
WO 2015/106311 PCT/AU2015/000018 

CELL SURFACE PROSTATE CANCER ANTIGEN PORBIAGNOMS 

INCORPORATION BY CRQSS^JTERENCE 
The present application claims priority from Unites States of America provisional 

patent application- number 6'l/§2$?776' filed oft 17 January 2014, the entire contents of 'which 

are incorporated herein by cross-relerenee, 

FIELD OF THE INVENTION 
The present invention relates generally to the field of prostate cancer diagnostics. In 

particular, the present indention relates to the identification of bioinarkers in biological 

samples, which can be used in the detection of prostate cancer. The identified markers may 

also be used in determining prognosis and monitoring response to treatment for prostate 

cancer patients, 

BACKGROUND OF THE INVENTION' 
Prostate cancer 1$ 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 in six men will be diagnosed with prostate 
cancer in their lifetime,. 

Currently, prostate cancer can be detected by either digital recta! exam (DRE) or by 

the ineasnrement 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 positi ves (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 (Boffean et al. 2002), False positives are usually followed by invasive and painful 

biopsies. 

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

sensitivity. 



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 

5 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 

10 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 

15 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 

20 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 

25 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 

30 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 
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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 

5 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. 

5 In some examples, glypican-1 content higher than about: O.lng/ml, 0.5ng/ml, lng/ml, 

5ng/ml, 1 Ong/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 

10 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-

15 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-

20 glypican-1 antibody, a pharmaceutical^ 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. 

25 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 

30 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. 
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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-

5 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: 

10 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 

15 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 

20 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: 

25 a compl em entarity 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 compl em entarity determining region 3 (CDR3) comprising or consisting of 

30 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. 

5 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 

10 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 consisting of 

immunofluorescence, radiolabeling, immunoblotting, Western blotting, enzyme-linked 

15 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; 

20 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. 

25 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-

30 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 

5 sample. 

Example 16: The method of any one of examples 1 to 15, wherein a glypican-1 

content higher than about lOng/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 

10 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 

15 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. 

20 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. 

25 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. 
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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 

5 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, 

10 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 

15 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 

20 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 

25 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 

30 glypican-1 as the MIL-38 antigen with 8 unique peptide sequences spanning the glypican-1 

protein underlined. 

7 



WO 2015/106311 PCT/AU2015/000018 

Figure 4* MIL-38 and a»fi-GPC~l antibodies s&ow overlapping reactivity on 2D .gel 

western blot. 

Membrane protein .extracts of DU-145 prostate cancer cells were separated on 2D gel. 

(pi gradient-horizontal, and molecular mass vertical). Western blots using MIL-38 antibody 

S and commercial rCtPC-1 rabbit polyclonal antibodies show overlapping reactivity marking a 

60Kd 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. 

FigwreS, .MIL-38 cm defect intinia ii:oprecipitates: of GPC-1 antibodies; and vice- verm 

10 MIL-38 and rabbit anti-GPC-1 antibodies were each used to imimnoprecipitaie their 

antigens from DO-145 prostate cancer or C3 (MIL~38 negative) eel! membrane protein 

extracts. Shown are the western blots of the iminuiioprecipitations detected with either MIL-

38 or anti-GPC-1 antibody. Figure 5A depicts GPC-1 detection of MIL-38 
inimmioprecipitates (left) and MIL-38 detection of GPC-1 immunoprecipitates (right). 

O Figure SB depicts MIL-38 detection of MIL-38 immiinop.recipita.tes as a control Lanes are: 

Magic M^rk- commercial protein marker as control; B'Dl.4.5 .MPEK- prostate cancer 

membrane protein extract (not immunQpreeipitated); BIJ145 FT- prostate cancer low 

through from immune precipitation; PHI45 IP- immunoprecipitafe using antibody; €3 

MPE1C- (MIL-38 negative} control membrane protein extract (not imraunoprecipitated); C3 

20 FT- (MIL-38 negative) cell flow through from immune palpitation; C3 IP eluilon- (MIL-

38 negative) cell immunoprecipitate using antibody. MIL-3& can. detect the 

immunoprecipitate from rGPC-l antibody and vice versa. MIL-3S can also bind to all 

controls including DO 1.45 MPEE and to IP conducted by MIL-38. 

Figure C MIL-38 'detects- recombinant gtypcMi-l, 

25 A recombinant glypican-1 produced in MSB cells was tested lor reactivity with MIL-

38 and aiiti-GPC-I antibodies. Western blots show reactivity of both MIL-38 and rabbit 

polyclonal anii-GPC-i antibody with the recombinant glypican-L 'Lanes are: Magic Mark-

commercial protein marker m, control;- GPC-l- recombinant Glypican-1 protein;. GPC-1 red-

jeeambinitnfc GIypiean-1 protein with reducing agent. 

3:0 .Figure 7. MIL-38 can detect antigen- secreted: into cell culture 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 imnttuioprecipitates using 

the MIL-38 antibody. The MIL-38 antibody $au detect antigens of 40 and 55kD in the 

conditioned 1 iqui d media. 

Figure 8, MIL-38 antigen detected m cell cultttre supernatant is glypican-l 
DU-145 prostate cancer cells were incubated with serum free media for 36 hours to 

produce eel! fee conditioned media. The conditioned media was immunoprecipitated using 

the MIL-3B antibody and the iranmnoprecipitates were sent for mass spectrometry analysis. 

Figure BA* A sample containing both the 40 and 55kD MIL-38 reactive antigens was 

subjected to mass spec analysis. Results of mass spec analysis are shown identifying 

glypican-1 as the Mil,-3 8 antigen from the conditioned liquid media with 9 unique peptide 

sequences spanning die N-terminus of the glypica.n-1 protein underlined. Figure SB, A 

sample containing the 40 fcDa 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 10 unique peptide sequences spanning the N-termintis of 

the glypican-1 protein underlined. Figure SC. 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 irom the conditioned liquid media with 

f uniq ue peptide sequences spanning the N-teriniiius of the glypican-1 protein underlined. 

Figure % MIL-38 antibody can detect glypiean~l in the plasma of . prostate cancer 

patients: and in 'membrane extracts of prostate cancers. 

Figure 9A. Plasma samples from one norma! control patient and one prostate cancer 

patient were i mmtmoprec ipitated with the MIL-38 antibody. Shown are western blots with 

both the MIL-38 and rGPCl. antibodies, MIL-38 immunoprecipitated higher levels of 

glypican-1 protein in the plasma of the prostate cancer patient than the plasma of the control 

patient. Lanes are: IP NT- IP from prostate cancer plasma; 046 IP IlepI- IP from 

prostate cancer plasma treated with Iieparinase; 042 IF NT- IP from normal control plasma; 

042 IP Kepi- IP from norma! control plasma treated with lieparmase; Magic Mark-

commercial protein marker as control. Figure 9IL Membrane protein extracts feom one 

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-3B antigen. 
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Figure i®. MILLS' can detect, cancer In the urine of prostate^ cancer patients, 
Urine samples from 125 age-imtehed patients: were collected and tested for tile 

presence of prostate cancer using MIL-38 antibody in m indirect immunofluorescence assay. 

Patients were classified as healthy controls, benign prostatic hypertrophy (BPH) or prostate 

cancer (Caf) based on either biopsy confirmation (BPff, CaP) or analysis of risk factors 

(healthy .controls). Figure shows exemplary pictures of CaP experimental samples; B014S 

positi ve control samples; and C3 negative control samples . 

Figure 1.1* MIL-38 caii detect recombinant glypiean-I In a variety of ELISA. formats 
Sandwich BLIS As- were performed using 0> 0.L 1 or lOng. recombinant human MS0-

produced glypicaii-T protein (rfiGPCl) as analyte. Figure 1,1 A. Capture with MXL-38 

antibody, detection with rabbit polyclonal anti-GPC 1 (a-GPCl). Figure 11B. Capture with 

anti-glypiean~1 antibody., detection with MIL-SB-, Figure 11C>. Capture with MIL-38^ 

detection with biotinylated- MIL-38 . 

Figure IX Comparative sandwich ELISAs performed:using different MIL-38 antibody 

preparations as capture antibodies. 

Figiire 12A shows comparative sandwich ELISAs using AM3 and AM4 as capture 

antibodies. Figure 12B shows comparative; sandwich ELISAs using either a mixed 

preparation (MA) or a clonal population (AM4 IF5) as capture antibodies. 

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

The binding of AM4 M I L-38 antibody to each of th e syritbesized pepti des was tested in 

a PEPSCAN-based ELISA. The bottom and top of the boxes are the'25th and 75th percentile 

of tlie data. The band near tlie middle of the box is the SOth percentile (the median) . The 
whiskers are at 1.5 the inter-quantile range, an Indication of statistical outliers within the 

dataset (Mcgill etal^Tht American Statistician, 32:12-16. 1978); 
Figure 14, Lette^Iot representation of MIL38-AM4 probed on the substitution analysis of 

set 3 (Example 13), 

BITAILED -mscmfrmn 
The present invention is based, in part, on the discovery that glypican-1 heparan 

sulfate proteoglycan ((IPC-1) levels are elevated in the body fluids or cells 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 the existence of 

prostate cancer in patients. 
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Porm&l human cells are only capable of .forty to sixty cellular divisions before 

tslomeric shortenings make them unviable. Prostate cancer cells however, are not subject to 
the Bayffick limit of divisions and continue to divide indefinitely causing abnormal, growths. 

The most common manifestation of cancer is the formation of tumors in the bodies of 

patients. In some embodiments of the present invention, the prostate cancer tumors can fee 

painless and asymptomatic. In other embodiments, the tumors can cause physical discomfort 

or other localized symptoms such as fluid blockages or bleeding. In. some embodiments, tlie 

prostate cancer of the present invention may cause systemic symptoms such as those caused 

by disrupting 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 

malignant prostate tumors (cancerous) is the ability to metastasize. Metastasis is the ability of 

cancers to spread (metastasize} to other parts of the body. Prostate cancer in patients is further 

categorized into stages according to the progression of the disease . The most common staging 

system is the TNM system, which categorizes cancer based on the size and extent of the 
pri mary tumor (T), the spread of the cancer to nearby lymph 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), T able 1 shows example definitions for each cancer stage, 

Table L Definitions for cancer stages of the TMM system, adapted from the American. 

Cancer Society. 

Definition 

Stage 0 i Carcinoma in situ 

Stage I, Stage H, and j Higher numbers indicate more extensive disease: 
Stage ill ! Larger tumor size arid/or spread of the cancer beyond 

; the organ in which it first developed to nearby lymph 
j nodes and/or tissues or organs, adjacent to the location j 
i ofthe primary tumor 

Stage iV j The cancer has spread to distant tissues or organs 

In some embodiments, the present invention can detect cancers at any one or more 
stages. 
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In some embodiments vthe glypican-1 of the present invention m encoded bv SEQ ID 

NO: 1 In some embodiments the glypican-1 protein is tbe foil amino acid sequence of SEQ 

IB NO: 2, Iti some embodiments, the glyptean-t protein does not include the signal peptide 

of SEQ ID MOs 3. In some embodiments, the glypican-I protein does not include the 

propeptide of SEQ IB MO: 4, In some embodiments, the glypican- I protein of the present 

invention is SEQ IB MO; 5. In some embodiments glypican-I of the present invention 

includes glypican-1 variants such as isofonnsy splice variants, and allotypes. The present 

indention also provides' a method of determining a prognosis for a patient with prostate 

cancer. In one embodiment, the method comprises obtaining a body fluid or tissue test sample 

Irora a patient, measuring the levels of glypican-1 in said: foody fluid or tissue, and comparing 

said levels with a fixed range ofv allies wherein higher glypican-1 levels are associated with 

poorer prognosis or less favorable patient outcome, 

Noil-limiting examples of prostate cancers that may be detected "with the present 
invention include prostatic intraepithelial neoplasia, adenocarcinoma, 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 teste that can help diagnose cancer. In some 

embodiments, the present invention uses glypican-I alone to detect prostate cancer, lit other 

embodiments OPC-1 is used together with another antigen wherein the presence of prostate 

cancer is determined by the detection of both antigens. In one embodiment, the other antigen 

is PSA. 
The present indention provides methods for detecting prostate cancer. Prostate cancer 

is the most frequently diagnosed visceral cancer and the second leading cause of cancer death 

lor 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 mm will die of the 

disease. Overall, one is six men wilt be diagnosed with prostate cancer m their lifetime. 

Prostate cancers have been associated with many symptoms including difficulty urinating, 

erectile dysfunction and pain. Although most prostate cancers are slow growing, there ate 

cases of aggressive prostate cancers which can metastasize and cars ultimately lead to death. 

There are two major prostate cancer detection tests currently used by medical 

professionals: a; digital rectal exam (IME), and the measurement of prostate-specific antigen 

(PSA) in the blood oFpatoents , Unforttwiateiy , neither of these tests is entirely conclusive and 
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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 IPSA tests conducted at the-

recommended 4.0 »g/ml cutoff are 86% sensitive to cancer patients but only 33% spectftcs 

producing false positives in roughly 67% of non-cancer patients (Hoffman ef a!. 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 teed on 

tlie levels of glypican-I m the body fluid or tissue of the patient and the results of the PSA. 

test, 

BkCA-38 (also known m MIL-38) is an IgGi murine raised antibody against human 

bladder cancer ceil line UCEIKBL-]7€L (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 useful in detecting certain kinds 

of Madder carcinoma (OS PAT 5,6229.S36). 
The present invention describes for the first time tiie identity of the MIL-38 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-S. 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-I in a given sample (e.g. a body fluid sample), and use the measurement to diagnose 

and/or prognose prostate cancer in a patient from which the sample is derived. In some 

embodiments, tlie agent is an anti-glypican-1. antibody, In some embodiments of the 

invention MIL-38 antibody is used to bind to and detect a 60kD glypican-I proteoglycan. In 

some embodiments the MIL-38 antibody is used to detect the gfypican-1 antigen, on the 

surface of prostate cancer cells. In other embodiments, the MIL-38 antibody is used to detect 

soluble glypican-1 in the body fluids or tissues of prostate cancer patients, hi some 

embodiments, the MIL-38 antibody has binding specificity for a glypican-1 epitope 

comprising a first segment ICVMPQGPGPE (SEQ' ID NO: C) or KVNPQGPGP (SEQ II) 

HO: 7). The epitope may further comprise a second segment TQNARA (SEQ 10 NO: 8) or 

TQNARAFKD (SEQ IB Mk 9), The present invention shows that MIL-38 *s ability to bind 

to prostate cancer tissue is based on the presence of the glypican-I antigen and further 
demonstrates the use of other ami-glypican~1 antibodies to detect cancerous prostate cells. 

Therefore in some embodiments the anti-glypiean-l antibody is not MIL-38. Further the 

present invention demonstrates the ability to detect prostate cancer by detecting glypican ~1 
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levels in the body fluids or tissues of patients. The present inventors have thus discovered tot 

glypican-1 is a marker lor prostate cancer. 
According to the invention glypican-1 levels in body fluids or tissues can he detected 

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

5 glypican-1 levels can be detected using an anti-glypican-I antibody. For example, the 

glypican-1 levels can be detected using m anti-glypican-1 antibody that comprises: 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 IB 

MO:: W;. a complementarity determining region 2 (CDR2) comprising or consisting of an 

10 amino acid sepence defined by positions 69-85 of SEQ IB NO: 10; a complementarity 

determining: region 3 (COR3) comprising or consisting of an amino acid sequence defined by 

positions 118 -126 of SEQ ID NO: 10; and comprise a light chain variable region comprising 

a complementarity determining region 1 (CDR1) composing or consisting of an amino acid 
sequence defined by positions 44-54 of SEQ ID NO; 11; a complementarity determining 

15 region 2 (CDE2) 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 II) NO: 11. The 

anti-glypican-I antibody used to detect the glypican-1 levels may not comprise: a light chain 

variable region comprising a complementarity determining region 1 (CDR1} comprising or 

20 consisting of an. amino acid sequence defh md 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; and a complementarity determining 

region 3 (CDR3J comprising or consisting of an amino acid sequence defined by positions 

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

25 identical to an antibody generated by iiybridoma cells as deposited on 22 August 2014 at 

CellBank Australia (CBA) under accession number CBA20140026. 

In some embodiments of tlie 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 

30 (Table 2) of this application. In yet another embodiment, the antibody used to detect 

glypican-1 in the body fluids or tissues Of patients could be any antibody capable of binding 

glypican-1. In some embodiments the antibodies of the present invention include antibody 

fragments or recombinant antibodies. In some: embodiments tlie antibodies of the present 

14 
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indention include human antibodies, humanized antibodies and chimeric antibodies. In mm& 

embodiments the antibodies of the present invention are conjugated antibodies. A non-

liraitlng list of the afttibady fragments of the present invention include fragment ajitlgeit 

binding Bab, F(ab')2, S:cFv, Dt-scPv sdAb- chemically linked F(ab'}2, bispecific antibodies, 

irispecific antibodies FabS;, Bis-scFv, Minibody bivalent antibodies, triabody divalent 

antibodies, diabody bispeeifrio antibodies, tetrabody tetfawlent antibodies. A review of 

antibody fragments and domain combinations can be found in (Holllger and Hudson 2005, 

and US 2003/0077282), 
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In some aspects of the invention, a new ant^glypiean-*1 antibody can be generated 

from glypican-1 protein or a fragment or deiivative thereof By way of noa-limltlsg example 

only, the anti~glypican-i antibody can he raised against a glypican-1 epitope comprising a 

.first segment .CWQ:OP£M (SEQ IB. NO: €) or KVNPQGPGP (SEQ ID NO: 7), fhe 

epitope may further comprise a second segment TQNARA (SEQ IB NO: S) or 

TQNARAFRD (SEQ ID MGs 9). One skilled in the art will recognize that many procedures 

are available for the production of antibodies, for example, the methods described m. (Harlow 

et at, 19S8). In some embodiments, the glypican-1 imnrtmogen used to create 'the anti-

glypican-1 antibodies will include the post translational modifications of the native protein 

(e.g. folding}. In some embodiments the glypican-1 imtrmnogen will not include the signal 

peptide (SEQ IB No: 3), or the C-termmal propeptide (SEQ IB Ho: 4) sequences. In some 

embodiments, the glypican-I inamnrsogens are obtained from human or other mammalian 

cells swell as transformed murine NSO, wild type DU-145, or ©titer glypican-1 expressing cell 
line. In some embodiments the glypican-1 antigen can be cells expressing glypican-I. In 

some embodiments the glypican-i miraimogen can be whole cells or cell parts with glypican-

1 protein on their surface. One skilled m 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 (Borrebaeek et al, 1995; and US patent 7,960,5.17). 

In another embodiment of the present invention, polyclonal antibodies targeting 

glypican-1 may be created for the detection of prostate cancer. Again by way of non-limiting 

example only, the polyclonal antibody targeting glypican-1 can be raised against a series of 

glypican-I epitopes including a glypican-I epitope comprising a first segment 

KVNPQGPGPE (SEQ IB NO: 6) or KVMPQGPG? (SEQ IB NO; 7). The epitope may 

forther comprise-a second, segment TQMA1A (SEQ ID MM 8} or TQNABAFRD pEQ ID 

NO: 9}, Yarious procedures known in tlie art may be used for the production of 

polyclonal antibodies to glypican-1 or a fragment of glypican-1. In one embodiment of the 

indention, the glypican-I protein or fragment thereof may be injected into a host animal In 

some embodiments the host animals can include bat are not limited to rabbits, mice, rats, etc. 

In some embodiments the resulting sera is purified and tested for its ability to react with 

glypican-1 via techiiicfites: well known in the art such as westerns, ELISAs, 
immunofluorescence screens, flow cytometry. Fluorescence Activated Cell Sorting (FAGS) 

or others. 

In another embodiment, monoclonal antibodies-(i»Abs) directed against glypican-1 
may be created for the detection of prostate cancer. Again by way of non-limiting example 
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only, die-monoclonal antibody targeting glypican can be raised against a glypican-1 epitope 

comprising a first segment EYNPQGPGPE (SEQ' ID NO: 6) or KVNPQGPGP .(SEQ IB 

MO: 7). The epitope may further compttm aseeoM segment TQNARA (SEQ ID NO: 8} or 

TQNARAP1ID (SEQ ID NO: 9), In one embodiment, anti-glypican-1 antibodies are created 

via the hybridoma technique (KoMer and Milstein 1975), or oilier 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-I is detected in the body 

fluids or tissues of patients by an ami-glypican-I antibody. In some embodiments the body 

fftiM sample obtained from the patient is a blood, serum, plasma, or urine sample, In other 

embodiments, glypieatt-l is detected in tissue samples of patients . In some embodiments, the 

tissue samples include tumor biopsies or other patient tissue. In some aspects of this 

indention, the antibody detects glypican-1 via Western blot analysis. Enzyme-linked 
immunosorbent: assays (ELISAs;^ fluorescent cell sorting or PACS, immunofluorescence, 

radiolabeling, tanunopredpitation* immunoMstocbemistry, immunoblottiog* 

chemtiumineseeiiee, and/or other known techniques to detect protein with an antibody or 

other ligand suc h as a protein capable of binding glypican-I. In some embodiments, glypican-

1 is detected via a bioftlm test, or affinity ring test as described in US application 

2013/016.736. In some embodiments glypican - i is detected via glypicati-1 binding agents 

coaled to transparent surfaces (e.,g, polycarbonate slides). Binding of gl ypican-1 or giypiean-1 

bearing cells can be detected by changes in optica! density. In some embodiments, anti-

glypicati-1 antibody binding to said body fluid or tissue sample is compared to the anti-

glypican-1 antibody binding to one or more glypican-I calibration standards; wherein the 

anti-glypican-1 antibody binding of the calibration standards is used to quantify the amount 

of glYpican-I in said body fluid sample. In one embodiment, the calibration standards 

comprise one or more samples with known glypican- \ concentrations. 

In some embodiments the measurement of glypican-1 is accomplished by contacting 

said body fluid or tissue sample with a glypican-1 ligand. In some embodiments the ligand 

can be an anti-glypican-1 antibody capable of binding the glypican-1 proteoglycan. 

In some embodiments, the tissue ox body fluid of a patient may require a pre-
treatment prior to detection by the anti-glypican- l ligand. In some embodiments, said pre-

treatment may include treatment with agents such as hepariuase PNGaseP, K-Glycosidase, 

alkaline phosphatase, or heparitmase 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 th e body fluid or tissue of 

a patient are compared against a control sample of body fluid or tissue from a cancer-free 

patient. In other embodiments the measured levels of glypican-1 in the body fluid or tissue of 

a patient are compared- against pre-determined reference vatees 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 giypieau-1 from body fluid or tissue samples 

is conducted via Enzyme-linked immunosorbent assays (EIISAs). ELISAs comprise those 

based on eolorimetry, cherniluminescence, and flitoi'ometry. ELISAs have been successfully 

app lied in the detemiinatioit of low amou nts of drugs and other antigenic components in body 

tissues or fluids met as blood, serum, and plasma samples, and axe well known In 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 ceil-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 ligarids, which can. bind to said glypican-1 and 

be used to detect the presence or amount of glypican-1 based on detection of its label. 

In some embodiments, the biological sample is contacted and incubated with the 

immobilized capture (Or coat) reagent, which can be a glypican-1 antibody. Hits antibody 

may be fan any species , but in some embodiments the antibody is a murine or rat antibody. 

In other embodiments the antibody is a murine antibody. In other embodiments the antibody 
is derived from a hybridoma. In some embodiments, the glypican-1 antibody is a recombinant 

antibody or antibody fragment, Immobilization conventionally is accomplished by 

iiisoiiibiiiziQg the capture reagent either before the assay procedure, as by adsorption to a 

waier-insoiuhie matrix or surface (U.S. Pat, No, 3J20.J60) ox non-covaleiit or covalent 
coupling (for example, rising glutarafdehyde or carbodtiraide cross-linking, with or without 

prior activation: of the support with, e,g.> nitric acid and a reducing agent as described in U .S, 

Fat :Keu 3,645,852 orte Eotmans et ai.,19S3)5 or afterward, e.g., by immunoprecipitation. 

In some embodiments, the solid phase used ibr immobilization may be any inert 
support or carrier that is essentially water insoluble and asefel in immune-metric assays. 
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including supports in the form of. e.g., surfaces,- pMeles, porous matrices, etc. Examples of 

eoiDiDonly used supports include small sheets* Sephadex, polyvinyl chloride, plastic beads.,, 
and assay plates or test tubes manufactured from polyethyleue, poiypropyteue, polystyrene, 

and tlie like including 96-well microtitcr plates, as well as particulate materials such as filter 

paper, agarose, eross-lmked dextran, and other polysaccharides. AItematlve 1 y. reactive water-

iisoiiibje matrices such as cyanogen bromide-activated carbohydrates; and the reactive 

substrates described m tJJS. Fat, Hos. 3,969,28:7; 1,691,016; 4,195^ 28: 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 mi a mierQtiter plate, and in particular the solid 

phase used is a multi-weil microliter. plate that can be used to analyze several samples at one 

time, e.g., a loicrotest 96-well ELISA plate such as that sold as Hume Maxisorb or Immuion. 

In certain embodiments, the plate is a MiCROTEST1"^- or MAXISDRP™ 96-

well ELISA plate such as that sold as NUNC MAXIS€}PJ3TM or 1MMU LON™. 

In some embodiments the solid ptiase is coated with the capture reagent as defined 

above, which may be linked by a nqn-covalent or c-o-valent interaction or physical linkage as 

desired. Techniques for attachment include those described in UJ. Fat. No. 4,376.110 and 

the references cited therein, if covalent, the plate or other solid phase is incubated with: a 

cross-linking agent together with the capture reagent under conditions well known in the art, 

e,-g,? such as for t hour at room temperature. 

in other embodiments, commonly used eross-buMng agents Ibr attaching the capture 

reagent to the solid phase substrate include,: e.g., 1,1 ~bis(diazoacetylj»2»pheiiyietliane, 

glutaraklehyde, N4iydroxy-suceimrrnde esters:, for example, esters with 4-azido~s&1icy!ic 

acid, homobifuuctiGnal imidoesters, including disueemimidyl esters such as 3,3'-ditkiobiS" 

(succmimidyl-propion&te:), and Afunctional mal.eimides such as bis-N-maIeimido-i}:8-octatte, 

Derivatizing agents sucb as methyI~3-[(p-azidopbenyl}~dithio}pro~pioimi-date yield 

photoactivatable intermediates capable of forming cross-links in the presence of light. 

M some embodiments, 96-well. plates are utilized. In some embodiments the 96-well 

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 1.0 hours, more preferably at least overnight, at 
temperatures of about .4-20*C, or about 4-8°0, and at.a pH of about 8-12, or about pH 9-10, 

or about pH 9.6). If shorter coating times are desired, 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 k a manual, semi-automatic, or 

automatic fashion, such as by -using robotics . 

In some embodiments, the coated plates can he treated with a Mocking agent that 

binds non-specifically to and saturates the binding sites to prevent unwanted binding of tlie 

fee ligand to "the excess sites on the wells of the plate. Non-limiting examples of appropriate 

blocking -agents for this purpose include, e.g., gelatin, bovine serum albumin, egg albumin, 

casein, and non-fet milk. In some embodiments the blocking treatment can take place under 

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, hi other embodiments the blocking can 
take place overnight at; 0-4°€, 

In some embodiments the glypican- I standard (e.g. purified glypican-1 protein) or the 

biological sample to be analyzed, appropriately diluted. Is added to the immobilized phase. In 

some embodiments, the dilution rate is about 1-15% by volume. In. some embodiments, the 

glypican-1 protein standard will include the post-translational modifications of the native 

protein. In some embodiments, the glypican-1 protein standards are obtained from human or 

other mammalian cells such as transformed MSQ, wild type DU-145, or other glypican-I 

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- ] 

peptide or other epitope detected by the glypieae-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 purpose include (a) PBS containing 0.5% BSA, 0.05% TWEEM 20™ 

detergent (P20), 0.05% PRQCLIN™ 300 antibiotic, $ mU E0TA? 0.25% CHAPS; surfactant, 

0.2% bovine ^-globulins.,. and 0.35M MaCl, pH 7,4; (b) PBS containing 0,5% bovine serum 

albumin, 0.05% polysorbate 20, 5 mM. EDTA, 0,25% CHAPS, 0,2% bovine y-globulins, and 

0.35 M HaCI; pH 7.4 (c) PBS containing 0.5% BSA, 0.05% polysorbate 20 (P20), and 0.05% 
PROGLIH™ 300, pH 7; (d) PBS containing 0.5% BSA, 0.05% P20, 0.05% PROCOM™ 

300, 5 .mM B0TA, .and 0.35 M: NaCL pE 6.35; (e) PBS containing 0,5% B'SA, 0.05% P20, 

0.05% mocum* 3OO, 5 mM 1DXA, 0.2% bovine ^-globulins, and 0.35 M MaCl,. pH 7,4; 
and (f) PBS containing 0.5% BSA, 0.05% F20, 0,05% PRDCLM™ .100, 5 raM EDIA, 
0.25% CHAPS, and 0.35 M MaCi pH 7-4. PROCON™ 300 acts as a preservative, and 

TWEEN 20™ 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-1 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 to maximize the sensitivity of the assay over tlie range of interest 

The conditions for incubation .of sample and immobilized capture reagent are selected 

to maximize sensitivity of the assay and to minimize dissociation. In some embodiments, the 

incubation is accomplished at fairly constant temperatures, ranging from about 0°C to about 

40'3Cv In other embodiments tlie incubation is conducted from about 20 to 23 °C The time tor 

imitation depends primarily on the temperature, being generally no greater than about 10 

hours to avoid an insensitive assay. In some embodiments the incubation timeis from about 

0.5 to 3 hours. In other embodiments the incubation is about 1.5-3 hours or less at room 

temperature to maximize binding of free glypican-I to capture reagents. The duration of 

incubation may be longer if a protease inhibitor is added to prevent proteases in the biological 

fluid fmm degrading the giypican-L 

in some embodiments, the detection method is a competitive ELISA. In some 
embodiments the incubation step includes die addition of unbound and unlabeled antibody . In 

some embodiments the known concentration of unlabeled antibody binds the free glypican-1 
antigen and prevents it from becoming immobilized on the plate. In some embodiments the 

incubation step includes the addition of labeled glypican-1 protein of known concentrations. 

In some embodiments the amount of glypican- I in the body fluid or tissue sample is detected 

as: a diminisMng bind:ing of the mixed labeled glypican-I protein. In other embodiments the 
MM A, is a. sandwidi ELISA. 

At this stage, the pH of the incubation mixture will ordinarily be in the range of about 

4-f.l fn other embodiments the pH range will be about 6-9. In yet 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 butler is chosen to maintain a significant level of specific 

binding of the capture reagent to the glypican-I being captured. Various buffers may be 

employed to achieve and maintain the desired pH during this step? including borate, 

phosphate, carbonate, Ins-HQ or Iris-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 o ver another. 

In some embodiments, the biological sample is separated (preferably by washing) 

from the immobilized capture reagent to remove uncaptured molecules. The solution used for 

washing is generally a 'buffer ("washing buffer'-) with a pH determined using the 

considerations and buffers described above for the incubation step. In one embodiment, the 
pH range of die washing buffer is about 6-9. llie washing may be done one or more times. 
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The temperature of washing is generally from refrigerator to moderate temperatures, with a 

constant temperature maintained, during the assay period, typically from about Q~4G®C, In 
other embodiments the washing temperature is about 4~3Q!?C. Far example, the wash buffet 

cart fee placed ra 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 he added at this 

stage to allow the now-bound glypican- L to be eavalently attached to the capture reagent if 

•there is any concern that the captured glyp;icaii«l may dissociate to some- extent in the 

subsequent steps. 

In some embodiments, the immobilized capture reagent is contacted with detectable 
antibodies, In some embodiments the detectable antibodies are anti-glypican-1 antibodies. In 

some embodiments the anti-glypican-1 antibody is MIL-38. In other embodiments* the 

antibodies are those described in 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-I at a temperature of about 2C}~40C'€. In other embodiments the 

detectable antibody is contacted at about 20-25&C, with the exact temperature and time Ibr 

contacting the two being dependent primarily on tlie detection means emp l oyed. For example, 

when strepttavidin-peroxidase and S^^S^S'-tetramethyl benzidine are used as the means Ibr 

detection, e.g., in one embodiment, the contacting is carried out (e.g., about 1 hour 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 certain embodiments, it is a 

monoclonal antibody, k one embodiment murine, and in one embodiment MIL-38, Also, the 

detectable antibody can be directly detectable, and in one embodiment has a colo.rimetric 

label, and in another embodiment has a ffurometrk label. In other embodiments the 

detectable antibody is biotinylated and. the detection means is avidin or streptavidin-

peroxidase and 33^»5;f5'''tetfamethyl benzidine. In some embodiments the detectable antibody 

may be labeled with: a biotin-avidm amplification system, a chemillimine seence system, 

microspheres, or colloidal gold. The readout of the detection means can be fhiorimetric or 

colorinietric among, others. The affinity of the antibody .mast be suSiciently high that small 
amounts of the free glypican-I can be detected. 

In some embodiments, 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 
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above step with a standard curve to determine tlie level of glypican-1. in said body fluid or 

tissue sample, In other embodiments the reaction that occurs as a result of the above steps is 

mmpmsd to a similar reaction using a control body fluid or tissue sample such as the body 

fluid or tissue of a age-matched cance r-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, 

tiie proteins in a complex sample using electrophoresis. In other embodiments the 

electrophoresis separation is performed in a size exclusion gel such as a sodium dodecyl 

sulfate polyacrylaiiikle pi (commonly known as SDS-FAGE). In one embodiment the 

separated proteins are then transferred to a membrane. One ski lled in the art will recognize 

that there are a variety of materials that can he used for westerns. In some embodiments the 

membrane is made from nitrocellulose or polyvmylideile fluoride, PVDF, In some 

embodiments the transfer occurs in a protein transfer box such that the proteins retain the 

same separation pattern 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 tlie glypican-1 target protein, in 

some embodiments tlie membrane is then washed and incubated with a 

secondary antibody that targets the first antibody. In some embodiments 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 cliemilumiiiescent label, a 

radiolabei or another label well knowii in the aft.. In some embodiments, said labels 

conjugated to the secondary ligand are chosen from a group consisting of a radiolabel, a 

fluorescent labels a bioiin-avidin amplification system, a chemiluminescence system, 

microspheres, 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 pri.iTj.ary and (optional) 

secondary antibodies can be stripped fkan the membrane, and the membrane can be 

incubated with an alternative primary antibody that is specific for die same or another 

protein. In some embodiments the second protein may be used as a loading control> In other 

embodiments the second protein is another marker for patient health. 

In one embodiment glypican* I is detected via flow cytometry. In some embodiments 

glypican- l is detected on the cell surface of cells in patient body fluids or tissues. In certain 

aspects of the invention the detection of glypican-I for flow cytometry may be conducted as 

2.5 
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outlined below. In some embodiments, cells torn body fluids or tissues are purified, Tlie 

purification of the cells can include a neutralization step. Irs sortie embodiments the 

neutralization step comprises storing the cells in neutralization buffer. Tire neutralization 

buffer can be made by combining 39 ml of 0.2 M NaH jPO-'i to 61ml of 0.2M MagHPQ^ and 

addmg water to 200ml, In some embodiments, the cells are centrifoged and resuspended in 

different solutions. In other embodiments, the cells are sorted without purification. In some 

embodiments the cells are resuspetided or washed in CytaLyt solution. In other embodiments 

the cells are resuspended or washed in phosphate buffered saline (PBS), In some 

embodiments the cell suspension is treated with ammonium chloride to lyse the red blood 
cells. In some embodiments the cells are fixed onto slides. In other embodiments the cells 

remain free. In some embodiments, cells are contacted with a primarily anti-glypican-1 

antibody or other lig-and. In some embodiments the primary antibody is MIL-38. hi some 

embodiments the primary antibody is not MIL-38. Bi other embodiments the primary 

antibody is any other anti-glypican-1 antibody (Table 2). In certain embodiments, the cells 

axe further contacted with a second detection antibody conjugated to a detection lafeel In 

alternati ve 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 

labeled with the glypican-1 antibody, the cells may be distinguislmhly labeled with other 

probes, including, but not limited to, antibodiesto 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 intracellular antigens. In other 

embodiments the other probes label extracellular antigens. Once labeled, tlie labeled cells 

may be isolated by FACS How cytometry. In some embodiments, the FACS machine may 

isolate labeled cells singly (Le,, as single cells). In other embodiments, the labeled cells may 

be isolated as a mixed population, and then diluted into single cells after FAGS. In some 

embodiments the second label can be a dye. In some embodiments the dye label is DAPI. In 

some embodiments DAPI 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 

ceils may be selected using a plurality of different properties. For example, cells may first be 

sorted, by one probe and then, another. In some embodiments cells can first be sorted by cell 

type and later be sorted by glypican-I concentration. Similarly cells may be sorted in any 

sequence as desi gned together with the probes and the detection of the FACS machine. 

The general prmciples 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 ceils 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 .hi a variety of publications^ including, 

but not limited to: (Orfao et at, 1996; Johnson et aL 5007; long et aL, 2007; and D'ainiak et 
ah, 2007), 

The present invention also iaelufe kits for detecting glypican-1 iii the body fluids or 

tissues of patients. In one embodiment the kit for detecting cancer comprises the materials 

necessary to conduct any of the detection assays described in this application. In some 

embodiments the kit for detecting cancer comprises a first anti-glypican-1 antibody or other 

ligand, a phannaceutically 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-

I antibody may or may not be MIL-38. The first anti-glypican-I antibody may comprise: a 

heavy chain variable region, comprising a. complementarity determining region 1 (CDRl) 
comprising or consisting of an amino acid sequence defined by positions 50-54 of SEQ IP 

NO: 10; a complementarity determining region 2 (CDE2) 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 IB NO: 10; and comprise a light chain variable region eomprising 

a con^leinentarity determining region 1 (CDR l) comprising or consisting of an amino acid 

sequence.' defined by positions 44-54 of SEQ. ID NO; II; a complementarity detennining 

region 2 (CBR2) comprising or consisting of an. amino acid sequence defined by positions 

70-76 of SEQ IB MO: 11; a complementarity determining region 3 (COR3) comprising or 

consisting of an amino acid sequence defined by positions 109-117 of SEQ ID NO-? II. The 

anti-glypican-1 antibody used to detect the glypicati-1 levels may not comprise: a light chain 

variable region comprising a complementarity determining region 1 (CDR l } comprising or 

consisting of an amino acid sequence defined by positions 48-5 8 of SEQ ID NO: 12; a 

complementarity determining regi on 2 (CDR2) eompri sing or consisting of an amino acid 

sequence defined by positions 74-80 of SEQ IP NO: 12; 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-glypiean-I antibody may be produced by or 
otherwise identical to an antibody generated by hyhridoma cells as deposited on 22 August 

2014 at CellBanfe Australia (CBA) under accession number CMA20-140026. 
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In some embodiments, the kit will require the additional use of standard laboratory 

tools or machinery. In some embodiments, necessary tools include pipettes, cell sorting 

machines, plate readers, ceMttfitges etc as are known to those heittg skilled in the art. In some 

embodiments, xm of the kit may require additional standard laboratory reagents such as 

pipette tips, membranes, buffers, or chemicals as are well kno wn by those being skilled in the 

art. In some embodiments the kit further comprises a secondary ligand. In some embodiments 

the secondary ligand is a second 3nti-glypic«n-l antibody. In one embodiment, the second 

anti-glypican antibody is the same m 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 he antibody fragments or antibody 

combinations as described in this application. 

In some embodiments the detection of glypican-I 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, 1.8, 1,9, 20, 21, 22,.23,24, 25, 26,27,2.8, 

29, 30.31, 3-2,.33, 34,35, 34 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, 

SO, 8:1, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,.97, 98, 9.9, 100, HO, 120, 

130, 140, ISO, 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, BOO, 900, 1.000 pg/ml of glypican-1 in the body fluid of a patient is 

indicative of prostate cancer. 

In some embodiments tlie detection of glypican-1 in the body fluids or tissues of a 

patient is indi cative of the presence of prostate cancer. In some embodiments, the presence of 
1, 2f 3,4, 5, 6, 7, 8, 9,10, 11,1.2, 13,14, 15, 16,17, 18, 19, 2.0, 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, 7% 
80, SI, 82, S3, 84, 85, B6, 87, 88, W, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 110, 120, 

130, 140, 150, 160, 170, I SO, 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 rsg/mi of glypican-1 in the body fluid of a patient is 
indicative of prosta te cancer . 

In some embodiments the detection of glypican-l in the body fluids or tissues of a 

patient is indicative of the presence of prostate cancer. In some embodiments, the presence of 
U 2, 3,4, S, 6,7, 8, % 10, 1,1, 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. 4 L 42, 43, 44, 45, 46, 4.7,4S, 49, 50 pg/nil of 

glypican-I ill the body fluidor tissue of a patient is indicative of prestate cancer, 

lit some embodiments elevated levels of glypican-1,. of glyptcan-l detection signal in: 

the body fluid or tissue of a patient is indicative of prostate cancer. In some cases, the 

glypican-I levels of cancer patients are 1%, W«t 3%, 4, $%, 6%, 7%, 8%, 9%, 10%5 ! 1%, 

i2%y 13% 14%, 15%. 1<S%? 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 

29%, 30%, 3.i%, 32%, 33%, 34%, 3:5%, W%, 37%, 38%, 3.9%, 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%, S4%, S5%, 86%, 87%, SS%s 89%, 90%, 91%, 92%, 

93%, 94%, 95%, 96%, 97%, 98%, 99%, 100%, 11.0%, 120%, 13Q%? 140%, 150%, 160%, 

170%, 180%, 190%, 200%, 210%, 220%, 230%, 240%, 250%, 260%, 270%:, 280%, 290%, 

300%, 310%, 320%, 330%, 340%, 350%, 360%, 370%, 3S0%, 390%, 400%, 410%, 420%, 
430%, 440%, 450%, 460%, 470%, 480%, 490%, 500, 600%, 700%, 100%, 900%, 1000%, 

5,000%, 10,000%, >15,000%: higher than the glypican-1 levels or glypican-J detection signal 

of a control non-cancerous body fluid or tissue. .In some embodiments the control non­

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

EXAMPLES 

ExfiiMple L Char acterizatiofi of tlie cell. bound. MI.L-3'8 antigen. 
Despite initial reports of the MIL-38 antigen as a 30kB protein (Eussell et ai 2004), 

work by the present: inventors has indicated that the MIL-38 antibody predominantly detects a 

60kOa antigen in a range of cell extracts. Western blot reactivity of MIL-3S with the antigen 

is lost if the sample has been intubated with reducing agents prior to gel electrophoresis. 

Using MIM8 antibody for immunoprecipitation experiments we were able to 

specifically isolate tire 60kDa protein from a variety of cell extracts. The presence of the 

60kDa antigen on the cell surface was investigated using live cell imniuiioprecipitations. 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 

inmiunoprecipitates indicating that the antigen was recognized on the eel! surface by the 

MIL-38 in the media. 
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Example .2, MIL-M antigen isBiJiuiiopreeipltatioii and mass spectrometry. 
DU-145 prostate cancer cells were processed through a nTembrane protein extraction 

kit (MFEK), Membrane extracts were immunoprecipitated with MIL-38 cross-linked to 

magnetie beads. The immunoprse-ipitaies were either run into a gel and excised for mass 

spectrometry analysis or were elufed directly from the beads and then subjected to mass 

.spectrometry, Antigens bound to the MIL-3.S antibody were then analyzed via mass 

spectrometry analysis, which can identify peptides based on mass/charge data. 

The mass spectrometer identified glypican-1 with a peptide score of 4278 and 
sequence coverage of 46% including 1S distinct sequences (Figure 1). 

Ixampte .3* M.IL-S8.' antigen size exclusion chromatography 'and. 

mass: speetromefr y, 

DU-145 prostate cancer cells were processed through a membrane protein extraction 

kit (MPEK). Membrane extracts: were ixinminopredpitated with MIL-3 S cross-linked to 

magnetic beads. Following extensive washing, the iminunopreclpitate 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-3S antigen. Fraction 29 was subjected to mass spec analysis and 

glypican-1 was identified with sequence coverage of 14% (Figure 31). This further confirmed 
that the antigen for the .MIL-38 antibody was glypican-1, 

Example 4. and aFitt-glypte&iKl. (aisti-GfC-l) antibodies .show overlapping 

.reactivity on IB western- Mots. 
A rabbit .aj£i-GJPC*l antibody was purchased and showed reactivity' with the glypican-

1 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-15 prostate cancer 01J-145 

MFEK extracts were subjected to 2D electrophoresis and western blotti ng. 

As shown in Figure 4, MIL-38 antibody and the anti-GPC-1 antibodies shewed 

overlapping reactivity detecting a protein with 60 kDa molecular weight and isoelectric 
points ranging from 5 to 7. 
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Ikaffiple S, MIL-38' is - detected in anti.-GIlC-l immunoprecipitates and vice versa, 

MIL-BS or rabbi arm-GPC-1 antibodies were used to immanopreeipitate their 

respective antigens faro DU-I4S or C3 (MIL-38 negative) MPEK extracts. The 

immun oprec ipitates (IPs) were western blotted with either MIL-38 or ami-GPC-1 antibody 

(Figure S)K 

A 60kDa GPC-1 reactive band was detected in MIL-38 IPs blotted wife aiiti-GPC-1, 

•wWle a 60 KOa MIL-38 reactive band was detected in anti~GPC«l IPs blotted with MIL-38, 

"Mo reactivity was detected with tlie secondary only controls. Furthermore, 

immunopreeipitatiflg with MIL-38 antibody resulted in almost complete depletion of both 
MIL-38 and anti-GPC-1 antigens, strongly suggesting that tlie MIL-38 antigen is glypican-1. 

Example 6. MI L-38 defects recombinant GPC-1 

Two sources of purified recombinant glypican-1 were tested or reactivity with MIL-
38 arid anti-GPC-T, antibodies. The first source was a truncated form produced from wheat 

germ extracts (note this would not contain appropriate mammalian post-translational 

modifications). Hie second source was foil-length glypican-I produced in murine NSG cells. 

No MIL-38 reactivity was observed with the wheat germ, expressed glypican-1, however it 
could be detected with the rabbit anti-GPC-! antibody (data not shown). In contrast, very 

strong reactivity with MIL-38 and anti-GPC-1. antibodies was observed for the glypican-I 
produced in. NSO cells (Figure 6), 

Example 7-MiL-3I'caii detect antigen secreted into csILciiitiire supernatant. 

To date, there has been no experimental evidence for secretion of MIL-38 antigen. To 

test this, DU-145 cells were washed in senim-free media then incubated with seru&i-hree 

media for 36 hrs. The resulting conditioned media was immunoprecipitated with MIL-38 and 

the resulting samples compared with a standard IP from DU-145 MPEK extracts. Bands of 

approximately 40 and 55 ItDa were observed in the conditioned medium IF, compared to the 

i>0 kDa band isolated from DU-145 extracts (Figure 7). 

The conditioned medium IP sample containing the 40 and 55kD bands was subjected 

to mass spec analysis, Glypican-1 (SEQ ID No: 2J was identified with 16% peptide coverage 
(Figure 8a). Separate analyses: of just the 401eD band (Figure 8b) or the 55k D band (Figure 

8c) both identified as tlie glypican-I peptide (SEQ IB 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. G PC-1 caw. be detected by MIL-38 in prostate cancer plasma samples and in 

membrane extracts from prostate cancer patients. 
To date, there lias been no experimental evidence for secret!on of MIL-38 Mrtigen 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 immuTioprecipitated with 

MIL-38 antibody and the IF sample western blotted with MIL-3 8 and anti-GPC-1 antibodies 

(Figure 9 a). 

Both antibodies detected specific bands of approx, 70k Da in both plasma samples. 

The signals were markedly Mgta (darker bands) for both MIL-38 and ami-GPC-1 antibodies 

m the prostate cancer patient plasma compared to the normal patient plasma, suggesting that 

this soluble form of glypican-I maybe elevated in. prostate carreer patients. 

To determine if MIL-38 antigen could be detected in membrane protein extracts from 

normal prostate and prostate cancer, one sample of each was obtained from Moves Bio. 

Equi val ent amounts of protein were western blotted rising 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, 12 5 age-matched urine sam pl es were obtained, Cells 

were sptm down from the mine 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, DP-

145 positive 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. Tlie test showed 

71% sensitivity and 76% specificity in identifying prostate cancers compared to BPH 

patients. (Table 3). 

32 



WO 2015/106311 

TaMe 3, Sensitivity and specilicity calcuktiots 

PCT/AU2015/000018 

s of prostate cancer detection in patient urine. 

Sensitivity and' Specificity Calenfotians | 

True Positive False Positive 1 
i 

29 12 j 

Falser Negative Trite Negative | 

23 

Sensitivity and Specificity 

61 | 

Calet&ttioits. for BPH:' only | 

True Positive False Positive? 1 
! 

29 1 i ' ** 1 
False Negative j Trite Negative | 

i 

Example 10. Combination of MIL-38 antigen detection with: PSA level increases -ability 
to. detect prostate: cancer. 

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

test there are increases in sensitivity acid specificity. These iti.cmase.s- wry according to the 

cut-off Baltic applied to the PSA test. When the cutoff for a positive diagnosis is greater than 
2. ng/mL the® specificity increases from 73% for just the IFA test to 83% for the two tests 

combined, When the cutoff for a positive diagnosis is greater than 4 ng/mL then specificity 
increases frotn 73% for just the IF A test to 8.9% for tlie 'two tests combined . 

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

OR and 95% CI when the two tests aye combined. 

Table 4* Increases m sensitivity and specificity when the MIL-38 IFA. test is combined with 

PSA scores 

Stratified bv 2 na/mf 

PSA < 2 ng/ral 

GFO-l 1 
IFA 

PSA >2 ttg/ml 

100% 
Specificity- 68% 

G.PC-1 1 
IM 0 

Stratified bv 4 iwrnl 

PSA < 4 Bg/ml 

Siejisitiviiy •= 67%. 
SpecMcity ~ 83% 
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GPCM; 1 
IFA 

Sei)siiix% = 77% 
Specificity = 71% 

PSA>4n5?/ml 

GPG-I I 
IFA 0 

Cancer 

Sensitivity611% 
Specificity -

Logisticregression 

OR 95% CI 
OPC-I IFA 6.4 2.8-14.9 
GPC-1 IFA (a4i usM for PSA <4) 10.2 3.2-32.3 
GPC- i IFA (aciitistedibr PSA <2) 1:3-4 4.0-44.7 
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Example 11, MIL-3& can. detect recombinant glypican-I in a variety of ELISA formats. 

Three ELISA assay formats, were conducted as shown m Figure IL Recombinant 

glypican-1 was tested at 0, 0.1, I and 10 ng/ml concentrations using MIL-38 as & capture 

antibody and rabbit .anti-GPC-1 as a detection antibody. Similar experiments were conducted 

using tbe 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 antibody as the capture 

antibody, and. a Motinylated MIL-38; antibody as the detection antibody. The results indicate 

that anti-GPC antibodies can be used in a variety of ELES A formats and that the NS0 GPC-1 

might represent a suitable positi ve control . 

Example.12. Detection.of glyplean-1 antigen nsing; AM4 MIL-38 antibodies 
Experiments performed by the present inventors determined that an original deposit of 

the hybridoraa for MIL-38 antibody (ATCC accession no. SB 11785: murine hybridoma 

BLCA-3S), then referred to as the "BLCA-3S hybridoma" is a mixed population of 

hybridoma cells that produces two distinct antibody populations, referred to here as 4*AM3" 

and "AM4M. Hybridoma cells responsible for producing each different: antibody population 

were separated, and the fitAM4" hybridoma cells were deposited on 22 August 2014 at 
Cell Bank Australia (CBA) under accession number CBA20I40026. 

Ninety-six well plates were coated with MIL-38 preps AM3 or AM 4 (I pg/well) in 

carbonate buffer pH 9.5 overnight. Plates were blocked with PBS-Tween (0,1%) containing 
5% skim milk at 37°C and wa&lied, Antigen (GPC-1 NS0) was diluted in Buffer II (20mM^ 

HEPES pH 7.5, G.5mM EDTA, 0.5% Triton X400) with the addition of 150mM NaCI and 

incubated overnight at 37°C. Detection was performed with biolinylated AM 4 antibody 

followed by detection with avidin EERJP (1 fig/ml,). TMB (Sigma eat no T0440) was added 

and stopped with TMB stop solution (Sigma S5S14). Absorbance was read at 450nm. Results 

are .shown in Figure 1.2A. 

In a second experiment, ninety-six well plates were coated with MIL-38 preps 34A (a 

mixture of AM3 and AM4 antibodies) or AM4 (2,5 pg/well) in PBS pH 7.2 for lh at room 

temperature. Plates were blocked with Blocker Casein (Thermo) in PBS-Tween (O.DS%) for 

Hi at 37'"'C. fallowing washing, antigen (GPC-1 NS0) was diluted in TBS pH 7.2 containing 
50mM Tricine and ISO mM NaCI and incubated at 37°C for lh. Detection was performed 

with biotinylated AM4 clone 1F5 followed by detection with avidki HRP (Ijig/mL), TMB 
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(Sigma cat no T0440) was added and stopped with TMB stop solution (Sigma S5S14). 

Absorbance was read 450nm. Results are shown in Figure 12IL 

The first ELISA described above was developed using MIL-38 to capture NSO 

produced GfC~l (i.e. MIL-38 antigen j. This experiment compared monoclonal AM3 MIL-38 

and monadtonai AM4 MIL-3S fe capture. AMI did not taction as a capture agent in a 

sandwich ELISA assay, whereas AM4 was shown to do so (Figure I2A). 

The second ELISA described above compared the ELISA signal obtained when a 

mixed population of MIL-38 (AM3 and AM4) was compared to that obtained from a 

monoclonal AM4 1F5 clone. Using AM4 ITS as a capture agent provided a higher ELIS A 

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 antibody have utility M detecting gl3.pica.n-l antigen as a capture reagent 

and that a capture agent containing a monoclonal population provides a superior ELISA 

signal to that consisting of a mixed population. 

Example II sequence Malysis of AM4 and AM3 MIL-38 antibody populations 

Materials .and Methods 
ffgmf ami light chain sequencing (DMA) 

Three; separate sequencing rims were performed.. The first run (coded 224945} utilised 

bi-clonal hybridoma cells from a mixed (AM4 and AM3) preparation named l-O. The second 

run (coded 449295" I ) utilised cells from Alfio I a hybridoma stock that was used to generate 

AM4. The third run (coded 449295-5) utilised cells from .Alfio II, a hybridoma stock that was 

used to generate AM3 f 
For sequencing rims: 224945 (1-G) and 449295-1 (Alio I), total RNA was extracted 

from frozen hybridoma cells and cDMA was synthesized from the RNA. RT-PCR was then 

performed to amplify the variable region s (heavy and light chains) and constant regions of the 

antibody, which: were then cloned into a standard cloning vector separately and sequenced. 

Total RHA was isolated from the liybridonia cells following the technical manual of 

TEIzo!® Plus KNA Purification; System. The total RNA was analysed by agarose gel 

electrophoresis. Total RNA. was reverse transcribed into eDNA using isotype-speciffe anti-

sense primers or universal primers following ire technical manual of SupexScriptTM III 

36 



WO 2015/106311 PCT/AU2015/000018 

First-Strand Synthesis System. The antibody it&graents of VB, YLS CH and CL were 

amplified according to the standard operating procedure of RACE of GenScript. 

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. 

Mo less than five single colonies with inserts of correct sizes were sequenced for each 

antibody fragment 

Va and Yh plasmids encoded the fell-length variable regions of the antibody and a 

part of Qjl and Cr. Cs- plasmid encoded a part of C;il and full-length C;J2 and Cjj3* CL 

plasmid encoded a part of CL. In order to get fuJI-Iengtli constant regions or heavy/light 

chain, the part- of" constant regions encoded by Y^ and YL. plasmids and the part of constant 

regions encoded byCl} t and Qt plasmids were amplified by PCR separately, and then overlap 

extension. .FCR was employed to obtain Ml-Iength DMAs. Five single colonies with correct 

VCa and. CL. insert sizes were. sent, for sequencing. 

Sequencing run 449295-5 (Alfio II) encountered difficulty obtaining sequence 

corresponding to the expected IgGI heavy chain sequence. Two RNA preparations were 

performed. For the 1st batch of cells, oligo-dT primer and CIDS III primers were used for 

reverse transcription (RT). YB/'CH and. V&/C& were amplified by PCM using IgG I and IgK 

specific primers, partial mouse fj-actio gene was amplified as positive control Normal light 

chain bands were obtained easily while only weak YH; could be observed on the gel. Five 

individual colonies with correct ViL and CK. insert sizes were sent for sequencing. The VK. 
and CJC .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 VTf positive clones, shown as below. 

Three kinds of heavy chain constant region sequences were obtained -from ten randomly 

-sequenced €H positive clones (one IgGj.CH,. one fgG&GH and eight IgGjbQj). In order to 
avoid the influence of potential class switching, amplification of the C>j using IgM" specific 

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

PGR. product when Mf-length heavy chain (VH-QJ) was amplified using heavy chain FKl 

degenerate primers. 
As no productive heavy chain could he obtained after several attempts, isolation of 

heavy chain sequence from the 2nd viat of Alfio XI cells was attempted. For the 2nd vial of 

cells, oligo-dT primer was used for reverse transcription initially. YH was amplified using 
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IgGI, IgCi2t>, JgM,. IgA specific primers aM IgG degenerate primer^ respectively, and ¥£. 

was amplified iisisg IgK. specific primers.. Productive light: chain and. unproductive heavy 

chain,, which. were identical with previous results,,. were obtained Reverse transcription using 

Random 6 mers primer was also attempted without success. 

In- summary,. multiple attempts: to isolate light chain and- heavy chain. sequence were 

made. Que rearranged light- chain -sequence was consistently obtained after different attempts 

on two hatehes of cells, However., only weak;. VH target PCR. products were observed and 

sequencing did not result in any consistent: heavy chain, sequence. 

Remits 

- Bequm ce Summary Table 
Table. S below provides an overview of heavy and-light chain nitcMe - acid and protein 

sequences of the antibodies studied, indicating the positions of various internal regions. 
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Sequencing (DM4J 

The isolated total RNA. of the sample was rots alongside a DMA marker (Marker III -

T1AN0EN, Cat, No.: MD103) on. a L5% agaiose/OelRed™ gel. 

Four microliters of PCR.products of each, sample were ran alongside the DNA marker 

(Marker III) OH a 1.5% agarose/GelRed^''1 gek The PCR products were purified and stored 

M~20cCwmillr«theriise. 

The V&, VI0- Cff. and Q, genes of fbe different clones were nearly identical The 

consensus sequence, listed below, was determined to be the sequence of the antibody 
produced by the Monoeionai hyhridoma population (AM-4). 

AM4 MIL-38 MougejgGi Heavy Chain DMA- Consensus- Sequence (SEP' IB NO:. 13) 
w-ivrtw nT^":ce-c T-n^-^cc CXAI^^C„\r"-

^ v. * s-C\ ~.s .. " x ~V~ ~ " \. r T" " v "^"""TAT ~ .. C "\~v 

-"V- •" v - " "• ^ - AN , Vs" \ 

V- V. i ^ \ J ^ _ v„v. \ „ N-> 'A I "" 

<-• V -» y T -rt 7-^ST "• -> -r •». -r -v M. ^ - -T- -% .-n -v Y ^ V N-ANfc, Vk AS <* S SmVS^W, Vv 

r&c A\G- ^ \_rA ^ 

STAA—A? „A: ^scv^^r-T^s- :;T 
AA^ AA^-A A7 AAA^A - ATA A"^ '.'AAAAA A^AAC AC:A.A'-AA :A' A 

\ ^.VN-V >,\S >S \Si MV w\ ^ V W>^ ^ v •* v. •*. s.^.V.5. f, V *r v> S>A v. •? vvisi 

ATA~AA~^ TA~ATAI S^;:T^U A^A* WA A>A\5V:A^:;TAA ATACAN MT ~ v. T A~AA A w A A A ~ A A A-A: A AC 7 AT 

AA^S^-A A.?A •AA'AA AAA^AAAAA ? AAO r $?CAAC AAAAAX-^ *TCA ̂ rc JWTAA^AA ~.AA AA ̂  A AAAA AAAA.? 
tr>^AW£ &r<Tt AAAAAA^-AA; ATAA'\\\^tA^er^w^Arc 

i CA AAA^AAAAAi: AAXAAAAAI: C^CC. -. AAAIA AAA AAAAAAAAAAAC-.4\,\ AA' .'' C^v&wy AA -A iCsA ?A,\v\\>V" 

S^SSA^ S.\-i Vv> i. Cj \.'. v. WvAw f\" sVr^V S-. V.-. i. ..\ ON VV ^ ̂  \ ̂-''-.>V'v^i-X.'-1. - W ̂  v v. V^V* V V\?:V\5iV,'. 

.;TM c v:^v;^^;rc^<: :t: :u\ r:r ̂ c?;v; ^ 

LiJmJ'ntf ->t >') hi,c>--i chh>" ermmhd s-gqumc® are Mgkltgkfcdmik alternating 

mai&d/mskamd. tmt PmiHom: i-57 ••*•• imder sequmce; SB-J47 ~ fmmwtifk fegkm 
{EFlll}: l4$-j'62 e&mpiemmMrifp- SMwmmmg ragwn ('H(lDRl): 163-2M ::::ff:FR2; 2Q.5-
215 - HQM2;. 256-35? - HFR3: $52*37$ - HCDR3: 379-41J - HflU; 4J2-IMS -

cmmaM mgmm (€M1~€H3}; 7&3-74J :::: hmge region (imderfhmd}; I:334~13M ------ stop 
•€®d&}K 
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AM4 MIL-3S Molts#Cham PH A Consensus Sequence (SEP IB NO: 1.4) 

mr~G-C"-GGT v ̂ GG;GW-GGAT-^,sGGAATG^.:LCGT -* -* G^GT 
CAGTCTCC^€CTCCCTATCtC5CaTCT-GT:6GGMAMetGTCi\CC^€AC7CGTC\^W^^^\^^^:^\C 
A^-:: 3T G A^G GATGG GATGAGGAGAAAGAGGGAGAATGG CG TCAAG ': G :A G G G :: r AG^GGGGGAG^AG GGG GGG^ 
l^llGGTOTGCCATCA^G^T^CSaTSQCACST^ATCftGGMGAC^^aTfGTGTGMGiWGAa^^CCTGCA^CGT 
G^GATTTTG>3GACfTATTACTG7;^C^TtrXT^^\^r^TCC^T^^CG:TTCGGTGGAGSGAGGI^GCTGGJiA 
ATGAAAGGGGGGGGGGGTGGAOGGGiGGGGAGGG:A:GrGGGGAGGAGCG^GG'-GGGv&GGGAGGAG;TG>GGGGGGGG 
^GGKGAGGGHGG •^G.^CAA: m?&t£A.^;GGAGTGGAG:^GAA^t::«ATGGc^f;^A-;GG 
G A G G~ -GGG GGGGA&GGAGAGG &«"*" ^ro A>W ':AGGGGGGG G^c&r-xesf ^GGGG :G~C GGG 
A- $* \s ̂ vf^NAVSs^ ttv. & 4 NSA^V ss\ & s^s v.^v.'-V ^ v5 vs V. % s sVs- ̂  ^$SV ^ -A V^VVv. ?AN^ i-

vviv^\'*^X\Nv S*\^ s&d?*T**^ •> £\>\ J-• 

hhUviJhji ngunn »f mou^ hgln dim® mmdMsequeMe org highlighted 'with Mtema'iMg 

maded/umlmded text Positktm: l-§0 *» leader mqtmtm #FJM :;: jM.m&w&rk regfm 

(fcPBl); J3&-I62 - mmpimtmlmfty deiwwlnmg regkm (IX2M1;); iM-M7 ** IFR2; MS-

22M - I.CDR2: 22^324 - LF83: 325-3S1 ~ LCDR.3: 352-38.1 LFM4: 382-702 - mmiemi 

regicm (CK); 7M-7&5 ^-stop mdon. 

The heavy and light chain AM4 MIL-3 8 consensus DMA. sequences aboye translate to 

the following heavy chain and light chain amino acid sequences; 

AM4 MIL-38 Mouse Mil Beaw Chain. Amino Acid Consensus Sequence CSE-O ID NO: 

.X0>: 

M^OTTl^FLHA^^IQ^CXQ^QSGPELmFGSiTWTSCK&SGmFTlllllwVKQAGG cIGG^ ;< IGGSGG 
& .Pi G X b GF I< G G FA F ciiETGAGTAPLGIfxULP^EDGATYFCAAiCTJGGi'pr^GQGTLYT-^ - ̂  „ I L rV *i~GU 

G3 A G-C'TG SMVT LGGLVKG Y F FS P WVGM33G S LS S GVHG S" P AS/GC-JGI.-AY T L $ 5 G vlA'"?;-v$ B Gw P S 3 T v~T GK'V AH, P A 

V D 5\KI VF^GCGCKrCFGTV PEVS S VF1 JPP'KPK If LTFK VTC V V VDIS KDDPEVQ PS ̂ Fv DGVEVKT 

AQGG SOF^i G TFP. G\?GELP I MHQGKL^GKK F'KG G ^ ? 2 2KG1GB: TKGHPM AK5W r I s<£: AKSQM» SG 

KV^rr^ITG^FP^DIlWCTMGC^XHIKKTC^-I^^rDGSy^YaKL^VCK^^rE^G^rFTGHVXH&GLH^I-rH 
TS'K2GS«SPGK-

Individual regions of mouse IgGI heavy chain am indicated m ike &mim acid 

mqumm afrvm fw&wm 1-19 - leader wqitmm; 2{)-4$ •-•framework regkm (HFRU; 50-

54 mmpiementarity de$emmmg region i 0(7BJ,);. $5~M BFR2; 69-85 HVJM2; M~ 

117 ~ ffFMS; } J8-}26- -:: B€£>R3; 12 7-137 - HFR4 (also called the joining region or J-

region); 138-461 - IgGI chaw constant regions (CHI CB3) ^ stop codon (*}. Hinge 

region ™ m underlined in the sequence sfyme. 
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AM4 consensus MLL-3-8' Light Chain Ammo Acid. Consensus Sequence (SEP ID- NO; 11) 

•QKQGK 3 FyLLVYT&ef Ttft 
lGTP5RFS?SGSGT0YSLKINSLQPSnFGTYYCgHF^£:N^TFGG3TKLEIK^r^PT%?SlFP?SSEvLTSGS^ 

ImfmcimJ regtms of light chain amim m:M Mquenm are mdimfed as labelled; Positions l-
W Leader sequence; fiamework reg ion (LF&l}.; 21-43 — complementarity deterrttmmg 

region I (LCDRl); 44-54 - LPR2; 55-0 - LCDR2; 70-76 • LFR3; 77-MB ^LCM3; 109-
117 - FFM4; 1.18-234 «* kappa mmtmttwgiam (CM) d stop cvdom(*) 

AMI consensus sequences 

No consistent heavy chain sequence could foe obtained from the AM3-like Alfb II 

cells, The light chain sequence obtained from sequencing run 449295-5 (Alfio IT) was 

emsisteniiy obtained and showed clear differences in both the ilamswork regions and the 

15 coinplenientarity-deteitTiining regions compared to the sequence for the other two sequencing 

runs. 

?--t\>x\Aav?> ViAG^GJYG" *AG"";wn*•-TWTGTG~ACAG-STIG.."rsr^TV^PV*"TK;;mvG^C 
20 R?T9TmTmQmmzc?0Mm&Tm&?mmw&Tcmm&mm£&GG GTC AGCGTCACC r c cr; 

;GG XG: v GG^GGGA ^ ^TCGI zzcAGa^mmQhG^QQmfCTmf.m^cm%f2?.z:T^:.ct^^ 
v G\ s Gv. VA s. ^GeGGTTGAeftGGCAGGGG&fGTGGGftGJiGAYTGCAC^G^CACGKGGMC 

A&T:GGGGAGTG£GAAC^Cl:f GGGAGAGTAYTYr ' \ r?w~T£; WC~ C C I""1HGGI^GGGSG 

^CAAA'-L ., G'JAAA'1 A.~.G:GGV.?YAwG:G<GG.'rC\ A«.GA iGV^v. GA-.GSVrCGGA1-*TAJG, 

25 "YAGSGV ^GGGT^'YiOfT"G'::W"VX"Y.GGG-G;""AC AT.iG^Tfo^VAA'' 'r GT'Y r&l"*G? « 

^A^OA;T^G^GC 
AGG ACC GG G GG -At ^ GAGG.TA?A1VGXG^A^GGAYGAAC\«YGA .. ^AGAG ^ GGGGGGG G'GG A GGGG ACGC G A AAGCSH XGA 

AGGC\sAvvGAG JT\.G-AA .>AovGi-AGGGG•?^G., ^IG 

30 * Inaivkiiml regiom if light chmt enaMed. s&pmme am highlighted with aimfrntmg 

skmiedfomkaded text PmMam.: .1-7$ :::: leader sequence;. 73-141- fmwew&rk regkm 

(IFM.lj; ! 4.2-174- mmpie&mMMiify deteminlug-r&giwt (LCBMI); i?5-2l$--~ LFM2; 2M-MQ 
- LCmm 241-336 - LM3; I3J-M.3 - WD.R3; 364-393 •-- LFM; 394-714 - mmimt 

regkm (KM); 7.15- 717 ••- stop cvdon 

35 
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AM3 MIL-38 LightOiaia Amino Acid- Consensus- Sequence (SEP ID- MO:: 12) 

SYBA^C-VTDRFTGSGSGTDFTLTIlT^v rjSZDLAEYFC'QC^SFFFTFoS 3Tr:LEIKR?i.t>A?iPTVSIFPP^JSEOtT 
SS<^^VX'CFLD^CVY^<Dl&VK^KIDSgEI<Q^SVL^gVfT^DSi;:i>STYS^S52LTlTKD2^I^NP /TCKASJiX^ 
Tr]?T^SFNHW.:-

ImiiyMml r&gmm ofligkt $hmn amino mM segamm am mdlmimi m labelled: Positions 1-

24 =*=\Leader sequenm; 25-47 *--fram-ework region (LFRlj: 48-58 ** complementarity 

determining region 1 (1CM1J; 59-73 ^ LM.2; 74-8$ - $1-1.12 ~LFR3; 11.3-12:1 

^ LCDM3; 122-131 -\IJTR4; 132-238 -••• hippa constant region (€K) $ stop codanf*) 

Esaiiiple 14 identification anil characterisation. of givpican-l epitope bound by A.M4 

anttigfypl£aii~l antibodies 

Materials and Methods 

T&ljlft 6 below provides information on the AM4 gntj-glypiosii-l antibodies used in this 

T&Me 6: description of AM4 antibodies used 

mou.se 4JmgA«l -20 *C/ 73 OK. 

' Pmdmatl by hyhrttlmna ©el& mdepfrnted m €Mlbank Aminiha mdet- acm&mn nwrihm (S£SSMS0S' 

The human g|ypean-l (GPC-1) sequence on which this study was based is defined in 

IB NO: 16. The fallowing sequences of residues were used: 

:G-BC:I_re-sidus:s. #34-3--36.6 .GHFKV^OGBG&SBKRRMKLIP (SEQ.ID MOl 17) 

mci residues- #14.0-14.9 -gE^yiSNixMFEEJLys-B^R (SEQ. IB M>: 18) 

FepMe synthesis 

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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Ckemimlb Linked Peptides m Bcaffhlds fCLlPS) techno log? 

The following, provides description of general principles of the COPS technology 

utilised. 

CLIPS technology .structurally fixes peptides into defined three-dimensional structures. 

This- results its. fonciional rnimies: of the most complex binding, .sites,, CLIPS technology 

is now routinely used to shape- peptide libraries into-single* double or triple looped structures, 

as- well m sheet- and .heik-Kk^ folds. 

The CLIPS, .reaction takes place between brotno groups of the CLIPS: scaffold and thiol 

sidechams: of cysteines,. The reaction is fast and specific under foild conditions. Using this 

chemistry, native- protein, sequences: are transformed into CLIPS constructs with a range of 

.structures- including single; T2 loops, T3. double- loops,, conjugated T2+T3 loops, stabilized 

beta sheets, and stabilized alpha.helixes (Tisimeiman eial, I. Mot Recognit 2007: 20; 283-

29). 
CLIPS library screening. starts with the conversion of the taRjet protein into a. library of 

up to 10,000 overlapping peptide constructs, using a combinatorial mmnx design. On a .solid 

carrier, a matrix of linear peptides is: synthesized, which, are subsequently shaped into 

spatially -defined CLIPS constructs. Constructs representing both parts of'the discontinuous 

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

and; quantified. Obstructs presenting the incomplete: epitope bind the antibody with, lower 

affinity, 'whereas constructs, not containing the epitope do not bind, at. at!,. Affinity information 

is used initeraifee screens to define the sequence and conformation of epitopes in detail. 

The target, protein containing a discontinuous conformational epitope is converted into 

& matrix library. Combinatorial, peptides are. synthesized on. a proprietary mimicard and 

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

quantified, 

Peptide mmthmk 

To reconstruct discontinuous epitopes of the target molecule, a. library of structured 

peptides, was synthesized. This was. done iising. Chemically Linked. Peptides on Scaffolds 

(CLIPS) technology.. CLIPS technology allowed the: generation of structured peptides in 

single, loops, doable-loops, triple: loops, sheet-life folds:, helix-like folds and combinations 

thereof CLIPS templates were coupled to cysteine residues. The: side-chains of multiple 

cysteines in. the peptides were coupled to one or two CLIPS templates. For example, .a 0.5 

raM solution of the T.2, CLIPS template 1,3-bis- (broimamethyl) benzene •was .dissolved, in 
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ammonium bicarbonate (213 mM, pH 7.9)/acetonitHle (1; i(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 b&und peptides of the peptide-arrays (455 wells plate witti 3 pi wells). Hie 

peptide arrays were gently shaken in the solution lor 30 to 60 minutes while completely 

covered in solution. Finally, the peptide arrays were washed extensively with excess of ThO 

and sonicated in disrupt-buffer.containing. 1 percent SDS/0.1 percent beta-mercaptoethanol in 

PBS (pH 7.2) -at ?0°C for 30 minotesf followed by sooicatiQn in HiO for another 45 minutes. 

The T3 CLIPS carrying peptides were made in a similar way but with three cysteines. 

Linear and CLIPS peptides were chemically synthesized according to the fallowing 

designs; 

Setl 

Mimic Discontinuous epitope mimics 

Label MAT. A, MAT,B 
Description Constrained peptide mimics of varying length, From the two starting: 

sequences (SEQ IB Nt>: 17 and' SEQ IB NO: 18} all 10 to 22, and 1.0 to IS 

mer peptides with stepsize 4 have been made, and these have been paired, 

At the termini and in between the two peptides cysteines, are placed. These 
are linked-by a T3 CLIPS, 

Set % 
Mimic Linear peptides 

Label RM.FKVNPQQP€lPEEStlR (SEQ. ID "NO: 19) 

Description Substitution analysis, starting from the base--sequence PKVNPQGPGPEEKRR 

(SEQ IB NOi 20}, all individual amino acids are replaced by all naturally 

occurring amino acids, except cysteine. 

Set 3 

Mimic Constrained peptides . 

Type 
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Label EKPKYMPQGpaFEEICRR^LOOP (SEQ ID NO: 19), 

WM£TQHCHAFKDLYS JrelB (SEQ ID NO: 21) 

:RN:.ELCTQ.NCRAFRDLyS_LOOP (SEQ ID NO: 21) 

Description Substitution analyses, starting from the base sequences as indicated, in the 

label aarties, all frfvital. ammo adds are replaced by all naturally 

occurring amino acids;, except cysteine. 

EIJEA scfemMg-

The binding of antibody to each of the synthesized peptides was tested in a PBPSCAF-

based EMSAT The peptide arrays were incubated wit! 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.2010-05) for one hour at 25<JiC. After washings 

the peroxidase substrate 2J2,-azino-di-3-ethylbenzthiazoline sulfonate (AST'S) sad 2 plM. of 

3 percent H2Q2 were added. Alter one hour, the color development was measured. The color 

development was quantified with a charge coupled device (CCD) - camera and an image 

processing system. 

Datapmcessmg 

The values obtained from the CCD camera range from 0 to 3000 niAU, similar to a 

standard 96-well plate ELISA-reader. The results are quantified and stored into the Pepiab 

database. Occasionally a well contains an air-bubble resulting in a false-positive value, the 

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

Synthesis qtmlHp cofitmi 

To verify the quality of the synthesized peptides, a separate set of positive and negative 

control peptides wis synthesized in parallel. These were screened with antibody 57.9 (r&fi 
Posthumus et aL, I. Virology, 1996,64:3304-3309). 

BcFemmgdeimis 

Table 7 summarises antibody binding conditions. For the Pepscan Buffer and Pre­
conditioning (SQ), the numbers indicate the relative amount of competing protein (a 

combination of horse serum and ovalbumin). 
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Table /•: screening conditions 

Results 

Primary experimental results md signal to noise rmm detwmimtfcm 

A graphical o^emew of tlie complete dataset of taw EL-ISA resnits genemt$d by tlie 

screening is shown in Figure 13. Here a box plot depicts each dataset axicJ indicates the 
average ELISA signal, the .distribution and the outliers within each dataset. Depending on 

experiment condition# (amount of antibody. Mooidjig strength etc) different distributions of 

ELISA data are obtained. 

Anfiko<tyMIl38-AM4 
la earlier analyses carried out by the present inventors it was established that MIL 31-

AM4 binds glypican on stretch 348VNPQGPGPEEK.358 (SEQ IB NO: 22.), and also binds to 

tlie stretch IMTQNARAMO (SEQ IB NOt f)/13^NAKAFtlD,43. plQ IB 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 results of tills study demonstrated that residues ¥348, Q351 ? G3.52, 

and P353 do not tolerate replacement, with significant requirement for K347, M349 and P350. 

and to a. lesser extent .from 03:54, IB55? and E356 (Figure 14). 

Ocmcimio m 
The conformational epitope of antibody MIL38- AM4 was profiled. 

Leads obtained in earlier analyses that point to a discontinuous epitope for MIL-38: - AM4 

were used to generate a matrix array in which, the loops have different lengths. In addition. 

Ml substitution analyses of the individual lead sequences were made. All arrays were probed 

with M1L38-AM4 antibody. 

For recognition of glypican-I, the MIL3S - AM4 antibody investigated in this study 

binds to an epitope that exclusively or mainly consists of the flexible loop between residues 

;347 and 358. 

Monoclonal antibody MIL38-AM4 mainly binds giypiean-l on the loop between 

residues 347-355, but this antibody clearly benefits from the addition of residues from the 

range 135-140 or 135-143 to the peptide. 
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TaMe 8; Epitope of'{ke-MIL38~4M4- mitih&i}-

£§|EQ ID NO; j 7} 

Unless. defined otherwise, all technical and scientific terms herein have the same 

meaning as commonly understood by one of ordinary skill in the art to which this invention 

belongs. Although my methods md materials, similar or equivalent to those described 

herein, can be used hi the practice or testing of the present invention, the preferred methods 

and materials are described herein. All publications, patents, md patent publications cited are 

incorporated by reference herein in their entirety for all purposes, 

The publications discussed herein arc provided solely Ibr their disclosure prior to the 
.tiling date of the present application.. Nothing herein is to be construed as an admission that 

the present indention is not entitled to antedate such publication by virtue of prior invention. 

While the invention 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 withiri 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 

5 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; 

10 (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. 

15 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: 

20 (a) a heavy chain variable region comprising: 

a complementarity determining region 1 (CDRl) 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; 

25 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 (CDRl) comprising or consisting of 

an amino acid sequence defined by positions 44-54 of SEQ ID NO: 11; 

30 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 (CDRl) comprising or consisting of 

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

5 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. 

10 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 Cell Bank Australia (CBA) under accession number CBA20140026. 

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

15 

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. 

20 

9. The method of claim 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. 

25 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. 

30 

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. 

5 

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. 

10 

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 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. 

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

1 Ong/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 

25 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. 

30 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 

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

21. Use of a kit comprising: 

a first anti-glypican-1 antibody, and 

glypican-1 standards; 

10 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. 

15 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. 

20 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. 

25 

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 

30 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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