate cancer cells were processed with a Membrane Protein Extraction Kit
(MPEK, Merck) and incubated with the MIL-38 antibody attached to magnetic beads. The
antigen was then immunoprecipitated and washed on the magnetic beads before eluting the
antigen and subjecting said antigen to mass spectrometry analysis. Results of mass spec
analysis are shown identifying glypican-1 as the MIL-38 antigen. The 18 unique peptide
sequences spanning the glypican-1 protein are underlined.

Figure 2. MIL-38 immunoprecipitation and size-exclusion chromatography.

DU-145 prostate cancer cell membrane extracts were immunoprecipitated using MIL-
38 and run through a size-exclusion chromatography column. The figure shows western blot
analyses of even numbered chromatography fractions using either MIL-38 antibody or
secondary antibody control. The MIL-38 antigen is shown at 60Kd in fractions A28 and A30.
Figure 3. Mass spectrometry of size-exclusion chromatography purified MIL-38 antigen.

Fraction number A29 from size-exclusion chromatography separation of Figure 2 was
analyzed via mass spectrometry. Results of mass spec analysis are shown identifying
glypican-1 as the MIL-38 antigen with 8 unique peptide sequences spanning the glypican-1

protein underlined.
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Figure 4. MIL-38 and anti-GPC-1 antibodies show overlapping reactivity en 2D gel
western blot.

Membrane protein extracts of DU-145 prostate cancer cells were separated on 2D gel
{pl gradient-horizontal, and molecular mass vertical). Western blots using MIL-38 antibody

and commercial rGPC-1 rahbit polyclonal antibodies show averlapping reactivity marking a

B0Kd protein (circled in figure). Lane D is a one dimension separation for DU-145 extracts

as a control. Lane M is a one dimension separation lane for molecular size markers as
controls.
Figure 5, MIL-38 can detect immunoprecipitates of GPC-1 antibodies and vice versa.

MIL-38 and rabbit anti-GPC-1 antibodies were each used to immunoprecipitate their
antigens from DU-143 prostate cancer or C3 (MIL-38 negative) cell membrane protein
extracts. Shown are the western blots of the immunoprecipitations detected with either MIL-
38§ or anti-GPC-1 antibody. Figure S5A depicts GPC-1  detection of MIL-38
mmmunoprecipitates (left) and MIL-38 detection of GPC-1 immunoprecipitates (right).
Figure 5B depicts MIL-38 detection of MIL-38 immunoprecipitates as a control. Lanes are:
Magic Mark- commercial protein marker as control, DUT45 MPEK- prostate cancer
membrane protein extract (not immunoprecipitated), DUL4S FT- prostate cancer flow
through from immone precipitation; DUI4S IP- immunoprecipitate using antibody; €3
MPEK- (MIL-38 negative) control membrane protein extract (not immunoprecipitated); C3
FE- (MIL-38 negative) cell flow through from immune precipitation; C3 IP elution- (MIL-
38 negative] cell immunoprecipitate using antibody. MIL-38 can  detect the
immuneprecipitate from rGPC-1 antibody and vice versa. MIL-38 can also bind to all
controls including DU 145 MPEK and to IP conducted by MIL-38.
Figure &, MIL-38 detects recombinant glypican-1

A recombinant glypican-1 produced in NSO cells was tested for reactivity with MIL-
38 and anti-GPC-1 antibodies. Western blots show reactivity of both MIL-38 and rabbit
polyelonal anti-GPC-1 antibody with the recombinant glvpican-1. Lanes are: Magie Mark-
commercial protein marker as control; GPC-1- recombinant Glypican-1 protein; GPC-1 red-
recombinant Glypican-1 protein with reducing agent.
Figure 7. MIL-38 can detect antigen secreted inte cell cnlture supernatant.

DU-145 prostate cancer cells were incubated with serum free media for 36 hours to
produce cell free conditioned media. The conditioned media without any cells was

immunoprecipitated using the MIL-38 antibody and compared to a standard IP using DU-145

&
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MPEK membrane protein extracts. Shown is a western blot of the immunoprecipitates using
the MIL-38 antibody. The MIL-38 antibody can detect antigens of 40 and 55kD in the
conditioned liquid media.

Figure 8. MIL-38 antigen detected in cell culture supernatant is glypican-1

D-145 prostate cancer cells were incubated with serum free media for 36 hours to
produce cell free conditioned media. The conditioned media was tmmunoprecipitated using
the MIL-~38 antibody and the immunoprecipitates were sent for mass spectrometry analysis.
Figure 8A. A sample containing both the 40 and 55kD MIL-38 reactive anfigens was
subjecied. to mass spec analysis, Results of mass spec analysis are shown identifying
glypican-1 as the MIL-38 antigen from the conditioned lguid media with 9 unique peptide
sequences spanning the N-terminus of the glypican-1 protein underlined. Figure 8B. A
sample containing the 40 kDa MIL-38 reactive antigen was subjected 10 mass spec analysis,
Results of mass spec analysis are shown identifving glvpican-1 as the MIL-38 antigen from
the conditioned liquid media with 1C unique peptide sequences spanning the N-terminus of
the glypican-1 protein underlined. Figure 8C. A sample containing the 55 kDa MIL-38
reactive antigen was subjected to mass spec analysis. Results of mass spec analysis are
shown identifying glypican-1 as the MIL-38 antigen from the conditioned liquid media with
9 ynique peptide sequences spanning the N-terminus of the glypican-1 protein underlined.
Figure 9. MIL-38 antibody can detect glvpican-1 in the plasma of prostate cancer
patients and in membrane extracts of prostate cancers.

Figure 9A. Plasma samples from one normal control patient and one prostate cancer
patient were immunoprecipiiated with the MIL-38 antibody. Shown are western blots with
both the MIL-38 and rGPCl antibodies. MIL-38 immunoprecipitated higher levels of
¢lypican-1 protein in the plasma of the prostate cancer patient than the plasma of the control
patient. Lanes are; 046 IP NT- IP from prostate cancer plasma; 046 IP Hepl- IP from
prostate cancer plasma treated with heparinase; 042 TP NT- IP from normal control plasma;
642 1P Hepl- 1P from normal control plasma treated with heparinase; Magic Mark-
commercial protein marker as contrel, Figure 9B. Membrane protein extracts from ong
normal prostate and one prostate cancer were obtained from Novus Bio. Equivalent amounts
of protein were western blotted using MIL-38 antibody. The prostate cancer extract

demonstrated higher expression of the MIL-38 antigen.
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Figure 18, MIL-38 can detect cancer in the urine of prostate cancer patients.
Uring samples from 1235 age-matched patients were collected and tested for die

presence of prostate cancer using MIL-38 antibody 1 an indirect immunofluorescence assay.
Patients were classified as healthy controls, benign prostatic hypertrophy (BPH) or prostate
cancer {CaP) based on either biopsy confirmation {(BRPH, CaP) or analysis of risk factory
{(healthy controls). Figure shows exemplary pictures of CaP experimental samples; DU145
positive control saniples; and C3 negative control samples.

Figuare 11, MIL-38 can detect recombinant glypican-1 in a variety of ELISA formats

Sandwich ELISAs were performed using 0, 0.1, 1 or 10ng recombinant human NS0~
produced glypican-1 protein (thGPCI) as analyte. Figare 11A, Capture with MIL-38
antibody, detection. with rabbit polyclonal anti-GPC1 (a-GPC1). Figure 11B. Capture with
anti-glypican-1 antibody, detection with MIL-38. Figure 11C. Capture with MIL-3§,
detection with biotinylated MIL-38.

Figure 12, Comparative sandwich ELISAs performed using different MIL-38 antibody
preparations as capture antibodies.

Figure 124 shows comparative sandwich ELISAs using AM3 and AM4 ag capture
antibodies. Figure 12B shows comparative sandwich ELISAs using either a mixed
preparation (34A) or a clonal population (AM4 1F5) as capture antibodies.

Figure 13. Box plot graphs of raw data of antibedy screening.

The binding of AM4 MIL-38 antibody to each of the synthesized peptides was tested in
a PEPSCAN-based ELISA. The bottom and top of the boxes are the 25th and 75th percentile
of the data. The band near the middle of the box is the 50th percentile (the median). The
whiskers are at 1.5 the inter-quantile range, an indication of statistical outliers within the
dataset {Mcgill et ¢/, The American Swatistician, 327 12-16, 1978);
Figure 14. Letterplot representation of MIL38-AM4 probed on the substitution analysis of

set 3 (Example 13).

DETAILED DESCRIPTION
The present invention is based, in part, on the discovery that glypican-1 heparan
suifate protecglyean (GPC-1) levels are elevatad in the body fluids or cells of prostate cancer
patients. The present inventors have discovered that elypican-1 is a new marker for prostate
cancer. Accordingly, the present invention provides for methods of detecting the existence of

prostate cancer in patients.
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Normal human cells are only capable of forty to sixty cellular divisions before
telomeric shortenings make them unviable. Prostate cancer cells however, are not subject to
the Hayflick limit of divisions and continue to divide indefinitely causing abnormal growths.

The most conmmon manifestation of cancer is the formation of tuwors in the bodies of
patients. In some embodiments of the present invention, the prostate cancer tumors can be
painless and asymptomatic. In other embodiments, the tumors can cause physical discomfort
or other localized symptoms such as fluid blockages or bleeding. Tn some embodiments, the
prostate cancer of the present invention may cause systemic symptoms such as those caused
by distupting normal body functions. In other embodiments the symptoms of prostate cancers
of the present invention can include change in bowel habits or bladder function,

One of the distinguishing factors between benign prostate tumors (non cancerous) and
mualignant prostate tamors (cancerous) is the ability to metastasize. Metastasis is the ability of
cancets to spread (ruetastasize) to other parts of the body. Prostate cancer in patients is further
categorized into stages according to the progression of the disease. The most conumon staging
system is the TNM system, which categorizes cancer based on the size and extent of the
primary tumeor {T), the spread of the cancer to nearby lvmph nodes (N), and the presence of
secondary tumor formed by the metastasis (M) of the primary tumor to other parts of the

body (American Cancer Society). Table 1 shows example definitions for each cancer stage.

Table 1. Definitions for cancer stages of the TNM system, adapted from the American

Cancer Society.

. Stage |, Stage ll, and . Higher numbers indicate more extensive disease:

. Stage i . Largertumor size and/or spread of the cancer bayond
. the organ in which it first developed to nearby lymph

| nodes andfor fissues or organs adjacent to the location
i of the primary tumor ' ‘

In some embodiments, the present invention can detect cancers at any one or morg

stages.

11



18

Pt
4

b3
¥ 3}

L
&

WO 2015/106311 PCT/AU2015/000018

In some embodiments, the glypican-1 of the present invention is encoded by SEQ ID
NO: 1. In some embodiments the glypican-1 protein is the full amino acid sequence of SEQ
ID NO: 2. In some embodiments, the glypican-1 protein does not include the signal peptide
of SEQ ID NO: 3. In some embodiments, the glypican-1 protein does not include the
propeptide of SEQ ID NO: 4. In some embodiments, the glypican-1 protein of the present
invention is SEQ ID NO: 5. In some embodiments glypican-1 of the present invention
includes glypican-1 vaviants such as isoforms, splice variants, snd allotypes. The present
invention also provides a method of determining a prognosis for a parient with prostate
cancer. In o embodiment, the method comprises obtaining a body fluid or tissue test sample
from a patient, measuring the levels of glypiean-1 in said body fluid or tissue, and comparing
said levels with a fixed range of values wherein higher glypican-1 levels are associated with
poorer prognosis or less favorable patient ountcome.

Non-limiting examples of prostate cancers that may be detected with the present
invention include prostatic intraepithelial neoplasia, adenccarcinoma, leiomyosarcoma, and
rhabdomyosarcoma

One of the most powerful tools against cancer is early detection. Earlier stages of
cancer tend to be easier to treat, and the prognosis for most cancers is generally better if the
disease is still localized. There are many tests that can help diagnose cancer. In some
embodiments, the present invention uses glypican-1 alone to detect prostate cancer. In other
embodiments GPC-1 is used together with another antigen wherein the presence of prostate
cancer is detenmined by the detection of both antigens. In one embodirment, the other antigen
is PSA,

The present invention provides methods for detecting prostate cancer. Prostate cancer
is the most frequently diagnosed visceral cancer and the second leading cause of cancer death
for men in the United States. The American Cancer Society estimates that in 2013 about
238,590 new cases of prostate cancer will be diagnosed and 29,720 men will die of the
disease, Overall, one is six men will be diagnosed with prostate cancer in their lifetime.
Prostate cancers have been associated with many symptoms including difficultv uripating,
erectile dysfunction and pain. Although mosi prostate cancers are slow growing, there are
cases of aggressive prostate cancers which can metastasize and can ultimately lead to death.

There are two major prostate cancer detection tests currently used by medical
professionals: a digital rectal exam (DRE), and the measurement of prostate-specific antigen

(PSA) in the blood of patients, Unfortunately, neither of these tests is entirely conclusive and

12
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both can result in false negatives {leaving real cancers undetected), and false positives
(signaling cancer where there is none). For example, standard PSA tests conducted at the
recommended 4.0 ng/ml cutoff are 86% sensitive to cancer patients but only 33% specific,
producing false positives in roughly 67% of non-cancer patients (Hoffman et al. 2002). The
present invention describes methods for combining glypican-1 measurements with another
prostate cancer antigen, PSA, wherein the presence of prostate cancer is determined based on
the levels of glypican-1 in the body fluid or tissue of the patient and the vesults of the PSA
test.

BLCA-38 (also known as MIL-38) is an IgG) murine raised antibody against human
bladder cancer cell line UCRU-BL-17CL (Walker et al., 1989). The resulting antibody was
shown to bind to most human bladder cancer lines (Russell et al., 2004). The antibody was
described as binding a cell surface protein of 30Kd and to be usefin] in detecting certain kinds
of bladder carcinoma (US PAT 5,622 836).

The present invention describes for the first thme the identity of the MIL-3% antigen.
The present inventors discovered the antigen through a series of immunoprecipitations,
westerns blot analyses, mass spectrometry analyses, and 2D gels described below in
Examples 1-8. In accordance with the present invention, any suitable agent and/or any
suitable technique as known to those of skill in the art can be used to measure the levels of
glypican-1 in a given Sampl.é (e.g. a body flurd sample), and use the measurement to diagnose
andfor prognose prostate cancer in a patient from which the sample is derived. In some
embodiments, the agent is an anti-glypican-1 antibody. In some embodiments of the
inventionn MIL-38 antibody 1s used t© bind to and detect a 60kD) glypican-1 proteoglycan. In
some embodiments the MIL-38 antibody is used to detect the glypican-1 antipen on the
surface of prostate cancer cells. In other embodiments, the MIL-38 antibody is used o detect
soluble glypican-1 in the body fluids or tissues of prostate cancer patients. In some
embodiments, the MIL-38 antibedy has binding specificity for a glypican-1 epitope
comprising a first segment KVNPQGPGPE (SEQ I NO: 6) or KVNPQGPGP (SEQ 1D
NO: 7). The epitope may further comprise a second segment TONARA (SEQ ID NO: 8) or
TONARAFRD (SEQ ID NO: 9). The present invention shows that MIL-38"s ability to bind
to prostate cancer tissue is based on the presence of the glypican-1 antigen snd further
demonstrates the use of other anti-glypican-1 antibodies to detect cancerouns prostate cells.
Therefore in some embodiments the anti-glypican-1 antibody is not MIL-38. Further the

present invention demonstrates the ability to detect prostate cancer by detecting ghypican-1
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levels in the body fluids or tissues of patients. The present inventors have thus discovered that
glypican-1 is a marker for prostate cancer,

According to the invention glypican-1 levels in body fluids or tissues can be detected

using any suitable technique (e.p. any proteomic technigue). In some embodiments, the

glypican-1 levels can be detected wsing an anti-glypican-1 antibody. For example, the

glypican-1 levels can be detected using an anti-glypican-1 antibody that comprises: & heavy
chain variable region comprising 8 complementarity determining region 1 (CDR1)

comprising or consisting of an ammo acid sequence defined by positions 50-54 of SEQ ID

NO: 10; a complementarity determining region 2 (CDR2) comprising or consisting of an

amino actd sequence defined by positions 69-85 of SEQ ID NO: 19; a complementarity

determining region 3 (CDR3) comprising or consisting of an amine acid sequence defined by

positions 118-126 of SEQ ID NO: 16; and comprise a light chain varigble region comprising
a complementarity determining region 1 ({CDR1) comprising or consisting of an amino acid
sequence defined by positions 44-54 of SEQ ID NO: 11; a complementarity determining
region 2 {CDR2) comprising or consisting of an amino acid sequence defined by positions
70-76 of SEQ ID NO: 11; a complementarity determining region 3 {CDR3) comprising or
consisting of an amino acid sequence defined by posttions 109-117 of SEQ 1D NO: 11, The
anti-glypican-1 antibody used to detect the glvpican-1 levels may not comprise: a light chain

variable region comprising a complementarity deterpuming region 1 (CDR!} comprising or

consisting of an amino acid sequence defined by positions 48-58 of SEQ ID NO: 12 a

complementarity determining region 2 (CDR2) comprising or consisting of an amino acid

sequence defined by positions 74-80 of SEQ 1D NO: 12; and a comiplementarity determining

region 3 (CDR3} comprising or consisting of an amino acid sequence defined by positions

113-121 of SEQ ID NO: 12. The anti-glypican-1 antibody may be produced by or otherwise

identical to an antibody generated by hybridoma cells as deposited on 22 Aungust 2014 at

CeliBank Australia (CBA) under accession number CBA201406026.

In some embodiments of the invention, one or more other anti-glypican-1 antibodies

may be used to detect glypican-1 in the body fluids or tissues of patients. In some

embodiments, said other anti-glypican-1 antibodies can be any of the antibodies listed in

{Table 2) of ihis application. In et another embodiment, the antibody used to detect
glypican-1 in the body fluids or tissues of patients could be any antibody capable of binding
¢lypican-1. In some embodiments the antibodies of the present invention include antibody
fragments or recombinant antibodies. In some embodiments the antibodies of the present

14
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invention include human antibodies, humanized antibodies and chimeric antibodies. In some
embodiments the antibodies of the present invention are conjugated antibodies, A non-
limiting list of the antibody fragiments of the present invention include fragment antigen
binding Fab, Flab’},, ScFv, Di-scFv sdAb, chemically linked F{ab™),, bispecific antibodies,
irispecific antibodies Fab3, BissscFv, Minibody bivalent antibodies, triabody trivalent
antibodies, disbody bispecifric antibodies, tetrabody tetravalent antibodies. A review of
antihody fragments and dowain combinations can be found in (Holliger and Huodson 2005,
and US 2003/0077282),

15



PCT/AU2015/000018

WO 2015/106311

T-uesidAjn uBwiny jo uoigal wua-N | Alod | nadgey | Sovd 9m uBliny | £5SZ56NIgY BUHLIO
JBUILIBL-N B3 WOL BETH-ZT UBBMIBY ‘d-DH -sapogiue
appdad si3eyiuAs pazedn{uod Hy w113
T-uendAD uewiny wisy-N | Alod | uggey veitd uBUng BOTEGONIGY aujjuo
40 UDIB9J [BURLLIDI-N BY3 W04 BRTH-ZT "SIV -selpogpue
usamiag apidad onayiAs patednfuod B ‘SHI ‘M
paje8nluos 44 "ojul sausnbas wieyd | Alod | nggey | 49d-OHI asioy | gOTORINIGY BLijuo
noge aunbug snupruie)-y T uedidA3 “#si13 ‘M0o0 ‘Bop 3.4 ~s3pogIur
uewny Loy paausp apiidsed s1syiuAs ‘M| ‘Bsnow ‘uewing
pRIESN{UOD URoIg "UBBOUNWIWL UMOWUN Alod | uquey w3 uelunH | SZIVLTINIGY aujue
‘AR DI -s3{poghue
“paiednfuod UI3olg “SNUMMEY-) T ueddAjE WaayD | Apd | uggeY | 8d-0HI ISI0Y | TOTOVLINIGY JUHUD
uRUY Wodj paapap apiidsd snsyuAs 9513 ‘mod ‘Jop "1el -~S3pogiue
‘M | Tasnow ueling
pa1eBNiuod diH ‘USBounLUILL| UMOUNUN Alod | ugged | 4%d-DHI 95404 | dUH-S7HZ-59 55019
WSIT3 | ‘mad ‘Sop el
‘AR | Esnolg ‘ueuwing
po1e8n{u0s UNOIG "USBOUNLIL UMOLUN Alod | uagey | 4md4-2H| 85i0Yy upoig s50ig
WS | ‘mod ‘Sop ‘el “49ZvZ-5q
; ‘T | Bsnou ‘uewing
{zS0SEd BuOISSEOdY) 0ESIRS | DESpzee | Ajod | 1e0n | 3d ‘M ueUwNY 6TSTva aBy
-pzasy “T-uedidAig Yeuny Juetiquingnsl
um\,:m?omz mcx a3 meang asnow

.

Ao.\ k-«.\\»ggx&

3

ﬁ%ﬁé u-ﬁa&@,wé 'T9IqeL

16



PCT/AU2015/000018

WO 2015/106311

TOdD UBWNY JO UOIFaL [RUILIRY It-Ziee | Ajod | uggey AANEE uewny | S/96/vTNIGY BUIUO
-N woly epndad ansyiuAs patednfuod Ky "GM "DHI ~531pogijue
v ; SOV
0ES-pzRe T UBDDAISUL PaALIBP-OSN o£s-pzee | Ajod je08 PREN uewny | T/E0EENIGY BUUC
. “4M -sg|pogpue
T-0d9 Ueliny o uotdau jeussiuy uoisas | Ajod | jigqey \ASRE! uewny | 9LESESNIBY auuo
ue 031 Sujpuodsaisod apidad a11a(uAS fewia ‘AN -53|1pogiue
1-3d5 By JO Uoi8ad [Pl uoifal | Ajod | liggey vS113 uBlUY | PZRTOTINIGY aufjuo
ue 03 Buiptiodsaiion spndad apyjuls felianul "AM -sapagiue
134D uewny uoidas | Ajed | uggey LASAE| uewny | gE96rENIGY ey
0} Suipuodsaiiod spndsd 2118IuAs jBLUIBIUY "M ~saipoegiiue
T-Dd9 UBLINY JO UO(Ea [RLIBILS uoidas | Ajod | ygoey vsi13 | BSOPOGNIAY Auluo
ue 01 Buipuodsaisod apdad 118y uAs fewany ‘Ga | ‘asnolu ‘uBtiny ~581pogijue
Aosanasud wisa-3 | Alod | jggey Y513 uBluny £EHLOTNIGY SYHUD
14D UBNY JO SanpIsss [RUIUIBY G -sajpogpue
-3 03 Supuodsasiod apidad snsyiuis
"ojul 3yuanbas wisy-3 | Apd | uggey 4 35104 OUTOYZNIGY BUHUO
10ge s4nbug snuwsl-) T ueddAg ‘Ied-IHI ‘mad ‘gop g4 -salpogiue
usnyg woy paausp spidsd susyiuAs SI13 | ‘esnolu ‘uewing
. “AM
TI4D UBWINY JO Wewop wisN | Ajlod | uggey LANRE] ueuwmny | yRYIENIGY suuo
jeuiuIal-N Wwoly paausp spudsd onsyiuis ‘33 -s9Ipogue
‘M DHI
TIdD Ueuiny jo uteliop wRk-N | Alod | uggey | gM DHI uewny | g8r/pENIGY 3o
feulllLisy-y sy paaap spnded JlayuAs 184 ‘asnow -salpogiue
124D Uewny Jo ujewiop wiskN | Alod | uqged | am oHl uewny | 968LG6LNIBY aulUo
jeuiuLal-N Woty paauap apidad dI19LuAS -$31poqnIue

.

17



WO 2015/106311 PCT/AU2015/000018

In some aspects of the invention, a new anti-glypican-1 antibody can be penerated
from glypican-1 protein or a fragment or detivative thereof. By way of non-limiting example
only, the anti-glypican-1 antibody can be raised against a glypican-1 epitope comprising a
first segment KVNPQGPGPE (SEQ 1D NO: 6) or KVNPQGPGP (SEQ ID NO: 7). The
epitope may further comprise a second segment TONARA (SEQ ID NO: 8) or
TONARAFRD (SEQ ID NO: 9). One skilled in the art will recognize that many procedures
are gvailable for the production of antibodies, for example, the methods described in (Harfow
et al, 1988). In some embodiments, the glypican-1 immmunogen used to create the anti-
glypican-1 antibodies will include the post tranglational modifications of the native protein
{e.g. folding). In some embodiments the glypican-1 immunogen will not include the signal
peptide (SEQ ID No: 3}, or the C-terminal propeptide (SEQ ID No: 4) sequences. In some
embodinents, the glypican-1 immunogens are obtained from human or other mammalian
cells such as transformed muring NSO, wild type DU-145, or other glypican-1 expressing cell
fine. In some embodiments the glypican-1 antigen can be cells expressing glypican-1. In
some embodiments the glypican-1 immunogen can be whole cells or cell parts with glypican-
1 protein on their surface. One skilled in the art will also appreciate that binding fragments or
Fab fragments can be prepared from genetic information by various well-known procedures
such as those described in (Borrebaeck et al., 1995: and US patent 7,960,517).
glypican-1 may be created for the detection of prostate cancer. Again by way of non-limiting
example only, the polvclonal antibody targeting glypican-1 can be raised against a series of
glypican-1  epitopes  including a  glypican-1  epitope comprising a  first  segment
KVNPQGPGPE (SEQ ID NO: 6) or KVNPQGPGP (BEQ ID NO: 7). The epitope may
further comprise a second segment TONARA (SEQ ID NO: 8) or TQNARAFRD (SEQ ID
NO: 9). Various procedures known in the art may be used for the production of
polyclonal antibodies to glypican-1 or a fragment of glypican-1. In one embodiment of the
invention, the glypican-1 protein or fragment thereof may be mjected into a host animal. In
some embodiments the host animals can include but are not limited to rabbits, mice, rats, ete.
In some embodiments the resulting sera is purified and tested for its ability io react with
glypican-1 via techniques well known in the art such as westerns, ELISAs,
immunofluorescence sereens, flow cytometry, Floorescence Activated Cell Sorting (FACS)
or others.

In another embodiment, monoclonal antibodies (mAbs) directed against glypican-1

may be created for the detection of prostaie cancer. Again by way of non-limiting example

18



WO 2015/106311 PCT/AU2015/000018

only, the monocolonal antibody targeting glvpican can be raised against a glypican-1 epitope
comprising a first segment KVNPQGPGPE (SEQ ID NO: 6) or KVNPQGPGP (SEQ 1D
NO: 7). The epitope may further comprise a second segment TQNARA (SEQ ID NO: 8) or
TONARAFRD (SEQ ID NO: 9). In one embodiment, anti-glypican-1 antibodies are ereated
vig the hybridoma technique (Kohler and Milstein 1975}, or other techniques {Cole et al,,
1985; or US PAT 6,116,013). For more details and examples on antibody production see US
PAT 7,985,560,

In some embodiments of the present invention, glypican-1 is detected in the body
fluids or tissues of patients by an anti-glvpican-1 antibody. In some embodiments the body
fluid sample obtained from the patient is a blood, serum, plasma, or urine sample. In other
embodiments, glypican-1 is detected in tissue samples of patients. In some embodiments, the
tissue samples inclnde tumor biopsies or other patient tissue. In some aspects of this
invention, the antibody detects glypican-1 via Western blot analysis, Enzvme-linked
mmunosorbent assavs {(ELISAs), fluorescent cell sorting or FACS, immunofluorescence,
radiolabeling, immunoprecipitation, immunohistochemistry, immunoblotting,
chemiluminescence, and/or other known techniques to detect protein with an antibody or
other ligand such as a protein capable of binding glypican-1. In some embodiments, glypican-
1 is detected via a biofilm test, or affinity ring test as described in US application
2013/016,736. In some embodiments glypican-1 is detected via glypican-1 binding agents
coated to transparent surfaces {e.g. polycarbonate slides). Binding of glypican-1 or glypican-1
bearing cells can be detected by changes in optical density. In some embodiments, anti-
glypican-1 antibody binding 1o said body fluid or tissue sample is compared to the anti-
glypican-1 antibody binding to one or more glypican-1 calibration standards; wherein the
anti-glypican-1 antibody binding of the calibration standards is used to quantify the amount
of glypican-1 in said body fluid sample. In one embodiment, the calibration standards
comprise one or miore samples with known glypican-1 concentrations.

In some embodiments the measurement of glypican-1 i1s accomplished by contacting
can be an anti-glypican-1 antibody capable of binding the glypican-1 proteoglycan.

In some embodiments, the tissue or body fluid of a patient may require a pre-
freatment prior to detection by the anti-glypican-1 lgand. In some embodiments, said pre-
treatment may include treatroent with agents such as heparinase PNGaseF, N-Glycosidase.

alkaline phosphatase, or heparitinase among others, In other embodiments, said pre-treatment
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may include tissue lysis, membrane purification, blood plasma or serum fractionation, cell
purification, or protein purification among others, ,

In some embodiments the measured levels of glypican-1 in the body fluid or tissue of
a patient are compared apainst a control sample of body fluid or tissue from & cancer-free
patient. I other embodiments the measured levels of glypican-1 in the body fluid or tissue of
a patient are compared against pre-determined reference values or ranges of reference values.
In other embodiments, the levels of glypican-I in body fluids or tissues of a patient are
indicative of prostate tumor size, or progression.

In some embodiments, the detection of glypican-1 from body fluid or tissue samples
i3 conducted via Enzyme-linked immunosorbent assays (ELISAg). ELISAs comprise those
based on colorimetry, chemiluminescence, and fluorometry. ELISAs have been successfully
applied in the determination of low amounts of drugs and other antigenic components in body
tissues or fluids such as blood, serum, and plasma samiples, and are well known i the art.
An ELISA that is useful in the present invention may employ any suitable capture reagent
and detectable reagent including antibodies and derivatives thereof, protein ligands and the
like. In certain embodiments, the ELISA is cell-based. In other embodiments, the ELISA
detects cell-free antigens. In some embodiments the biological sample suspected of
containing glypican-1 is contacted and incubated with the capture (or coat) antibodies so that
the capture antibodies capture or bind to the glypican-1. The detection step involves use of
the detectable antibody or detectable protein ligands, which can bind to said glypican-1 and
be used to detect the presence or amournt of glypican-1 based on detection of its label.

In some embodiments, the biclogical sample is contacted and incobated with the
immobilized capture (or coat) reagent, which can be a glypican-1 antibody. This antibody
may be from any species, but in some embodiments the aniibody is a murine or rat antibody.
In ofher embodiments the antibody is a murine antibody. In other embodiments the antibody
is derived from a hybridoma. I some embodiments, the glypican-1 antibody is a recombinant
antibody or antibody fragment. Immobilization conventionally is accomplished by
insolubilizing the capture reagent either before the assay procedure, as by adsorption to a
water-insoluble mairix or swface (U.S. Pat. No. 3,720,760) or non-covalent or covalent
coupling (for example, using glutaraldehyde or carbodiimide cross-linking, with or without
prior activation of the support with, e.g., nitric acid and a reducing agent as described m U.S.
Pat. No. 3,645,852 or in Rotmans et al.,1983), or afterward, e.g., by immunoprecipitation.

In some embodiments, the solid phase used for immobilization may be any inert

support or carrier that is essentially water insoluble and useful in immunowetric assays,
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including supports in the form of, e.g., surfaces, particles, porous matrices, etc, Examples of
commonly used supports include small sheets, Sephadex, polyvinyl chloride, plastic beads,
and assay plates or test tubes manufactured from polyethylene, polypropylene, polystyrene,
and the like fnchading 96-well micretiter plates, as well as particulate materials such as filter
paper, agarose, cross-linked dextran, and other polysaccharides. Alternatively, reactive water-
insoluble matrices such as cvanogen bromide-activated cafrbmhydrates_ and the reactive
substrates described in ULS, Pat, Nos. 3,969,287; 3,691,010; 4,195,128; 4,247,642; 4,229 537;
and 4,330,440 are suitably employed for capture reagent immobilization. In one embodiment
the immobilized capture reagent is coated on a microtiter plate, and in particular the solid
phase used is a multi-well microtiter plate that can be used to analyze several samples at one
time, e.g.. a microtest 96-well ELISA plate such as that sold as Nunc Maxisorb or Immulon,
In certain embodiments, the plate is & MICROTEST™ or MAXISORP™ 96-
well ELISA plate such as that sold as NUNC MAXISORB™ ¢y IMMULON™,

In some embodiments the solid phase is coated with the capture reagent as defined
above, which may be linked by a non-covalent or covalent interaction or physical linkage as
desired. Techmiques for attachment inchude those described in U.S. Pat. No. 4,376,110 and
the references cited therein. If covalent, the plate or other solid phase is incubated witlr a
cross-linking agent together with the capture reagent under conditions well known in the art,
e.g., such as for | hour at room temperature.

In other embodiments, commonly used cross-linking agents for attaching the capture
reagent to the solid phase substrate include, eg, 1,1-bis(diazoacetyl}-2-phenylethane,
glotaraldehyde, N-hydroxy-soccinimide esters, for example, esters with 4-azido-salicylic
acid, homobifunctional imidoesters, including disuccinimidy! esters such as 3,3-dithiobis-
(succinimidyl-propionate), and bifunctional maleimides such as bis-N-maleimido-1,8-octane,
Derivatizing agents such as  methyl-3-{(p-azidophenyl)-dithio]pro-pioimi-date  vield
photoactivatable intermediates capable of forming cross-links in the presence of light.
plates are coated with the capture reagent (typically diluted in a buffer such as 0.05 M sodium
carbonate by incubation for at least about 10 hours, more preferably at least overnight, at
temperatures of about 4-20°C, or about 4-8°C, and at.a pH of about 8-12, or about pH 9-10,
or about pH 9.6). If shorter coating times are degired, in some embodiments the plate can be
coated for less time, e.g. at room temperature for two hours or less. In some embodiments,

the plates may be stacked and coated long in advance of the assay itself, and then the assay
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can be carried out simultaneously on several samples in a manual, semi-automatic, ot
automatic fashion, such as by using robotics.

In some embodiments, the coated plates can be treated with a blocking agent that
binds non-specifically to and saturates the binding sites to prevent unwanted binding of the
free ligand to the excess sites on the wells of the plate. Non-limiting examples of appropriate
blocking ageunts for this purpose include, e.g., gelatin, bovine serum albumin, egp albumin,
casein, and non-fat milk. In some embodiments the blocking treatment can take place wnder
conditions of ambient temperatures for about 1-4 hours. In other embodiments the blocking
can take place over the course of 1 to 3 hours or less. In other embodiments the blocking can
take place overnight at 0-4°C.

In some embodiments the glypican-1 standard {e.g. purified glypican-1 protein) or the
biological sample to be analyzed, appropriately dilated, is added to the immobilized phase. In
somie embodiments, the difution rate 1s about 1-15% by volume. In some embodiments, the
glypican-1 protein standard will include the posttransiational modifications of the native
protein. In some embodiments, the glypican-1 protein standards are obtained from human or
other mammalian cells such as transformed NSO, wild tvpe DU-145, or other glypican-1
expressing cell line. In other embodiments, the glypican-1 protein may be purified from body
fluids or tissues, In some embodiments, the glypican-1 standard will be a partial glypican-1
peptide or other epitope detected by the glypican-1 detection antibody, or ligand. In some
embodiments the standard can be a cell expressing glypican-1. In some embodiments the
dilution is about 10% by volume. A non-limiting group of buffers that may be used for
dilution for this porpose inclode () PBS containing 0.5% BSA, 0.05% TWEEN 0™
detergent (P20}, 0.05% PROCLIN™ 300 antibiotic, 5 mM EDTA, 0.25% CHAPS surfactant,
0.2% bovine y-globuling, and 0.35M NaCl, pH 7.4; (b) PBS containing 0.5% bovine serum
albumin, 0.05% polysorbate 20, 5 mM EDTA, 0.25% CHAPS, 0.2% bovine v-globulins, and
0.35 M NaCl; pH 7.4 (c} PBS containing 0.5% BSA, 0.05% polysorbate 20 (P20}, and 0.05%
PROCLINT 300, pH 7; {d) PBS containing 0.5% BSA, 0.05% P20, 6.05% PROCLINT
300, 5 mM EDTA, and 035 M NaCl, pH 6.35; (¢) PBS containing 0.5% BSA, 0.05% P20,
.05% PROCLIN™ 300, 5 mM EDTA, 0.2% bovine y-globulins, and 0.35 M NaCl, pH 7.4;
and (f) PBS containing 0.5% BSA, 0.05% P20, 0.05% PROCLIN™ 300, 5 mM EDTA,
0.25% CHAPS, and 035 M NaCl, pH 74. PROCLIN™ 300 acts as a preservative, and
TWEEN 207 acts as a detergent to eliminate non-specific binding.

While the concentration of the capture reagents will generally be determined by the
concentration range of interest of the glypican-l taking any necessary dilution of the
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biological sample into account, the final concentration of the capture reagent will normally be
determined empirically 1o maximize the sensitivity of the assay over the range of interest.

The conditions for incubation of sample and immobilized capture reagent are selected
incubation s accomplished at fairly constant temperatures, ranging from about 0°C to abowt
40°C. Tn other embodiments the incubation is conducted from about 20 to 25 °C. The time for
incubation depends primarily on the temperatare, being generally no gresier than about 10
hours to aveid an ingensitive assay. In some embodiments the incubation time is from about
0.5t 3 hours. In other embodiments the incubation is about 1.5-3 hours or less at room
temperature to maximize binding of free glypican-1 to capture reagents. The duration of
incubation may be longer if a protease inhibitor is added to prevent proteases in the biological
fluid from degrading the glypican-1.

In some embodiments, the detection method is a competitive ELISA. In some
embeodiments the incubation step includes the addition of unbound and unlabeled antibody. In
some embodiments the krown concentration of unlabeled antibody binds the free glypican-1
antigen and prevents it from becoming immobilized on the plate. In some embodiments the
intcubation step includes the addition of labeled glypican-1 protein of known concentrations.
In some embodiments the amount of glypican-1 in the body fhad or tissue sample is detected
as a diminishing binding of the mixed labeled glypican-1 protein. In other embodiments the
ELISA is a sandwich ELISA.

At this stage, the pH of the incubation mixture will ordinarily be in the range of about
4-9.5. In other embodiments the pH range will be about 6-9. In vet another embodiment the
pH range will be about 7-8. In another embodiment the pH of the assay (ELISA) diluent is
pH 7.4. The pH of the incubation buffer Is chosen to maintain a significant level of specific
binding of the capture reagent to the glypican-1 being captured. Various buffers may be
employed to achieve and maimtain the desited pH durmg this step, including borate,
phosphate, carbonate, Tris-HC1 or Tris-phosphate, acetate, barbital, and the like. The
particular buffer employed is not critical to the invention, but in individual assays one buffer
may be preferred over another.

In some embodiments, the biological sample is separated (preferably by washing)
fromy the ummobilized captire reagent to remove uncaptured molecules. The solution used for
washing is generally a buffer ("washing buffer”) with a pH determined uvsing the
considerations and buffers described above for the incubation step. In one embodiment, the

pH range of the washing buffer is about 6-9. The washing may be done one or more times.

23



WO 2015/166311 PCT/AU2015/000018

The temperature of washing is generally from refrigerator to moderate temperatures, with a
constant temperature maintained during the assay period, typically from about 0-40°C. In
other smbodiments the washing temperatute is about 4-30°C. For example, the wash buffes
can be placed in ice at 4°C in a reservoir before the washing, and a plate washer can be
utilized for this step. A cross-linking agent or other suitable agent may also be added at this
stage to allow the now-bound glypican-1 to be covalently attached to the cﬁpmra reagent if
there is any concern that the captured glypican-1 may dissociate to some extent in the
subsequent steps.

In some embodiments, the immobilized capture reagent is contacted with detectable
antibodies, Tn some embodiments the detectable antibodies are anti-glypican-1 antibodies. Tn
some embodiments the anti-glypican-1 antibody is MIL-38. In other embodiments, the
antibodies are those described i table 2. In other embodiments the detectable antibodies are
any antibody capable of detecting glypican-1. The detectable antibody is contacted with the
immobilized glypican-l at a temperature of about 20-40°C. In other embodiments the
detectable antibody is contacted at about 20-25°C, with the exact teraperature and time for
contacting the two being dependent primarily on the detection means employed. For example,
when strepatavidin-peroxidase and 3,35, 5'-tetramethy] benzidine are used as the means for
detection, e.g., in one embodiment, the contacting is carried out {e.g., about 1 hovr or more}
to amplify the signal to the maximum. In some embodiments, a molar excess of an antibody
or ligand with respect to the maximum concentration of expected free glypican-1 is added to
the plate after it is washed. This antibody is directly or indirectly detectable. The detectable
antibody may be a polyclonal or monoclonal antibody, e.g., in cenain embodiments, itis a
monoclonal antibody, in cne embodiment muring, and in one embodiment MIL-38. Also, the
detectable antibody can be direcily detectable, and in one embodiment has a colorimetric
label, and in another embodiment has a flurometric Iabel. In other embodiments the
detectable antibody is biotinylated and the detection means is avidin or streptavidin-
peroxidase and 3,35 5'-tetramethyl benzidine. In some embodiments the detectable antibody
may be labeled with a biotin-avidin amplification system, a chemiluminescence system,
microspheres, or colloidal gold. The readout of the detection means can be fluorimetric or
colorimetric among others. The affinity of the antibody must be sufficiently high that small
amounts of the free glypican-1 can be detected.

In some enbodiments, the glypican-1 that is bound to the capture reagent is measured
using a detection means for the detectable antibody. If the body fluid or tissue sample is from

patient, the measuring step comprises comparing the reaction that occurs as a result of the

24



WO 2015/106311 PCT/AU2015/000018

above steps with a standard curve o determine the level of glypican-1 in said body fliid or
tissue sample, In other embodiments the reaction that occurs as a result of the above steps is
compared to a similar reaction using a control body fluid or tissue sample such as the body
fluid or tissue of a age-matched cancer-free individual.

In other glypican-1 detection embodiments, the glypican-1 in the body fluid of
patients is detected via a Western Blot Analysis. In some embodiments this assay separates
the proteins in a complex sawple using electrophoresis. In other embodiments the
electrophoresis separation is performed in a size exclusion gel such as & sodium dodecyl
sulfate polyacrylamide gel (commonly known as SDS-PAGE}. In one embodiment the
separated proteins are then transferred to a membrane. One skilled in the art will recognize
that there are a variety of materials that can be used for westerns. In some embodiments the
membrane is made from nitrocellulose or polyvinylidene fluoride, PVDFE. In some
embodiments the transfer cccurs in a protein transfer box such that the proteins retain the
samie separation pattetn on the membrane as they had in the gel. In some embodiments the
membrane is then incubated in diluted protein solutions, e.g. non-fat dry milk or bovine
serum albumin (BSA), to block the non-specific binding sites. The blocked membrane can
then be incubated with a primary antibody that is specific for the glypican-1 target protein. In
some  embodiments the membrane 15 then washed and incubated with a
secondary antibody that targets the first antibedy. In some embodimenis the first or the
second antibody is conjugated to a detectable label such that it can be easily detected. In
some embodiments the label includes a fluorescent label, a chemiluminescent label, 2
radiolabel, or another label well known in the art. In some embodiments, said labels
conjugated to the secondary ligand are chosen from a group consisting of a radiolabel, a
fluorescent label, a biotin-avidin amplification system, a chemiluminescence system,
ricrospheres, and colloidal gold.

Optionally, some aspects of the invention teach that once a user has determined
whether a target protein is present in the sample, the primary and (optional)
secondary antibodies can be swipped from the membrane, and the membrane can be
incubated with an alternative primary antibody that is specific for the same or another
protein. In some embodiments the second protein may be used as a loading control. In other
embodiments the second proteim 18 another marker for patient health.

In one embodiment, glypican-1 is detected via flow cytometry. In some ernbodiments
glypican-1 is detected on the cell surface of cells in patient body fluids or tissues. Tn certain

aspects of the invention the detection of glypican-1 for flow cytometry may be conducted as
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outlined below. In some embodiments, cells from body fluids or tissues are purified. The
purification of the cells can include a neutralization step. In some embodiments the
neutralization step comprises storing the cells in neutralization buffer. The neutralization
buffer can be made by combining 3%mi of 0.2 M NaH;PQq to 61mi of 0.2M NaHPO, and
adding water to 200ml. In some embodiments, the cells are centrifuged and resuspended in
different sclutions. In other embodiments, the cells are sorted without purification. In some
embodiments the cells are resuspended or washed in CytoLyt solution. o other embodiments
the cells are resuspended or washed in phosphate buffered saline (PBS). In some
embodiments the cell suspension is treated with ammoniwm chloride to lvse the red blood
cells. Tn some embodiments the cells are fixed onto slides, In other embodiments the cells
remain free. In some embodiments, cells are contacted with a primarily ant-glypican-1
antibody or other ligand. In some embodiments the primary antibody is MIL-38. In some
embodiments the primary antibody is not MIL-38. In other emwbediments the primary
antibody is any other anti-glypican-1 antibody (Table 2). In certain embodiments, the cells
are further contacted with a second detection antibody conjugated to g detection label. In
alternative embodiments, the antigen may be detected directly by the primary antibody if the
primary antibody is conjugated to a detection label. In particular cases, in addition to being
Iabeled with the glvpican-1 antibody, the cells may be distinguishably labeled with other
probes, including, but not Hmited to, antibodies to cell surface markers that distinguish one
cell type from another. In some aspects the other probes may be used to normalize signals or
total cell counts. In some embodiments the other probes label intraceltular antigens. In other
embodiments the other probes label extracellular antigens. Once labeled, the labeled cells
may be isolated by FACS flow cytometry, In some embodiments, the FACS machine may
isolate labeled cells singly (i, as single cells). In other embodiments, the labeled cells may
be isolated as a mixed population, and then diluted into single cells after FACS. In some
embodiments the second label can be a dve. In some embodiments the dye label is DAPL Tn
some embodiments DAPT labeling is used to quantify the number of cells in the sample.

In embodiments in which the cell is labeled with a plurality of different labels, the
cells may be selected using a plurality of different properties. For example, cells may first be
sarted by one probe and then another. Tn some embodiments cells can first be sorted by cell
type and later be sorted by glypican-1 concentration. Similacly cells may be sorted in any
sequence as designed together with the probes and the detection of the FACS machine.

The general principles of fluorescence activated cell sorting, including methods by which

single cell suspensions can be made, methods by which cells can be labeled using, e.g.,
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fluorescently labeled probes, methods by which cells can be separated from one another, as
well as hardware that can be employed in flow cytometry, including flow cells, reagents, and
computer control systems ate known and are reviewed in a variety of publications, including,
but not limited to: (Orfao et al., 1996; Johnson et al., 2007; Tung et al , 2007; and Dainiak et
al., 2007).

The present invention also includes kits for detecting glypican-1 in the body fluids or
tissues of patients. In one embodiment the kit for detecting cancer coraprises the materials
- necessary to conduct any of the detection assays described in this applicaton. In some
embodiments the kit for detecting cancer comprises a first anti-glypican-1 antibody or other
ligand, a pharmaceutically acceptable carrier, and glypican-1 standards; wherein said kit is
capable of detecting glypican-1 in the body fluid or tissue of a patient. The first anti-glypican-
1 antibody may or may not be MIL-38. The first anti-glypican-1 antibody may comprise: a
heavy chain variable region comprising a complementarity determining region 1 (CDR1}
comprising or consisting of an amino acid sequence defined by positions 50-54 of SEQ ID
NO: 10; a complementarity determining region 2 (CDR2) comprising or consisting of an
amino acid sequence defined by positions 69-85 of SEQ ID NO: 10; a complementarity
determining region 3 (CDR3) comprising or consisting of an amino acid sequence defined by
positions 118-126 of SEQ ID NO: 10; and comprise a Hght chain variable region comprising
a complementarity determining region 1 (CDR1) comprising or consisting of an amino acid
sequence defined by positions 44-54 of SEQ ID NO: 11; a complementarity determining
region 2 (CDR2) comprising or consisting of an amino acid sequence defined by positions
70-76 of SEQ TD NO: 11; a complementarity determining region 3 (CDR3) comprising or
consisting of an amino acid sequence defined by positions 109-117 of SEQ ID NO: 11. The
anti-glypican-1 antibody used to deiect the glypican-1 levels may not comprise: a light chain
variable region comprising a complementarity determining region 1 (CDR1) comprising or
congisting of an amino acid sequence defined by positions 48-58 of SEQ ID NO: 12; a
complementarity determining region 2 (CDR2) comprising or consisting of an amino acid
sequence defined by positions 74-80 of SEQ ID NO: 127 and a complementarity determining
region 3 {CDR3) comprising or consisting of an amino acid sequence defined by positions
113-121 of SEQ ID NO: 12. The first anti-glypican-1 antibody may be produced by or
otherwise identical to an antibody generated by hybridoma eells as deposited on 22 August
2014 at CellBank Australia (CBA) under accession number CRBAZ0140026.
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In some embodiments, the kit will require the additional use of standard laboratory
tools or machinery. In some embodimenis, necessary tools include pipettes, cell sorting
machines, plate readers, centrifuges ete as are known to those being skilled in the ait. In some
embodiments, use of the kit may require additional standard laboratory reagents such as
pipette tips, membranes, buffers, or chemicals as are well known by those beng skilled in the
art. In some embodiments the kit further comprises a secondary ligand. In some embodiments
the secondary ligand is a second anti~glypican-1 antibody. In one embodiment, the second
anti-glypican antibody is the same as the first anti-glypican-1 antibody. In some
embodiments, the secondary ligand is conjugated to a label for rapid detection of said ligand.
In some embodiments the antibodies of the kit can be antibody fragments or antibody
combinations a3 described in this application.

In some embodiments the detection of glypican-1 in the body fluids or tissues of é
patient is indicative of the presence of prostate cancer. In some embodiments, the presence of
1.2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29,30, 31, 32, 33, 34,35, 36, 37, 38,39, 40, 41, 42, 43, 44, 45_46, 47, 48, 49, 50, 51, 53, 54,
55, 56,57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79,
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300,
310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480,
490, 500, 600, 700, 800, 900, 1000 pg/ml of glypican-1 in the body fluid of a patient is
indicative of prostate cancer.

In some embodiments the detection of glypican-1 in the body fluids or tissyes of a
patient is indicative of the presence of prostate cancer. In some embodiments, the presence of
1,2,3,4,5,6.7,8,9,10, 11,12, 13, 14, 15,16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32,33, 34, 35, 36, 37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 53, 54,
35, 56, 57, 58,59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76. 77, 78, 79,
80, 81, 82, 83, B4, 85, 86, 87, 88, 89, 90, 01, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300,
310, 320, 330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480,
490, 500, 600, 700, 800, 900, 1000 ng/ml of glypican-1 in the body fluid of a patient is
indicative of prostate cancer.

In some embodiments the detection of glypican-1 in the body fluids or tissues of a
patient is indicative of the presence of prostate cancer. In some embodiments, the presence of

1,2,3.4,5,6.7,8,9,10, 11,12, 13, 14,15, 16, 17, 18, 19, 20,21, 22, 23, 24, 25, 26, 27, 28,
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29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 pw/ml of
glypican-1 in the body fluid or tissue of a patient is indicative of prostate cancer,

In some embodiments elevated levels of glypican-1, or glypican-1 detection signal in
the body fluid or tissue of a patient i indicative of prostate cancer. In some cases, the
glypican-1 levels of cancer patients are 1%, 2%, 3%, 4, 5%, 6%, 7%, 8%, 9%, 10%, 11%,
12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%,
2R, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 369%, 37%, 38%, 39% 4{}/0, 41%, 42%, 43%,

44%, 5%, 46%, 47%, 48%, 49%, 50%, 519, 53%, 54%, S5%, 56%, 57%, 58%, 59%, 60%,
61%, 62%, 63%, 64%, 65%, 66 , 87%, 68%, 69%, 70%, T1%, 72%., 73%, 74%, 75%, 76%
77%, 78%, ’?E?%} 80%%, 81%, 82%, 83%, B4%, 85%, 86%, &7%, 8&%, 89%, 90%, 919%, ,‘3}23’@
03%, 94%, 95%, 6%, 97%, 98%, 99%, 100%, 110%, 120%, 130%, 140%, 150%, 160%,
170%, 180%, 190%, 200%, 210%, 220%, 230%, 240%, 250%, 260%, 27000, 280%, 290%
300%, 310%, 320%, 330%, 340%, 350%, 360%, 370%, 380%, 390%, 400%, 410%, 420%,
430%, 440%, 450%, 460%, 470%, 480%, 490%, 500, 600%, 700%, 800%, 900%, 1000%,
5,000%, 10,000%, >15,000% higher than the glypican-1 levels or glypican-1 detection signal
of a control non-cancerous body fluid or tissue. In sone embodiments the control non-

cancerous body fluid or tissue will be age matched to the patient.

EXAMPLES

Example 1. Characterization of the cell bound MIL-38 antigen.

Despite initial reports of the MIL-38 antigen as a 30kD protein (Russell e af 2004),
work by the present inventors has indicated that the MIL-38 antibody predominantly detects a
60kDa antigen in a range of cell extracts. Western blot reactivity of MIL-38 with the antigen
is lost if the sample has been incubated with reducing agents prior to gel electrophoresis.

Using MIL-38 antibody for immunoprecipitation experiments we were able to
specifically isolate the 60kDa protein from a variety of cell extracts. The presence of the
60kDa antigen on the cell surface was investigated using live cell inumunoprecipitations. In
these experiments, live cells were incubated on ice with serum-free media containing the
MIL-38 antibody. Cells were then washed, lysates prepared and incubated with protein G
beads to isolate any antibody associated with the cells. The 60kDa band was present in these
immunoprecipitates indicating that the antigen was recognized on the cell surface by the
MIL-38 in the media.
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Example 2. MIL-38 antigen immunoprecipitation and mass spectrometry,

DU-145 prostate cancer cells were processed through a membrane protein extraction
kit (MPEK). Membrane extracts were immunoprecipitated with MIL-38 cross-linked 1o
magnetic beads. The immunoprecipitates were either run into a gel and excised for mass
spectrometry analysis or were eluted directly frony the beads and then subjected to mass
spectrowaetry, Antigens bound to the MIL-38 antibody were then analyzed via mass
spectrometry analysis, which can identify peptides based cn mass/charge data,

The mass spectrometer identified glypican-1 with a peptide score of 4278 and

sequence coverage of 46% including I8 distinet sequences (Figure 1),

Example 3. MIL-38 antigen immuneprecipitation, size exclusion chromatography and
mass spectrometry.

DU-145 prostate cancer cells were processed through a membrane protein extraction
kit (MPEK). Membrane extracts were immunoprecipitated with MIL-38 cross-linked to
magnetic beads. Following extensive washing, the immunoprecipitate was eluted in TBS (tris

buffered saline) containing 2% SDS. The eluate was subjected to size exclusion

chromatography (SEC) and every second fraction was acetone precipitated, resuspended in
sample loading buffer and used for MIL-38 western blots. Fractions 28 and 30 contained high
amounts of MIL-38 antigen (Figure 2), indicating that fraction 29 would also contain high
concentrations of the MIL-38 antigen. Fraction 29 was subjected to mass spec analysis and
glypican-1 was identified with sequence coverage of 14% (Figure 3). This further confirmed

that the antigen for the MIL-38 antibody was glypican-{,

Example 4. MIL-38 and anti-glypican-1 (anti-GPC-1) antibodies show overlapping
resctivity on 2D western blots,

A tabbit anti-GPC-1 antibody was purchased and showed reactivity with the glypican-
I core protein at a molecular weight of approximately 60 kDa — the same molecular weight as
detected by MIL-38. To confirm that MIL-38 recognized glypican-1, prostate cancer DU-145
MPEK extracts were subjected to 2D electrophoresis and western blotting.

As shown in Figure 4, MIL-38 antibody and the anti-GPC-1 antibodies showed
overlapping reactivity detecting a protein with 60 kDa molecular weight and isoelectric

points ranging from St 7.
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Example 5. MIL-38 is detected in anti-GPC-1 immunoprecipitates and vice versa.

MIL-38 or rabbit anti-GPC-1 antibodies were used to imumunoprecipitate their
respective antigens from DU-145 or €3 (MIL-38 negative) MPEK extracts. The
immunoprecipitates (1Ps) were western blotted with either MIL-38 or anti-GPC-1 antibody
{Figure 5).

A 60kDa GPC-1 reactive band was detected in MIL-38 IPs blotted with anti-GPC-1,
while a 60 kida MIL-38 reactive band was detected in anti-GPC-1 IPs blotted with MIL-38.
No  reactivity was  detected  with the secondary only controls.  Furthermore,
immimoprecipitating with MIL-38 antibody resulted in almost complete depletion of both

MIL-38 and anti-GPC-1 antigens, strongly suggesting that the MIL-38 antigen is glypican-1.

Example 6. MEL-38 detects recombinant GPC-1

Two sources of purified recombinant glypican-1 were tested or reactivity with MIL-
38 and anti-GPC-1 antibodies. The first source was a truncated form produced from wheat
germ extracts (note this would not contsin appropriate mammalian post-translational
modifications). The second source was full-length glypican-1 produced in murine NSO cells.
No MIL-38 reactivity was observed with the wheat germ expressed plypican-1, however it
conld be detected with the rabbit anti-GPC-1 antibody (data not shown). In contrast, very
strong reactivity with MIL-38 and anti-GPC-1 antibodies was observed for the glvpican-!

produced in NSO cells (Figure 6).

Example 7. MIL-38 can detect antigen secreted into cell culture supernatant.

To date, there has been no experimental evidence for secretion of MIL-38 antigen. To
test this, DU-145 cells were washed in serum-free media then incubated with serum-free
media for 36 hrs, The resulting conditioned media was Immunoprecipitated with MIL-38 and
the resulting samples compared with a standard [P from DU-145 MPEK extracts. Bands of
approximately 40 and 55 kDa were observed in the conditioned medivm [P, compared to the
60 kDa band isolated from DU-145 extracts (Figure 7).

The conditioned medium IP sample containing the 40 and 55kD bands was subjected
t0 mass spec analysis. Glypican-1 (SEQ ID Ne: 2) was identified with 16% peptide coverage
{Figure Ba). Separate analyses of just the 40kD band (Figure 8b) or the 55kD band (Figure
&c) both identified as the glypican-1 peptide (SEQ 1D Ne: 2).

These results suggest that a MIL-38 reactive form of glypican-1 can be released into

cell culture supernatant from the DU-145 prostate cancer cell line.
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Example 8. GPC-1 can be detected by MIL-38 in prostate cancer plasma samples and in
membrane extracts from prostate cancer patients.

To date, there has been no experimental evidence for secretion of MIL-38 antigen in
plasma samples from normal or prostate cancer patients. To test this, plasma samples from
one normal patient (042) and one prostate cancer patient {046} were immunoprecipitated with
MIL-38 antibody and the 1P sample western blotted with MIL-38 and ami-GPC-1 antibodies
(Figure Ya). |

Both antibodies detected specific bands of approx. 70kDa in both plasma samples.
The signals were markedly higher (darker bands) for both MIL-38 and anti-GPC-1 antibodics
in the prostate cancer patient plasma compared to the normal patient plasma, suggesting that

To détermine if MIL-38 antigen could be detected in membrane protein extracts from
normal prostate and prostate cancer, one sample of each was obtained from Novus Bio.
Equivalent amounts of protein were westem blotted using MIL-38 antibody (Figure 9b). The
prostate cancer extract demonstrated much higher expression of the MIL-38 antigen than the

normal prostate sample.

Example 9, Detection of MIL-38 antigen in patient urine, ,

MIL-38 can detect cells in the urine of prostate cancer patients. To test the sensitivity
and specificity of this detection method, 125 age-matched urine samples were obtained. Cells
were spun down from the urine and analyzed by the MIL-38 indirect immunofluorescence
assay. A total of 47 healthy controls, 37 benign prostatic hypertrophy (BPH) and 41 biopsy-
confirmed prostate cancers were analyzed. Examples of positive prostate cancer cells, DU-
145 paositive controls and C3 negative cells are shown (Figure 10).

The MIL-38 immunofluorescence assay {IFA) test demonstrated a sensitivity of 71%
and a specificity of 73% in identifying prostate cancers within the cohort. The test showed
71% sensitivity and 76% specificity in identifying prostate cancers compared to BPH

patients. (Table 3).
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Table 3. Sensitivity and specificity caleulations of prostate cancer detection in patient urine.

Sensitivity and Specificity Calculations

True Positive

False Positive

29

e

R

False Negative

True Negative

23

61

Sensitivity and Specificity

Calculations for BPH only

True Positive

False Positive

29

i3

False Negative

True Negative

5

I3

8

Example 10. Combination of MIL-38 antigen detection with PSA level increases ability

to detect prostate eancer,

When the MIL-38 immunofluorescence assay (IFA) test is combined with the PSA

test there are increases in sensitivity and specificity. These increases vary according to the

cut-off value applied to the PSA test. When the cutoff for a positive diagnosis is greater than

2 ng/mL then specificity increases from 73% for just the IFA test to §3% for the two tests
2 P ¥ J

combined, When the cutofl for a positive diagnosis is greater than 4 ng/mb then specificity

increases from 73% for just the TFA test to 89% for the two tests combined.

This is further Hlustrated by the logistic regression analysis which shows increases in

OR and 95% CI when the two fests are combined.

Table 4. Increases in sensitivity and specificity when the MIL-38 IFA test is combined with
PSA scores

Canger
1 8 Sensitivity=
GPC-1 1 3 17 100%
FA o ¢ 26 Specificity = 68%

PRA > 2 ng/ml

Cancer
v ! g Sensitivity = 67%
GPC-1 1 24 4 Specificity = 83%
FA ol 12 | 20

Stratified by 4 ngfml

PSA < 4 pgiml
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Cancer
| L8 Sonsitivity =77%
GPC-1 1| 10 | 20| Specificity="71%
FA g 3 | a8

PRA = $ngml
Canger
| ! Y Sensitivity = 68%
GPC-1 1 19 | 1 Specificity = 89%
FA gl 9 «

Logistic regrassion

OR. 95% CT
GPC-1 IFA 6.4 28149
GPC-1 IFA {adjusted for PSA <4) 102 32328
GPC-1 IFA (adjusted for PRA <2) 134 4.0-447
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Example 11, MIL-38 can detect recombinant glypican-1 in a variety of ELISA formats,

Three ELISA assay formats were conducted as shown mn Figure 11, Recombinant
glypican-1 was tested at 0, 0.1, 1 and 10 ng/ml concentrations using MIL-38 as a capture
antibody and rabbit anti-GPC-1 as a detection antibody. Similar experiments were conducted
using the rabbit anti-GPC-1 as the capture antibody and the MIL-38 as the detection
antibody. A single antibody ELISA was also tested using the MIL-38 autibody as the capture
antibody, and a biotinvlated MIL-38 antibody as the detection antibody. The results indicate
that anti-GPC antibodies can be used in a variety of ELISA formats and that the NSO GPC-1

might represent a suitable positive control.

Example 12. Detection of glypican-1 antigen using AMd4 MIL-38 antibodies

Experiments performed by the present inventors determined that an original deposit of
the hybridoma for MIL-3§ antibody (ATCC accession no. HB11785: murine hybridoma
BLLA-38), then referred to as the “BLCA-38 hylwidoma™ is a mixed population of
hybridoma cells that produces two distinet antibody populations, referred to here as “AM3”
and “AM4”. Hybridoma cells responsible for producing each different antibody population
were separated, and the *AM4” hybridoma cells were deposited on 22 August 2014 at
CellBank Australia {CBA) under accession number CBA20140026,

Ninety-six well plates were coated with MIL-38 preps AM3 or AM4 (I pg/well) in
carbonate buffer pH 9.5 overnight. Plates were blocked with PBS-Tween (0.1%) contaming
5% skim milk at 37°C and washed. Antigen (GPC-1 N80} was diluted in Buffer II (20mM
HEPES pH 7.5, 0.5mM EDTA, 0.5% Triton X-100) with the addition of 150mM Na(l and
incubated overnight at 37°C. Detection was performed with biotinylated AM4 antibody
followed by detection with avidin HRP (Ipg/mL). TMB (Sigma cat no T0340} was added
and stopped with TMB stop solution {Sigma 55814). Absorbance was read at 450mm. Results
are shown in Figure 124.

In a second experiment, ninety-six well plates were coated with MIL-38 preps 34A (a3
mixture of AM3 and AM4 antibodies) ar AM4 (2.5 pg/well) in PBS pH 7.2 for 1h at room
temperature. Plates were blocked with Blocker Casein (Thermo) in PBS-Tween (0.05%) for
Ih at 37°C. Following washing, antigen (GPC-1 NSO) was diluted in TBS pH 7.2 containing
S50mM Tricine and 130 mM NaCl and incubated at 37°C for 1h. Detection was performed

with biotinylated AM4 clone 1F5 followed by detection with avidin HRP (1pg/ml). TMB

[¥S]
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(Sigma cat no T0440) was added and stopped with TMB stop solution (Sigma $5814).
Absorbance was read 450mm. Results are shown in Figare 12B.

The first ELISA described above was developed osing MIL-38 {o capture NSO
produced GPC-1 (i.e. MIL-38 antigen). This experiment compared monoclonal AM3 MIL-38
and monoclonal ANM4 MIL-38 for capture. AM3 did not function as a capture agent in a
sandwich ELISA assay, whereas AM4 was shows to do so (Figure 12A).

The second ELISA described above compared the ELISA signal obtained when a
mixed population of MIL-38 (AM3 and AM4) was compared to that obiained from a
monoclonal AM4 1F3 clone, Using AM4 [F3 as a capture agent provided a higher ELISA
signal than using the mixed 34A antibody population (Figure 12B}.

The sandwich ELISA results demonstrate that only the AM4-like forms of the
monoclonal MIL-38 antihody have utility in detecting glypican-1 antigen as a capture reagent
and that a capture agent containing a moneclonal population provides a superior ELISA

signal to that consisting of a mixed population.

Example 13 sequence analysis of AM4 and AM3 MIL-38 antibody populations

Materials and Methods
- Hewvy and light chair sequencing (DNA)

Three separate sequencing runs were performed. The first run (coded 224945) utilised
bi-clonal hybridoma cells from a mixed (AM4 and AM3) preparation named 1-O. The second
run {coded 449295-1) utilised cells from Alfio T a hybridoma stock that was used to generate
AM4. The third run {coded 449295-5) utilised cells from Alfio 11, a hybridoma stock that was
used to generate AM3,

For sequencing runs 224945 (1-0} and 449295-1 (Alfio T}, total RNA was extracted
from frozen hybridoma cells and cDNA was synthesized from the RNA. RT-PCR was then
performed to amplify the variable regions (heavy and light chains) and constant regions of the
antibody, which were then cloned into a standard cloning vector separately and sequenced.

Total RNA was isolated from the hybridoma cells following the technical manual of
TRIzol® Plus RNA Purification System. The total RNA was analysed by agarose gel
electrophoresis. Total RNA was reverse transcribed into eDNA using isotype-specific anti-

sense primers or universal primers following the technical manual of SuperScrptT™ Il
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First-Strand Synthesis System. The antibody fragments of VH, VL, CH and CL were
amplified according to the standard operating procedure of RACE of GenScripi.

Amplified antibody fragments were separately cloned into a standard cloning vector
using standard molecular cloning procedures,

Colony PCR screening was performed to identify clones with inserts of correct sizes.
Neo less than five single colonies with inserts of correct sizes were sequenced for each
antibody fragment.

Vy and V, plasmids encoded the full-length variable regions of the antibody and a
part of Cyl and C.. Cy plasmid encoded & part of Cy1 and full-length €2 and Q3. €,
plasmid encoded a part of C,. Tn order to get full-length constant regions or heavy/light
chain, the part of constant regions encoded by Vy, and V, plasmids and the part of conswant
regions encoded by Cy and C, plasmids were amplified by PCR separately, and then overlap
extension PCR was employed to obtain full-length DNAs. Five single colonies with correct
Vau, Vi, €y and G, insert sives were senit for seqaencing.

Sequencing run 449295-5 (Alfio 1) encountered difficulty obtaining sequence
corresponding to the expected IpgGl heavy chain sequence. Two RNA preparations were
performed. For the Ist batch of cells, oligo-dT primer and CDS III primers were used for
reverse transcription (RT). VH/CH and VK/CK were amplified by PCR using TgGl and IgK
specific primers, partial mouse f-actin gene was amplified as positive control. Normal light
chain bands were obtained easily while only weak VH could be observed on the gel. Five
individual colonies with correct VK and CK insert sizes were sent for sequencing. The VK
and CK genes of five different clones were found to be nearly identical. The consensus light
chain sequences from the Alfio II hybridoma is listed below. One unproductive heavy chain
sequence was obtained from eight randomly sequenced VH positive clones, shown as below,
Three kinds of heavy chain constant region sequences were obtained from ten randomly
sequenced CH positive clones (one IgGiCH, one 1gGsCy and eight 1gGaCy). In order 1o

avoid the influence of potential clags switching, amplification of the Cyy using IgM specific

primer was performed, but no target PCR product was obtained. There was also no target

PCR product when full-length heavy chain (Vg-Cig) was amplified using heavy chain FR1
degenerate primers.

As no productive heavy chain could be obtained after several attempts, isolation of
heavy chain sequence from the 2nd vial of Alfio 11 cells was attempted. For the 2nd vial of

cells, oligo-dT primer was used for reverse transcription initially, Vi was amplified nsing
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leG1, keG2b, IgM, IgA specific primers and IgG degenerate primer, respectively, and VK
was amplified using Ipk specific primers. Productive light chain and unproductive heavy
chain, which were identical with previous results, were obtained. Reverse transcription using
Random 6 nters primer was also attempted without success.

In summary, multiple attempts o isolate Hght chain and heavy chawn sequence were
made. One rearranged light chain sequence was consistently obtained afier different attempts
on two batches of cells. However, only weak VH target PCR products were observed and

sequencing did not result in any consistent heavy chain sequence.

Resnlts
- Sequence Summary Table
Table § below provides an overview of heavy and light chain nucleic acid and protein

sequences of the antibodies studied, widicating the positions of various internal regions.

38



PCT/AU2015/000018

WO 2015/106311

ON CGF O3S 4G | oD w paizfap 200anbas wiypsy Susinsod [0 2anipuy 240 saxagy £245)
UOIERL JUIFHOD WY JYBY = 17} aorBad Surutiiopp A6 woys uS = YT MOS0 YAonawnd aold I = Y47

g

UOLE24 JURISHOZ 1O KADDY = JI7y "HorSad Bupnuriorap Spanuoud)dsod oy Aoy = YT ‘B018as Yiosommal wpys Savay = YJ5 SN

o

| WBHEAY
| BNy

PP “&\w&\. “..,.\w\\msﬂ 7
A

%

2

it

TN

suoiFos pruiojtn pur ssousnbss APpoquue CIWY PUE HINY JO MOIAINA() ¢ B[R]

39



L4

16

,...‘
1

20

2]
3

WO 2015/106311 PCT/AU2015/000018

- Sequeencing (12N4)

The isolated total RNA of the sample was run alongside a DNA marker (Marker I -

TIANGEN, Cat. No. : MD103) on a 1.5% agarose/GelRed ' ™ gel.

Four microliters of PCR products of each sample were run alongside the DNA marker
(Marker HI) on a 1.5% agarose/GeiRed™ gel. The PCR products were purified and stored
at ~20 °C until further vse.

The Vi, Vi, Cy and € genes of five different clones were neatly identical. The
consensus sequence, listed below, was determined to be the sequence of the antibody

produced by the monoclonal hybridoma population (AM-4).

AM4 MIL-38 Mouse 1pG, Heavy Chain DNA Consensus Sequence (SEQ ID NQO: 13}

ST

NI €Y

TN N
Sominin

siap
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AM4 MIL-38 Mouse Kappa Light Chain DNA Consensus Sequence (SEQ ID NO: 14)

TR, R SO NS B R TR R A B AT S R R £ T
GETATCAGCASARACAGERAARAATCTICITIARCTCL

CAGTCTCCEGCCTCCOTATCTGCAT U T BTGEEAGARACTSTORCCATCATATET
o
. C

R PSS TP R S RN, R PR N TEY ST I e R B T T P P S B PN
AGTEGCAGTGERATCA R A A A AT BT IO T TC B AGATCAATAGCCTGCAGCLT

I <3 v v s R NS peNeN PN st &
D80 = feader segueries

(LEFRIE F30-562

L

The heavy and light chain A

the following heavy chain and light chain amino acid sequences:

AM4 MIL-38 Mouse Il Heavy Chain Amino Acid Consensus Sequence (SEQ 1D NO:

54 = complementarity determining region | (HCDI); 55-68 = HFR2; 69-85 = HCDR2! §6-

117 = HFR3; 118-126 = HCDR3; 127-137 = HFR4 (wdso called the joining region or J-

region); 138-461 = [gG1 chain constant regions (CHI  CH3) & siop coden {*). Hinge

region ~ is underlined in the sequence above.
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AM4 consensus MIL-38 Light Chain Amino Acid Consensus Sequence (SEQ ID XO: 11)

Individheal vegions of light chain amitn acid sequence are indicated as labelled: Positions -

20 = Leader sequence; framework region (LFR1); 21-43 = complementarity determining
region I (LCDRI1); 44-54 = LFR2; 55-69 = LODR2; 70-76 = LFR3; 77-108 = LCDR3; 109-

2

P17 = LER4; 118-234 = kappa consiant region (CK) &

ap codon(®)

AM3 consensus seguences

No consistent heavy chain sequence could be obtained from the AM3-like Alfio H
cells. The light chain sequence obtained from sequencing run 449295-5 (Alfio 1) was
consistently obtained and showed clear differences in both the framework regions and the
complementarity-determining regions compared 1o the sequence for the other two sequencing

runs.

AM3 MIL-38 Kappa Light Chain DNA Consensus Sequence (SEQ 1D NO: 15)

GTCCAC

GETTEFCAGCABAAACCAGEECAATCTCL TARAGCACTGATTITAL
ACAGGCAGTGERATC GATTTCACTURCACCATCAAL

B RTINS NPT, B ST N TR RN T R T T
BATCTECAGTUDGAAGANTTGECAGAGTATTTUITR TOGETTOCEER

BCAAAGTTOCAARTALRA

aiternaiing

o3

aiag vegion (LCRRT ) T3

e B OEFEA G BEGA TE A e ey oo
s EFRE: 304718 = ponsiant

»-’“
w:

stop cado




o

10

e
LA

30

WO 2015/106311 PCT/AU2015/000018

AM3 MIL-38 Light Chain Amino Acid Consensus Sequence (SEQ ID XO; 12)

Individheal regions of light chain amino acid seguence are indicated as labelled; Positions 1-
24 = Leader sequence; 25-47 = framework region (LFR1); 48-38 = complementarity
determining region I (LCDRE); 39-73 = LFR2; 74-80 = LCDR2; 81-112 = LFR3; 113-121
= LODR3; 1222131 = LFR4; 132-238 = kappa constani region (CK) & stop codon(*}

Example 14 identification and characterisation of glypican-1 epitope bound by AMd

anti-glypican-1 antibedies

Muterials and Methods
Table & below provides information on the AM4 anti-glypican-1 antibodies used in this

study.

Table 6: description of AM4 antibodies used
NS

! MIL3R-AM4 TROUSC 4.6 mgiml =200 73 OK

" Produced by hybridoma cells ay deposited of Celibonk dustrafic under accession number CBA 20740026

- Pepiides
The human glypican-1 (GPC-1} sequence on which this study was based is defined in

SEQ ID NO: 16. The following sequences of residues were used;

EPCI residuss #343-266 GNPEVNPOGPHGPEEKRREGKLAP (SEQ ID NO: 17)
GECL_residuss $140-145 GELYTONARAFRULYSELR {SEQ 1D NO: 18)
- Peptide svnthesis

Peptide synthesis was performed using the methods referred in Example 1. Chemically
synthesized linear and CLIPS peptides were synthesized according to the designs shown

below:
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- Chemically Linked Peptides on Scaffolds (CLIPS) technology

The following provides description of general principles of the CLIPS technology

utilized.

CLIPS technolopy structurally fixes peptides imto defined three-dimensional structures.

This results in functional mimics of even the most complex binding sites. CLIPS technology

is now routinely used to shape peptide libraries mto single, double or triple fooped structures

as well as sheet- and helin-like folds.

The CLIPS reaction takes place between bromo groups of the CLIPS scaffold and thiol
sidechains of cvsteings. The reaction is fast and specific under mild conditions. Using this
chemistry, native protein sequences are transformed into CLIPS constructs with a range of

structures including single T2 loops, T3 deuble loops, conjugated T2+T3 loops, stabilized

beta sheets, and stabilized alpha helixes (Timmerman ez ¢l J. Mol Recognit. 2007; 20: 283-
29).

CLIPS library screening starts with the conversion of the target protein into a library of
up to 10,000 overlapping peptide constructs, using a combinatorial matrix design. On a solid
carrier, a matrix of linear peptides is synthesized, which are subsequently shaped into
spatially defined CLIPS constructs. Construets representing both parts of the discontinuous

epitope in the correct conformation bind the antibody with high affinity, which is detected

and guantified. Constructs presenting the incomplete epitope bind the antibody with lower

affinity, whereas constructs not containing the epitope do not bind at all. Affinity information
is used in iterative screens to define the sequence and conformation of epitopes in detail.

The target protein containing a discontinuous conformational epitope is converted into
a matrix library., Combinatorial peptides are synthesized on a proprietary minicard and

chemically converted into spatially defined CLIPS constructs. Binding of aniibodies is

quantified.
- Peptide synthesix

To reconstruct discontinuous epitopes of the target molecule a library of structured
peptides was synthesired. This was done using Chemically Linked Peptides on Scaffolds
(CLIPSY techuology. CLIPS technology allowed the generation of structured peptides in
single loops, double-loops, triple loops, sheet-like folds, helix-like folds and combinations
thereof. CLIPS templates were cpupled 1o cysteine residues. The side-chains of multiple
cysteines in the peptides were coupled to one or twe CLIPS templates. For example, a 0.5

raM solution of the T2 CLIPS template 1,3-bis {bromomethyl} benzene was dissolved in
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ammonium bicarbonate (20 mM, pH 7.9Vacetonitrile (1:1{v/v}). This solution was added
onto the peptide arrays. The CLIPS template bound to side-chains of two cysteines as present
in the solid-phase bound peptides of the peptide-arrays (455 wells plate with 3 pl wells). The
peptide arrgys were gently shaken in the solution for 30 to 60 minutes while completely
covered in solution. Finally, the peptide arrays were washed extensively with excess of HyO
and sonicated in distupt-buffer containing | percent SDS/0.1 percent beta-mercaptoethanol in
PBS (pH 7.2) at 70°C for 30 minutes, followed by sonication in Hz0 for another 45 minutes.
The T3 CLIPS carrying peptides were made ina similar way but with three cysteines.

Linear and CLIPS peptides were chemically synthesized according fo the: following

designs:

Mimic Discontinuous epitope mimics

Type

Label MAT.A, MAT.B

Description Constrained peptide mimics of varying length. From the two starting
sequences (SEQ ID NQ: 17 and SEQ ID NO: 18) all 101022, and 10 t0 18
At the termini and in between the two peptides cysteines are placed. These
are linked by a T3 CLIPS.

Mimic Linear peptides
Type
Label RNPKVNPQGPGPEEKRR (SEQ ID NO: 19)

Description  Substitution analysis, starting from the base sequence PKVNPQGPGPEEKRR
{SEQ ID NO: 20), all individual amino acids are replaced by all naturally

occurring amino acids, except cysteine.

Mimic Constrained peptides.



1¢

15

20

WO 2015/106311 PCT/AU2015/000018

Label RN.PKVNPQGPGPEEKRR _LOOQP (SEQ ID NO: 19),
RN.ELCTONCRAFRDLYS heli3 (SEQ ID NO: 21)
RN.ELCTONCRAFRDLYS_LOOP (SEQ ID NO: 21)

Description  Substitution analyses, starting ftom the base sequences as indicated in the
label names, all individual amino acids are replaced by all naturally

occnrring amino acids, except cysteine.

- ELISA screening

The binding of antibody to each of the synthesized peptides was tested in a PEPSCAN-
based ELISA. The peptide arrays were incubated with primary antibody solution (overnight
at 4°C). After washing, the peptide arrays were incubated with a 1/1000 dilution of an
antibody peroxidase conjugate (SBA, cat.nr.2010-03) for one hour at 25°C. After washing,
the peroxidase substrate 2,27-azino-di-3-ethylbenzthiazoline sulfonate (ABTS) and 2 planl of
3 percent H202 were added. After one hour, the color development was measured. The color
development was quantified with a charge coupled device (CCD)Y - camera and an image

processing system.

- Dada processing

The values obtained from the CCD camera range from 0 to 3000 mAU, similar © a
standard 96-well plate ELISA-reader. The results are quantified and stored into the Peplab
database. Occasionally a well contains an air-bubible resulting in a false-positive value, the

cards are manually inspected and any values caused by an air-bubble are scored as 0.

- Svnthesis queality confrol
To verify the quality of the synthesized peptides, a separate set of positive and negative
control peptides was synthesized in parallel. These were screened with antibody 37.9 (ref

Posthumus & /., 1. Virology, 1990, 64:3304-3309).

- Sereening details
Table 7 summarises antibody binding conditions. For the Pepscan Buffer and Pre-
conditiomng (8Q), the numbers indicate the relative amount of competing protein (a

combination of horse serum and ovalbumin).
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Table 7: sereening conditions

e e e e

3R & 3
| MIL-38 AM4 16 y/ml %SO 50048Q

Results
- Primary experimentad results and signal 10 noise ratio determination

A graphical overview of the complete dataset of raw ELISA results generated by the
sereening is shown in Figore 13, Here a box plot depicts each dataset and indicates the
average ELISA signal, the disiribution and the owtliers within each dataset. Depending on
experiment conditions {amount of antibody, blocking strength etc) different distributions of
ELISA data are obtained.

- Awtibody MIL 38-454

In earlier analyses carried out by the present inventors it was established that MIL 38—
AM4 binds glypican on stretch ;i3 VNPQGPGPEEK g (SEQ ED NO: 22), and also binds to
the stretch 135 TONARA 149 (SEQ ID NO: 8)/15:TONARAFRD 4z (SEQ 1D NO: 9), which
was taken as an indication for a discontinuous epitope.

The looped constructs containing the main stretch pinpoint the residues that are most
critical to binding. The resylts of this study demonstrated that residues V348, Q351, (G352,
and P353 do not tolerate replacement, with significant requirement for K347, N34© and P330,

and to a lesser extent from G354, P355, and E336 {Figure 14).

- Conclusions

The conformational epitope of antibody MIL38- AM4 was profiled.

Leads obtained in earlier analyses that point to a discontinuous epitope for MIL3R — AMY
were used to generate a matrix array in which the loops have different lengths, In addition,
full substitution analyses of the individual lead sequences were made. AH arrays were probed
with MIL38-AM4 antibody,

For recoguition of glypican-1, the MIL38 - AM4 antibody investigated i this study
binds to an epitope that exclusively or mainly consists of the flexible loop between residues
347 and 338,

Monoclonal antibody MIL38-AM4 mainly binds glypican-1 on the loop between
residues 347-355, but this antibody clearly benefits from the addition of residues from the

range [35-140 or 135-143 1o the peptide.
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Table 8 Epitope of the MIL38-AMS antibody

=
“\*&&\\\\%s

3
i
b
{

(SEQ ID NO: T}

Unless defined otherwise, all technical and scientific terms herein have the same
belongs.  Although any methods and materials, similar or equivalent to those described
herein, can be used in the practice or testing of the present invention, the preferred methods
and materials are deseribed herein. All publications, patents, and patent publications cited are
incorporated by reference herein in their entirety for all purposes.

The publications discussed herein are provided solely for their disclosure prior to the
filing date of the present application. Nothing herein is to be construed as an admission that
the present mvention is not entitled to antedate such publication by virtue of prior invention.

While the vention has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications and this application is
intended to cover any variations, uses, or adaptations of the invention following, in general,
the principles of the invention and including such departures from the present disclosure as
come withint known or customary practice within the art to which the invention pertains and
as may be applied to the essential features hereinbefore set forth and as follows in the scope

of the appended claims,
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CLAIMS

1. A method of detecting prostate cancer in a patient, the method comprising measuring the
level of soluble glypican-1 in a body fluid sample from a patient and determining that said
patient has prostate cancer or an increased likelihood of developing prostate cancer based

upon the level of soluble glypican-1 in the body fluid sample.

2. The method of detecting prostate cancer in a patient of claim 1, comprising the steps of:
(a) obtaining a body fluid sample from a patient;
(b) contacting said body fluid sample with an anti-glypican-1 antibody; and
(c) determining that said patient has prostate cancer or an increased likelihood of
developing prostate cancer based upon binding of said anti-glypican-1 antibody to

said body fluid sample.
3. The method of claim 2, wherein said anti-glypican-1 antibody is MIL-38.

4. The method of claim 2, wherein said body fluid sample is contacted with a population of
antibodies, wherein:
antibodies of the population comprise:
(a) a heavy chain variable region compriéing:
a complementarity determining region 1 (CDR1) comprising or consisting of
an amino acid sequence defined by positions 50-54 of SEQ ID NO: 10;
a complementarity determining region 2 (CDR2) comprising or consisting of
an amino acid sequence defined by positions 69-85 of SEQ ID NO:10;
a complementarity determining region 3 (CDR3) comprising or consisting of
an amino acid sequence defined by positions 118-126 of SEQ ID NO: 10; and
(b) a light chain variable region comprising:
a complementarity determining region 1 (CDR1) comprising or consisting of
an amino acid sequence defined by positions 44-54 of SEQ ID NO: 11;
a complementarity determining region 2 (CDR2) comprising or consisting of
an amino acid sequence defined by positions 70-76 of SEQ ID NO: 11;
a complementarity determining region 3 (CDR3) comprising or consisting of

an amino acid sequence defined by positions 109-117 of SEQ ID NO: 11; and
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antibodies of the population do not comprise a light chain variable region
comprising:

a complementarity determining region 1 (CDR1) comprising or consisting of
an amino acid sequence defined by positions 48-58 of SEQ ID NO: 12;

a complementarity determining region 2 (CDR2) comprising or consisting of
an amino acid sequence defined by positions 74-80 of SEQ ID NO: 12;

a complementarity determining region 3 (CDR3) comprising or consisting of

an amino acid sequence defined by positions 113-121 of SEQ ID NO: 12.

5. The method of claim 4, wherein the antibody population is produced by or otherwise
identical to an antibody population as generated by hybridoma cells deposited on 22 August
2014 at CellBank Australia (CBA) under accession number CBA20140026.

6. The method of claim 2, wherein said anti-glypican-1 antibody is not MIL-38.

7. The method of any one of claims 2 to 4, wherein said anti-glypican-1 antibody is an

antibody fragment or recombinant antibody capable of binding glypican-1.

8. The method of any one of claims 2 to 7, wherein said anti-glypican-1 antibody is labeled.

9. The method of claim &, wherein said label is chosen from a group consisting of a
radiolabel, a fluorescent label, a biotin-avidin amplification system, a chemiluminescence

system, microspheres, and colloidal gold.

10. The method of any one of claims 2 to 9, wherein anti-glypican-1 antibody binding is
detected via a technique selected from the group consisting of immunofluorescence,
radiolabeling, immunoblotting, Western blotting, enzyme-linked immunosorbent assay
(ELISA), flow cytometry, immunoprecipitation, immunohistochemistry, biofilm test, affinity

ring test, antibody array optical density test, and chemiluminescence.

11. The method of claim 1, wherein said level of glypican-1 in the body fluid sample from a
patient is compared to the level of glypican-1 in a control sample; wherein increased anti-
glypican-1 antibody binding of the body fluid sample over the control sample is associated

with the presence of prostate cancer.
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12. The method of claim 11, wherein a 50% or more increase in the level of glypican-1 of
said body fluid sample over the level of glypican-1 in the control sample is indicative of

prostate cancer.

13. The method of any one of claims 2 to 10, wherein anti-glypican-1 antibody binding to
said body fluid sample is compared to anti-glypican-1 antibody binding of a control sample;
wherein increased anti-glypican-1 antibody binding of the body fluid sample over the control

sample is associated with the presence of prostate cancer.

14. The method of claim 13, wherein a 50% or more increase in the anti-glypican-1 antibody
binding to said body fluid sample over the level of anti-glypican-1 antibody binding of the

control sample is indicative of prostate cancer.

15. The method of any one of claims 2 to 10, 13 or 14 wherein anti-glypican-1 antibody
binding to said body fluid sample is compared to anti-glypican-1 antibody binding to one or
more glypican-1 standards; wherein the anti-glypican-1 antibody binding of the standards is

used to quantify the amount of glypican-1 in said body fluid sample.

16. The method of any one of claims 1 to 15, wherein a glypican-1 content higher than about

10ng/ml in the body fluid sample is indicative of prostate cancer.

17.  The method of any one of claims 1 to 16, further comprising:
measuring the level of prostate-specific antigen (PSA) in a body fluid sample from the
patient, and
determining that said patient has prostate cancer or an increased likelihood of
developing prostate cancer based upon (i) the level of PSA measured in the body fluid

sample, and (i1) binding of said anti-glypican-1 antibody to said body fluid sample.

18.  The method of claim 17, wherein the level of prostate-specific antigen (PSA) is

measured in a blood sample from the patient.

19. The method of claim 17 or claim 18, wherein the level of prostate-specific antigen (PSA)

in the body fluid sample measured is compared to the level of PSA measured in a control
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sample; wherein increased PSA levels in the body fluid sample over the control sample is

associated with the presence of prostate cancer.

20. The method of any one of claims 1 to 19, wherein said body fluid is selected from the

group consisting of blood, serum, plasma, and urine.

21. Use of a kit comprising:
a first anti-glypican-1 antibody, and
glypican-1 standards;
for detecting prostate cancer in the body fluid of a patient, wherein the first anti-

glypican-1 antibody is used to detect soluble glypican-1 in the body fluid.

22. The use of claim 21, wherein the anti-glypican-1 antibody is not MIL-38.

23. The use of claim 21, wherein the anti-glypican-1 antibody is MIL-38.

24. The use of claim 21, wherein the anti-glypican-1 antibody is the antibody referred to in

any one of claims 4, 5 or 7.

25. The use of any one of claims 21 to 24, further comprising a secondary ligand.

26. The use of claim 25, wherein said secondary ligand is a second anti-glypican-1 antibody
or an aptamer capable of binding to glypican-1; wherein said second anti-glypican antibody

can be the same as the first anti-glypican-1 antibody.

27. The use of claim 25 or claim 26, wherein said secondary ligand is conjugated to a label

for rapid detection of said ligand.

28. The use of claim 27, wherein said label is for use in a detection method selected from the
group consisting of immunofluorescence, radiolabeling, immunoblotting, Western blotting,
enzyme-linked immunosorbent assay (ELISA), flow cytometry, immunoprecipitation,
immunohistochemistry, biofilm test, affinity ring test, antibody array optical density test, and

chemiluminescence.
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29. The use of any one of claims 22 to 28, wherein the kit comprises components for
conducting an ELISA.
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