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Description

BACKGROUND OF THE INVENTION

[0001] Pancreatic cancer is the fourth leading cause of cancer mortality with a death rate nearly equal to the incidence
of this disease. Detection of cancer specific, abnormally DNA methylated gene promoter sequences has emerged as
one of the leading tumor biomarker detection strategies. Recently, there have been successful reports of DNA methylation
screening using various body fluids, such as stool for detection of colorectal cancer, sputum for lung cancer, and urine
for prostate cancer.
[0002] However, in pancreatic cancer no screening tool is currently available for early detection. This is particularly
relevant as pancreatic cancer is often found once it is already metastatic or locally advanced and the diagnosis is often
delayed because patients present with nonspecific gastrointestinal symptoms. The development of a screening modality
for pancreatic cancer which identifies early stage cancers amenable to surgical curative resection would then have a
potential impact in reducing mortality from this currently lethal disease.
[0003] SHAMES DAVID S ET AL: "A genome-wide screen for promoter methylation in lung cancer identifies novel
methylation markers for multiple malignancies", PLOS MEDICINE, PUBLIC LIBRARY OF SCIENCE, US, vol. 3, no. 12,
1 December 2006 (2006-12-01), ISSN: 1549-1676, DOI: IO.1371/JOURNAL.PMED.0030486 discloses a high-through-
put global expression profiling approach in lung cancer cells to identify new cancer-specific methylation markers. 132
genes were identified that have 5’ CpG islands that are induced from undetectable levels by 5-aza-2’-deoxycytidine in
multiple non-small cell lung cancer cells and are expressed in immortalized human bronchial epithelial cells.
[0004] CHOI J E ET AL: "Aberrant methylation of ADAMTS1 in non-small cell lung cancer", CANCER GENETICS
AND CYTOGENETICS, ELSEVIER SCIENCE PUBLISHING, NEW YORK, NY, US, vol. 187, no. 2, 1 December 2008
(2008-12-01), pages 80-84, ISSN: 0165-4608, DOI: 10.1016/J.CANCERGENCYT0.2008.08.001 discloses the expres-
sion of ADAMTS1 in non-small cell lung cancer (NSCLC) and the relationship between ADAMTS1 methylation and
clinicopathologic features in NSCLC patients. The results suggest that aberrant methylation of ADAMTS1 frequency
occurs in NSCLCs and may play a role in the pathogenesis of NSCLC.
[0005] PHILIP J. JOHNSON ET AL: "Plasma Nucleic Acids in the Diagnosis and Management of Malignant Disease",
CLINICAL CHEMISTRY, vol. 48, no. 8, 1 August 2002 (2002-08-01), pages 1186-1193, ISSN: 0009-9147 discloses
circulating nucleic acids as an emerging class of molecular tumor markers such as plasma DNA, microsatellite analysis,
chromosomal translocations, epigenetic alterations and viral DNA.
[0006] ESTELLER M: "Relevance of DNA methylation in the management of cancer", LANCET ONCOLOGY, LANCET
PUBLISHING GROUP, LONDON, GB, vol. 4, no. 6, 1 June 2003 (2003-06-01), pages 351-358, ISSN: 1470-2045, DOI:
10.1016/S1470-2045(03) 01115-X generally discloses DNA methylation as a therapeutic target.
[0007] G STRATHDEE ET AL: "Aberrant DNA methylation in cancer: potential clinical interventions", EXPERT RE-
VIEWS IN MOLECULAR MEDICINE, vol. 4, 1 March 2002 (2002-03-01), pages 1-17, presents studies of DNA methylation
in cancer opening up new opportunities for diagnosis, prognosis and treatment of human tumors.
[0008] AHLQUIST TERJE ET AL: "Gene methylation profiles of normal mucosa, and benign and malignant colorectal
tumors identify early onset markers", MOLECULAR CANCER, BIOMED CENTRAL, LONDON, GB, vol. 7, no. 1, 31
December 2008 (2008-12-31), page 94, ISSN: 1476-4598, DOI: 10.1186/1476-4598-7-94 discloses epigenetic markers
that can discriminate between non-malignant and malignant tissue from the large bowel, i.e. markers with diagnostic
potential.

SUMMARY OF THE INVENTION

[0009] As described below, the present invention features methods for diagnosing, detecting or characterizing a ne-
oplasia (pancreatic cancer, colon cancer, lung cancer) featuring BNC1 and ADAMTS1. Advantageously, the method
provides for screening serum for increased promoter methylation of BNC1 and ADAMTS1 to identify early stage neoplasia
or a propensity to develop a neoplasia.
[0010] In one aspect, the invention provides an in vitro method for detecting or characterizing a neoplasia in a biologic
sample of a subject, the method comprising detecting the methylation of a BNC1 and ADAMTS1 gene, wherein detection
of methylation detects or characterizes the presence of a neoplasia in the sample, the method optionally further comprising
the step of detecting an alteration in the sequence or expression level of a Brca1, Brca2, p16, K-ras, APC, PalB2, DPC4,
EGFR, and/or EML-ALK4 gene or polypeptide, wherein the neoplasia is a cancer selected from colon, lung or pancreatic
cancer and wherein the level of methylation present at BNC1 and ADAMTS1 gene promoter is compared to a reference
selected from the level of methylation present in a control sample obtained from a patient that does not have a neoplasia,
a baseline level of methylation present in a biologic sample derived from a patient, prior to, during or after, treatment for
a neoplasia or a standardized curve.
[0011] In another aspect, the invention provides an in vitro method for detecting or characterizing lung or colon cancer



EP 2 576 832 B1

4

5

10

15

20

25

30

35

40

45

50

55

in a sample derived from a subject, the method comprising detecting methylation of a BNC1 and ADAMTS1 gene,
wherein detection of methylation detects or characterizes lung or colon cancer in the subject and further comprising
detecting an alteration in the sequence or expression level of a Brca1, Brca2, p16, K-ras, APC, EGFR (lung), and/or
EML-ALK4 gene or polypeptide, wherein the level of methylation present at BNC1 and ADAMTS1 gene promoter is
compared to a reference selected from the level of methylation present in a control sample obtained from a patient that
does not have a neoplasia, a baseline level of methylation present in a biologic sample derived from a patient, prior to,
during or after, treatment for a neoplasia or a standardized curve. In another embodiment, the subject is identified as
having a propensity to develop a neoplasia (e.g., is identified as a smoker, having colon polyps or adenomas, or a family
history of cancer).
[0012] In another aspect, the invention provides an in vitro method for detecting or characterizing pancreatic cancer
in a serum or plasma sample derived from a subject, the method comprising detecting the methylation of BNC1 and
ADAMTS1 gene, wherein detection of methylation detects or characterizes pancreatic cancer in the subject, further
comprising the step of detecting an alteration in the sequence or expression of a Brca1, Brca2, p16, K-ras, APC, PalB2,
and/or DPC4 gene or polypeptide relative to a reference, wherein the level of methylation present at BNC1 and ADAMTS1
gene promoter is compared to a reference selected from the level of methylation present in a control sample obtained
from a patient that does not have a neoplasia, a baseline level of methylation present in a biologic sample derived from
a patient, prior to, during or after, treatment for a neoplasia or a standardized curve. In another embodiment, the method
further involves imaging the subject, and localizing the cancer. In one embodiment, the subject is identified as having a
propensity to develop a pancreatic cancer (e.g., is identified as a smoker, has a Brca1 or Brca2 mutation, pancreatic
cyst, chronic pancreatitis, or a family history of cancer).
[0013] Further described is a method of monitoring a subject diagnosed as having a neoplasia, the method involving
detecting an alteration in promoter methylation level in a BNC1 and ADAMTS1 gene in a subject sample relative to a
reference, where an altered level indicates an altered severity of neoplasia in the subject. In one embodiment, the
reference is the level of methylation present in a sample previously obtained from the subject; is a baseline level of
methylation present in a sample from the subject obtained prior to therapy; or is the level of methylation present in a
normal patient sample. In another embodiment, a decreased level of methylation relative to a reference indicates a
reduced severity of the neoplasia, and an increased level of methylation relative to a reference indicates an increased
severity of neoplasia.
[0014] Further described is a method for selecting a treatment for a subject diagnosed as having a neoplasia, the
method involving detecting methylation of a BCN1 and ADAMTS1 gene, where detection of methylation indicates that
epigenetic therapy should be selected for treatment of said subject. In one embodiment, the epigenetic therapy is selected
from the group consisting of entinostat, SAHA (suberoylanilide hydroxamic acid), depsipeptide, azocytidine, and dea-
zocytidine.
[0015] Further described is a kit for the analysis of promoter methylation, the kit involving at least one primer capable
of distinguishing between methylated and unmethylated BNC1 and ADAMTS1 promoter sequences. In one embodiment,
the kit further contains a pair of primers for amplifying the promoter sequence of a reference gene. In another embodiment,
the kit further contains a detectable probe, where the probe is capable of binding to the promoter sequence. In yet
another embodiment, the probe is detected by fluorescence, by autoradiography, by an immunoassay, by an enzymatic
assay, or by a colorimetric assay.
[0016] In other embodiments of the above aspects, the biologic sample is a tissue or biologic fluid sample (e.g., of
blood, serum, plasma, urine, pancreatic juice, pancreatic cyst fluid, or lung lavage). The reference is the level of meth-
ylation present at the promoter in a control sample. In other embodiments, the control sample is derived from a healthy
subject. In still other embodiments, the methylation is detected by quantitative methylation-specific PCR (QMSP). In
other embodiments, the level of methylation is quantified or the frequency of methylation is quantified. In still other
embodiments, the methylation levels of the BNC1 and ADAMTS1 promoters are quantified. In still other embodiments,
the method results in at least 50% - 100% (e.g., 50%, 60%, 70%, 80%, 90%, 100%) sensitivity. In still other embodiments,
the subject is identified as having a propensity to develop a neoplasia (e.g., is a smoker, has a Brca1 or Brca2 mutation,
pancreatic cyst, chronic pancreatitis, presence of colon polyps or adenomas, or a family history of cancer). In various
embodiments, the method further involves detecting an alteration in the sequence or expression level of a Brca1, Brca2,
p16, K-ras, APC, PalB2, DPC4, EGFR, and/or EML- ALK4 gene or polypeptide. In still other embodiments, the alteration
is a sequence alteration or alteration in expression level. In still other embodiments, the subject is a human patient. In
various embodiments of the above aspects, the methylation is detected or quantified by methylation on beads or quan-
titative methylation-specific PCR.
[0017] The invention provides methods for detecting or characterizing a neoplasia in a biologic sample of a subject,
the method comprising detecting promoter methylation of BNC1 and ADAMTS1 genes.
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Definitions

[0018] Unless defined otherwise, all technical and scientific terms used herein have the meaning commonly understood
by a person skilled in the art to which this invention belongs. The following references provide one of skill with a general
definition of many of the terms used in this invention: Singleton et al., Dictionary of Microbiology and Molecular Biology
(2nd ed. 1994); The Cambridge Dictionary of Science and Technology (Walker ed., 1988); The Glossary of Genetics,
5th Ed., R. Rieger et al. (eds.), Springer Verlag (1991); and Hale & Marham, The Harper Collins Dictionary of Biology
(1991). As used herein, the following terms have the meanings ascribed to them below, unless specified otherwise.
[0019] By "BNC1 gene" is meant a polynucleotide encoding a BNC1 polypeptide. An exemplary BNC1 gene nucleotide
sequence is publically available at GeneBank No.: NM_001717. An exemplary sequence is provided below.
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[0020] By "BNC1 promoter" is meant a polynucleotide sequence sufficient to direct expression of a BNC1 coding
sequence. The sequence of an exemplary BNC1 promoter (BNC1 at chr15:81715659-81744472) is provided below:

BNC1 promoter region upstream 1kb from Exon 1

BNC1 Exon 1

[0021] By "ADAMTS1 gene" is meant a polynucleotide sequence encoding a ADAMTS1 protein. An exemplary
ADAMTS1 gene sequence is publically available at GeneBank No.: NM_006988. An exemplary ADAMTS1 gene se-
quence is provided below:
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By "ADAMTS1 promoter" is meant is meant a polynucleotide sequence sufficient to direct expression of a BNC1 coding
sequence. The sequence of an exemplary AdamTS1 (ADAMTS1 at chr21:27130477-27139599) promoter is provided
below:

ADAMTS1 promoter region upstream 1kb from Exon 1

ADAMTS1 Exon 1
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[0022] By "alteration" is meant an increase or decrease. An alteration may be by as little as 1%, 2%, 3%, 4%, 5%,
10%, 20%, 30%, or by 40%, 50%, 60%, or even by as much as 75%, 80%, 90%, or 100%. An alteration may be a change
in sequence relative to a reference sequence or a change in expression level, activity, or epigenetic marker (e.g., promoter
methylation or histone alterations).
[0023] By "biologic sample" is meant any tissue, cell, fluid, or other material derived from an organism.
[0024] In this disclosure, "comprises," "comprising," "containing" and "having" and the like can have the meaning
ascribed to them in U.S. Patent law and can mean " includes," "including," and the like; "consisting essentially of" or
"consists essentially" likewise has the meaning ascribed in U.S. Patent law and the term is open-ended, allowing for the
presence of more than that which is recited so long as basic or novel characteristics of that which is recited is not changed
by the presence of more than that which is recited, but excludes prior art embodiments.
[0025] "Detect" refers to identifying the presence, absence or amount of the analyte to be detected.
[0026] By "clinical aggressiveness" is meant the severity of the neoplasia. Aggressive neoplasias are more likely to
metastasize than less aggressive neoplasias. While conservative methods of treatment are appropriate for less aggres-
sive neoplasias, more aggressive neoplasias require more aggressive therapeutic regimens.
[0027] By "control" is meant a standard of comparison. For example, the methylation level present at a promoter in a
neoplasia may be compared to the level of methylation present at that promoter in a corresponding normal tissue.
[0028] By "diagnostic" is meant any method that identifies the presence of a pathologic condition or characterizes the
nature of a pathologic condition (e.g., a neoplasia). Diagnostic methods differ in their sensitivity and specificity. While a
particular diagnostic method may not provide a definitive diagnosis of a condition, it suffices if the method provides a
positive indication that aids in diagnosis.
[0029] By "frequency of methylation" is meant the number of times a specific promoter is methylated in a number of
samples.
[0030] By "increased methylation" is meant a detectable positive change in the level, frequency, or amount of meth-
ylation. Such an increase may be by 5%, 10%, 20%, 30%, or by as much as 40%, 50%, 60%, or even by as much as
75%, 80%, 90%, or 100%. In certain embodiments, the detection of any methylation in an AdamTS1 and BNC promoter
in a subject sample is sufficient to identify the subject as having a neoplasia, a pre-cancerous lesion, or the propensity
to develop a neoplasia.
[0031] By "isolated polynucleotide" is meant a nucleic acid (e.g., a DNA) that is free of the genes which, in the naturally-
occurring genome of the organism from which the nucleic acid molecule of the invention is derived, flank the gene. The
term therefore includes, for example, a recombinant DNA that is incorporated into a vector; into an autonomously
replicating plasmid or virus; or into the genomic DNA of a prokaryote or eukaryote; or that exists as a separate molecule
(for example, a cDNA or a genomic or cDNA fragment produced by PCR or restriction endonuclease digestion) inde-
pendent of other sequences. In addition, the term includes an RNA molecule that is transcribed from a DNA molecule,
as well as a recombinant DNA that is part of a hybrid gene encoding additional polypeptide sequence.
[0032] By "methylation level" is meant the number of methylated alleles. Methylation level can be represented as the
methylation present at a target gene/reference gene x 100. Any ratio that allows the skilled artisan to distinguish neoplastic
tissue from normal tissue is useful in the methods of the invention. One skilled in the art appreciates that the cutoff value
is selected to optimize both the sensitivity and the specificity of the assay. In certain embodiments, merely detecting
promoter methylation of BNC1 and AdamTS1 genes in a biological sample of a subject is sufficient to identify the subject
as having cancer, a pre-cancerous lesion, or having a propensity to develop cancer..
[0033] By "tumor marker profile" is meant an alteration present in a subject sample relative to a reference. In one
embodiment, a tumor marker profile includes promoter methylation of BNC1 and AdamTS1 genes, as well as mutations
present in Brca1, p16, K-ras, APC, PalB2, DPC4, EGFR, EML- ALK4 or other marker known in the art.
[0034] By "sensitivity" is meant the percentage of subjects with a particular disease that are correctly detected as
having the disease. For example, an assay that detects 98/100 of carcinomas has 98% sensitivity.
[0035] By "severity of neoplasia" is meant the degree of pathology. The severity of a neoplasia increases, for example,
as the stage or grade of the neoplasia increases.
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[0036] By "specificity" is meant the percentage of subjects without a particular disease who test negative.
[0037] By "neoplasia" is meant any disease that is caused by or results in inappropriately high levels of cell division,
inappropriately low levels of apoptosis, or both. For example, cancer is an example of a neoplasia. Examples of cancers
include, without limitation, pancreatic cancer, including islet cell and adenocarinomas), duodenal cancers, cholangiocar-
cinomas, ampullary tumors, leukemia’s (e.g., acute leukemia, acute lymphocytic leukemia, acute myelocytic leukemia,
acute myeloblastic leukemia, acute promyelocytic leukemia, acute myelomonocytic leukemia, acute monocytic leukemia,
acute erythroleukemia, chronic leukemia, chronic myelocytic leukemia, chronic lymphocytic leukemia), polycythemia
vera, lymphoma (Hodgkin’s disease, non-Hodgkin’s disease), Waldenstrom’s macroglobulinemia, heavy chain disease,
and solid tumors such as sarcomas and carcinomas (e.g., fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma,
osteogenic sarcoma, chordoma, angiosarcoma, endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarco-
ma, synovioma, mesothelioma, Ewing’s tumor, leiomyosarcoma, rhabdomyosarcoma, colorectal carcinoma, breast can-
cer, ovarian cancer, prostate cancer, squamous cell carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland
carcinoma, sebaceous gland carcinoma, papillary carcinoma, papillary adenocarcinomas, neuroendocrine carcinomas,
cystadenocarcinoma, medullary carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, nile duct carci-
noma, choriocarcinoma, seminoma, embryonal carcinoma, Wilm’s tumor, cervical cancer, uterine cancer, testicular
cancer, lung carcinoma, small cell lung carcinoma, bladder carcinoma, epithelial carcinoma, glioma, astrocytoma, medul-
loblastoma, craniopharyngioma, ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodenroglioma,
schwannoma, meningioma, melanoma, neuroblastoma, and retinoblastoma). Lymphoproliferative disorders are also
considered to be proliferative diseases.
[0038] By "periodic" is meant at regular intervals. Periodic patient monitoring includes, for example, a schedule of tests
that are administered daily, bi-weekly, bi-monthly, monthly, bi-annually, or annually.
[0039] By "promoter" is meant a nucleic acid sequence sufficient to direct transcription. In general, a promoter includes,
at least, 50, 75, 100, 125, 150, 175, 200, 250, 300, 400, 500, 750, 1000, 1500, or 2000 nucleotides upstream of a given
coding sequence (i.e upstream of the coding sequence for BNC1 and ADAMTS1 polypeptides).
[0040] By "marker" is meant any protein or polynucleotide having an alteration in methylation, expression level or
activity that is associated with a disease or disorder.
[0041] By "reduces" is meant a negative alteration of at least 10%, 25%, 50%, 75%, or 100%.
[0042] By "reference" is meant a standard or control condition. Exemplary references include a baseline of methylation
present in a healthy control subject or a standardized curve.
[0043] A "reference sequence" is a defined sequence used as a basis for sequence comparison. A reference sequence
may be a subset of or the entirety of a specified sequence; for example, a segment of a full-length cDNA or gene
sequence, or the complete cDNA or gene sequence. For polypeptides, the length of the reference polypeptide sequence
will generally be at least about 16 amino acids, preferably at least about 20 amino acids, more preferably at least about
25 amino acids, and even more preferably about 35 amino acids, about 50 amino acids, or about 100 amino acids. For
nucleic acids, the length of the reference nucleic acid sequence will generally be at least about 50 nucleotides, preferably
at least about 60 nucleotides, more preferably at least about 75 nucleotides, and even more preferably about 100
nucleotides or about 300 nucleotides or any integer thereabout or therebetween.
[0044] By "subject" is meant a mammal, including, but not limited to, a human or non-human mammal, such as a
bovine, equine, canine, ovine, or feline.
[0045] Ranges provided herein are understood to be shorthand for all of the values within the range. For example, a
range of 1 to 50 is understood to include any number, combination of numbers, or sub-range from the group consisting
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35, 36, 37, 38, 39, 40, 41, 42 43, 44, 45, 46, 47, 48, 49, or 50.
[0046] As used herein, the terms "treat," treating," "treatment," and the like refer to reducing or ameliorating a disorder
and/or symptoms associated therewith. It will be appreciated that, although not precluded, treating a disorder or condition
does not require that the disorder, condition or symptoms associated therewith be completely eliminated.
[0047] Unless specifically stated or obvious from context, as used herein, the term "or" is understood to be inclusive.
Unless specifically stated or obvious from context, as used herein, the terms "a", "an", and "the" are understood to be
singular or plural.
[0048] Unless specifically stated or obvious from context, as used herein, the term "about" is understood as within a
range of normal tolerance in the art, for example within 2 standard deviations of the mean. About can be understood as
within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise
clear from context, all numerical values provided herein are modified by the term about.
[0049] Any methods provided herein can be combined with one or more of any of the other methods provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050]
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Figures 1A, 1B, and 1C show a schematic diagram, a gel, and a bar graph, respectively. Figure 1A depicts a
schematic that is a step-wise representation of the screening method used to identify epigenetic biomarkers. Figure
1B depicts the results of methylation analysis of 8 cancer-specific genes in pancreatic cancer cell lines. M=methylation
signal; U=unmethylated signal. IVD= in vitro methylated DNA. ddH2O=water control adding no DNA. Figure 1C is
a bar graph that displays the methylation frequencies of the 8 genes in a series of pancreatic cancer patients from
JHU (stage 1-4; n=143), along with a series of normal pancreas from non cancerous patients (n=4), and a series
of pancreatic intraductal neoplasia (PanIN) (n=20 ranging from Pan IN 1-3).
Figures 2A, 2B, and 2C depict promoter methylation gels and corresponding bar graphs, a CpG methylation diagram,
and a schematic depicting methylation-on-bead (MOB) technology, respectively. Figure 2A shows silencing of BNC1
and ADAMTS1 genes in pancreatic cancer cell lines by a methylation specific PCR (MSP) analysis of BNC1 and
ADAMTS1 gene promoter regions (upper panel depicting gel bands), and the correlation of promoter methylation
with gene expression by quantitative RT-PCR) in pancreatic cancer cell lines (lower panel showing data in bar graph
format. M=methylation signal; U=unmethylated signal. IVD= in vitro methylated DNA. Real-time RT-PCR expression
is shown as fold change 6 SE relative to mock-treated cells during 5uM 5-Aza-deoxycitidine (DAC) and 300 nM
Trichostatin A (TSA) treatments. Figure 2B shows the results of bisulfite sequencing analysis of CpG islands in the
BNC1 gene promoter region. The BNC1 promoter regions is depicted as a line, with CpG regions designated as
vertical slashes. TIS indicates the transcriptional start site. Location of CpG sites (bisulfite priners (BST): upstream
region from -331 to +36 relative to transcriptional start site). Bisulfite sequencing analysis of the BNC1 gene in Panc1
(pancreatic cancer cell line), normal pancreas tissue, pancreatic primary tumors and HCT116 (DNMT1/3b-/-) as a
negative control. Open and filled circles represent unmethylated and methylated CpG sites, respectively, and each
row represents a single clone. Figure 2C shows step-wise illustration of the nanoassay used to detect methylation
in serum. DNA extraction and bisulfite conversion are carried out using methylation-on-beads (MOB). DNA is eluted
using PCR buffer, and amplified using MSP modified primers and fluorophore-labeled NTPs. Samples are analyzed
using MS-qFRET or gel electrophoresis.
Figure 3 depicts plots showing the results of quantitative MSP (qMSP) analysis of BNCl and ADAMTS1 using real-
time PCR. Figure 3 shows a statistically increased frequency of methylation when normal pancreas tissue is compared
to invasive cancers. Figure 3 also shows that BNC1 methylation could be detected at the earliest stages of pancreatic
carcinogenesis (e.g. PanIN’s) as compared to ADAMTS1 methylation. Normal pancreas (n=4 normal tissues, n=10
surrounding normal tissues) and Pancreatitis samples (n=30), PanIN (n=20), and tumor (stage 2; n=12), respectively.
Real-time MSP is shown as fold change for Methylated signal relative to Unmethylated signal. In MSP analysis,
signals for unmethylated (U) and methylated (M) DNA are shown for each sample. Horizontal bar indicates mean.
Figures 4A, 4B, and 4C show colony formation assays, Panc1 charts and bar graphs, and MIA-PaCa2 charts and
bar graphs, respectively. Figure 4A shows colony formation by Panc1 and MIA-PaCa2 cells transfected with
pcDNA3.1 or BNC1-pcDNA3.1 and grown for 2 weeks in medium containing G418. Results are plotted as the mean
colony numbers relative to pcDNA3.1 transfectants in three independent experiments (Panc1; *p=0.0275, MIA-
PaCa2; *p=0.0294). Figure 4B shows graphs that summarize cell proliferation assay in Panc1 cells, while Figure
4C shows analogous data for MIA-PaCa cells. Figures 4A and 4B are each divided into a right panel, a middle panel,
and a left panel, which depict relevant data for Panc1 and MIA-PaCa cells, respectively. Right panel: BNC1 trans-
fected Panc1 cells (BNC1-pcDNA3.1) were compared with control cells transfected with empty vector (pcDNA3.1).
Results are plotted as the mean cells number in three different independent experiments (Panel; *p=0.0469; 72 hrs,
**p=0.0086; 96hrs: MIA-PaCa2, *p=0.0469; 48hrs, *p=0.0318; 72hrs, *p=0.0389; 96hrs). Middle panel: Cell prolif-
eration measured by 3H-thymidine incorporation (Panc1; *p=0.0286, MIA-PaCa2; *p=0.0256). Left panel: Invasion
of Panc1 and MIA-PaCa2 cells through matrigel-coated transwells relative to control cells transfected with empty
vector in three independent experiments (NS: not statistically significant).

DETAILED DESCRIPTION OF THE INVENTION

[0051] The invention features methods that are useful for identifying a subject as having or having a propensity to
develop neoplasia (pancreatic cancer, colon cancer, lung cancer).
[0052] The invention is based, at least in part, on the discovery that detection of BNC1 and ADAMTS1 promoter
methylation was useful for identifying with high sensitivity the earliest stages of pancreas cancers. Notably, detection of
BNC1 and ADAMTS1 promoter methylation in circulating DNA in serum was useful for the early detection of lung, colon
and pancreatic cancer, especially in high risk individuals. Moreover, BNC1 is a tumor suppressor gene in pancreatic
cancer that is inactivated by promoter methylation.
[0053] A genome-wide transcriptome approach was used to identify new cancer specific DNA methylation alterations
in pancreatic carcinoma. Methylation frequencies were analyzed for genes, BNC1 and ADAMTS1, by methylation specific
PCR and quantitative methylation specific PCR, as well as expression analysis by real-time PCR and immunohisto-
chemistry. A novel nanoparticle-enabled Methylation On Beads technology was used to detect very early stage pancreatic
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cancers. The biological role of BNC1 gene was examined by colony formation, cell proliferation, and invasion assays in
pancreatic cancer cell lines. This analysis led to the identification of BNC1 (91.8%) and ADAMTS1 (66.7%) as genes
that showed a high frequency of methylation in pancreas cancer tissues (n=143). BNC1 was frequently methylated in
the earliest stages of pancreas carcinogenesis including carcinoma in situ or pancreatic intraepithelial neoplasia PanlN3
(100%) and Stage 1 invasive cancers (97.4%). Using the ultrasensitive nanoparticle-enabled MOB assay, these alter-
ations were detected in serum samples from patients with pancreas cancer, with a sensitivity for BNC1 of 79% (95%
CI: 0.6-0.8) and for ADAMTS1 of 48% (95% CI: 0.3-0.6) (n=42 cancers, Stages 1-4), while specificity was 88% for BNC1
(95% CI: 0.6-0.9) and 92% for ADAMTS1 (95% CI: 0.7-0.9) among 26 individuals without cancer. BNC1 overexpresstion
in pancreatic cancer cell lines showed suppressive effect by colony formation, and cell proliferation, but not invasion.

Pancreatic Cancer

[0054] Pancreatic cancer is a deadly cancer with an overall 5-year survival rate of less than 5% and no improvements
in survival over the last 3 decades. Pancreatic cancer currently ranks as the fourth leading cause of cancer related death
in United States with an estimated 42,470 new cases and 35,240 deaths in 2009 and its incidence is rising. One of the
major factors attributed to the dismal prognosis of pancreas cancer is the delayed diagnosis of the disease. Only about
10% of cases are amenable to potential curative surgical resection. However, long term 5-year survival is attainable in
selected patients with early-stage pancreatic cancer who can undergo curative surgical resection. Early detection of
pancreatic cancer is, therefore, thought to be the best modality for improving survival in this lethal disease. However,
no screening test is available for detection of pancreatic cancer.
[0055] Pancreatic cancer is characterized by multiple genetic and epigenetic changes. In recent years, it has become
apparent that pancreatic cancer is as much a disease of mis-regulated epigenetics, as it is a disease of genetic mutation.
In particular, changes in DNA promoter methylation patterns likely play a crucial role in tumorigenesis and cancer
progression. In order to address the need for both clinical diagnostics as well as therapeutics, many studies have
employed DNA methylation of specific genes for application in diagnostics of multiple cancers. Such diagnostic tests
can in principle be used for early detection of cancers, for assessing prognosis, and for therapeutics as predictors of
response to therapy. Early detection of disease results in an improved clinical outcome for most types of cancer (Jemal
A et al. (2011) Cancer Statistics, 2010. CA Cancer J Clin. Mar-Apr;61(2):133-4). Therefore, much effort has been invested
in developing efficient screening technologies for early detection strategies.

Cancer Screening

[0056] Ideally, methods for cancer screening should be easy to perform, cost-effective, noninvasive, and provide a
benefit to patients. Current methods of screening for pancreatic cancer are inadequate. For example, endoscopic ultra-
sound has shown promise for identifying high risk patients, but requires access to specialized centers and is an expensive
and invasive modality that needs to be repeated at frequent intervals. The present invention provides significant advan-
tages over existing screening technologies for pancreatic and other cancers. Significantly, the invention provides methods
for detecting BNC1 and ADAMTS1 methylation. Increased methylation in BNC1 and ADAMTS1 is associated with all
stages of pancreatic cancer. BNC1 gene was methylated at 100% frequency in PanIN3, which is felt to be the penultimate
step prior to development of invasive carcinoma.
[0057] Interestingly, BNC1 showed a potential tumor suppressive role as measured by suppression of colony formation,
cell proliferation, and invasion in pancreatic cancer cells. Methylation of BNC1 and ADAMTS1 showed high sensitivity
and specificity for detecting pancreatic cancer in sera using nano-enabled methylation based technology termed Meth-
ylation-on-Beads (MOB). The results reported herein below indicate that methylation-based screening is useful for
identifying subjects at risk of not only pancreatic cancer, but also, lung and colon cancers using a non-invasive inexpensive
modality.
[0058] While the methods of the invention are suitable for screening the population at large, it is particularly useful for
screening subjects identified as at increased risk for having a neoplasia. Subjects identified as having an increased risk
of neoplasia (pancreatic cancer, lung cancer, colon cancer) include but are not limited to smokers and subjects having
a Brca1 or Brca2 mutation. Subjects identified as having an increased risk of pancreatic cancer include subjects identified
as having pancreatic cysts or pancreatitis, as well as patients that have a family history of pancreatic cancer, particularly
in 1 or 2 relatives.

Types of biological samples

[0059] The level of promoter methylation in each of the genes identified herein (i.e BNC1 and ADAMTS1) can be
measured in different types of biologic samples. In one embodiment, the biologic sample is a blood, plasma, or serum
sample. In another embodiment, the sample is a tissue sample that includes cells of a tissue or organ (e.g., pancreatic
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cells, cells of a pancreatic cyst or pancreas lesion, lung cells, and colon cells). Pancreatic tissue is obtained, for example,
from a biopsy of the pancreas. In another embodiment, the biologic sample is a biologic fluid sample (e.g., blood, blood
serum, plasma, urine, stool, pancreatic cyst fluid, fluid from the major/minor pancreatic duct (i.e., "pancreatic juice") lung
lavage, stool, sputum, or any other biological fluid useful in the methods of the invention).

Methylation-on-Beads

[0060] In brief, Methylation-on-Beads is a single-tube method for polynucleotide extraction and bisulfite conversion
that provides a rapid and highly efficient method for DNA extraction, bisulfite treatment and detection of DNA methylation
using silica superparamagnetic particles (SSP). All steps are implemented without centrifugation or air drying that provides
superior yields relative to conventional methods for DNA extraction and bisulfite conversion. SSP serve as solid substrate
for DNA binding throughout the multiple stages of each process. Specifically, SSP are first used to capture genomic
DNA from raw biological samples, processed biological samples or cultured cells. Sodium bisulfite treatment is then
carried out in the presence of SSP without tube transfers. Finally, the bisulfite treated DNA is analyzed to determine the
methylation status. DNA extraction yield was found to be 5-20 times the yield from conventional extraction. 90% of the
input DNA was recovered after bisulfite treatment. In addition, Methylation-on-Beads total process time was completed
in less than 6 hours when compared to 3 days for conventional methods. Hence, Methylation-on-Beads allows for
convenient, efficient and contamination-resistant methylation detection in a single tube or other reaction platform. Methods
for carrying out methylation-on-beads are known in the art, and described, for example, in PCT/US2009/000039.

Methylation-specific quantum dot FRET

[0061] If desired, methods of the invention may be advantageously combined with methylation-specific quantum dot
fluorescence resonance energy transfer (MS-qFRET). See, for example, PCT/US2009/000039. MS-qFRET provides
for the qualitative and quantitative detection of methylated DNA, as well as for the detection of low-abundance methylated
DNA. In this technique, quantum dots are used to capture methylation-specific PCR (MSP) amplicons and to determine
the methylation status via fluorescence resonance energy transfer (FRET). Desirably, MS-qFRET has low intrinsic
background noise, high resolution and high sensitivity. MS-qFRET detects as little as 15 pg of methylated DNA in the
presence of a 10,000-fold excess of unmethylated alleles, enables reduced use of PCR (8 cycles), and allows for
multiplexed analyses.
[0062] More specifically, bisulfite-treated DNA is amplified through PCR, wherein the forward primer is biotinylated
and the reverse primer is labeled with an organic fluorophore. Next, streptavidin-conjugated quantum dots (QDs) are
introduced to capture the labeled PCR products via streptavidin-biotin binding, bringing the QDs (serving as donors)
and fluorophores (serving as acceptors) in close proximity allowing FRET to occur. Finally, PCR products are detected
by emissions of fluorophores accompanied by quenching of QDs. Spectral information is processed to determine the
level of DNA methylation. Fluorescence responses are measured using a fluorospectrometer.
[0063] PCR with labeled primers is run. Products are then subject to PCR purification (Qiagen Corporation) in order
to recover PCR product that is free of primers, primer-dimers, Taq and dNTPs. For conjugating with quantum dots
(Invitrogen Corporation), 1 mL of 100 mM NaCl is mixed with 7 mL PCR mix. 1 mL of deionized (DI) H20 is added to this
mix. Finally, 1 mL of 1 nM QD is added and the mixture is left undisturbed for 15 minutes.
[0064] Mixtures of defined methylation levels ranging from 100%, 75%, 50%, 25%, and 1% of the total 150 ng input
DNA are obtained. To quantify the level of methylation, a "q-score": a score that is based on the normalized FRET
efficiencies of acceptor and donor emission in MS-qFRET is defined. In any FRET process, as the level of the acceptor
emission increases, the decay of donor emission increases as well. The FRET efficiency can then be calculated based

on the proximity ratio formalism,  (ID and IA corresponding to donor and acceptor intensity). Further, the

q-score was determined by normalizing the calculated E for the DNA mixture to an appropriate concentration of IVD
only as a methylated control (q-score = 1) and NL only and as an unmethylated control (q-score = 0). By including positive
and negative controls in every assay a standard curve is created in order to quantify and compare methylation levels of
unknown samples using low-amplification cycles.

Diagnostic assays

[0065] The present invention provides a number of diagnostic assays that are useful for the identification or charac-
terization of a neoplasia (pancreatic cancer, lung cancer, colon cancer). In one embodiment, the neoplasia is characterized
by quantifying or determining the methylation level of the following promoters: BNC1 and ADAMTS1 in the neoplasia.
In one embodiment, methylation levels are determined using quantitative methylation specific PCR (QMSP) to detect
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CpG methylation in genomic DNA. QMSP uses sodium bisulfate to convert unmethylated cytosine to uracil. A comparison
of sodium bisulfate treated and untreated DNA provides for the detection of methylated cytosines.
[0066] While the examples provided below describe methods of detecting methylation levels using QMSP, the skilled
artisan appreciates that the invention is not limited to such methods. Methylation levels are quantifiable by any standard
method, such methods include, but are not limited to real-time PCR, Southern blot, bisulfite genomic DNA sequencing,
restriction enzyme-PCR, MSP (methylation-specific PCR), methylation-sensitive single nucleotide primer extension (MS-
SNuPE) (see, for example, Kuppuswamy et al., Proc. Natl Acad. Sci. USA, 88, 1143-1147, 1991), DNA microarray based
on fluorescence or isotope labeling (see, for example, Adorján Nucleic Acids Res., 30: e21 and Hou Clin. Biochem.,
36:197-202, 2003), mass spectroscopy, methyl accepting capacity assays, and methylation specific antibody binding.
See also U.S. Patent Nos.: 5,786,146, 6,017,704, 6,300,756, and 6,265,171.
[0067] The primers used for amplification of the CpG-containing nucleic acid in the specimen, after bisulfite modification,
specifically distinguish between untreated or unmodified DNA, methylated, and non-methylated DNA. Methylation specific
primers for the non-methylated DNA preferably have a T in the 3’ CG pair to distinguish it from the C retained in methylated
DNA, and the compliment is designed for the antisense primer. Methylation specific primers usually contain relatively
few Cs or Gs in the sequence since the Cs will be absent in the sense primer and the Gs absent in the antisense primer
(C becomes modified to U(uracil) which is amplified as T(thymidine) in the amplification product).
[0068] The primers embrace oligonucleotides of sufficient length and appropriate sequence so as to provide specific
initiation of polymerization on a significant number of nucleic acids in the polymorphic locus. Specifically, the term "primer"
as used herein refers to a sequence comprising two or more deoxyribonucleotides or ribonucleotides, preferably more
than three, and most preferably more than 8, which sequence is capable of initiating synthesis of a primer extension
product, which is substantially complementary to a polymorphic locus strand. The primer must be sufficiently long to
prime the synthesis of extension products in the presence of the inducing agent for polymerization. The exact length of
primer will depend on many factors, including temperature, buffer, and nucleotide composition. The oligonucleotide
primer typically contains between 12 and 27 or more nucleotides, although it may contain fewer nucleotides. Primers
are designed to be "substantially" complementary to each strand of the genomic locus to be amplified and include the
appropriate G or C nucleotides as discussed above. This means that the primers must be sufficiently complementary
to hybridize with their respective strands under conditions that allow the agent for polymerization to perform. In other
words, the primers should have sufficient complementarity with the 5’ and 3’ flanking sequences to hybridize therewith
and permit amplification of the genomic locus. While exemplary primers are provided herein, it is understood that any
primer that hybridizes with the target sequences of the invention are useful in the method of the invention for detecting
methylated nucleic acid.
[0069] In one embodiment, methylation specific primers amplify a desired genomic target using the polymerase chain
reaction (PCR). The amplified product is then detected using standard methods known in the art. In one embodiment,
a PCR product (i.e., amplicon) or real-time PCR product is detected by probe binding. In one embodiment, probe binding
generates a fluorescent signal, for example, by coupling a fluorogenic dye molecule and a quencher moiety to the same
or different oligonucleotide substrates (e.g., TaqMan® (Applied Biosystems, Foster City, CA, USA), Molecular Beacons
(see, for example, Tyagi et al., Nature Biotechnology 14(3):303-8, 1996), Scorpions® (Molecular Probes Inc., Eugene,
OR, USA)). In another example, a PCR product is detected by the binding of a fluorogenic dye that emits a fluorescent
signal upon binding (e.g., SYBR® Green (Molecular Probes)). Such detection methods are useful for the detection of a
methylation specific PCR product.
[0070] The methylation level of BNC1 and ADAMTS1 promoters described herein defines the methylation profile of a
neoplasia. The level of methylation present at any particular promoter is compared to a reference. In one embodiment,
the reference is the level of methylation present in a control sample obtained from a patient that does not have a neoplasia.
In another embodiment, the reference is a baseline level of methylation present in a biologic sample derived from a
patient prior to, during, or after treatment for a neoplasia. In yet another embodiment, the reference is a standardized curve.
[0071] The methylation level of the promoters described herein (BNC1 and ADAMTS1) is used, alone or in combination
with other standard methods, to characterize the neoplasia. For example, methods for detecting BNC1 and ADAMTS1
promoter methylation may be carried out prior to or concurrently with testing for alterations in other biomarkers, such as
BRCA1, p16, K-ras, APC, PalB2, DPC4, EGFR, EML- ALK4 gene or polypeptide. In one embodiment, the alteration in
a Brca1, p16, K-ras, APC, PalB2, DPC4, EGFR, EML- ALK4 gene is a mutation in the sequence of the gene relative to
a reference. In other embodiments, the alteration is in the level of expression or activity of the Brca1, p16, K-ras, APC,
PalB2, DPC4, EGFR, or EML- ALK4 gene or polypeptide. Once a subject is identified as having increased BNC1 and
ADAMTS1 promoter methylation, further diagnostic testing may be carried out to localize the pathology to a particular
organ or organ system. Typically, after the subject has been identified as having increased promoter methylation in
BNC1 and ADAMTS1, imaging studies are carried out. Such studies include, but are not limited to, endoscopic ultrasound,
MRI, CT scan, and PET scan.
[0072] If desired, diagnostic methods of the invention can be combined with conventional diagnostic methods used
to determine the stage or grade of a neoplasia. Grading is used to describe how abnormal or aggressive the neoplastic
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cells appear, while staging is used to describe the extent of the neoplasia. The grade and stage of the neoplasia is
indicative of the patient’s long-term prognosis (i.e., probable response to treatment and survival). Thus, the methods of
the invention are useful for predicting a patient’s prognosis, and for selecting a course of treatment.
[0073] In conventional diagnostic methods, a pathologist will view a tissue sample from the tumor and determine the
grade based on the degree of pathology observed. Typically, pancreatic tumors are graded from 1-4. For a grade I tumor,
cells present in the sample are most similar to normal pancreatic cells. Grade 4 samples contain cells that are most
dissimilar to normal pancreatic cells. High-grade neoplasias are the most deadly because they are most aggressive and
fast growing. High-grade neoplasias typically move rapidly into surrounding tissues, such as lymph nodes and bones.
[0074] Stage refers to the extent of a cancer. In pancreatic cancer, for example, one staging method divides the cancer
into four categories, stage I pancreatic cancer is found only in the pancreas itself or has started to spread to the tissues
next to the pancreas (such as the small intestine, the stomach, or the bile duct). Stage II pancreatic cancer has spread
to nearby organs such as the stomach, spleen, or colon, but has not entered the lymph nodes. Stage III pancreatic
cancer has spread to the lymph nodes near the pancreas. Cancer may have spread to nearby organs. Stage IV pancreatic
cancer has spread to organs near the pancreas (stage IVA) or to organs far away from the pancreas (stage IVB). Stage
IVA pancreatic cancer has spread to organs that are near the pancreas (such as the stomach, spleen, or colon) but has
not spread to distant organs (such as the liver or lungs). Stage IVB pancreatic cancer has spread to distant organs (such
as the liver or lungs).

Selection of a treatment method

[0075] Identifying the presence of increased promoter methylation in BNC1 and ADAMTS1, indicates that the subject
likely has an invasive cancer or a pre-cancerous lesion (e.g., cancer-in-situ). Further diagnostic testing may be carried
out to localize the pathology to a particular organ or organ system. For example, endoscopic ultrasound, MRI, CT scan,
PET scan,, bronchoscopy, colonoscopy, esophagogastroduodenoscopy, laparoscopic surgery to localize a lesion or
any other modality known in the art.may be used to characterize the neoplasia or pre-cancerous lesion (e.g.. PanIN’s,
or precursor lung conditions such as dysplasia, carcinoma in situ, atypical adenomatous hyperplasia or precursor colonic
lesions such as adenomas). Pre-cancerous lesions are likely to be susceptible to conservative treatment methods.
Conservative treatment methods include, for example, cancer surveillance, which involves periodic patient monitoring
using diagnostic assays of the invention, alone or in combination, with diagnostic imaging or chemoprevention.
[0076] More aggressive neoplasias are less susceptible to conservative treatment methods. For aggressive neoplasias,
an aggressive method of treatment should be selected. Aggressive therapeutic regimens typically include one or more
of the following therapies: surgical resection, radiation therapy, and chemotherapy. After a subject is diagnosed as having
a neoplasia (e.g., prostate cancer, lung cancer, colon cancer) a method of treatment is selected. Where the methods of
the invention identify a subject as having a neoplasia associated with increased promoter methylation in BNC1 and
ADAMTS1, therapy to reduce this promoter methylation may be selected. For example, epigenetic therapy may be
selected to relieve promoter methylation in BNC1 and ADAMTS1. Such epigenetic therapy may involve the use of histone
deacetylase inhibitors or methylation inhibitors. Exemplary agents include, but are not limited to, entinostat, SAHA
(suberoylanilide hydroxamic acid), depsipeptide (Fujisawa Pharmaceuticals), azocytidine, deazocytidine, romidepsin
(Istodax), Vorinostat, polyamine analogues, zebularine and other novel emerging drugs targeting methylation, histone
changes or the entire polycomb complex. Epigenetic therapy may be combined with more conventional therapies.

Patient monitoring

[0077] The diagnostic methods of the invention are also useful for monitoring the course of a pre-cancerous lesion in
a patient or for assessing the efficacy of a therapeutic regimen. In one embodiment, the diagnostic methods of the
invention are used periodically to monitor the methylation levels of BNC1 and ADAMTS1. In one example, the neoplasia
is characterized using a diagnostic assay of the invention prior to administering therapy. This assay provides a baseline
that describes the methylation level of one or more promoters or the methylation profile of the neoplasia prior to treatment.
Additional diagnostic assays are administered during the course of therapy to monitor the efficacy of a selected therapeutic
regimen. A therapy is identified as efficacious when a diagnostic assay of the invention detects a decrease in methylation
levels at one or more promoters relative to the baseline level of methylation.

Kits

[0078] Described are kits for the diagnosis or monitoring of a neoplasia in a biological sample obtained from a subject.
In various embodiments, the kit includes at least one primer or probe whose binding distinguishes between a methylated
and an unmethylated BNC1 and ADAMTS1 promoter sequence, together with instructions for using the primer or probe
to identify a neoplasia. In another embodiment, the kit further comprises a pair of primers suitable for use in a polymerase
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chain reaction (PCR). In yet another embodiment, the kit further comprises a detectable probe. In yet another embodiment,
the kit further comprises a pair of primers capable of binding to and amplifying a reference sequence. In yet other
embodiments, the kit comprises a sterile container which contains the primer or probe; such containers can be boxes,
ampoules, bottles, vials, tubes, bags, pouches, blister-packs, or other suitable container form known in the art. Such
containers can be made of plastic, glass, laminated paper, metal foil, or other materials suitable for holding nucleic acids.
The instructions will generally include information about the use of the primers or probes described herein and their use
in diagnosing a neoplasia. Preferably, the kit further comprises any one or more of the reagents described in the diagnostic
assays described herein. In other embodiments, the instructions include at least one of the following: description of the
primer or probe; methods for using the enclosed materials for the diagnosis of a neoplasia; precautions; warnings;
indications; clinical or research studies; and/or references. The instructions may be printed directly on the container
(when present), or as a label applied to the container, or as a separate sheet, pamphlet, card, or folder supplied in or
with the container.
[0079] The following examples are offered by way of illustration, not by way of limitation.
[0080] The practice of the present invention employs, unless otherwise indicated, conventional techniques of molecular
biology (including recombinant techniques), microbiology, cell biology, biochemistry and immunology, which are well
within the purview of the skilled artisan. Such techniques are explained fully in the literature, such as, "Molecular Cloning:
A Laboratory Manual", second edition (Sambrook, 1989); "Oligonucleotide Synthesis" (Gait, 1984); "Animal Cell Culture’’
(Freshney, 1987); "Methods in Enzymology" "Handbook of Experimental Immunology" (Weir, 1996); "Gene Transfer
Vectors for Mammalian Cells" (Miller and Calos, 1987); "Current Protocols in Molecular Biology" (Ausubel, 1987); "PCR:
The Polymerase Chain Reaction", (Mullis, 1994); "Current Protocols in Immunology" (Coligan, 1991). These techniques
are applicable to the production of the polynucleotides and polypeptides of the invention, and, as such, may be considered
in making and practicing the invention. Particularly useful techniques for particular embodiments will be discussed in
the sections that follow.

EXAMPLES

Example 1: Identification of cancer-specific promoter methylation candidate genes in pancreas hypermethylome

[0081] In order to identify new DNA methylation biomarkers for pancreatic cancer, previously established whole human
transcriptome microarray screening was used to identify genes silenced by promoter hypermethylation. To identify global
hypermethylation-dependent gene expression changes in pancreatic cancer, a genome-wide expression array-based
approach was performed in four different human pancreatic cancer cell lines (PL45, MIA-PaCa2, Panc1, and Capan 1)
with a pharmacologic strategy using 5-aza-deoxycycytidineand Trichostatin A (TSA) using standard array-based meth-
odology (e.g. Agilent Technologies 44K). As seen in Figure 1A, a total of 1,427 unique genes were initially identified in
four cell lines, which met the criteria for candidate hyperrrrethylated genes in the pancreatic cancer cell lines.
[0082] In order to identify genes that only showed cancer specific methylation, the following experimental validation
criteria was used: 1) the gene was expressed in normal pancreas tissue, 2) the gene displayed no/low methylation in
nomal pancreatic tissues (cancer-free tissues), and 3) the gene was frequently methylated in pancreas cancer cell lines,
and methylation was also seen in primary tumors. Based on these criteria, 8 genes (TFPI2, ASCL2, BNC1, TWIST1,
BNIP3, ADAMTS1, PNMT, and EVL) were identified that displayed cancer-specific methylation in pancreatic cancers.

Example 2: BNC1 and ADAMTS1-DNA methylation biomarkers for early detection of pancreatic cancer

[0083] Next, the methylation status of these 8 genes (TFPI2, ASCL2, BNC1, TWIST1, BNIP3, ADAMTS1, PNMT, and
EVL) was examined in a large series of primary pancreatic tumor samples (n=143; Stages 1-4) using methylation specific
PCR (see Table 1).

Table 1. Clinical information of pancreas cancer patient primary tumor samples in this study

Pancreas Primary tumors

Normal 
(n=4)

PanlNs 
(N=20)

Stage 1 
(N=38)

Stage 2 
(N=78)

Stage 3 
(N=5)

Stage 4 
(N=2)

Median Survival 
(months)

Not Met 43.0 18.0 14.1 19.6

Gender
Male 3(75%) 9 (45%) 9(23.7%) 44 (57%) 1 (20%) 2 (100%)

Femal 1925%) 11 (55%) 29(76.3%) 34 (43%) 4 (80%) 0.0%
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[0084] As shown in Figure 1B, the most frequently methylated gene was BNC1 (90.5%), followed by ADAMTS1
(66.7%), TWIST1 (66.7%), ASCL2 (53.79%), BNIP3 (49%), TFPI2 (53.7%,) EVL (46.3%), and PNMT (26.5%). Interest-
ingly, two of the genes that demonstrated frequent methylation in this cohort of primary pancreatic cancer samples,
BNC1 (90.5%) and ADAMTS1 (66.7%), also showed frequent methylation in the precursor lesions of pancreatic cancer,
pancreatic intraepithelial neoplasia (PanIN) lesion. Specifically, BNC1 methylation frequency was 70% (n=14/20) and
ADAMTS1 methylation frequency was 25% (n=5/20).
[0085] The ability to identify high grade precursor lesions such as PanIN3 (or pancreatic carcinoma in situ) represents
one of the best means for achieving early detection of pancreatic cancer, and facilitating the implementation of chemo-
prevention strategies (see Figure 1C). BNC1 was methylated in PanIN 1 (56%), PanIN 2 (75%), and PanIN 3 (100%)
during PanIN progression. This data indicated that DNA methylation of BNC1 gene is an early event in pancreatic
carcinogenesis and that the prevalence of methylation increases with pancreatic cancer progression.
[0086] This genome-wide DNA hypermethylome screening is based on a pharmacological approach using 5-deoxy-
azacytidineand TSA, which has shown an excellent correlation between promoter DNA methylation and inhibition of
gene expression and re-expression after treatment with a DNA demethylating drug, such as 5-deoxy-azacytidine, in
prior studies on breast and colorectal cancer. Here, promoter methylation of BNC1 and ADAMTS1 was tested, and
correlated with a lack of gene expression in pancreatic cancer cell lines (Panc1, MIA-PaCa2, Capan1, and PL45) using
quantitative RT-PCR (qRT-PCR) (Figure 2A, upper panel). Both genes showed virtually undetectable (or no/low) en-
dogenous gene expression, and significant re-expression after 5-deoxy-azacytidine treatment. As shown in Figure 2A,
lower panel, treatment with a histone deacetylase inhibitor, such as TSA, resulted in minimal re-expression, except in
the case of PL45, which may be regulated both by promoter DNA methylation and histone modifications. Promoter-
associated CpG island methylation in the BNC1 promoter was detected by bisulfite sequencing analysis in pancreatic
cancer cell line (Panc1), a primary pancreas cancer sample (stage 2), and normal pancreatic tissue. As shown in Figure
2B, bisulfite sequencing analysis showed dense methylation in the pancreatic cancer cell line and the primary pancreatic
cancer and minimal/no methylation in normal pancreas samples consistent with the methylation specific PCR analysis.

Example 3: Detection of DNA methylation in pancreatic cancer patient sera using methylation on beads tech-
nology

[0087] Early detection of disease results in an improved clinical outcome for most types of cancer. This is particularly
relevant for pancreatic cancer, which is poorly accessible and difficult to diagnose. Consequently, 90% of patients with
pancreatic cancer present with metastatic or advanced regional disease. Based on the methylation studies, BNC1 and
ADAMTS1 have emerged as important biomarkers for the early detection of pancreatic cancer. To determine whether
BNC1 and ADMTS 1 promoter DNA methylation could be detected in pancreatic cancer patient sera, a highly-sensitive
nanoenabled assay, termed methylation on Beads was used, which was developed to improve sensitivity of methylation
detection (see, e.g., Figure 2C). To test the utility of methylation on beads as a tool for early detection of pancreatic
cancers, serum samples from a series of pancreatic cancer patients (n=42; stages 1-4), as well as a panel of normal
healthy serum samples (n=26) was tested. Sensitivity was determined based on the assumption that all patients with
cancer would be methylated for both genes, while all healthy normal volunteers would be unmethylated for both genes.
Methylation was analyzed in 42 serum samples from pancreatic cancer patients and 26 normal volunteers. 33 of the 42
pancreatic cancer patients showed methylation for BNC1, while 20 of the 42 showed methylation for ADAMTS1 (see
Table 2).
[0088] Overall, for all stages included, the sensitivity for BNC1 and ADAMTS1 was determined to be 78.6% and 47.6%,
respectively. Sensitivity of detection of stage I pancreatic cancers was 90% for both genes. Amongst the 26 normal
serum samples, 3 of the normal volunteers showed methylation for BNC1 while 2 showed methylation for ADAMTS1.
Specificity of detection was determined to be 88.4% for BNC1 and 92.4% for ADAMTS1. Computed results have been
presented using a 95% confidence interval and are presented in detail in Table 2. Results in the corresponding tumor

(continued)

Pancreas Primary tumors

Normal 
(n=4)

PanlNs 
(N=20)

Stage 1 
(N=38)

Stage 2 
(N=78)

Stage 3 
(N=5)

Stage 4 
(N=2)

Grade

Well-Moderately 
Poorly

9 (45%) 3 (7.9%) 4 (5.1%) 1 (20%) 0(0%)
8 (40%) 23 (60.5%) 41 (52%) 4 (40%) 1 (50%)
3 (15%) 12 (31.6%) 33 (42.9%) 4 (40%) 1 (50%)
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were higher for both genes, with 100% sensitivity and specificity for BNC1 and 79.2% sensitivity and 100% specificity
for ADAMTS1.
[0089] Additionally, the sensitivity and specificity of BNC1 and ADAMTS1 was also tested in other types of cancer,
including both colon cancer and lung cancer (Table 2). This data showed that BNC1 was also a useful biomarker for the
detection of early stages of colon cancer. For example, BNC1 showed a sensitivity of 84.6% (n=11/13) for stage 1 colon
cancers and advanced adenomas. Similarly, BNC1 also showed good sensitivity for the detection of early stage lung
cancer as stage 1 lung cancer was detected with a sensitivity of 75% (n=12/16).

[0090] A subset of tissue samples from patients diagnosed with non-cancerous pancreatic diseases, such as pancre-
atitis, was collected and analyzed. Patients with chronic pancreatitis maybe at increased risk for pancreatic cancer and
amongst patients with pancreatic cancer, 5% or more of patients have underlying chronic pancreatitis. Chronic inflam-
matory conditions likely increases the frequency of methylation as a field defect which may then increase risk of subse-
quent malignancy. The methylation of BNC1 and ADMATS1 DNA was compared between different conditions (normal,
pancreatitis, PanIN, and invasive cancers) using quantitative methylation specific PCR analysis. As shown in Figure 3,
BNC1 and ADAMTS1 showed statistically increased frequency of methylation when comparing normal pancreas tissues
and invasive cancers (p<0.0001; both BNC1 and ADAMTS1), as well as chronic pancreatitis and invasive cancers
(p<0.0001, both BNC1 and ADAMTS1). There was a low frequency of BNC1 and ADAMTS1 methylation present in non-
cancerous disease, such as pancreatitis. More interestingly, there was a significant quantitative difference between
PanINs and invasive cancers on both genes (p<0.001 both BNC1 and ADAMTS 1). However, BNC1 methylation could
be detected in the earliest stages of pancreatic carcinogenesis such as PanIN’s, compared to ADAMTS1 methylation
(see Figure 3), indicating that BNC1 methylation is a very early event, and that ADMATS1 methylation is a later event
during pancreas cancer development.

Example 4: Tumor suppressive effects of BNC1 gene over-expression in pancreatic cancer cells

[0091] According to the methylation data in pancreatic cancer patients, BNC1 is a useful DNA methylation biomarker

Table 2. Sensitivity and specificity of BNC1 and ADAMTS1 genes in various cancer patient sera samples

BNC1 ADAMTS1

Cancer Types:
Pancreatic Cancer Sensitivity(%)

Stage N Estimated Value 95% CI Estimated Value 95% CI

I 10 90.0% (9/10) 90.0% (9/10)
II-IV 32 75.0% (24/32) 34.4% (11/32)
Total 42 78.6% (33/42) 60-90% 47.6% (20/42) 40-70%

Colon Cancer Sensitivity(%)

Stage Estimated Value 95% CI Estimated Value 95% CI

Adenomas, stage I 13 84.6% (11/13) 61.5% (8/13)
II-III 15 66.7% (10/15) 73.3% (11/15)
Other cancer* 2 100.0% (2/2) 50.0% (1/2)
Total 30 76.7% (23/30) 70-90% 66.7% (20/30) 40-70%

Lung Cancer Sensitivity (%)

Stage Estimated Value 95% CI Estimated Value 95% CI

I 16 75.0 % (12/16) 62.5% (10/16)
II-III 4 100.0% (4/4) 100.0% (4/4)
Total 20 80.0 % (16/20) 60-90% 70.0% (14/20) 50-90%

Normal
Specificity 26 88.4% 70-90% 92.4% 70-90%

CI:

Confidential Interval.
*other colorectal malignancies.



EP 2 576 832 B1

20

5

10

15

20

25

30

35

40

45

50

55

in pancreatic cancer patients. To determine whether BNC1 played a role as a tumor suppressor in pancreatic cancer
cells,in vitro colony formation assays were performed to determine the effects of full-length BNC1 transfected into Panc1
and MIA-PaCa2 cells lacking BNC1 expression. Compared with control cells transfected with empty vector, over-ex-
pression of a full-length BNC1 gene induced a nearly 2.2-fold (Panc1) and 9-fold (MIA-PaCa2) reduction of G418-
resistant colonies (see Figure 4A). In addition, there was a 75% (Panc1) and 81% (MIA-PaCa2) decrease in cell prolif-
eration as measured by [3H] thymidine activity (Figure 4B and 4C; left and middle panel). However, overexpression of
BNC1 gene had no effect on Panc1 and MIA-PaCa2 cells migration and invasion through matrigel-coated transwell
membranes compared with control cells transfected with empty vector (Figure 4B and 4C; right panel). Taken together,
these data indicated that BNC1 gene has tumor-suppressive effects in human pancreatic cancer cells.
[0092] In this study, genome-wide gene expression profiling using a pharmacological approach (5-deoxy-azacytidine
and TSA) was used in pancreatic cancer cell lines, a platform which has been used to identify an early detection marker
for colorectal cancer. Defining the DNA hypermethylome has been useful as it has allowed the identification of not only
novel DNA methylation biomarker candidates, but also of tumor suppressor gene candidates in many types of cancers
(colon, breast, ovarian, etc). The identified DNA methylation biomarkers will facilitate diagnostics, and also contribute
to therapeutics as predictors of response to therapy.
[0093] The poor accessibility of the pancreas along with the late presentation of symptoms has thwarted attempts at
timely detection of malignancy, and contributed to the high mortality rates of pancreatic cancer, which is the fourth leading
cause of cancer death in both men and women. Therefore, the development of cancer biomarkers of pancreatic cancer
is the best hope for early detection.
[0094] As reported herein above, the promoter methylation of BNC1 and ADAMTS1 is an excellent early detection
biomarker for pancreatic cancer. BNC1 and ADAMTS1 have not been described as a DNA methylation biomarker in
pancreatic cancers, although they have been reported methylated in lung cancers.
[0095] Screening with a nanobased high sensitive technology allowed the sensitive and specific detection of pancreatic
cancer in its earliest stages. Using BNC1 and ADAMTS1, provided for the detection of very early stages of pancreatic
carcinoma, with an overall sensitivity of 83.7% (95%CI; 74.2- 90.3%) and a specificity of 84.6% (95%CI; 64.3-95.0%).
Significantly, the sensitivity achieved in this study is higher than previously reported for serum hypermethylation markers.
The present invention provides a cost-effective approach for screening individuals identified as having risk factors for
pancreatic cancer in the general population. Additionally, the nano-based methylation on beads detection method sig-
nificantly reduced the quantity of serum necessary for analysis. The invention provides a paradigm for widespread
screening for pancreatic cancers using a simple blood test.
[0096] In conclusion, this is the first study to describe the utility of BNC1 and ADAMTS1 promoter methylation as
biomarkers in pancreatic cancer patient serum using nanoparticle-enabled technology. In addition, this is the first report
to demonstrate a tumor suppressor role for BNC1 in pancreatic cancer. These data indicate that BNC1 promoter meth-
ylation is useful as a sensitive and specific noninvasive pre-selection modality for diagnosing subjects as having cancer
and identifying individuals at risk for pancreatic cancer.
[0097] The results presented hereinabove were carried out using the following methods and materials.

Gene Expression Microarray Analysis

[0098] Total RNA was harvested from log phase cells using standard methods (e.g. with TRIzol (Invitrogen™) and
the RNeasy kit (Qiagen™) according to the manufacturer’s instructions), including a DNase digestion step. RNA was
quantified using a spectrophotometer (e.g. the NanoDrop™ ND-100 (http://www.nanodrop.com/)) followed by quality
assessment with a microfluidics analysis platform (e.g. the Agilent™ 2100 Bioanalyzer (Agilent Technologies, ht-
tp://www.agilent.com/). RNA concentrations for individual samples were greater than 200ng/11, with 28S/18S ratios
greater than 2.2 and RNA integrity of 10 (10 scored as the highest). Sample amplification and labeling procedures were
carried out using standard methods (e.g. Low RNA Input Fluorescent Linear Amplification Kit (Agilent Technologies™)
according to the manufacturer’s instructions). The labeled cRNA was purified using spin columns (e.g. the RNeasy mini
kit (Qiagen™)) and quantified. RNA spike-in controls (Agilent Technologies™) were added to RNA samples before
amplification. Samples (0.75 1g) labeled with Cy3 or Cy5 were mixed with control targets (Agilent Technologies™),
assembled on Oligo Microarray, hybridized, and processed according to the Agilent microarray protocol. Scanning was
performed with a microarray scanner (Agilent™ G2565BA, using recommended settings). Data analysis was conducted
as previously reported (Schuebel K, Chen W, Cope L, Glöckner SC, Suzuki H, et al., Comparing the DNA hypermethylome
with gene mutations in human colorectal cancer.2007, PLOS Genetics, 3(9):1709-1723..

Patient samples and study population

[0099] Patient samples were prepared from formalin-fixed, paraffin-embedded (FFPE) tissue samples from patients
with pancreatic cancer procured from the pathology archives of the Johns Hopkins Hospital in accordance with all rules
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and regulations of the Institutional Review Board (IRB) and as per HIPAA compliance. A total of 167 patients were
analyzed in the current study. The Johns Hopkins cohort consisted of 143 tissue samples from pancreatic cancer patients
with stage 1 through stage 4 disease who underwent primary surgery and other treatment for pancreatic cancer at the
JHH from 1998 to 2009 (Median follow up of 6.4 years). Patients in this cohort were similar by stage with respect to
gender, proportion of cases with lymphovascular invasion, and pathologic grade (Table 1). An additional 20 FFPE tissue
samples were obtained from patients who had undergone surgical resection but diagnosed with precancerous lesions,
pancreatic intraepithelial neoplasias (PanINs). Finally, 4 FFPE tissue samples were obtained from pathology archives
from patients who had undergone pancreatic resection with no abnormality noted on gross or microscopic examination.

Pancreatic cancer patient serum samples

[0100] Patient serum samples were obtained from individuals with pancreatic cancer prior to undergoing surgical
treatment at the JHH after obtaining informed consent from 2007 to 2009. Matching tumor samples were drawn from
the pathology archives of the Johns Hopkins Hospital in accordance with all rules and regulations of the Institutional
Review Board (IRB) and as per HIPAA compliance. A total of 36 serum samples were tested, 23 of which had matching
FFPE tissue available. Patient serum samples were also obtained from individuals with pancreas (42 samples, Stages
1-4), colon (30 samples, Stages 1-3 and adenomas) and lung cancers (20 samples, Stages 1-3) prior to undergoing
surgical treatment at the JHH after obtaining informed consent. Additionally, 26 serum samples were obtained from
normal, healthy volunteers to serve as controls.

Cell culture and treatment

[0101] Cancer cell lines (Pancreas cancer cell lines; Panc1, MIA-PaCa2, PL45, Capan1, Bxpc3, Capan2, PK9, Aspc1,
PK8, and PL3) were obtained from ATCC and cultured in appropriate media and under conditions described by ATCC,
with media obtained from InVitrogen™, supplemented with 10% fetal bovine serum (Gemini Bio-Products) and 1%
penicillin/streptomycin (InVitrogen™). DKO cells (HCT116 colon cancer cells with genetic disruption of DNMT1 and
DNMT3b) were cultured as described previously (Rhee et al., 2002, Nature).

DNA Methylation analyses and RT-PCR for expression analysis

[0102] Primer pairs were preferentially designed near the putative transcriptional start site (TSS) in the 5’ CpG islands
of the genes. Primer sequences for methylation specific PCR analysis were designed using MSPPrimer (ht-
tp://www.mspprimer.org). All primer sequences are listed in Table 3. For expression studies using RT-PCR, primers
were designed using the open access program Primer3 (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3 www.cgi).
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[0103] For methylation-specific PCR analysis, DNA was extracted using the standard phenolchloroform extraction
method. Bisulfite modification of genomic DNA was carried out using standard protocols (e.g. with the EZ DNA methylation
Kit (Zymo Research™)). Methylation analysis of CAN gene (Cancer gene, as defined by Wood LD, Parsons DW, Jones
S et al., The genomic landscapes of human breast and colorectal cancers, Science. 2007, 318(5853):1108-1113.)
promoters was performed using MSP primer pairs located close to the putative transcriptional start site in the 5’ CpG
island with 2ml of bisulfite-treated DNA as template and JumpStart Red Taq DNA Polymerase (Sigma™) for amplification
as previously described (Herman JG, Graff JR, Myöhänen S, Nelkin BD, Baylin SB., Methylation-specific PCR: a novel
PCR assay for methylation status of CpG islands. Proc Natl Acad Sci USA. 1996 Sep 3;93(18):9821-9826).
[0104] Total RNA was extracted from cell lines using standard methods (e.g. the RNeasy Mini Kit (Qiagen™)), and
treated with DNase. For reverse transcription (RT) reaction, 1mg of total RNA was subjected to the first strand cDNA
synthesis using standard cDNA synthesis protocols (e.g. Superscript III first strand cDNA synthesis kit (InVitrogen™)
used according to the manufacturer’s instructions). Expression analysis was performed by RT-PCR using 1ml of cDNA
as template and standard amplification protocols (e.g. JumpStart Red Taq DNA Polymerase (Sigma™)).

Quantitative methylation-specific PCR using real-time PCR

[0105] Sodium bisulfite modification, which converts unmethylated cytosine residues to uracil residues, was first carried
out on lug genomic DNA isolated from the paraffin-embedded tissue sections using standard methylation procedures
(e.g. EZ DNA methylation kit (Zymo Research Co) according to the manufacturer’s instructions). For quantitative real-
time analyses, standard procedures were used. For example, the Power SYBR Green PCR kit (Applied Biosystems)
was used and the amplification conditions consisted of an initial 10 minute denaturation step at 95°C, followed by 40
cycles of denaturation at 95°C for 15 seconds and annealing and extension for 30 seconds and 60 seconds, respectively.
An ABI StepOnePlusReal-Time PCR System was used (Applied Biosystems), and for quantification the comparative
cycle threshold (Ct) method was used, normalizing the Ct values for the indicated gene to the Ct values of Unmethylated
reaction relative to a methylated reaction sample.

Methylation on Beads (MOB) method

[0106] Methods and buffers used for methylation on beads extraction are as described previously (Bailey VJ, Zhang
Y, Keeley BP, Yin C, Pelosky KL, Brock M, Baylin SB, Herman JG, Wang TH. Single-tube analysis of DNA methylation
with silica superparamagnetic beads. Clin Chem. 56(6):1022-1025). Briefly, 50mL of Protease K was added into the
bottom of an eppendorf tube, and 200mL methylation on beads Binding Buffer 1 and 100mL Lysing Buffer to 200 mL was
added to the serum sample. The sample was incubated at 55°C for 15 minutes (cell lines, whole blood), and 200mL
100% Isopropyl Alcohol was added, and the sample was mixed. 35mL of Magnetic Beads was then added to the sample
and mixed. The tube was then placed on the magnetic holder to capture the beads, and the supernatant was discarded.
The tube was removed from the magnetic holder, and the beads were washed with 500mL of Wash Buffer 1. The beads
were once again captured on the magnetic holder, and then washed a second time in 500mL of Wash buffer 2. This step
was then repeated one time, and the beads were again captured, and the supernatant was discarded. 50mL of Elution
Buffer was added to the eppendorf tube containing the washed beads. To denature the DNA for bisulfite treatment, 6mL
2M NaOH was added to the tube, mixed, and incubated at 70°C for 10-15 minutes. 12mL of freshly prepared hydroquinone
solution was then added and mixed. 200mL of prepared NaBisulfite solution was added and mixed. The NaBisulfite
solution was vortexed to insure that it was fully saturated. The sample was incubated at 65°C for 4-6 hours, and then
120mL of 10M NaOH was added, mixed, and incubated at 50°C for an additional 10 minutes. 350mL of methylation on
beads Binding Buffer 2, 100mL of IPA was added to the sample and mixed. The beads were then captured and washed
once in Wash Buffer 1 and twice in Wash Buffer 2 as described above. The beads were then captured and the supernatant
discarded. The DNA was then eluted from the magnetic beads with 100mL of PCR buffer. The sample was then divided
as desired for subsequent PCR amplification.

Claims

1. An in vitro method for detecting or characterizing a neoplasia in a biologic sample of a subject, the method comprising
detecting the methylation of a BNC1 and ADAMTS1 gene, wherein detection of methylation detects or characterizes
the presence of a neoplasia in the sample, the method optionally further comprising the step of detecting an alteration
in the | sequence or expression level of a | Brcal, Brca2, p16, K-ras, APC, PalB2, DPC4, EGFR, and/or EML- ALK4
gene or polypeptide, wherein the neoplasia is a cancer selected from colon, lung or pancreatic cancer and wherein
the level of methylation present at BNC1 and ADAMTS1 gene promoter is compared to a reference selected from
the level of methylation present in a control sample obtained from a patient that does not have a neoplasia, a baseline
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level of methylation present in a biologic sample derived from a patient, prior to, during or after, treatment for a
neoplasia or a standardized curve.

2. The method of claim 1, wherein the method detects an increase in methylation relative to a reference.

3. The method of claim 1, wherein the biologic sample is a tissue or biologic fluid sample.

4. The method of claim 2, wherein the reference is the level of methylation present at the promoter in a control sample
preferably derived from a healthy subject.

5. The method of any one of claims 1-4, wherein the methylation is detected by quantitative methylation-specific PCR
(QMSP).

6. The method of claim 5, wherein the level or the frequency of methylation is quantified.

7. The method of any one of claims 1-6, wherein the methylation levels of the BNC1 and ADAMTS1 promoters are
quantified.

8. The method of claim 1, wherein the subject is a smoker, has a Brcal or Brca2 mutation, pancreatic cyst, chronic
pancreatitis, presence of colon polyps or adenomas, or a family history of cancer.

9. An in vitro method according to claim 1 for detecting or characterizing lung or colon cancer in a sample derived from
a subject, the method comprising detecting methylation of a BNC1 and ADAMTS1 gene, wherein detection of
methylation detects or characterizes lung or colon cancer in the subject and further comprising detecting an alteration
in the sequence or expression level of a Brca1, Brca2, p16, K-ras, APC, EGFR (lung), and/or EML-ALK4 gene or
polypeptide, wherein the level of methylation present at BNC1 and AD1MTS1 gene promoter is compared to a
reference selected from the level of methylation present in a control sample obtained from a patient that does not
have a neoplasia, a baseline level of methylation present in a biologic sample derived from a patient, prior to, during
or after, treatment for a neoplasia or a standardized curve.

10. The method of claim 9, wherein the subject is a smoker, has colon polyps or adenomas, or a family history of cancer.

11. An in vitro method according to claim 1 for detecting or characterizing pancreatic cancer in a serum or plasma
sample derived from a subject, the method comprising detecting the methylation of BNC1 and ADAMTS1 gene,
wherein detection of methylation detects or characterizes pancreatic cancer in the subject, further comprising the
step of detecting an alteration in the sequence or expression of a Brca1, Brca2, p16, K-ras, APC, PalB2, and/or
DPC4 gene or polypeptide relative to a reference, wherein the level of methylation present at BNC1 and ADAMTS1
gene promoter is compared to a reference selected from the level of methylation present in a control sample obtained
from a patient that does not have a neoplasia, a baseline level of methylation present in a biologic sample derived
from a patient, prior to, during or after, treatment for a neoplasia or a standardized curve. |

12. The method of claim 11, wherein the method detects an increase in methylation relative to a reference.

13. The method of claim 11, wherein the subject is identified as a smoker, has a Brcal or Brca2 mutation, pancreatic
cyst, chronic pancreatitis, or a family history of cancer.

Patentansprüche

1. In-vitro-Verfahren zur Detektion oder Charakterisierung einer Neoplasie in einer biologischen Probe eines Subjekts;
das Verfahren umfasst die Detektion der Methylierung eines BNC1- und ADAMTS1-Gens, wobei die Detektion der
Methylierung das Vorliegen einer Neoplasie in der Probe detektiert oder charakterisiert; das Verfahren umfasst
optional ferner den Schritt der Detektion einer Veränderung auf dem Sequenz- oder Expressionslevel eines Brca1-,
Brca2-, p16-, K-ras-, APC-, PalB2-, DPC4-, EGFR- und/oder EML- ALK4-Gens oder -polypeptids, wobei die Neo-
plasie ein Krebs ausgewählt aus Dickdarm-, Lungen- oder Bauchspeicheldrüsenkrebs ist und wobei das Methylie-
rungslevel eines BNC1- und ADAMTS1-Genpromotors mit einer Referenz verglichen wird, die ausgewählt ist aus
dem Methylierungslevel einer Kontrollprobe, die von einem Patienten, der keine Neoplasie hat, erhalten wurde,
einem Methylierungslevel-Ausgangswert von einer biologischen Probe, die von einem Patient vor, während oder
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nach der Behandlung einer Neoplasie stammt, oder einer standardisierten Kurve.

2. Verfahren gemäß Anspruch 1, wobei das Verfahren eine Erhöhung der Methylierung in Relation zu einer Referenz
detektiert.

3. Verfahren gemäß Anspruch 1, wobei die biologische Probe eine Gewebe- oder biologische Flüssigkeitsprobe ist.

4. Verfahren gemäß Anspruch 2, wobei die Referenz das Methylierungslevel des Promotors in einer Kontrollprobe,
die vorzugsweise von einem gesunden Subjekt stammt, ist.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei die Methylierung durch quantitative methylierungsspezifische
PCR (QMSP) detektiert wird.

6. Verfahren gemäß Anspruch 5, wobei das Methylierungslevel oder die Methylierungsfrequenz quantifiziert wird.

7. Verfahren gemäß einem der Ansprüche 1 bis 6, wobei die Methylierungslevel der BNC1- und ADAMTS1-Promotoren
quantifiziert werden.

8. Verfahren gemäß Anspruch 1, wobei das Subjekt ein Raucher ist, eine Brca1- oder Brca2-Mutation, eine Pankre-
aszyste, chronische Pankreatitis, das Vorliegen von Dickdarmpolypen oder -adenomen oder eine Familienanamnese
mit Krebs aufweist.

9. In-vitro-Verfahren gemäß Anspruch 1 zur Detektion oder Charakterisierung von Lungen- oder Dickdarmkrebs in
einer Probe, die von einem Subjekt stammt; das Verfahren umfasst die Detektion der Methylierung eines BNC1-
und ADAMTS1-Gens, wobei die Detektion der Methylierung Lungen- oder Dickdarmkrebs in dem Subjekt detektiert
oder charakterisiert, und welches ferner die Detektion einer Veränderung auf dem Sequenz- oder Expressionslevel
eines Brca1-, Brca2-, p16-, K-ras-, APC-, EGFR (Lungen)- und/oder EML- ALK4-Gens oder - polypeptids umfasst,
wobei das Methylierungslevel eines BNC1- und ADAMTS1-Genpromotors mit einer Referenz verglichen wird, die
ausgewählt ist aus dem Methylierungslevel einer Kontrollprobe, die von einem Patient, der keine Neoplasie hat,
erhalten wurde, einem Methylierungslevel-Ausgangswert von einer biologischen Probe, die von einem Patienten
vor, während oder nach der Behandlung einer Neoplasie stammt, oder einer standardisierten Kurve.

10. Verfahren gemäß Anspruch 9, wobei das Subjekt ein Raucher ist, Dickdarmpolypen oder -adenome oder eine
Familienanamnese mit Krebs aufweist.

11. In-vitro-Verfahren gemäß Anspruch 1 zur Detektion oder Charakterisierung von Bauchspeicheldrüsenkrebs in einer
Serum- oder Plasmaprobe, die von einem Subjekt stammt; das Verfahren umfasst die Detektion der Methylierung
eines BNC1- und ADAMTS1-Gens, wobei die Detektion der Methylierung Bauchspeicheldrüsenkrebs in dem Subjekt
detektiert oder charakterisiert, und welches ferner den Schritt der Detektion einer Veränderung der Sequenz oder
Expression eines Brca1-, Brca2-, p16-, K-ras-, APC-, PalB2- und/oder DPC4-Gens oder -polypeptids in Relation
zu einer Referenz umfasst, wobei das Methylierungslevel eines BNC1- und ADAMTS1-Genpromotors mit einer
Referenz verglichen wird, die ausgewählt ist aus dem Methylierungslevel einer Kontrollprobe, die von einem Pati-
enten der keine Neoplasie hat, erhalten wurde, einem Methylierungslevel-Ausgangswert von einer biologischen
Probe, die von einem Patienten vor, während oder nach der Behandlung einer Neoplasie stammt, oder einer stan-
dardisierten Kurve.

12. Verfahren gemäß Anspruch 11, wobei das Verfahren einen Anstieg der Methylierung in Relation zu einer Referenz
detektiert.

13. Verfahren gemäß Anspruch 11, wobei das Subjekt als Raucher identifiziert ist, eine Brca1- oder Brca2-Mutation,
Pankreaszyste, chronische Pankreatitis oder eine Familienanamnese mit Krebs aufweist.

Revendications

1. Procédé in vitro pour détecter ou caractériser une néoplasie dans un échantillon biologique d’un sujet, le procédé
comprenant la détection de la méthylation du gène BNC1 et ADAMTS1, dans lequel la détection de la méthylation
détecte ou caractérise la présence d’une néoplasie dans l’échantillon, le procédé comprenant en outre éventuelle-
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ment l’étape de détection d’une altération de la séquence ou du niveau d’expression d’un gène Brca1, Brca2, p16,
K-ras, APC, PalB2, DPC4, EGFR et/ou EML-ALK4 ou d’un polypeptide, dans lequel la néoplasie est un cancer
choisi parmi le cancer du colon, du poumon ou du pancréas et dans lequel le niveau de méthylation présent au
niveau d’un promoteur du gène BANC1 et ADAMTS1 est comparé à une référence choisie parmi le niveau de
méthylation présent dans un échantillon témoin obtenu auprès d’un patient qui ne présente pas de néoplasie, un
niveau de méthylation de base présent dans un échantillon biologique dérivé d’un patient, avant ou pendant ou
après un traitement d’une néoplasie ou d’une courbe normalisée.

2. Procédé selon la revendication 1, dans lequel le procédé détecte une augmentation de la méthylation par rapport
à une référence.

3. Procédé selon la revendication 1, dans lequel l’échantillon biologique est un tissu ou un échantillon de fluide biolo-
gique.

4. Procédé selon la revendication 2, dans lequel la référence est le niveau de méthylation présent au niveau du
promoteur dans un échantillon témoin dérivé de préférence d’un sujet en bonne santé.

5. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel la méthylation est détectée par une PCR
quantitative spécifique d’une méthylation (QMSP).

6. Procédé selon la revendication 5, dans lequel le niveau ou la fréquence de méthylation est quantifié.

7. Procédé selon l’une quelconque des revendications 1 à 6, dans lequel les niveaux de méthylation des promoteurs
de BNC1 et ADANTS1 sont quantifiés.

8. Procédé selon la revendication 1, dans lequel le sujet est un fumeur, présente une mutation de Brcal ou de Brca2,
un kyste pancréatique, une pancréatite chronique, la présence de polypes ou d’adénomes dans le colon ou des
antécédents familiaux de cancer.

9. Procédé in vitro selon la revendication 1, pour détecter ou caractériser un cancer du poumon ou du colon dans un
échantillon dérivé d’un sujet, le procédé comprenant la détection de la méthylation du gène BNC1 et ADAMTS1,
dans lequel la détection de la méthylation détecte ou caractérise le cancer du poumon ou du colon chez le sujet et
comprenant en outre la détection d’une altération de la séquence ou du niveau d’expression d’un gène Brca1, Brca2,
p16, K-ras, APC, EGFR (poumon) et/ou EML-ALK4 ou d’un polypeptide, dans lequel le niveau de méthylation
présent au niveau d’un promoteur du gène BNC1 et ADAMTS1 est comparé à une référence choisie parmi le niveau
de méthylation présent dans un échantillon témoin obtenu auprès d’un patient qui ne présente pas de néoplasie,
un niveau de méthylation de base présent dans un échantillon biologique dérivé d’un patient, avant ou pendant ou
après un traitement d’une néoplasie ou d’une courbe normalisée.

10. Procédé selon la revendication 9, dans lequel le sujet est un fumeur, présente des polypes ou des adénomes dans
le colon ou des antécédents familiaux de cancer.

11. Procédé in vitro selon la revendication 1, pour détecter ou caractériser un cancer du pancréas dans un échantillon
de sérum ou de plasma dérivé d’un sujet, le procédé comprenant la détection de la méthylation du gène BNC1 et
ADAMTS1, dans lequel la détection de la méthylation détecte ou caractérise le cancer du pancréas chez le sujet,
comprenant en outre l’étape de détection d’une altération de la séquence ou de l’expression d’un gène Brca1, Brca2,
p16, K-ras, APC, PalB2 et/ou DPC4 ou d’un polypeptide, par rapport à une référence, dans lequel le niveau de
méthylation présent au niveau du promoteur est comparé à une référence choisie parmi le niveau de méthylation
présent dans un échantillon témoin obtenu auprès d’un patient qui ne présente pas de néoplasie, un niveau de
méthylation de base présent dans un échantillon biologique dérivé d’un patient, avant ou pendant ou après un
traitement d’une néoplasie ou d’une courbe normalisée.

12. Procédé selon la revendication 11, dans lequel le procédé détecte une augmentation de la méthylation par rapport
à une référence.

13. Procédé selon la revendication 11, dans lequel le sujet est identifié comme étant un fumeur, présentant une mutation
de Brcal ou de Brca2, un kyste pancréatique, une pancréatite chronique, des antécédents familiaux de cancer.
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