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METHODS FOR ASSESSING DISEASE RISK

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application

No. 61/227,062, filed July 20, 2009, which is incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] Copy number variation (CNV) refers to differences in the number

of copies of a segment of DNA in the genomes of different members of a species.

Altered DNA copy number is one of the many ways that gene expression and function

may be modified. Some variations are found among normal individuals, others occur

in the course of normal processes in some species, and still others participate in

causing various disease states.

[0003] Evidence that copy number alterations can influence human

phenotypes came from sporadic diseases, termed "genomic disorders," caused by de

novo structural alterations (McCarroll et al., Nature Genetics 39, S37-S42 (2007)). In

addition to such sporadic diseases, inherited CNVs have been found to underlie

mendelian diseases in several families (McCarroll, supra).

[0004] Copy number variation is hypothesized to cause diseases through

several mechanisms. First, copy number variants can directly influence gene dosage,

which can result in altered gene expression and potentially cause genetic diseases.

Gene dosage describes the number of copies of a gene in a cell, and gene expression

can be influenced by higher and lower gene dosages. For example, deletions can

result in a lower gene dosage or copy number than what is normally expressed by

removing a gene entirely. Deletions can also result in the unmasking of a recessive

allele that would normally not be expressed. Structural variants that overlap a gene

can reduce or prevent the expression of the gene through inversions, deletions, or

translocations. Variants can also affect a gene's expression indirectly by interacting



with regulatory elements. For instance, if a regulatory element is deleted, a dosage-

sensitive gene might have lower or higher expression than normal. Sometimes, the

combination of two or more copy number variants can produce a complex disease,

whereas individually the changes produce no effect. Some variants are flanked by

homologous repeats, which can make genes within the copy number variant

susceptible to nonallelic homologous recombination and can predispose individuals or

their descendants to a disease. Additionally, complex diseases might occur when

copy number variants are combined with other genetic and environmental factors

(Lobo, Copy Number Variation and Genetic Disease, Nature Education 1(1) (2008),

available on the world wide web at www.nature.com/scitable/topicpage/copy-number-

variation-and-genetic-disease-9 11) .

[0005] For example, copy number variations were identified on

chromosome 22 in regions involved with spinal muscle atrophy and DiGeorge

syndrome, as well as in the imprinted chromosome 15 region associated with Prader-

Willi syndrome and Angelman syndrome (Lobo, Nature Education 1(1), (2008)).

[0006J Colorectal cancer (CRC) is the number three leading type of

cancer, and the second leading cancer for estimated cancer deaths in the United States

(Huang et al., Cancer Causes and Control 16: 171-188 (2005)).

[0007] The course of the morphological development of CRC appears to

be associated with a specific sequence of events (Wong, Current concepts in the

management of colorectal cancer (2002), available on the world wide web at

www.fcmsdocs .org/HealthResources/FCM SConferences/2002/Document/Current%2

0Concepts%20in%20the%20Management%20of%20Colorectal%20Cancer.pdf).

Typically, normal mucosa develops into an adenomatous polyp, which in some cases

can progress to an adenoma with low-grade dysplasia. This type of adenoma can

then, in turn, progress to a high-grade dysplasia and eventually become an invasive

adenocarcinoma. It has been found that a mutation in the gene encoding the APC

(Adenomatous Polyposis CoIi) protein leads to the disruption of its biological activity

and subsequently increases the risk of developing early adenomas with low-grade

dysplasia from the normal mucosa of the colon. Subsequently, a mutation in K-ras

correlates with the progression of the early adenoma to the intermediate stage



characterised by a low-grade dysplasia. This sequence of events is followed by an

allelic loss at 18q21, whereby the gene sequences encoding DCC (deleted in colon

cancer), SMAD2 and SMAD4 are deleted. A similar allelic loss occurs at 17pl3,

wherein the gene encoding p53 is also deleted. A loss of both SMAD4 has been

shown to promote the progression of the intermediate state adenoma to a late stage

adenoma with high-grade dysplasia. Finally, it is the loss of the gene encoding p53

that results in the promotion of colon carcinogenesis in it later stages (Wong, Current

concepts in the management of colorectal cancer (2002)).

[0008] Copy number variants have been detected in the cancer cells of

CRC patients. U.S. Patent No. 6,326,148 discloses that amplification of the human

chromosomal region at 2Oq (particularly at 20ql 3.2) is a frequent event in colon

adenocarcinomas, occurring in approximately 80% of the cases, but is very rare in

premalignant lesions, i.e. adenomas (polyps). U.S. Patent Application Publication

No. 20080096205 discloses the detection of copy number changes in twenty-seven

"recurrently altered regions" (RARs) in colorectal cancer by high resolution

microarray (one Mb-resolution) based on comparative genomic hybridization (array

CGH), and the use of certain RARs as a prognostic marker for monitoring colorectal

cancer progression.

[0009] Despite the availability of several screening methods for the

detection of CRC, detecting CRC within its early stages remains challenging. As a

result, significant differences exist regarding the survival of patients affected by CRC

according to the stages at which the disease is diagnosed (Wong, Current concepts in

the management of colorectal cancer (2002)). Most patients exhibit symptoms such

as rectal bleeding, pain, abdominal distension or weight loss only after the disease is

in its advanced stages, limiting therapeutic options available to patients.

[0010] Autoimmune diseases arise from an organism's overactive immune

response to autoantigens causing damage to the organism's own tissues. Common

autoimmune diseases include type I diabetes mellitus, multiple sclerosis, rheumatoid

arthritis, oophoritis, myocarditis, chronic thyroiditis, myasthenia gravis, lupus

erythematosus, Graves disease, Sjogren Syndrome, and Uveal Retinitis, etc.



[001 1] Copy number variants have also been detected in autoimmune

diseases, such as systemic lupus, psoriasis, Crohn's disease, rheumatoid arthritis and

type 1 diabetes (Schaschl, et al., Clinical & Experimental Immunology, 156, 12-16

(2009)).

[0012] Loss of cognition and dementia associated with neurological

disease results from damage to neurons and synapses that serve as the anatomical

substrata for memory, learning, and information processing. Despite much interest,

biochemical pathways responsible for progressive neuronal loss in these disorders

have not been elucidated.

[0013] Alzheimer's disease (AD) accounts for more than 15 million cases

worldwide and is the most frequent cause of dementia in the elderly (Terry, R. D. et

al. (eds.), ALZHEIMER'S DISEASE, Raven Press, New York, 1994). AD is thought to

involve mechanisms which destroy neurons and synaptic connections. The

neuropathology of this disorder includes formation of senile plaques which contain

aggregates of Aβ]-42 (Selkoe, Neuron, 1991, 6:487-498; Yankner et al., New Eng. J .

Med., 1991, 325:1849-1 857; Price et al., Neurobiol. Aging, 1992, 13, 623-625;

Younkin, Ann. Neurol., 1995, 37:287-288). Senile plaques found within the gray

matter of AD patients are in contact with reactive microglia and are associated with

neuron damage (Terry et al., Structural Basis of the Cognitive Alterations in

Alzheimer's Disease, ALZHEIMER'S DISEASE, NY, Raven Press, 1994, Ch. 11, 179-

196; Terry, R. D. et al. (eds.); Perlmutter et al., J. Neurosci. Res., 1992, 33:549-558).

Plaque components from microglial interactions with Aβ plaques tested in vitro were

found to stimulate microglia to release a potent neurotoxin, thus linking reactive

microgliosis with AD neuronal pathology (Giulian et al., Neurochem. Int., 1995,

27:1 19-137).

[0014] Copy number variants have also been detected in genetic regions

associated with complex neurological diseases, such as Alzheimer's disease,

schizophrenia, autism, schizophrenia, and idiopathic learning disability (Lobo, Nature

Education 1(1), (2008); Sebat, et al., Science, vol. 316, 445-449 (2007); St Clair,

Schizophrenia Bulletin 2009 35(1):9-12; Knight, et al., The Lancet, 354, 1676-1681

(1999)).



[0015J Early assessment of disease risk (such as risks for cancer,

autoimmune diseases, or neurological diseases) would greatly benefit patients and

physicians and provide an opportunity to take actions that could delay or prevent

disease onset. Although certain gene duplications or deletions that result in increased

or decreased (e.g., absent) activity of the gene products are known to be associated

with certain diseases, CNVs have been implicated in only a few percent of the 2,000

or more mendelian diseases that are understood at a molecular level (Lobo, Nature

Education 1(1), (2008)).

[0016] A significant challenge in disease-association studies that attempt

to associate CNVs with disease risk is that CNVs also exist in healthy individuals, and

are in fact wide-spread. Studies using microarray technology have demonstrated that

as much as 12% of the human genome and thousands of genes are variable in copy

number, and this diversity is likely to be responsible for a significant proportion of

normal phenotypic variation (Carter, Nature Genetics 39, S16-S21 (2007)). In one

comprehensive survey, 11,700 CNVs greater than about 500 base pairs were detected

in the human genome, and the study concluded that common CNVs are highly

unlikely" to account for much of the genetic variation underlying the missing

heritability for complex traits that remains unexplained (Conrad et al., Nature, 464,

704-712 (2010)). A companion study of the genetics of common diseases including

diabetes, heart disease and bipolar disorder also concluded that common copy number

variations are "unlikely to play a major role" in such diseases (The Wellcome Trust

Case Control Consortium, Nature, 464, 713-720 (2010)). These studies show that

identifying rare sequence and structural variants that are associated with diseases

remains challenging.

[0017] Therefore, a need exists to identify copy number variations that

correlate with disease risk. Identifying copy number variations is also important for

disease risk assessment, disease diagnosis, and designing personalized treatment

regimen.

[00 18 J Preliminary studies of functional impact of CNVs showed a bias of

CNVs away from genes, enhancers, and other ultra-conserved elements (Conrad et al.,

Nature, 464, 704-712 (2010)). Conrad et al. reports that of the 8,599 validated CNV



loci, 1,236 were located in intron regions, and only 183 were located in exons.

However, functional impact of exon copy number variations, and correlation between

exon CNVs and disease phenotype have not been extensively investigated. Genome

re-sequencing studies have shown that most bases that vary among genomes resides in

CNVs of at least 1 kilobase (kb), while average exon size in human genes is about

200 basepairs (Conrad et al., Nature, 464, 704-712 (2010); Levy et al., PLoS Biol. 5,

e254 (2007); Wheeler at al., Nature 452, 872-876 (2007); Strachan and Read, Human

Molecular Genetics, 2 ed., Chapter 7, Organization of the human genome).

Therefore, a need exists to identify exon copy number variations that correlate with

disease risk.

[0019] A significant impediment to early risk assessment of diseases such

as cancer is the general requirement that the diseased tissue (such as a tumor) be used

for diagnosis. For example, chromosomal aberrations (such as translocations,

deletions and amplifications) are often readily detected in cancer cells because

genomic instability is a hallmark of many human cancers. As such, diagnostic

methods (such as microsatellite instability) generally require obtaining DNA samples

from tumor cells and comparing the tumor cell DNA with the DNA from normal

cells.

[0020] In contrast, efforts to identify genetic abnormalities in normal

tissues of patients with cancer or at risk of cancer have been disappointing. Except

for rare hereditary cancer syndromes, the impact of molecular genetics on cancer risk

assessment and prevention has been minimal. For example, only a small fraction (less

than 1%) of patients with colorectal cancer have predisposing mutations in the APC

gene that cause adenomatous polyposis coli; an even smaller fraction show mutations

in genes responsible for replication error repair that cause hereditary nonpolyposis

colorectal cancer (HNPCC or Lynch syndrome) (Markey, L., et al., Curr.

Gastroenterol. Rep. 4, 404-413 (2002); Samowitz, W. S., et al., Gastroenterology 121,

830-838 (2001); Percesepe, A., et al., J . Clin. Oncol. 19, 3944-3950 (2001)).

[0021] Therefore, a diagnostic approach that assesses an individual's

disease risk using normal tissue or normal cells would offer an advantage for disease

intervention and treatment.



SUMMARY OF THE INVENTION

[0022] The invention relates to methods and biomarkers for assessing a

subject's risk for a disease, such as cancer (e.g., colorectal cancer), an autoimmune

disease or a neurological disease. In particular, the invention provides methods and

biomarkers for creating exon copy number variation (ECNV) profiles, and

determining disease risk according to the subject's ECNV profiles.

[0023] The invention is based in part on the discovery that copy number

variations of one or more exons of certain marker genes can be statistically

significantly correlated to certain clinical diagnosis and disease progression.

Detecting the presence of exon copy number variations (ECNVs) in these marker

genes in a genomic DNA sample allows for disease risk assessment, disease

diagnosis, or disease prognosis in the subject from which the DNA sample is

obtained.

[0024] In one aspect, the invention provides a method of generating an

ECNV profile of a subject that is informative of colorectal cancer risk, comprising: (a)

providing a genomic DNA sample obtained from the subject; (b) determining the

copy number variations of a set of marker exons in the genomic DNA sample by

comparing the copy number of each of the marker exons in the genomic DNA sample

with the copy number of the corresponding exon in a control, wherein the set of

marker exons comprise at least one exon from each of the marker genes listed in

Table 1; (c) creating an ECNV profile based on the copy number variations of the set

of marker exons. The ECNV profile is informative of the onset, progression, severity,

or treatment outcome of colorectal cancer in the subject.

[0025] In another aspect, the invention provides a method of determining

colorectal cancer risk in a subject, comprising: (i) creating an ECNV profile of the

subject according to the method as described herein, or providing such an ECNV

profile; (ii) determining the degree of similarity between the ECNV profile of (i) and

one or more reference profiles. The degree of similarity is used to determine risk of



CRC in the subject (e.g., the onset, progression, severity, or treatment outcome of

CRC).

[0026] The reference profile is an ECNV profile comprising ECNV

information of one or more exons of the marker genes (e.g., a set of marker exons),

and the reference profile has a known correlation with the presence or the absence of

CRC, or with the onset, progression, severity, or treatment outcome of CRC (e.g., or a

particular classification of CRC).

[0027] A profile database having a plurality of reference profiles may be

used. Optionally, a reference profile that is most similar to the subject's profile may

be identified to further characterize the risk of CRC in the subject.

[0028] In certain embodiments, the set of marker exons comprise the

following exons: CTNNBl exon 01.1, SCEL exon 01, SLAINl exon 01, MSH2 exon

13.1, SMAD4 exon 09, MTOR exon 15.1, and MUTYH exon 09.1 .

[0029] In certain embodiments, a decrease in the copy numbers of one or

more exons selected from: CTNNBl exon 01.1, SCEL exon 01, SLAINl exon 01,

MSH2 exon 13.1, SMALM exon 09, MTOR exon 15.1, and MUTYH exon 09.1 is

indicative of an increased risk of developing metastatic colorectal cancer, or having

an early onset of colorectal cancer in the subject.

[0030] In certain embodiments, the set of marker exons comprise the

following exons: PPP2R1A exon 06.1, PMS2 exon 13.1, PPP2R1A exon 04.1,

CTNNBl exon 13.1, MSH6 exon 08.1, MTOR exon 10.1, PPP2R1 A exon 07.2,

PMS2 exon 14.2, MLHl exon 08.1, DCC exon 09.1, MLHl exon 0 1.2, IRGl exon

05, KRAS exon 04.2, MUTYH exon 03.2, STKl 1 exon 02, APC exon 04.2, MSH2

exon 12.2, PPP2R1 A exon 05.2, APC exon 10.2, MTOR exon 48.2, MTOR exon

50. 1, MLHl exon 15.1, PMS2 exon 04.1, PMS2 exon 06.2, and MTOR exon 06.2.

[0031] In certain embodiments, an increase in the copy numbers of one or

more exons selected from PPP2R1A exon 06.1, PMS2 exon 13.1, PPP2R1A exon

04.1, CTNNBl exon 13.1, MSH6 exon 08.1, MTOR exon 10.1, PPP2R1A exon 07.2,

PMS2 exon 14.2, MLHl exon 08.1, DCC exon 09.1, MLHl exon 0 1.2, IRGl exon



05, KRAS exon 04.2, MUTYH exon 03.2, STKl 1 exon 02, APC exon 04.2, MSH2

exon 12.2, PPP2R1 A exon 05.2, APC exon 10.2, MTOR exon 48.2, MTOR exon

50.1 , MLHl exon 15.1, PMS2 exon 04.1, PMS2 exon 06.2, and MTOR exon 06.2 is

indicative of an increased risk of developing non-metastatic colorectal cancer in the

subject.

[0032] In certain embodiments, the set of marker exons comprise the

following exons: CTNNBl exon 01.1, SCEL exon 01, SLAINl exon 01, MSH2 exon

13.1, MUTYHexon 10.2, SMAD4 exon 09, MTOR exon 15.1, MUTYH exon 09.1,

PPP2R1A exon 06.1, PMS2 exon 13.1, PPP2R1A exon 04.1, CTNNBl exon 13.1,

MSH6 exon 08.1, MTOR exon 10.1, PPP2R1A exon 07.2, PMS2 exon 14.2, MLHl

exon 08.1 , DCC exon 09.1, MLHl exon 01.2, IRGl exon 05, KRAS exon 04.2,

MUTYH exon 03.2, STKl 1 exon 02, APC exon 04.2, MSH2 exon 12.2, PPP2R1 A

exon 05.2, APC exon 10.2, MTOR exon 48.2, MTOR exon 50.1, MLHl exon 15.1,

PMS2 exon 04.1, PMS2 exon 06.2, MTOR exon 06.2., PPP2R1A exon 08.2, PIK3CA

exon 04, SMAD4 exon 10, FBXL3 exon 02, BMPRl A exon 04, PMS2 exon 15.2,

MTOR exon 03.1, TP53 exon 04.2, SMAD4 exon 02, and MYCBP2 exon 84.

[0033] In certain embodiments, the set of marker exons comprise the

exons listed in Table 2 .

[0034] In certain embodiments, the genomic DNA is from a normal (i.e.

non-cancerous) cell or normal (i.e. non-cancerous) tissue.

[0035] In another aspect, the invention provides a kit for generating an

ECNV profile of a subject that is informative of colorectal cancer risk, comprising: (a)

a set of polynucleotide primers for detecting the copy numbers of a set of marker

exons in the genomic DNA of the subject, wherein the set of marker exons comprise

at least one exon from each of the genes listed in Table 1, and wherein for each

marker exon, at least one primer selectively hybridizes to the exon; and (b)

instructions for creating an ECNV profile of the genomic DNA of the subject

according to method described herein.

[0036] In certain embodiments, the kit comprises polynucleotide primers

for detecting the copy numbers of the following marker exons: CTNNB 1 exon 0 1.1,



SCEL exon 01, SLAINl exon 01, MSH2 exon 13.1, MUTYHexon 10.2, SMAD4

exon 09, MTOR exon 15.1 , MUTYH exon 09.1 , PPP2R IA exon 06.1, PMS2 exon

13.1, PPP2R1A exon 04.1, CTNNBl exon 13.1 , MSH6 exon 08.1, MTOR exon 10.1,

PPP2R1A exon 07.2, PMS2 exon 14.2, MLHl exon 08.1, DCC exon 09.1, MLHl

exon 01.2, IRGl exon 05, KRAS exon 04.2, MUTYH exon 03.2, STKl 1 exon 02,

APC exon 04.2, MSH2 exon 12.2, PPP2R1A exon 05.2, APC exon 10.2, MTOR exon

48.2, MTOR exon 50.1, MLHl exon 15.1, PMS2 exon 04.1, PMS2 exon 06.2, MTOR

exon 06.2., PPP2R1A exon 08.2, PIK3CA exon 04, SMAD4 exon 10, FBXL3 exon

02, BMPRlA exon 04, PMS2 exon 15.2, MTOR exon 03.1 , TP53 exon 04.2, SMAD4

exon 02, and MYCBP2 exon 84.

[0037] In certain embodiments, the kit comprises polynucleotide primers

for detecting the copy numbers of the marker exons listed in Table 2.

[0038] In another aspect, the invention provides a method of generating an

exon copy number variation (ECNV) profile of a subject that is informative of disease

risk, comprising: (a) providing a genomic DNA sample obtained from the subject,

wherein the genomic DNA is the genomic DNA from a normal cell or normal tissue;

(b) determining the copy number variations of a set of marker exons by comparing the

copy number of each of the marker exons in the genomic DNA sample with the copy

number of the corresponding exon in a control, wherein the set of marker exons

comprise at least one exon from each gene of a set of marker genes, and wherein the

set of marker genes comprise one or more genes that have been associated with the

disease; and (c) creating an ECNV profile based on the copy number variations of

marker exons. The ECNV profile is informative of the onset, progression, severity, or

treatment outcome of the disease in the subject.

[0039] In another aspect, the invention provides a method of determining

disease risk in a subject, comprising: (i) creating or providing an ECNV profile of the

subject; and (ii) determining the degree of similarity between the ECNV profile of (i)

and one or more reference profiles. The degree of similarity is used to determine the

disease risk in the subject (e.g., the onset, progression, severity, or treatment outcome

of the disease).



[0040] The reference profile is an ECNV profile comprising ECNV

information of one or more exons of the marker genes (e.g., a set of marker exons),

and the reference profile has a known correlation with the presence or the absence of

the disease, or with the onset, progression, severity, or treatment outcome of the

disease.

[0041] In certain embodiments, a profile database having a plurality of

reference profiles are used. Optionally, a reference profile that is most similar to the

subject's profile may be identified to further characterize the disease risk in the

subject.

[0042] In another aspect, the invention provides a method of generating an

ECNV profile of a subject that is informative of autoimmune disease risk, comprising:

(a) providing a genomic DNA sample obtained from the subject; (b) determining the

copy number variations of a set of marker exons in the genomic DNA sample by

comparing the copy number of each of the marker exons in the genomic DNA sample

with the copy number of the corresponding exon in a control, wherein the set of

marker exons comprise at least one exon from each of the following marker genes:

Midi, Mid2, and PPP2R1A; (c) creating an ECNV profile based on the copy number

variations of the set of marker exons. The ECNV profile is informative of the onset,

progression, severity, or treatment outcome of autoimmune disease in the subject.

[0043] In another aspect, the invention provides a method of determining

autoimmune risk in a subject, comprising: (i) creating or providing an ECNV profile

of the subject according to the method as described herein; (ii) determining the degree

of similarity between the ECNV profile of (i) and one or more reference profiles. The

degree of similarity is used to determine risk of autoimmune disease in the subject

(e.g., the onset, progression, severity, or treatment outcome of autoimmune disease).

[0044] The reference profile is an ECNV profile comprising ECNV

information of one or more exons of the marker genes (e.g., a set of marker exons),

and the reference profile has a known correlation with the presence or the absence of

the autoimmune disease, or with the onset, progression, severity, or treatment

outcome of the autoimmune disease.



[0045] In certain embodiments, a profile database having a plurality of

reference profiles are used. Optionally, a reference profile that is most similar to the

subject's profile may be identified to further characterize autoimmune disease risk in

the subject.

[0046] In certain embodiments, the genomic DNA is from a normal cell or

normal tissue.

[0047] In certain embodiments, the autoimmune disease is systemic lupus

erythematosus (SLE).

[0048] In another aspect, the invention provides a kit for generating an

ECNV profile of a subject that is informative of autoimmune disease, comprising: (a)

a set of polynucleotide primers for detecting the copy numbers of a set of marker

exons in the genomic DNA of the subject, wherein the set of marker exons comprise

at least one exon from each of the following marker genes: Midi, Mid2, and

PPP2R1 A, and wherein for each marker exon, at least one primer selectively

hybridizes to the exon; and (b) instructions for creating an ECNV profile of the

genomic DNA of the subject according to method described herein.

[0049] In certain embodiments, the kit comprises polynucleotide primers

for detecting the copy numbers of the marker exons listed in Table 3 .

[0050] In another aspect, the invention provides a method of generating an

ECNV profile of a subject that is informative of autoimmune disease risk, comprising:

(a) providing a genomic DNA sample obtained from the subject; (b) determining the

copy number variations of a set of marker exons in the genomic DNA sample by

comparing the copy number of each of the marker exons in the genomic DNA sample

with the copy number of the corresponding exon in a control, wherein the set of

marker exons comprise at least one exon from each of the following marker genes:

ATG 16Ll, CYLD, IL23R, NOD2, and SNX20; (c) creating an ECNV profile based

on the copy number variations of the set of marker exons. The ECNV profile is

informative of the onset, progression, severity, or treatment outcome of autoimmune

disease in the subject.



[0051] In another aspect, the invention provides a method of determining

autoimmune risk in a subject, comprising: (i) creating or providing an ECNV profile

of the subject according to the method as described herein; (ii) determining the degree

of similarity between the ECNV profile of (i) and one or more reference profiles. The

degree of similarity is used to determine risk of autoimmune disease in the subject

(e.g., the onset, progression, severity, or treatment outcome of autoimmune disease).

[0052] The reference profile is an ECNV profile comprising ECNV

information of one or more exons of the marker genes (e.g., a set of marker exons),

and the reference profile has a known correlation with the presence or the absence of

the autoimmune disease, or with the onset, progression, severity, or treatment

outcome of the autoimmune disease.

[0053] In certain embodiments, a profile database having a plurality of

reference profiles are used. Optionally, a reference profile that is most similar to the

subject's profile may be identified to further characterize autoimmune disease risk in

the subject.

[0054] In certain embodiments, the genomic DNA is from a normal cell or

normal tissue.

[0055] In certain embodiments, the autoimmune disease is Crohn's

disease.

[0056] In certain embodiments, the marker genes further comprise Midi ,

Mid2, and PPP2RlA.

[0057] In another aspect, the invention provides a kit for generating an

ECNV profile of a subject that is informative of autoimmune disease, comprising: (a)

a set of polynucleotide primers for detecting the copy numbers of a set of marker

exons in the genomic DNA of the subject, wherein the set of marker exons comprise

at least one exon from each of the following marker genes: ATG 16Ll, CYLD, IL23R,

NOD2, and SNX20, and wherein for each marker exon, at least one primer selectively

hybridizes to the exon; and (b) instructions for creating an ECNV profile of the

genomic DNA of the subject according to method described herein.



[0058] In certain embodiments, the kit comprises polynucleotide primers

for detecting the copy numbers of the marker exons listed in Table 4.

[0059] In another aspect, the invention provides a method of generating an

ECNV profile of a subject that is informative of neurological disease risk, comprising:

(a) providing a genomic DNA sample obtained from the subject; (b) determining the

copy number variations of a set of marker exons in the genomic DNA sample by

comparing the copy number of each of the marker exons in the genomic DNA sample

with the copy number of the corresponding exon in a control, wherein the set of

marker exons comprise at least one exon from each of the following marker genes:

APOE, APP, PSENl, PSEN2, and PSENEN; (c) creating an ECNV profile based on

the copy number variations of the set of marker exons. The ECNV profile is

informative of the onset, progression, severity, or treatment outcome of autoimmune

disease in the subject.

[0060] In another aspect, the invention provides a method of determining

neurological disease risk in a subject, comprising: (i) creating or providing an ECNV

profile of the subject according to the method as described herein; (ii) determining the

degree of similarity between the ECNV profile of (i) and one or more reference

profiles. The degree of similarity is used to determine risk of neurological in the

subject.

[0061] The reference profile is an ECNV profile comprising ECNV

information of one or more exons of the marker genes (e.g., a set of marker exons),

and the reference profile has a known correlation with the presence or the absence of

the neurological disease, or with the onset, progression, severity, or treatment

outcome of the neurological disease.

[0062] In certain embodiments, a profile database having a plurality of

reference profiles are used. Optionally, a reference profile that is most similar to the

subject's profile may be identified to further characterize neurological disease risk in

the subject.

[0063] In certain embodiments, the genomic DNA is from a normal cell or

normal tissue.



[0064] In certain embodiments, the autoimmune disease is Alzheimer's

disease.

[0065] In another aspect, the invention provides a kit for generating an

ECNV profile of a subject that is informative of neurological disease, comprising: (a)

a set of polynucleotide primers for detecting the copy numbers of a set of marker

exons in the genomic DNA of the subject, wherein the set of marker exons comprise

at least one exon from each of the following marker genes: APOE, APP, PSENl,

PSEN2, and PSENEN, and wherein for each marker exon, at least one primer

selectively hybridizes to the exon; and (b) instructions for creating an ECNV profile

of the genomic DNA of the subject according to method described herein.

[0066] In certain embodiments, the kit comprises polynucleotide primers

for detecting the copy numbers of the marker exons listed in Table 5.

[0067] In certain embodiments, the copy number of an exon is detected by

a method selected from: quantitative polymerase chain reaction (QPCR), multiplex

ligation dependent probe amplification (MLPA), multiplex amplification and probe

hybridization (MAPH), quantitative multiplex PCR of short fluorescent fragment

(QMPSF), dynamic allele-specific hybridization, or semiquantitative fluorescence in

situ hybridization (SQ-FISH).

[0068] In certain embodiments, the ECNV is determined by global pattern

recognition (GPR™).

(0069] In certain embodiments, the statistical significance of the copy

number variation of a marker exon is determined. Examples of statistical methods

include, e.g., Student's t-test, the Mann-Whitney U-test, ANOVA and the like. In

certain embodiments, the copy number variation of a marker exon is statistically

significant when P-value is ≤ 0.05.

BRIEF DESCRIPTION OF THE DRAWINGS



[0070] Figure 1 is a table summarizing the result of a validation study that

demonstrates the utility of StellARays™ and GPR™ technology in determining

genomic DNA (gDNA) copy number variations (CNVs). Individual gDNA samples

(biological replicates) from five male C57BL/6J and five female C57BL/6J mice were

analyzed using the 384-well Lymphoma and Leukemia StellARray™ (Cat # CA0301-

MM384). The StellARray™ had a total of 12 targets on the mouse X chromosome,

consisting of 11 genes and an intergenic genomic control (genomics). For these 12

targets, the expected CNV is two-fold due to the females having 2 copies of the X

chromosome and males having only one.

[0071] Figure 2 is a schematic representation of the genomic structure of a

hypothetical marker gene (referred herein as gene "X"). ExI to Ex6 represent exons,

which are separated by introns. Arrows represent PCR primers (forward and reverse)

that are used to amplify the exon sequences.

[0072] Figure 3 shows the hierarchical cluster analysis (R-Project, on

world wide web at www.r-project.org) of GPR™ data (data not shown) after filtering

the data to include only those targets with a p-Value < 0.05 in at least one sample and

a fold change value > 1.5. The chart represents a heatmap for eight individuals from

the K5275 family, with patterned boxes representing decreased and increased fold

changes.

[0073] Figure 4 summarizes the result of exon copy number variation

study in systemic lupus erythematosus (SLE) mouse models.

[0074] Figures 5A and 5B show two pedigrees of families in which

systemic lupus erythematosus (SLE) has occurred. Affected daughters are indicated

by black symbols, and unaffected individuals, by unfilled symbols. Figure 5C shows

the pedigree of a family in which Crohn's disease has occurred in the daughter

represented with a split-filled symbol.

[0075] Figure 6 summarizes the result of exon copy number variation

study in SLEOl (Figure 5A) and SLE02 (Figure 5B) families.



[0076] Figure 7 summarizes the result of exon copy number variation

study in IBDOlOl family.

[0077] Figure 8 summarizes the result of exon copy number variation

study in individuals with Alzheimer's Disease.

DETAILED DESCRIPTION OF THE INVENTION

1. OVERVIEW

[0078] The invention relates to methods and biomarkers for assessing a

subject's risk for a disease, such as cancer (e.g., colorectal cancer), an autoimmune

disease or a neurological disease. In particular, the invention provides methods and

biomarkers for creating exon copy number variation (ECNV) profiles, and

determining disease risk using the subject's ECNV profiles.

[0079] The invention is based in part on the discovery that copy number

variations of one or more exons of certain marker genes can be statistically

significantly correlated to certain clinical diagnosis and disease progression.

Detecting the presence of exon copy number variations (ECNVs) in these marker

genes in a genomic DNA sample allows for disease risk assessment, disease

diagnosis, or disease prognosis in the subject from which the DNA sample is

obtained.

[0080] For example, as described and exemplified herein, the inventor

identified a set of 373 exons from 25 marker genes that are thought to be associated

with colorectal cancer/tumor risk (CRC risk). These 25 marker genes were selected

based on published sequence, structural, or functional studies that indicate a potential

link between the genes and CRC risk. Particularly interesting marker genes were

those that had been identified as being associated with CRC by genome-wide

association studies (GWAS) but with no known mutations that account for the disease

phenotype. The copy number variations of these 373 exons were determined using



the genomic DNA sample of an individual, and an ECNV profile for the individual

was created.

[0081] In particular, it was discovered that the two individuals who had

been diagnosed with overt CRC has very different ECNV profiles (see Figure 3).

Patient P5.35 has an ECNV profile comprising seven exons (out of 43) that had a

statistically significant decrease in copy numbers, as compared to control. Patient

P5.61 has an ECNV profile comprising twenty-five exons (out of 43) that had a

statistically significant increase in copy numbers, as compared to control. There is no

overlap of the ECNV profiles between these two individuals. When the ECNV

profiles were correlated with clinical diagnosis, it was discovered that Patient P5.35

was an early onset patient (age 35) with fatal, metastatic CRC, while Patient P5.61

was a late onset patient (age 61) with non-metastatic CRC that was successfully

treated, and was clear of CRC/polyps eleven years post-treatment. Thus, these two

different ECNV profiles demonstrate that ECNV profiles correlate with the onset,

progression, severity, or treatment outcome of CRC.

[0082] In addition, as described and exemplified herein, the genomic DNA

samples used for ECNV profiling were obtained from "normal" cells or normal

tissues (such as peripheral blood) instead of from cancer cells or cancer tissues

(diseased tissues). Because chromosomal aberrations (such as translocations,

deletions and amplifications) are often readily detected in cancer cells, traditional

diagnostic methods (such as microsatellite instability) generally require obtaining

DNA samples from cancer cells and comparing the cancer cell DNA with the normal

cell DNA from the same patient. In contrast, by using genomic DNA samples from

normal cells as described herein, CRC risk can be assessed before disease develops,

or at an early stage to improve the outcome of treatment. Moreover, ECNV profiles

from a healthy subject may also be created to assess CRC risk (such as the subject's

probability of developing CRC in the future), so that appropriate recommendations

can be made (such as a treatment regimen, a preventative treatment regimen, an

exercise regimen, a dietary regimen, a life style adjustment, etc.) to reduce the risk of

developing CRC. Such advantages of using genomic DNA samples from normal cells

are also applicable to other diseases.



[0083] In one aspect, the invention provides a method of generating an

exon copy number variation (ECNV) profile of a subject that is informative of disease

risk, comprising: (a) providing a genomic DNA sample obtained from the subject,

wherein the genomic DNA is the genomic DNA from a normal cell or normal tissue;

(b) determining the copy number variations of a set of marker exons by comparing the

copy number of each of the marker exons in the genomic DNA sample with the copy

number of the corresponding exon in a control, wherein the set of marker exons

comprise at least one exon from each gene of a set of marker genes, and wherein the

set of marker genes comprise one or more genes that have been associated with the

disease; and (c) creating an ECNV profile based on the copy number variations of

marker exons. The ECNV profile is informative of the onset, progression, severity, or

treatment outcome of the disease in the subject.

[0084] Generally, the method of creating an informative ECNV profile for

disease risk assessment includes the following steps.

[0085] 1 . Selecting the target disease. Any disease of interest may be the

target disease. However, the availability of genetic, sequence, or functional studies

that link certain genes or genetic loci with the disease will facilitate the identification

of candidate marker loci, marker genes or marker exons.

[0086] 2 . Selecting marker loci, marker genes, or marker exons.

Candidate marker loci or marker genes may be selected based on available sequence,

structural, or functional information that indicates an actual or potential link between

the loci or genes and disease risk. Particularly interesting candidate marker loci or

marker genes are those that have been identified as being actually or potentially

associated with the disease but with no known mutations (e.g., SNPs) that account for

the disease phenotype.

[0087] 3 . Obtaining a genomic DNA sample. Obtaining genomic DNA

from a subject is conventional in the art, and any suitable method may be used to

obtain gDNA from a cell or tissue sample. Preferably, the genomic DNA is obtained

from a normal cell or normal tissue.



[0088] 4 . Determining copy number variations ofexons of marker genes

or marker loci. Any suitable method can be used for determining copy number

variations of one or more exons of the marker genes or marker loci in a genomic DNA

sample, as compared to a control. Such methods can involve direct or indirect

measurement of the actual copy number or of relative copy number. Many suitable

methods for determining copy number produce raw data, e.g., fluorescence intensity,

PCR cycle threshold (CT) etc., that can reveal copy number or relative copy number

following appropriate analysis and/or transformation. Because the method determines

disease risk based on relative changes in copy numbers of exons, it is not necessary to

determine the absolute copy number of an exon.

[0089] 5 . Creating an ECNV profile. The ECNV profile comprises

information of CNVs of a set of marker exons. The CNV information of a marker

exon includes an increase in copy number, a decrease in copy number, or "no change"

in copy number. A statistical analysis may be performed to determine the statistical

significance of the copy number variation of a marker exon. A predetermined "fold

change" threshold may also be used to filter the ECNV data, such that the profile

identifies exons whose copy number variations are above or below a specific fold

change value.

[0090] In another aspect, the invention provides a method of determining

disease risk in a subject, comprising: (i) creating or providing an ECNV profile of the

subject according to the method as described herein; and (ii) determining the degree

of similarity between the ECNV profile of (i) and one or more reference profiles. The

degree of similarity is used to determine the disease risk in the subject (e.g., the onset,

progression, severity, or treatment outcome of the disease), and may be expressed

e.g., as percent probability of developing a disease. When a subject understands the

disease risk, appropriate recommendations can be made to reduce the risk. The

recommendations may be a treatment regimen to delay or prevent disease onset or

reduce the severity of disease, an exercise regimen, a dietary regimen, or activities

that eliminate or reduce environmental risks for the disease.

[0091] The reference profile is an ECNV profile comprising ECNV

information of one or more exons of the marker genes or marker loci (e.g., a set of



marker exons), and the reference profile has a known correlation with the presence or

the absence of the disease, or with the onset, progression, severity, or treatment

outcome of the disease. A profile database having a plurality of reference profiles

may be used.

[0092] Using the method as described herein, the inventor has identified

marker genes and marker exons that can be used to assess an individual's risk for

colorectal cancer, autoimmune diseases (e.g., Systemic lupus erythematosus (SLE or

lupus) and Crohn's disease) and neurological diseases (e.g., Alzheimer's disease).

This shows that the method described herein can be used to facilitate the risk

assessment of a broad spectrum of diseases.

[0093] The method as described herein assesses disease risk based on copy

number variations of marker loci, marker genes or marker exons, regardless whether

the CNVs affect the expression level of a particular gene. While it is possible that the

expression level of certain genes, or the activity level of the proteins encoded by the

genes might be affected by the CNVs, the method does not require that the expression

level of marker genes, or activity level of proteins be altered or determined.

[0094] Copy number variation profiles of marker genes or CNV profiles of

marker loci may also be created similarly as described herein and used to assess

disease risk.

2. DEFINITIONS

[0095] As used herein, the singular forms "a," "an" and "the" include

plural references unless the content clearly dictates otherwise.

[0096] The term "about", as used here, refers to +/- 10% of a value.

[0097] The term "marker(s)" or "biomarker(s)" as used herein refers to

disease-associated genes or portions thereof, e.g., exons or portions thereof, including

the genes and exons of genes that are exemplified in the specification and are listed in

Tables 1-5. The term also includes disease-associated genetic loci.



[0098] The term "assessing" and its synonyms, e.g., "determining,"

"measuring," "evaluating," or "assaying," as used herein referrers to quantitative and

qualitative determinations. Assessing may be relative or absolute. "Assessing the

presence of includes determining the amount of something present, and/or

determining whether it is present or absent. The term "assessing risk of disease" is

interpreted to mean quantitative or qualitative determination of the presence/absence

of the disease, with or without an ability to determine severity, rapidity of onset,

resolution of the disease state, e.g. a return to a normal physiological state, or

outcomes of a treatment. The probability of an individual that will develop disease

can be assessed according to the invention as described herein.

[0099] As used herein, the term "exon" refers to a nucleic acid sequence

found in genomic DNA that contributes contiguous sequence to a mature mRNA

transcript. Exons are intermingled with "introns," which are non-coding sequences in

the DNA. The introns are subsequently eliminated by splicing when the DNA is

transcribed into mRNA. The mature RNA molecule can be a messenger RNA or a

functional form of a non-coding RNA such as rRNA or tRNA.

[00100] The terms genetic "locus," and its plural form "loci," refer to a

specific position(s) or discrete region(s) on a gene, chromosome, or DNA sequence.

[00101] The term "subject" refers to an individual, plant or animal, such as

a human, a nonhuman primate (e.g., chimpanzees and other apes and monkey

species); farm animals such as birds, fish, cattle, sheep, pigs, goats and horses;

domestic mammals such as dogs and cats; laboratory animals including rodents such

as mice, rats and guinea pigs, and the like. The term does not denote a particular age

or sex. The term "subject" encompasses an embryo and a fetus.

[00102] The term "control" as used herein refers to a standard including

any control sample, subject, value, etc. appreciated by the skilled artisan to be

appropriate for measuring a change or difference. Suitable controls include, for

example, samples or subjects having known or predicted characteristics or known or

predicted values. Control samples include samples of a like or similar nature to a test

agent or sample but having a known or predicted characteristic, e.g., negative or



positive control samples. Control subjects include unaffected subjects, unaltered

subjects, wild-type subjects, unmanipulated subjects, untreated subjects, and the like.

Controls can be physically included in a test or assay in any format. Exemplary

controls are positive controls and/or negative controls. For example, control can be to

a sample from a subject known to have a disease (positive control) or known not to

have a disease (negative control). A control can further be an actual sample from an

individual or from a plurality of samples. Control values include known or predicted

values for a test, test parameter, test condition, etc., such knowledge being based, for

example, on past observation or data, and the like. A control value can be the average

or median value of a plurality of samples. A control value can also be a

predetermined value (e.g., value according to an electronic database). The term

"control" also encompasses a standard curve to which, for example, the results of

amplification of one or more genomic sequences (e.g., exons) are compared. The

standard curve can be created by amplifying known amounts of (or serial dilutions of)

starting materials (e.g., a genomic sequence with known concentration or from lysates

of a known number of cells), and plotting the results of the amplification reactions on

a graph. Those of skill in the art are well aware of techniques for making standard

curves, including those for quantitation of QPCR reactions, and any suitable

technique may be used to create the standard curve for use in the present methods.

[00103] As used herein, a gene, or a genetic locus is "associated with" a

disease when a change in the sequence (e.g., a mutation), a change in the expression

level (e.g., mRNA level), or a change in the activity of the protein(s) encoded by the

gene or genetic loci, is directly or indirectly, fully or partly responsible for the

disease; or alternatively, the gene or genetic loci may not be responsible for the

disease, but is associated with a disease in the sense that it is diagnostic or indicative

of the disease.

[00104] As used herein, a copy number variation (CNV) profile refers to

information of the copy number variations of a set of genes or genetic loci in a

subject, such as an increase in copy number (amplification), a decrease in copy

number (deletion), or "no change" in copy number of a gene or a genetic locus.

Preferably, the set of genes or genetic loci comprise at least 3, at least 5, at least 10, at



least 15, at least 20, or least 25 genes or genetic loci. The profile may be created

according to a set of quantitative or qualitative measurements of CNVs of genes or

genomic regions.

[00105] An exon copy number variation (ECNV) profile refers to

information of the copy number variations of a set of exons of one or more genes.

Preferably, the set of exons comprise at least 3, at least 5, at least 10, at least 15, at

least 20, at least 25, at least 30, at least 35, at least 40, at least 45, at least 50, at least

60, at least 70, at least 80, at least 90, at least 100, at least 110, at least 120, at least

130, at least 140, at least 150 exons. The CNV information of an exon includes an

increase in copy number, a decrease in copy number, or "no change" in copy number

of the exon.

[00106] As used herein, an ECNV profile "correlates with" a particular

disease state when the profile is diagnostic or indicative of the presence, onset, stage,

grade, severity, progression, or treatment outcome of a disease. An ECNV profile can

be correlated to a particular disease state by identifying certain characteristics that are

representative of the disease state, and linking these characteristics to an ECNV

profile (e.g., by creating an ECNV from the genomic DNA of a subject who has these

characteristics). The ECNV profile may comprise information of CNVs of a set of

exons of one or more genes who are associated with the disease.

[00107] The terms "tumor" or "cancer" refer to the presence of cells

possessing characteristics typical of cancer-causing cells, such as uncontrolled

proliferation, immortality, metastatic potential, rapid growth and proliferation rate,

and certain characteristic morphological features. Cancer cells are often in the form

of a tumor, but such cells may exist alone within an animal, or may be a non-

tumorigenic cancer cell, such as a leukemia cell. As used herein, the term "cancer"

includes premalignant as well as malignant cancers.

[00108] The term "cancer" also refers to neoplasm, which literally means

"new growth." A "neoplastic disorder" is any disorder associated with cell

proliferation, specifically with a neoplasm. A "neoplasm" is an abnormal mass of

tissue that persists and proliferates after withdrawal of the carcinogenic factor that



initiated its appearance. There are two types of neoplasms, benign and malignant.

Nearly all benign tumors are encapsulated and are noninvasive; in contrast, malignant

tumors are almost never encapsulated but invade adjacent tissue by infiltrative

destructive growth. This infiltrative growth can be followed by tumor cells

implanting at sites discontinuous with the original tumor. The methods and

biomarkers of the invention can be used to assess risk in subjects with neoplastic

disorders, including but not limited to: sarcoma, carcinoma, fibroma, glioma,

leukemia, lymphoma, melanoma, myeloma, neuroblastoma, retinoblastoma, and

rhabdomyosarcoma, as well as each of the other tumors described herein.

[00109] Cancers for which risk can be assess by the methods and

biomarkers of the invention include, but are not limited to, basal cell carcinoma,

biliary tract cancer; bladder cancer; bone cancer; brain and CNS cancer; breast cancer;

cervical cancer; choriocarcinoma; colon and rectum cancer; connective tissue cancer;

cancer of the digestive system; endometrial cancer; esophageal cancer; eye cancer;

cancer of the head and neck; gastric cancer; intra-epithelial neoplasm; kidney cancer;

larynx cancer; leukemia; liver cancer; lung cancer (e.g., small cell and non-small

cell); lymphoma including Hodgkin's and non-Hodgkin's lymphoma; melanoma;

myeloma; neuroblastoma; oral cavity cancer (e.g., lip, tongue, mouth, and pharynx);

ovarian cancer; pancreatic cancer; prostate cancer; retinoblastoma;

rhabdomyosarcoma; rectal cancer; renal cancer; cancer of the respiratory system;

sarcoma; skin cancer; stomach cancer; testicular cancer; thyroid cancer; uterine

cancer; cancer of the urinary system, as well as other carcinomas and sarcomas.

[001 10] In certain embodiments, the methods and biomarkers of the present

invention can be used to assess risk of malignant disorders commonly diagnosed in

dogs and cats. Such malignant disorders include but are not limited to

lymphosarcoma, osteosarcoma, mammary tumors, mastocytoma, brain tumor,

melanoma, adenosquamous carcinoma, carcinoid lung tumor, bronchial gland tumor,

bronchiolar adenocarcinoma, fibroma, myxochondroma, pulmonary sarcoma,

neurosarcoma, osteoma, papilloma, retinoblastoma, Ewing's sarcoma, Wilms' tumor,

Burkitt's lymphoma, microglioma, neuroblastoma, osteoclastoma, oral neoplasia,

fibrosarcoma, osteosarcoma and rhabdomyosarcoma. Other neoplasias in dogs



include genital squamous cell carcinoma, transmissable venereal tumor, testicular

tumor, seminoma, Sertoli cell tumor, hemangiopericytoma, histiocytoma, chloroma

(granulocytic sarcoma), corneal papilloma, corneal squamous cell carcinoma,

hemangiosarcoma, pleural mesothelioma, basal cell tumor, thymoma, stomach tumor,

adrenal gland carcinoma, oral papillomatosis, hemangioendothelioma and

cystadenoma. Additional malignancies diagnosed in cats include follicular

lymphoma, intestinal lymphosarcoma, fibrosarcoma and pulmonary squamous cell

carcinoma. The ferret, an ever-more popular house pet, is known to develop

insulinoma, lymphoma, sarcoma, neuroma, pancreatic islet cell tumor, gastric MALT

lymphoma and gastric adenocarcinoma.

[00111] In certain other embodiments, the methods and biomarkers of the

present invention can be used to assess risk of neoplasias affecting agricultural

livestock. These neoplasias include leukemia, hemangiopericytoma and bovine

ocular neoplasia (in cattle); preputial fibrosarcoma, ulcerative squamous cell

carcinoma, preputial carcinoma, connective tissue neoplasia and mastocytoma (in

horses); hepatocellular carcinoma (in swine); lymphoma and pulmonary adenomatosis

(in sheep); pulmonary sarcoma, lymphoma, Rous sarcoma, reticuloendotheliosis,

fibrosarcoma, nephroblastoma, B-cell lymphoma and lymphoid leukosis (in avian

species); retinoblastoma, hepatic neoplasia, lymphosarcoma (lymphoblastic

lymphoma), plasmacytoid leukemia and swimbladder sarcoma (in fish), caseous

lymphadenitis (CLA), and contagious lung tumor of sheep caused by the jaagsiekte

virus.

[00112] The term a "normal cell" as used herein refers to a cell that does

not exhibit disease phenotype. For example, in determining the risk of a subject for

cancer (e.g., colorectal cancer), a normal cell (or a non-cancerous cell) refers to a cell

that is not a cancer cell (non-malignant, non-cancerous, or without DNA damage

characteristic of a tumor or cancerous cell). The term a "diseased cell" refers to a cell

displaying one or more phenotype of a particular disease or condition.

[00113] As used herein, the term "diseased tissue" refers to tissue from

vertebrate (in particular mammalian) embryos, fetal or adult sources that are infected,



inflamed, or dysplasia The term "normal tissue" refers to non-diseased tissue from

vertebrate (in particular mammalian) embryos, fetal or adult sources.

[00114] As used herein, the term "selectively hybridize" refers to

hybridization which occurs when two nucleic acid sequences are substantially

complementary (e.g., at least about 65% complementary over a stretch of at least 14

to 25 nucleotides, preferably at least about 75% complementary, more preferably at

least about 90% complementary) (See Kanehisa, M., 1984, Nucleic acids Res.,

12:203). As a result, it is expected that a certain degree of mismatch is tolerated.

Such mismatch may be small, such as a mono-, di- or tri-nucleotide. Alternatively, a

region of mismatch can encompass loops, which are defined as regions in which there

exists a mismatch in an uninterrupted series of four or more nucleotides. Numerous

factors influence the efficiency and selectivity of hybridization of two nucleic acids,

for example, the hybridization of a nucleic acid member on an array to a target nucleic

acid sequence. These factors include nucleic acid member length, nucleotide

sequence and/or composition, hybridization temperature, buffer composition and

potential for steric hindrance in the region to which the nucleic acid member is

required to hybridize. A positive correlation exists between the nucleic acid length

and both the efficiency and accuracy with which a nucleic acid will anneal to a target

sequence. In particular, longer sequences have a higher melting temperature (Tm)

than do shorter ones, and are less likely to be repeated within a given target sequence,

thereby minimizing non-specific hybridization. Hybridization temperature varies

inversely with nucleic acid member annealing efficiency. Similarly the concentration

of organic solvents, e.g., formamide, in a hybridization mixture varies inversely with

annealing efficiency, while increases in salt concentration in the hybridization mixture

facilitate annealing. Under stringent annealing conditions, longer nucleic acids,

hybridize more efficiently than do shorter ones, which are sufficient under more

permissive conditions.

3. METHOD OF CREATING AN EXON COPY NUMBER VARIATION PROFILE

[001 15] In one aspect, the invention provides a method of generating an

exon copy number variation (ECNV) profile of a subject that is informative of disease

risk, comprising: (a) providing a genomic DNA sample obtained from the subject,



wherein the genomic DNA is the genomic DNA from a normal cell or normal tissue;

(b) determining the copy number variations of a set of marker exons by comparing the

copy number of each of the marker exons in the genomic DNA sample with the copy

number of the corresponding exon in a control, wherein the set of marker exons

comprise at least one exon from each gene of a set of marker genes, and wherein the

set of marker genes comprise one or more genes that have been associated with the

disease; and (c) creating an ECNV profile based on the copy number variations of

marker exons. The ECNV profile is informative of the onset, progression, severity, or

treatment outcome of the disease in the subject.

[00116] Generally, the method of creating an informative ECNV profile for

disease risk assessment includes the following steps: (1) selecting a target disease; (2)

selecting marker loci, marker genes, or marker exons; (3) obtaining a genomic DNA

sample; (4) determining copy number variations of exons of marker genes or marker

loci in the sample; and (5) creating an ECNV profile.

A. Selecting the Target Disease, Marker Loci, Marker Genes and
Marker Exons

[00117] Any disease of interest may be the target disease. However, the

availability of genetic, sequence, or functional studies that link certain genes or

genetic loci with the disease will facilitate the identification of candidate marker loci,

marker genes or marker exons.

[00118] Candidate marker loci or marker genes may be selected based on

available sequence, structural, or functional information that indicates an actual or

potential link between the genes or genetic loci and disease risk. Particularly

interesting candidate marker genes or marker loci are those that have been identified

as being actually or potentially associated with disease but with no known mutations

(e.g., SNPs) that account for the disease phenotype.

[00119] For example, marker genes or loci may be identified based on

information from scientific literature and public databases (e.g., NCBI, OMIM, etc.)

that indicates an actual or potential link between the genes or genetic loci and disease

risk. In addition, if the biological function(s) of the protein(s) encoded by the gene or



genetic loci is known, additional genes that encode proteins having similar biological

functions, or proteins that are involved in the same biological pathway (e.g., a protein

that is either "upstream" or "downstream" of initial candidate) may be selected.

[00120] Alternatively, association studies may be conducted within

individuals in affected families (linkage studies), or within the general population, to

identify marker genes or loci. The association study typically involves determining

the frequency of a particular allele (variant) in individuals with the disease, as well as

controls of similar age and race. Significant associations between the allele and

phenotypic characteristics can be determined by standard statistical methods known in

the art.

[00121] Preferably, a set of marker genes or marker loci comprising at least

3, at least 5, at least 10, at least 15, at least 20, or least 25 genes or genetic loci are

identified.

[00122] Once marker genes or marker loci have been selected, a variety of

methods can be used to determine the sequences of the exons of the marker genes or

marker loci. For example, the exons of many genes are available from scientific

literature and public databases (e.g., NCBI, OMIM, etc.). Alternatively, exons can be

determined experimentally, e.g., by EST analysis or by hybridizing labeled mRNA to

a microarray containing random genomic fragments (Adams et al., 1991, Science

252:1651-6; Stephan et al., 2000, MoI. Genet. Metab.70:10-I8). Computer modeling

programs, such as GENSCAN, GRAIL, and ER (Exon Recognizer) may also be used

to predict the exons of a gene.

[00123] Preferably, a set of marker exons comprising at least 3, at least 5, at

least 10, at least 15, at least 20, at least 25, at least 30, at least 35, at least 40, at least

45, at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least 110,

at least 120, at least 130, at least 140, at least 150 exons are identified.

B. Genomic DNA Sample Isolation and Preparation

[00124] Any suitable genomic DNA (gDNA) sample can be used,

including, e.g., crude, purified or semipurified genomic DNA obtained from a subject.



Any suitable method can be used to obtain the gDNA from a suitable source including

one or more cells, bodily fluids or tissues obtained from a subject.

[00125] Obtaining genomic DNA from a subject is conventional in the art,

and any suitable method may be utilized to obtain gDNA from a sample. Genomic

DNA can be isolated from one or more cells, bodily fluids or tissues, or from one or

more cell or tissue in primary culture, in a propagated cell line, a fixed archival

sample, forensic sample or archeological sample. For example, cell or tissue samples,

such as biopsy, mucous, saliva, epithelial cell samples, etc., can be used as a source of

gDNA.

[00126] For example, genomic DNA can be obtained from any suitable

tissue samples, including but not limited to whole blood, serum, plasma, buccal

scrape, saliva, cerebrospinal fluid, urine, stool, bronchoalveolar lavage, and lung

tissue.

[00127] For example, genomic DNA can be obtained from any suitable cell,

including but not limited to, a white blood cell such as a B lymphocyte, T

lymphocyte, macrophage, or neutrophil; a muscle cell such as a skeletal cell, smooth

muscle cell or cardiac muscle cell; germ cell such as a sperm or egg; epithelial cell;

connective tissue cell such as an adipocyte, fibroblast or osteoblast; neuron; astrocyte;

stromal cell; kidney cell; pancreatic cell; liver cell; a keratinocyte and the like. A cell

from which gDNA is obtained can be at a particular developmental level if desired.

[00128] Known biopsy methods can be used to obtain cells or tissues such

as a buccal swab or scrape, mouthwash, surgical removal, biopsy aspiration or the

like. Convenient sources of gDNA include a buccal tissue or cell sample, such as

check swab or scrape, or a blood sample. Genomic DNA can be easily prepared using

such samples.

[00129] A cell from which a gDNA sample is obtained for use in the

invention can be a normal cell or a cell displaying one or more phenotype of a

particular disease or condition (a "diseased cell")- Thus, a gDNA used in the

invention can be obtained from normal cells or tissues from a healthy subject, normal

cells or tissues from a subject suffering from a disease, or diseased cells or tissues



from a subject suffering from a disease (such as a cancer cell, neoplastic cell, necrotic

cell, or the like). Those skilled in the art will know or be able to readily determine

methods for isolating gDNA from a cell, fluid or tissue using methods known in the

art such as those described in Sambrook et al., Molecular Cloning: A Laboratory

Manual, 3rd edition, Cold Spring Harbor Laboratory, New York (2001) or in Ausubel

et al., Current Protocols in Molecular-Biology, John Wiley and Sons, Baltimore, Md.

(1998).

[00130] Preferably, the genomic DNA sample used for ECNV profiling is

obtained from normal cells or normal tissues instead of from diseased cells or

diseased tissues. By using genomic DNA samples from normal cells, disease risk can

be assessed before disease develops to prevent disease onset, or at early stage to

improve the outcome of treatment. Moreover, ECNV profiles from a healthy subject

may also be created as a screening tool to assess disease risk (such as the subject's

probability of developing a disease in the future), so that appropriate

recommendations can be made (such as a treatment regimen, a preventative treatment

regimen, an exercise regimen, a dietary regimen, a life style adjustment etc.) to reduce

the risk of developing the disease.

[00131] If desired, the genomic DNA can be obtained from a mixed cell

population, or a semipurified or substantially pure cell population. Suitable methods

for isolating desired cell types from other types of cells are known in the art, and

include, but are not limited to, Fluorescent Activated Cell Sorting (FACS) as

described, for example, in Shapiro, Practical Flow Cytometry, 3rd edition Wiley-Liss;

(1995), density gradient centrifugation, or manual separation using micromanipulation

methods with microscope assistance. Exemplary cell separation devices that are

useful in the invention include, without limitation, a Beckman JE-6® centrifugal

elutriation system, Beckman Coulter EPICS ALTRA computer-controlled Flow

Cytometer-cell sorter, Modular Flow Cytometer from Cytomation, Inc., Coulter

counter and channelyzer system, density gradient apparatus, cytocentrifuge, Beckman

J-6 centrifuge, EPICS V® dual laser cell sorter, or EPICS PROFILE® flow cytometer.

A tissue or population of cells can also be removed by surgical techniques.



[00132J Genomic DNA can be obtained using any suitable method,

including, for example, liquid phase extraction, precipitation, solid phase extraction,

chromatography and the like. Such methods are described for example in Sambrook

et al., supra, (2001) or in Ausubel et al., supra, (1998) or available from various

commercial vendors including, for example, Qiagen (Valencia, Calif.) or Promega

(Madison, Wis.). In one example, a cell containing gDNA is lysed under conditions

that substantially preserve the integrity of the cell's gDNA. Exposure of a cell to

alkaline pH can be used to lyse a cell in a method of the invention while causing

relatively little damage to gDNA. Any of a variety of basic compounds can be used

for lysis including, for example, potassium hydroxide, sodium hydroxide, and the like.

Additionally, relatively undamaged gDNA can be obtained from a cell lysed by an

enzyme that degrades the cell wall. Cells lacking a cell wall either naturally or due to

enzymatic removal can also be lysed by exposure to osmotic stress. Other conditions

that can be used to lyse a cell include exposure to detergents, mechanical disruption,

sonication heat, pressure differential such as in a French press device, or Dounce

homogenization. Agents that stabilize gDNA can be included in a cell lysate or

isolated gDNA sample including, for example, nuclease inhibitors, chelating agents,

salts buffers and the like. Methods for lysing a cell to obtain gDNA can be carried out

under conditions known in the art as described, for example, in Sambrook et al., supra

(2001) or in Ausubel et al., supra, (1998).

[00133] The gDNA sample used in the method of the invention can be, a

crude cell lysate, semipurified or substantially purified gDNA.

[00134] If desired, the gDNA can first be amplified. Amplified gDNA

refers to a preparation of gDNA that contains copies of original template gDNA in

which the proportion of each sequence relative to all other sequences in the amplified

preparation is substantially the same as the proportions in the original template

gDNA. When used in reference to a population of genomic DNA fragments, for

example, the term is intended to mean a population of genome fragments in which the

proportion of each genome fragment to all other genome fragments in the population

is substantially the same as the proportion of its sequence to the other genome

fragment sequences in the genome. Substantial similarity between the proportion of



sequences in an amplified preparation and an original template genomic DNA means

that at least 60%, or at least 70%, or at least 80% or at lest 90% or at lest 95% or

substantially all of the loci in the amplified preparation are no more than 5 fold over-

represented or under-represented relative to the template gDNA. In such preparations

at least 70%, 80%, 90%, 95% or 99% of the loci can be, for example, no more than 5,

4, 3 or 2 fold over-represented or under-represented.

[00135] An advantage of amplifying the gDNA sample is that only a small

amount of genomic DNA needs to be obtained from an individual. Thus, amplified

gDNA preparations can facilitate disease risk assessment using the methods of the

invention when only a relatively small gDNA sample is available (e.g., an archived

sample or forensic sample). In some embodiments, a genomic DNA sample can be

obtained from a single cell, amplified, and analyzed using the methods as described

herein.

[00136] Methods that amplify only a portion of the genomic DNA that

contains a locus, gene or exon of interested, or methods of whole genome

amplification can be used as desired. Amplification can reduce the complexity of the

original template gDNA, or the complexity of the original gDNA can be substantially

preserved, as desired. Suitable genomic DNA amplification methods include PCR-

based or isothermal -based amplification methods, such as, Wole-Genome

Amplification by Adaptor-Ligation PCR of Randomly Sheared Genomic DNA

(PRSG); Whole-Genome Amplification by Single-Cell Comparative Genomic

Hybridization PCR (SCOMP); Nested Patch PCR for Highly Multiplexed

Amplification of Genomic Loci; Whole Genome Amplification by T7-Based Linear

Amplification of DNA (TLAD); GenomePlex Whole-Genome Amplification; Whole-

Genome Amplification by Degenerate Oligonucleotide Primed PCR (DOP-PCR);

Exon Trapping and Amplification; 3'-End cDNA Amplification Using Classic RACE;

5'-End cDNA Amplification Using New RACE; Multiple Displacement Amplification

(MDA) and Rapid Amplification of DNA Using Phi29 DNA Polymerase and

Multiply-Primed Rolling Circle Amplification. These and other suitable methods for

genomic DNA amplification are conventional in the art and details about each can be

found for example at Cold Spring Harbor Protocols website at cshprotocols.cshlp.org.



C. Determining Copy Number Variations of Marker Exons

[00137] Any suitable method can be used for determining copy number

variations of marker loci, marker genes, or marker exons in a gDNA sample. Such

methods can involve direct or indirect measurement of the actual copy number or of

relative copy number. Many suitable methods for determining gene copy number

produce raw data, e.g., fluorescence intensity, PCR cycle threshold (CT) etc., that can

reveal copy number or relative copy number following appropriate analysis and/or

transformation. Accordingly, determining gene, genetic loci, or exon copy number

can include, for example, a DNA amplification process, a DNA signal detection

process, a DNA signal amplification process, and steps for processing and analyzing

the raw data, and combinations thereof. Generally, the method includes processing

and analyzing the raw data to provide a user readable output that shows exon copy

number or relative copy number and or changes therein.

[00138] Although the method determines disease risks based on changes in

copy numbers of exons, genes, or genetic loci, it is not necessary to determine the

absolute copy number of an exon, gene, or genetic locus. Any analytical methods that

produce a signal that is related to the copy number of an exon, gene, or genetic locus,

such as quantitative polymerase chain reaction (QPCR), can be used in the method of

the invention.

[00139] The method of the invention can include determining the

magnitude of change in a desired exon as compared to a control. However, the data

analysis aspects of the method focus on the statistical significance of the change in the

copy number of the exon, rather than the magnitude of change. A small magnitude of

change that is statistically significant can show a close correlation between altered

copy number of a particular exon and a particular disease state.

1. Techniques for Determining Copy Number Variations

[00140] Suitable methods for detecting copy number variations in genetic

loci, genes or exons in gDNA include, but are not limited to, oligonucleotide

genotyping, sequencing, southern blotting, array-base comparative genomic

hybridization, dynamic allele-specific hybridization (DASH), paralogue ratio test



(PRT), multiple amplicon quantification (MAQ), quantitative polymerase chain

reaction (QPCR), multiplex ligation dependent probe amplification (MLPA),

multiplex amplification and probe hybridization (MAPH), quantitative multiplex PCR

of short fluorescent fragment (QMPSF), dynamic allele-specific hybridization,

fluorescence in situ hybridization (FISH), semiquantitative fluorescence in situ

hybridization (SQ-FISH) and the like. For more detail description of some of the

older methods in this list, see, e.g. Sambrook, Molecular Cloning - A Laboratory

Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y., (1989),

Kallioniemi et ah, Proc. Natl. AcadSci USA, 89:5321-5325 (1992), and PCR

Protocols, A Guide to Methods and Applications, Innis et al., Academic Press, Inc.

N.Y., (1990).

[00141 J In one embodiment, Comparative Genomic Hybridization (CGH)

can be used to detect copy number variations. In a typical array CGH experiment,

genomic DNA from a test sample is compared to that of a control sample. Typically,

a glass slide or other array substrate is spotted with small DNA fragments from

mapped genomic targets (i.e., DNA fragments of known identity and genomic

position). A first collection of (sample) nucleic acids (e.g. gDNA from the test

subject) is labeled with a first label, while a second collection of (control) nucleic

acids (e.g. gDNA from a control subject) is labeled with a second label. The ratio of

hybridization of the nucleic acids is determined by the ratio of the two (first and

second) labels binding to each spot in the array. Where there are chromosomal

deletions or multiplications, differences in the ratio of the signals from the two labels

will be detected and the ratio will provide a measure of the copy number. CGH

method is particularly well suited to array-based platform. For a description of one

preferred array-based CGH and hybridization systems see Pinkel et al. Nature

Genetics, 20:207-21 1 (1998), U.S. Patent Nos. 6,066,453; 6,210,878; 6,326,148; and

6,465.182, which are incorporated herein by reference in their entirety.

[00142] In one embodiment, Dynamic Allele-Specific Hybridization

(DASH) can be used to detect copy number variations. This technique involves

dynamic heating and coincident monitoring of DNA denaturation, as disclosed by

Howell et al. (Nat. Biotech. 17:87-88, (1999)). Briefly, in this method, a target



sequence is amplified by PCR in which one primer is biotinylated. The biotinylated

product strand is bound to a streptavidin-coated well of a microtiter plate and the non-

biotinylated strand is rinsed away with alkali wash solution. An oligonucleotide

probe, specific for a gene or an exon, is hybridized to the target at low temperature.

This probe forms a duplex DNA region that interacts with a double strand-specific

intercalating dye. When subsequently excited, the dye emits fluorescence

proportional to the amount of double-stranded DNA (probe-target duplex) present.

The sample is then steadily heated while fluorescence is continually monitored. A

rapid fall in fluorescence indicates the denaturing temperature of the probe-target

duplex. Using this technique, because a single-base mismatch between the probe and

target results in a significant lowering of melting temperature (Tm), the copy number

of target sequences with perfect match with the probes can be quantified.

[00143] In one embodiment, Paralogue Ratio Test (PRT) can be used to

detect copy number variations. PRT has been described in more detail in U.S. Pub.

No. 20050037388, the entire content of which is incorporated herein by reference.

Briefly, the method utilizes PCR to amplify a target sequence and its paralogue

sequence located on a different chromosome in the subject. Any variation in the ratio

of the amplified target sequence and paralogue sequence indicates an abnormal copy

number distribution and suggests risk of a genetic disorder.

[00144] In one embodiment, Multiple Amplicon Quantification (MAQ) can

be used to detect copy number variations. MAQ is a method for the analysis of

specific copy number variations (CNVs). Briefly, the method consists of

fluorescently labeled multiplex PCR with amplicons in the CNV (target amplicons)

and amplicons with a stable copy number (control amplicons). After PCR, the

fragments are size separated on a capillary sequencer. The ratios of target amplicons

over control amplicons are calculated for the test sample and a reference sample.

Comparison of these relative intensities results in a dosage quotient, indicating the

copy number of the CNV in the test sample.

[00145] In one embodiment, Quantitative Polymerase Chain Reaction

(QPCR) can be used to detect copy number variations. Briefly, qPCR is used for

simultaneously amplifying and quantifying a single or multiple target sequences in



sample. For example, quantitative real time PCR detects increases in fluorescence at

each cycle of PCR through (for example, probes that hybridize to a portion of one of

the amplification probes) the release of fluorescence from a quencher sequence while

the uniprimer (universal primer) binds to the DNA sequence. Fluorescence in real

time quantitative PCR is produced using a suitable fluorescent reporter dye such as

SYBR green, FAM, fluorescein, HEX, TET, TAMRA, etc. and a quencher such as

DABSYL, Black Hole, etc. When the quencher is separated from the probe during the

extension phase of PCR, the fluorescence of the reporter can be measured. Systems

like Molecular Beacons, Taqman Probes, Scorpion Primers or Sunrise Primers and the

like use this approach to perform real-time quantitative PCR. Examples of methods

and reagents related to real time PCR can be found in U.S. Patent Nos. 5,925,5 17,

6,103,476, 6,150,097, and 6,037,130, which are incorporated by reference herein at

least for material related to detection methods for nucleic acids and PCR methods.

[00146] In one embodiment, Multiplex Amplification and Probe

Hybridization (MAPH) can be used to detect copy number variations. This technique

which is also called multiplex amplifiable probe hybridization is for detection of

nucleic acid targets and is described in Armour et al., Nucleic Acids Res., 28(2):605-

609, (2000) and U. S. Pat. No. 6,706,480, which are incorporated herein by reference

in their entirety. In MAPH, the probes are hybridized to a sample, excess probe is

washed away, and the hybridized probe is recovered and amplified by PCR. The

different probes are flanked by common primer binding sites so the whole collection

of probes can be amplified together by PCR.

[00147] In one embodiment, Multiplex Ligation Dependent Probe

Amplification (MLPA) can be used to detect copy number variations. MLPA is a

method to establish the copy number of up to 45 nucleic acid sequences in one single

PCR amplification reaction. It can be used for both copy number detection and to

quantify methylation in gDNA. It is a method for multiplex detection of copy number

changes of genomic DNA sequences using DNA samples derived from blood (Gille et

al. Br J . Cancer, 87:892-897 (2002); Hogervorst et al. Cancer Res., 63:1449-

1453(2003)). With MLPA, it is possible to perform a multiplex PCR reaction in

which up to 45 specific sequences are simultaneously quantified. Amplification



products are separated by sequence type electrophoresis. The peaks obtained in the

sequence type electrophoresis, when compared with a control sample peak, allows

one to determine the gene copy number of a probed gene or nucleic acid sequence in

the test sample. Comparison of the gel pattern to that obtained with a control sample

indicates which sequences show an altered copy number.

[00148] The general outline of MLPA is fully described in Schouten et al.

Nucl. Acid Res. 30:e57 (2002) and also can be found U.S. Pat. No. 6,955,901, these

references are incorporated herein by reference in their entirety. MLPA probes are

designed that hybridizes to the gene of interest or region of genomic DNA that have

variable copies or polymorphism. Each probe is actually in two parts, both of which

will hybridize to the target DNA in close proximity to each other. Each part of the

probe carries the sequence for one of the PCR primers. Only when the two parts of

the MLPA probe are hybridized to the target DNA in close proximity to each other

will the two parts be ligated together, and thus form a complete DNA template for the

one pair of PCR primers used. When there are microdeletions, the provided MLPA

probes that targets the deletion region will not form complete DNA template for the

one pair of PCR primers used and so no or lower amount of PCR products will be

formed. When there are microduplications, the provided MLPA probes that targets

the duplicated region will form many complete DNA templates for the one pair of

PCR primers used compared to a normal copy number sample of genomic DNA. The

amount of PCR products formed will be more than in a control sample having a

normal copy number of the region of interest.

[00149] In one embodiment, Quantitative Multiplex PCR of Short

Fluorescent Fragment (QMPSF) can be used to detect copy number variations.

Briefly, in this method real-time PCR is multiplexed with probe color and melting

temperature (Tm). Simple hybridization probes with only a single fluorescent dye can

be used for quantification and allele typing. Different probes are labeled with dyes

that have unique emission spectra. Spectral data are collected with discrete optics or

dispersed onto an array for detection. Multiplexing by color and T(m) creates a

"virtual" two-dimensional multiplexing array without the need for an immobilized

matrix of probes. Instead of physical separation along the X and Y axes,



amplification products are identified and quantified by different fluorescence spectra

and melting characteristics.

[00150] In one embodiment, Fluorescence In Situ Hybridization (FISH) can

be used to detect copy number variations. Fluorescence in situ hybridization refers to

a nucleic acid hybridization technique which employs a fluorophor-labeled probe to

specifically hybridize to and thereby, facilitate visualization of or copy number

detection of a target nucleic acid. Such methods are well known to those of ordinary

skill in the art and are disclosed, for example, in U.S. Pat. Nos. 5,225,326; 5,707,801,

the entire contents of which are incorporated herein by reference.

[00151] Briefly, fluorescence in situ hybridization involves fixing the

sample to a solid support and preserving the structural integrity of the components

contained therein by contacting the sample with a medium containing at least a

precipitating agent and/or a cross-linking agent. Alternative fixatives are well known

to those of ordinary skill in the art and are described, for example, in the above-noted

patents.

[00152] In situ hybridization is performed by denaturing the target nucleic

acid so that it is capable of hybridizing to a complementary probe contained in a

hybridization solution. The fixed sample may be concurrently or sequentially

contacted with the denaturant and the hybridization solution. Thus, in a particularly

preferred embodiment, the fixed sample is contacted with a hybridization solution

which contains the denaturant and at least one oligonucleotide probe. The probe has a

nucleotide sequence at least substantially complementary to the nucleotide sequence

of the target nucleic acid. According to standard practice for performing fluorescence

in situ hybridization, the hybridization solution optionally contains one or more of a

hybrid stabilizing agent, a buffering agent and a selective membrane pore-forming

agent. Optimization of the hybridization conditions for achieving hybridization of a

particular probe to a particular target nucleic acid is well within the level of the person

of ordinary skill in the art.

[00153] In one embodiment, Semiquantitative Fluorescence In Situ

Hybridization (SQ-FISH) can be used to detect copy number variations. SQ-FISH is



a variant methodology based on FISH. Briefly, this method adopts a multicolor

fluorescence in situ hybridization, which allows investigation of different genes at the

same time in the same cell. The digital imaging capabilities of a charge-coupled

device camera can quantify the hybridization signals for multiple genes, and by

comparing them to control genes, obtain relative signal quantities and/or copy

numbers.

2. Raw Data Processing and Analysis

[00154] Generally, the method described herein includes processing and

analyzing the raw data to provide a user readable output that shows the copy number

or relative copy number or changes therein of a marker exon, marker gene, or marker

loci. Any suitable method or methods can be used in the analysis copy number data

from subjects (and suitable controls, if needed). In some instances, vendors who

provide tools for DNA copy number detection also provide tools for processing and

quantifying raw data or signals. For instance, Affymetrix offers copy number

analysis software that can be use for Affymetrix® arrays. Applied Biosystems ® offers

ABI PRISM® 7700 Sequence Detection System for quantification of the real-time

PCR data. Thus although GPR™ is a preferred method for analysis of gene copy

number data, other suitable methods can be used to analyze gene copy data.

[00155] In certain embodiments, the statistical significance of the copy

number variation of a marker exon, marker gene, or marker loci is determined.

Examples of statistical methods include, e.g., Student's t-test, the Mann-Whitney li¬

test, ANOVA and the like. In certain embodiments, the copy number variation of a

marker exon is statistically significant when P-value is ≤ 0.05.

[00156] Examples of suitable controls that can be used in the methods of

the present invention include gDNA samples from a healthy subject, or a pool of

healthy subjects (e.g., unaffected individuals, age-matched health individuals, sex-

matched health individuals, and combinations thereof). In addition, suitable controls

can be commercially available genomic DNA samples. Suitable controls further

include samples of a like or similar nature to a test agent or sample but having a



known characteristic, e.g., DNA sequences with known concentration or amplification

efficiencies.

[00157] Suitable controls can also be a pre-determined threshold value for

copy number variation of one or more of the genes or exons (e.g., value according to

an electronic database), and deviation from the threshold is indicative of disease risk.

Data can be normalized to such controls in certain tests or assays.

[00158] A suitable control can also be a defined DNA (e.g., a synthetic

DNA) with known composition (e.g., copy number of the gene of interest) that can be

used as a standard for copy number assessment. In one example, a standard curve,

such as a standard curve produced using a defined DNA, is produced and copy

number is quantified in test samples by reference to the standard curve. Thus a

suitable control can also be a value or a standard curve based on which the relative

gene copy number of a disease-related gene or portion thereof can be determined. In

an exemplary embodiment where QPCR is used for copy number detection, the

relative copy number of a biomarker in a test sample can be estimated by generating a

standard curve of known copy number of a template that has an amplification

efficiency similar to that of the biomarker in the test sample. In this embodiment, the

CT values for serial dilutions of the template are obtained and a standard curve based

on concentration or copy number and CT values is plotted. Subsequently, the CT

value of the biomarker is compared to the standard curve to determine the relative

copy number of the biomarker.

[00159] In some embodiments, the methods are realized as software

processes. For example, the methods may be realized as server/web based

applications (see, http://www.bhbio.com/apps/; http://array.lonza.com/gpr/), or

Microsoft Excel-based software programs (see,

http://research.jax. org/faculty/roopenian/gene_expression.pdf), that output a ranked

list of statistically changed DNA sequences using raw input data (such as cycle

threshold (CT) values) from 48 to 384 target DNA sequences in up to five control

replicates and five experimental replicates. The input data can be collected by making

use of, for example, a 384-well array. The method compares the datasets from both

groups using Student's T-test after multiple DNA sequence normalization processes.



The invention thus enables the recognition of a change in DNA sequence copy

number. In one aspect, the invention uses the power of biological replicates and the

sensitivity of real-time PCR techniques to extract the most statistically changed DNA

sequences, even if the fold change is small.

[00160] In one embodiment, the present invention uses the methods

described in U.S. Pub. No. 20060129331, the entire contents of which are

incorporated herein by reference, also known as global pattern recognition (GPR™)

for analysis of exon copy number variations. In certain embodiments, the control for

GPR™ analysis is gDNA from a healthy individual, such as an individual not affected

with the disease of interest (e.g., an unaffected family member), or a pool of healthy

individuals.

[00161] In general, the method disclosed in U.S. Pub, No. 20060129331

includes a DNA sequence filtering step to identify and discard non-informative data

while retaining informative DNA (also referred to as data DNA) data, and a qualifier

filtering step to identify qualifier DNA sequences which will serve as a baseline for

comparison and normalization in subsequent statistical analysis. The next step is to

perform global pattern recognition (GPR™) to output a ranked list of DNA sequences

based on their copy number variation in experimental samples when compared to

control samples.

[00162] Additionally, the method includes performing a normalization

factor computation step which uses the qualifier DNA data set, mentioned above, as

an input. The normalization factor computation produces as an output a

normalization factor, which is used in fold change computation step to quantify the

copy number change of certain DNA sequences in the reaction product data set in the

experimental samples compared to the control samples. Finally, the method includes

the step of performing an evaluation. Other steps may optionally provide for a

graphical output to a user.

[00163] In the DNA sequence filtering step, the DNA sequence filter

separates the DNA sequences in the reaction product data set into a set of data DNA

sequences whose data is identified for further analysis, and a set of non-informative or



"discard" DNA sequences whose data is to be discarded. The non-informative DNA

sequences include sequences whose portion of the array data (if, for example, an

array, such a microarray, has been used for copy number detection) seems to lack

integrity and therefore may interfere with obtaining proper results. This may happen

when, for example, a PCR or other amplification/detection process fails to take hold,

and does not properly amplify or accurately detect the material. This may also

happen due to human or computer errors.

[00164] The qualifier filtering step processes data to identify DNA

sequences that may be suitable for use as qualifiers based, at least in part, on their

respective amplification activities. Data from DNA sequences identified as qualifiers

will serve in later steps as a baseline for comparison/normalization for statistical

analysis; data from undiscarded data DNA sequences will be statistically compared

and normalized against data from each of the qualifier DNA sequences. Thus, the set

of qualifier DNA sequences generally refers to a subset of the target DNA sequences

whose data will be used in comparison and normalization of the target DNA

sequences. In this step, a DNA sequence is considered as a candidate qualifier on the

conditions that it is well represented in both control and experimental groups, but will

disregard a DNA sequence if it is not well represented in either group.

[00165] In the global pattern recognition step, data associated with the

DNA sequences, including data associated with the qualifier DNA sequences, is

passed to the "GPR™" pattern recognition process which performs a statistical

analysis of the reaction product dataset and identifies those DNA sequences in the

array whose copy numbers have varied in a statistically significant manner in the

experimental samples when compared to the control samples.

[00166] In one practice, for example, where a dataset is generated by QPCR

using a 384-well plate, for each dataset (i.e. column of 384 cycle threshold (CT)

values), GPR™ takes data from each data DNA sequence in the set and

compares/normalizes it to data from each eligible qualifier in the set in succession to

generate a sequence of ∆CT values. An exemplary normalization method involves

Subtraction, a s follows: ∆ C T Data DNA sequence ~ C T Data DNA sequence C T Qualifier-



[00167] Once the ∆CT values for each DNA sequence of interest is

generated. For each DNA sequence/qualifier combination, the ∆CT values generated

for the control and experimental groups are compared by a two-tailed heteroscedastic

(unpaired) Student's T-test and a hif is recorded if the p-value from the T-test is

below a user-defined threshold alpha (α) value. In one embodiment, alpha is set to

0.05. Other values can be used, and a lower alpha results in a more stringent criterion

for marking a "hit."

[00168] The process for implementing the pattern recognition analysis

further includes a comparison between the ∆CT values of each data DNA

sequence/qualifier combination generated for the control and experimental groups. In

one embodiment, each of these combinations is compared by the T-test. The T-test

allows the researcher to make a hypothesis as to whether a statistically significant

variation occurred between the control data and the experimental data. In this way,

the comparisons being made may determine which of the DNA sequence/qualifier

combinations appear to have varied in a statistically significant manner. While this

exemplary embodiment is described in the context of a Student's T-test using a

threshold for the p-values, other statistical hypothesis testing methods known in the

art, namely, methods which choose one hypothesis from among a set of hypotheses

based on observed sample data and a probabilistic model, can be used. Typically, a

binary hypothesis testing method is used. The T-test has at least the benefit of being

well known, especially suited to small sample numbers of samples (i.e., fewer than

25), and can be incorporated as a function in Excel® (Microsoft) spread sheet

software, or server/web based software (see, http://array.lonza.com/gpr/).

[00169] GPR™ provides an experiment-independent score for each DNA

sequence related to the significance of its statistical change. To this end, each time a

significant variation is detected, a hit is recorded for that data DNA sequence. For

each data DNA sequence/qualifier combination an indication is recorded as to

whether the T-test indicated a statistically significant variation between experimental

data and control data (based on the user defined alpha threshold). For each data DNA

sequence, the number of hits identified is added and recorded. In this case, for

example, the DNA sequence may have only one significant hit. That hit may have



occurred at only one DNA sequence qualifier combination. In contrast, for example,

another DNA sequence may have three significant hits recorded for it, which occurred

at three DNA sequence qualifier combinations.

[00170] After recording the hits, GPR™, in one practice, tallies the hits for

each DNA sequence with data in the set against all eligible qualifiers with data in the

set and ranks the DNA sequences in descending order of number of hits. The

experiment-independent DNA sequence score is obtained by dividing the number of

hits for a DNA sequence by the total number of eligible qualifiers. For example, a

gene having 370 hits as "total hits" out of the 372 qualifier genes, will have a score of

about 0.995.

[00171] The DNA sequences with the highest scores have changed most

significantly in the dataset. DNA sequences whose data failed to pass through the

DNA sequence filter are, in one embodiment, assigned - 1 hits and a "N.S." (not

significant) in the score column and are ranked alphabetically at the bottom of the

output.

[00172] The multiple DNA sequence normalization described above makes

no pre-supposition about the constant level of a particular qualifier. After filtering the

data, GPR™ normalizes data from each eligible DNA sequence against data from

every other DNA sequence that is eligible as a qualifier. Since GPR™ considers each

DNA sequence individually, it is not as adversely affected by PCR dropouts. Because

it employs replicate sampling, GPR™ determines significance based on replicate

consistency rather than by the magnitude of fold changes. Thus small fold changes

can be detected.

[00173] Based on the number of hits assigned to each DNA sequence, one

or more "normalizer" can be identified and copy number variations can be determined

(e.g.. as "fold change"). For example, the GPR™ step typically produces a ranked list

of DNA sequences identified as having statistically significant copy number changes.

The rankings are based on the score from the GPR™ step. This ranked list is then

mapped to a measure of the relative abundance of the DNA sequences identified as

having statistically significant copy number changes. The fold change is related to the



multiple of increase or decrease of a particular DNA sequence in the experimental

samples compared to the control samples.

[00174] The fold change may be computed with respect to a "normalizer,"

which is selected from the "qualifiers" described above. For example, DNA

sequences that are in the "10 best" set based on a measure of their reproducibility of

detection across samples can be selected as normalizers. Reproducibility of detection

across samples for a given DNA sequence generally refers to a level of

uniformity/reproducibility of detection results for that DNA sequence when

amplification/detection processes are performed for the DNA sequence for multiple

samples.

[00175] In particular, the method may compare data from each candidate

normalizer DNA sequence with data from each other candidate normalizer DNA

sequence to determine a numerical measure for each candidate normalizer DNA

sequence. The numerical measure is representative of its reproducibility of detection

across samples.

[00176] Once one or more normalizers have been identified, the CNVs

(e.g., as fold change) can be calculated with respect to one or more normalizers.

D. Creating a CNV Profile

[00177] Once the copy number variations of the marker exons have been

determined, an ECNV profile can be created accordingly. The ECNV profile

comprises information of CNVs of the marker exons. The CNV information of a

marker exon includes an increase in copy number, a decrease in copy number, or "no

change" in copy number. A statistical analysis may be performed to determine the

statistical significance of the copy number variation of a marker exon. A statistical

analysis may be performed to determine the statistical significance of the copy

number variation of a marker exon.

[001 78] Preferably, the ECNV profile comprises CNV information of a set

of marker exons, wherein the set comprise at least 3, at least 5, at least 10, at least 15,

at least 20, at least 25, at least 30, at least 35, at least 40, at least 45, at least 50, at



least 60, at least 70, at least 80, at least 90, at least 100, at least 110, at least 120, at

least 130, at least 140, at least 150 exons.

[001 79] Alternatively or in addition, a predetermined "fold change"

threshold may also be used to filter the ECNV data, such that the profile identifies

exons whose copy number variations are above or below a specific fold change value

(e.g., at least about 1.2 fold, at least about 1.3 fold, at least about 1.4 fold, at least

about 1.5 fold, at least about 1.6 fold, at least about 1.7 fold, at least about 1.8 fold, at

least about 1.9 fold, at least about 2 fold, at least about 2.5 fold, at least about 3 fold,

at least about 4 fold, or at least about 5 fold increase or decrease in copy number as

compared to a control).

[00180] CNV profiles of marker genes or marker loci can be similarly

created and used to determine disease risk of a subject.

4. METHOD OF DETERMINING DISEASE RISK USING CNV PROFILES

[00181] In another aspect, the invention provides a method of determining

disease risk in a subject, comprising: (i) creating or providing an ECNV profile of the

subject using the method as described herein; and (ii) determining the degree of

similarity between the ECNV profile of (i) and one or more reference profiles. The

degree of similarity is used to determine the disease risk in the subject (e.g., the onset,

progression, severity, or treatment outcome of the disease), and may be expressed

e.g., as percent probability of developing a disease. When a subject understands the

disease risk, appropriate recommendations can be made to reduce the risk. The

recommendations may be a treatment regimen to delay or prevent disease onset or

reduce the severity of disease, an exercise regimen, a dietary regimen, or activities

that eliminate or reduce environmental risks for the disease.

[00182] The reference profile is an ECNV profile comprising ECNV

information of one or more exons of the marker genes (e.g., a set of marker exons),

and the reference profile has a known correlation with the presence or the absence of

the disease, or with the onset, progression, severity, or treatment outcome of the

disease. Preferably, the reference profile comprises CNV information of a set of

marker exons, wherein the set comprise at least 3, at least 5, at least 10, at least 15, at



least 20, at least 25, at least 30, at (east 35, at feast 40, at least 45, at least 50, at least

60, at least 70, at least 80, at least 90, at least 100, at least 110, at least 120, at least

130, at least 140, at least 150 exons. The set of marker exons of the reference profile

do not need to be identical to the set of marker exons that are used to create ECNV

profile of the subject whose disease risk is being assessed.

[00183] In certain embodiments, a profile database having a plurality of

reference profiles are used. For example, the database may have ECNV profiles of

healthy subjects, as we!! as ECNV profiles from subjects who have been diagnosed

with the disease. In addition, the disease may be further classified according to the

onset, severity, stage, phenotype, treatment outcome, etc. of the disease. Certain

characteristics that are representative of a particular disease state may be identified

and linked to a representative ECNV profile (e.g., by creating an ECNV from the

genomic DNA of a subject who has these characteristics). Optionally, a reference

profile that is most similar to the subject's profile may be identified to further

characterize the disease risk in the subject.

[00184] For example, classification of colorectal cancer typically includes

parameters such as type, stage, location, severity, and onset. Several classification

systems have been devised to stage the extent of colorectal cancer, including the

Dukes' system and the more detailed International Union against Cancer-American

Joint Committee on Cancer TNM staging system, which is considered by many in the

field to be a more useful staging system (Walter J . Burdette, Cancer: Etiology,

Diagnosis, and Treatment (1998)).

[00185] The TNM system, which is used for either clinical or pathological

staging, is divided into four stages, each of which evaluates the extent of cancer

growth with respect to primary tumor (T), regional lymph nodes (N), and distant

metastasis (M) (Ajcc Cancer Staging Manual, Irvin D. Fleming et al. eds., 5th ed.

1998). The system focuses on the extent of tumor invasion into the intestinal wall,

invasion of adjacent structures, the number of regional lymph nodes that have been

affected, and whether distant metastasis has occurred.



[00186] T categories describe the extent of spread through the layers that

form the wall of the colon and rectum. Tx means no description of the tumor's extent

is possible because of incomplete information. Tis means the cancer is in the earliest

stage (in situ). It involves only the mucosa, and has not grown beyond the muscularis

mucosa (inner muscle layer). T l means the cancer has grown through the muscularis

mucosa and extends into the submucosa. T2 means the cancer has grown through the

submucosa and extends into the muscularis propria (thick outer muscle layer). T3

means the cancer has grown through the muscularis propria and into the outermost

layers of the colon or rectum but not through them, but has not reached any nearby

organs or tissues. T4a means the cancer has grown through the serosa (also known as

the visceral peritoneum), the outermost lining of the intestines. T4b means the cancer

has grown through the wall of the colon or rectum and is attached to or invades into

nearby tissues or organs.

[00187] N categories indicate whether or not the cancer has spread to

nearby lymph nodes and, if so, how many lymph nodes are involved. Nx means no

description of lymph node involvement is possible because of incomplete

information. N O means no cancer in nearby lymph nodes. NIa means cancer cells

are found in 1 nearby lymph node. NIb means cancer cells are found in 2 to 3 nearby

lymph nodes. NIc means small deposits of cancer cells are found in areas of fat near

lymph nodes, but not in the lymph nodes themselves. N2a means cancer cells are

found in 4 to 6 nearby lymph nodes. N2b means cancer cells are found in 7 or more

nearby lymph nodes.

[001 88J M categories indicate whether or not the cancer has spread

(metastasized) to distant organs, such as the liver, lungs, or distant lymph nodes. M O

means no distant spread is seen. MIa means the cancer has spread to 1 distant organ

or set of distant lymph nodes. MIb means the cancer has spread to more than 1

distant organ or set of distant lymph nodes, or it has spread to distant parts of the

peritoneum (the lining of the abdominal cavity).

[00189] Once a person's T, N, and M categories have been determined, this

information is combined in a process called "stage grouping." Stage 0 (Tis, NO, MO)

means the cancer is in the earliest stage. It has not grown beyond the inner layer



(mucosa) of the colon or rectum. This stage is aiso known as carcinoma in situ or

intramucosal carcinoma. Stage I (T1-T2, NO, MO) means the cancer has grown

through the muscularis mucosa into the submucosa (Tl) or it may also have grown

into the muscularis propria (T2); it has not spread to nearby lymph nodes or distant

sites. Stage HA (T3, NO, MO) means the cancer has grown into the outermost layers

of the colon or rectum but has not gone through them. It has not reached nearby

organs; it has not yet spread to the nearby lymph nodes or distant sites. Stage DB

(T4a, NO, MO) means the cancer has grown through the wall of the colon or rectum

but has not grown into other nearby tissues or organs. It has not yet spread to the

nearby lymph nodes or distant sites. Stage HC (T4b, NO, MO) means the cancer has

grown through the wall of the colon or rectum and is attached to or has grown into

other nearby tissues or organs; it has not yet spread to the nearby lymph nodes or

distant sites. Stage IHA (Tl -T2, Nl, MO) means the cancer has grown through the

mucosa into the submucosa (Tl) or it may also have grown into the muscularis

propria (T2). It has spread to 1 to 3 nearby lymph nodes (Nla/Nlb) or into areas of fat

near the lymph nodes but not the nodes themselves (NIc). It has not spread to distant

sites. Stage IIIA (Tl, N2a, MO) means the cancer has grown through the mucosa into

the submucosa. It has spread to 4 to 6 nearby lymph nodes. It has not spread to distant

sites. Stage IHB (T3-T4a, Nl, MO) means the cancer has grown into the outermost

layers of the colon or rectum (T3) or through the visceral peritoneum (T4a) but has

not reached nearby organs. It has spread to 1 to 3 nearby lymph nodes (Nla/Nlb) or

into areas of fat near the lymph nodes but not the nodes themselves (NIc). It has not

spread to distant sites. Stage IIIB (T2-T3, N2a, MO) means the cancer has grown into

the muscularis propria (T2) or into the outermost layers of the colon or rectum (T3).

It has spread to 4 to 6 nearby lymph nodes. It has not spread to distant sites. Stage

IIIB (T1-T2, N2b, MO) means the cancer has grown through the mucosa into the

submucosa (Tl ) or it may also have grown into the muscularis propria (T2). It has

spread to 7 or more nearby lymph nodes. It has not spread to distant sites. Stage HIC

(T4a, N2a, MO) means the cancer has grown through the wall of the colon or rectum

(including the visceral peritoneum) but has not reached nearby organs. It has spread

to 4 to 6 nearby lymph nodes. It has not spread to distant sites. Stage IIIC (T3-T4a,

N2b, MO) means the cancer has grown into the outermost layers of the colon or



rectum (T3) or through the visceral peritoneum (T4a) but has not reached nearby

organs. It has spread to 7 or more nearby lymph nodes. It has not spread to distant

sites. Stage IHC (T4b, N1-N2, MO) means the cancer has grown through the wall of

the colon or rectum and is attached to or has grown into other nearby tissues or

organs. It has spread to 1 or more nearby lymph nodes or into areas of fat near the

lymph nodes. It has not spread to distant sites. Stage IVA (any T, Any N, MIa)

means the cancer may or may not have grown through the wall of the colon or rectum,

and it may or may not have spread to nearby lymph nodes. It has spread to 1 distant

organ (such as the liver or lung) or set of lymph nodes. Stage IVB (any T, Any N,

MIb) means the cancer may or may not have grown through the wall of the colon or

rectum, and it may or may not have spread to nearby lymph nodes. It has spread to

more than 1 distant organ (such as the liver or lung) or set of lymph nodes, or it has

spread to distant parts of the peritoneum (the lining of the abdominal cavity).

[00190] The Dukes staging system provides four CRC classifications:

Dukes A (invasion into but not through the bowel wall); Dukes B (invasion through

the bowel wall but not involving lymph nodes); Dukes C (involvement of lymph

nodes); and Dukes D (widespread metastases).

[00191] The Astler and Coller staging system provides the following CRC

classifications: Stage A (limited to mucosa); Stage B l (extending into muscularis

propria but not penetrating through it; nodes not involved); Stage B2 (penetrating

through muscularis propria; nodes not involved); Stage Cl (extending into muscularis

propria but not penetrating through it; nodes involved); Stage C2 (penetrating through

muscularis propria, nodes involved) and Stage D (distant metastatic spread).

[00192] Accordingly, reference ECNV profiles may be created using

genomic DNA samples of CRC patients in which the onset, progression, or severity of

CRC has been classified, for example, using one of the staging system described

above.

[00193] Reference ECNV profiles of other diseases (such as autoimmune

diseases and neurological diseases) can be similarly created according to ECNV

profiles of subject whose disease stage/disease classification is known. For example,



Alzheimer ' s Disease can be classified as follows: Stage 1 (no impairment); Stage 2

(very mild decline); Stage 3 (mild decline); Stage 4: (moderate decline; mild or early

stage); Stage 5 : moderately severe decline; moderate or mid-stage); Stage 6 : severe

decline; moderately severe or mid-stage); and Stage 7 : very severe decline; severe or

late stage).

[00194] In addition, it is possible that the ECNV profiles from different

patients are different even though the patients have the same classification. In that

case, "landmark" reference profiles that are particularly representative of a particular

stage or classification may be created from a pool of ECNV profiles. The landmark

reference profiles may comprise, e.g., exons that appear with high frequencies across

different individual profiles. The landmark reference profiles may also combine

exons from two or more individual profiles.

[00195] The disease risk in a subject (e.g., the onset, progression, severity,

or treatment outcome of the disease) is assessed according to the degree of similarity

between the subject and one or more reference profiles. The disease risk may be

expressed e.g., as percent probability of developing a disease based on similarity

score.

[00196] Once the assessment of disease risk is made, appropriate

recommendations can be made according to the assessment. For example, in the case

of a strong correlation between an ECNV profile and a high risk for a particular

disease, detection of the ECNV profile may justify a suitable treatment regimen (e.g.,

therapeutic treatment or preventative treatment), or at least the institution of regular

monitoring. In the case of a weaker, but still statistically significant correlation

between an ECNV profile and a high risk for a particular disease, immediate

therapeutic intervention or monitoring may not be justified. Nevertheless, the subject

can be motivated to begin simple life-style changes (e.g., a diet regimen, an exercise

regimen, or activities that eliminate or reduce environmental risks for the disease) that

can be accomplished at little cost to the subject but confer potential benefits in

reducing the risk of conditions to which the subject may have increased susceptibility.



[001 97] Reference profiles comprising CNV information of marker genes

or marker loci can be similarly created and used to determine disease risk of a subject.

5. KITS

[00198] In another aspect, the invention provides kits for disease risk

assessment as described herein. The kits generally include reagents and instructions

and optionally controls for performing the method as described herein. For example,

the kits can include polynucleotide primers that selectively hybridize to marker exons,

marker genes, or marker loci (such as primer pairs to perform the amplification

reactions to determine copy number variations in comparison to a control). For

example, a kit can contain any one or more primer sets forth in Tables 2-5, and

optionally ancillary reagents. The kit can include suitable controls to be used as

standards and/or instruction for preparing standard curves for the same purpose.

6. COLORECTAL CANCER RISK ASSESSMENT

[00199] In another aspect, the invention provides a method of generating an

ECNV profile of a subject that is informative of colorectal cancer risk, comprising: (a)

providing a genomic DNA sample obtained from the subject; (b) determining the

copy number variations of a set of marker exons in the genomic DNA sample by

comparing the copy number of each of the marker exons in the genomic DNA sample

with the copy number of the corresponding exon in a control, wherein the set of

marker exons comprise at least one exon from each of the marker genes listed in

Table 1; (c) creating an ECNV profile based on the copy number variations of the set

of marker exons. The ECNV profile is informative of the onset, progression, severity,

or treatment outcome of colorectal cancer in the subject.

[00200] Using the method as described herein, the inventor has identified

marker genes and marker exons that can be used to assess an individual's risk for

colorectal cancer. In particular. Table 1 provides 25 marker genes (the sequences of

which are incorporated by reference) that are believed to be associated with CRC,

These 25 marker genes were selected based on published sequence, structural, or

functional studies that indicate a potential link between the genes and CRC risk.

Particularly interesting marker genes were those that had been identified as being



associated with CRC by genome-wide association studies (GWAS) but with no

known mutations that account for the CRC risk.

Table ] Colorectal Cancer Marker Genes

[00201] In another aspect, the invention provides a method of determining

colorectal cancer risk in a subject, comprising: (i) creating or providing an ECNV

profile of the subject according to the method as described herein; (ii) determining the

degree of similarity between the ECNV profile of (i) and one or more reference

profiles. The degree of similarity is used to determine risk of CRC in the subject

(e.g., the onset, progression, severity, or treatment outcome of CRC), and may be

expressed e.g., as percent probability of developing CRC.

[00202] In certain embodiments, the set of marker exons used to create a

subject's ECNV profile comprise at least one exon from each of the marker genes

listed in Table 1.



[00203] In certain embodiments, the set of marker exons comprise the

following exons: CTNNBl exon 0 1.1, SCEL exon 01, SLAINl exon 01, MSH2 exon

13.1, SMAD4 exon 09, MTOR exon 15.1, and MUTYH exon 09. 1.

[00204] In certain embodiments, a decrease of the copy numbers of one or

more exons selected from: CTNNBl exon 0 1.1, SCEL exon 01, SLAINl exon 01,

MSH2 exon 13.1, SMAD4 exon 09, MTOR exon 15.1, or MUTYH exon 09. 1 is

indicative of an increased risk of developing metastatic colorectal cancer, or having

an early onset of colorectal cancer in the subject.

[00205] In certain embodiments, the set of marker exons comprise the

following exons: PPP2R1A exon 06.1, PMS2 exon 13.1, PPP2R IA exon 04.1,

CTNNBl exon 13.1, MSH6 exon 08.1, MTOR exon 10.1, PPP2R1A exon 07.2,

PMS2 exon 14.2, MLHl exon 08.1, DCC exon 09.1, MLHl exon 0 1.2, IRGl exon

05, KRAS exon 04.2, MUTYH exon 03.2, STKl 1 exon 02, APC exon 04.2, MSH2

exon 12.2, PPP2R1A exon 05.2, APC exon 10.2, MTOR exon 48.2, MTOR exon

50.1, MLHl exon 15.1, PMS2 exon 04.1, PMS2 exon 06.2, and MTOR exon 06.2.

[00206] In certain embodiments, an increase of the copy numbers of one or

more exons selected from PPP2R1A exon 06.1, PMS2 exon 13.1 , PPP2R1A exon

04.1, CTNNBl exon 13.1, MSH6 exon 08.1, MTOR exon 10.1, PPP2R1 A exon 07.2,

PMS2 exon 14.2, MLHl exon 08.1, DCC exon 09.1, MLHl exon 0 1.2, IRGl exon

05, KRAS exon 04.2, MUTYH exon 03.2, STKl 1 exon 02, APC exon 04.2, MSH2

exon 12.2, PPP2R1 A exon 05.2, APC exon 10.2, MTOR exon 48.2, MTOR exon

50.1, MLHl exon 15.1, PMS2 exon 04.1 , PMS2 exon 06.2, or MTOR exon 06.2 is

indicative of an increased risk of developing non-metastatic colorectal cancer in the

subject.

[00207] In certain embodiments, the set of marker exons comprise the

following exons: CTNNBl exon 0 1.1, SCEL exon 01, SLAINl exon 01, MSH2 exon

13.1 , MUT YHexon 10.2, SMAD4 exon 09, MTOR exon 15.1, MUTYH exon 09.1,

PPP2R 1A exon 06.1, PMS2 exon 13.1, PPP2R 1A exon 04. 1, CTNNB 1 exon 13. 1,

MSH6 exon 08.1, MTOR exon 10. 1, PPP2R1A exon 07.2, PMS2 exon 14.2, MLHl

exon 08.1, DCC exon 09.1, MLHl exon 01.2, IRGl exon 05, KRAS exon 04.2,



MUTYH exon 03.2, STKl 1 exon 02, APC exon 04,2, MSH2 exon 12.2, PPP2R1 A

exon 05.2, APC exon 10.2, MTOR exon 48.2, MTOR exon 50.1, MLHl exon 15.1,

PMS2 exon 04. 1, PMS2 exon 06.2, MTOR exon 06.2., PPP2R1A exon 08.2, PIK3CA

exon 04, SMAD4 exon 10, FBXL3 exon 02, BMPRlA exon 04, PMS2 exon 15.2,

MTOR exon 03.1, TP53 exon 04.2, SMAD4 exon 02, and MYCBP2 exon 84.

[00208] In certain embodiments, the set of marker exons comprise the

exons listed in Table 2.

[00209] The reference profile is an ECNV profile comprising ECNV

information of one or more exons of the marker genes (e.g., a set of marker exons),

and the reference profile has a known correlation with the presence or the absence of

CRC, or with the onset, progression, severity, or treatment outcome of CRC (e.g., or a

particular classification of CRC). The classification of CRC stages is described

above. Preferably, the reference profile comprises CNV information of a set of

marker exons, wherein the set comprise at least 3, at least 5, at least 10, at least 15, at

least 20, at least 25, at least 30, at least 35, at least 40, at least 45, at least 50, at least

60, at least 70, at least 80, at least 90, at least 100, at least 110, at least 120, at least

130, at least 140, at least 150 exons.

[00210] A profile database having a plurality of reference profiles may be

used. The database may have a collection of ECNV profiles that are representative of

the presence or absence of CRC, or a particular stage of CRC, as well as ECNV

profiles that correlate with other characteristics of CRC, such as onset, progression,

severity, or treatment outcome of CRC. Optionally, a reference profile that is most

similar to the subject's profile may be identified to further characterize the risk of

CRC in the subject.

[00211] In another aspect, the invention provides a kit for generating an

ECNV profile of a subject that is informative of colorectal cancer risk, comprising: (a)

a set of polynucleotide primers for detecting the copy numbers of a set of marker

exons in the genomic DNA of the subject, wherein the set of marker exons comprise

at least one exon from each of the genes listed in Table 1, and wherein for each

marker exon, at least one primer selectively hybridizes to the exon; and (b)



instructions for creating an ECNV profile of the genomic DNA of the subject

according to method described herein.

[002 12 j In certain embodiments, the kit comprises polynucleotide primers

for detecting the copy numbers of the following marker exons: CTNNB 1 exon 0 1.1,

SCEL exon 01, SLAINl exon 01, MSH2 exon 13.1, MUTYHexon 10.2, SMAD4

exon 09, MTOR exon 15.1 , MUTYH exon 09. 1, PPP2R1 A exon 06. 1, PMS2 exon

13. 1, PPP2RlA exon 04.1, CTNNBl exon 13.1, MSH6 exon 08.1, MTOR exon 10.1,

PPP2R1A exon 07.2, PMS2 exon 14.2, MLHl exon 08.1, DCC exon 09. 1, MLHl

exon 0 1.2, IRGl exon 05, KRAS exon 04.2, MUTYH exon 03.2, STKl 1 exon 02,

APC exon 04.2, MSH2 exon 12.2, PPP2R1 A exon 05.2, APC exon 10.2, MTOR exon

48.2, MTOR exon 50.1, MLHl exon 15.1 , PMS2 exon 04.1 , PMS2 exon 06.2, MTOR

exon 06.2., PPP2R1A exon 08.2, PIK3CA exon 04, SMAD4 exon 10, FBXL3 exon

02, BMPRl A exon 04, PMS2 exon 15.2, MTOR exon 03.1, TP53 exon 04.2, SMAD4

exon 02, and MYCBP2 exon 84.

{00213] In certain embodiments, the kit comprises polynucleotide primers

for detecting the copy numbers of the marker exons listed in Table 2. In certain

embodiments, the kit comprises polynucleotide primers listed in Table 2 .

7. AUTOIMMUNE DISEASES RISK ASSESSMENT

J00214] In another aspect, the invention provides a method of generating an

ECNV profile of a subject that is informative of autoimmune disease risk, comprising:

(a) providing a genomic DNA sample obtained from the subject; (b) determining the

copy number variations of a set of marker exons in the genomic DNA sample by

comparing the copy number of each of the marker exons in the genomic DNA sample

with the copy number of the corresponding exon in a control, wherein the set of

marker exons comprise at least one exon from each of the following marker genes:

Midi, Mid2, and PPP2R1 A; (c) creating an ECNV profile based on the copy number

variations of the set of marker exons. The ECNV profile is informative of the onset,

progression, severity, or treatment outcome of autoimmune disease in the subject.

[002151 Using the method as described herein, the inventor has identified

marker genes and marker exons that can be used to assess an individual's risk for



autoimmune disease. In particular, Mid! (NCBI Entrez Gene ID 173 18), Mid2

(NCBI Entrez Gene ID 23947), and PPP2R1 A (NCBI Entrez Gene ID 5518), the

sequences of which are incorporated by reference, are identified as marker genes that

are associated with Systemic lupus erythematosus (SLE or lupus).

[00216] In another aspect, the invention provides a method of determining

autoimmune risk in a subject, comprising: (i) creating or providing an ECNV profile

of the subject according to the method as described herein; (ii) determining the degree

of similarity between the ECNV profile of (i) and one or more reference profiles. The

degree of similarity is used to determine risk of autoimmune disease in the subject

(e.g., the onset, progression, severity, or treatment outcome of autoimmune disease),

and may be expressed e.g., as percent probability of developing autoimmune disease.

[00217] In certain embodiments, the set of marker exons used to create

subject's ECNV profile comprise at least one exon from each of the following marker

genes: Midi , Mid2, and PPP2R1A.

[00218] In certain embodiments, the set of marker exons comprise the

following exons: Midi exon 2, Midi exon 4, Midi exon 8, and Midi exon 9 .

[00219] In certain embodiments, the set of marker exons comprise the

following exons: PPP2R1A exon 15.1 , PPP2R1 A exon 10. 1, PPP2R1A exon 06.1 ,

PPP2R1A exon 0 1 .2, PPP2R1 A exon 09.2, PPP2R1 A exon 11.1, PPP2R1A exon

07.2, MID2 exon 05.2, MIDI exon 07.1, MIDI 0 1.2, and MID2 exon 02.1 .

[00220] In certain embodiments, the set of marker exons comprise the

following exons: PPP2R1A exon 01.2, PPP2R1A exon 08.R, PPP2R1A exon 09.2,

PPP2RlA exon 10.1, PPP2RlA exon 11.1, PPP2RlA exon 07.2, MIDI exon 03.1,

MIDI exon 02A.1, MID2 exon 03.1 , MID2 exon 02.1, and MID2 exon 07.2.

[00221] In certain embodiments, the set of marker exons comprise the

following exons: PPP2R1A exon 0 1.2, PPP2R1 A exon 05.2, PPP2RlA exon 10. 1,

PPP2R1A exon 15.1 , PPP2R1 A exon 03.2, PPP2R1A exon 06.1, PPP2R1A exon

08.R. PPP2R1A exon 11. 1 , PPP2R1A exon 07.2, PPP2R1A exon 09.2, MIDI exon

09.2, MIDI exon 03.1, MIDI exon 04.1 , and MIDI exon 02A.1.



[00222] In certain embodiments, the set of marker exons comprise the

following exons: PPP2R1 A exon 12.2, PPP2R1 A exon 0 1.2, PPP2R1A exon 06.1,

MIDI exon 06.2, MIDI exon 02A.1 MID2 exon 02.1, and MID2 exon 07.2.

[00223] In certain embodiments, the set of marker exons comprise the

exons listed in Table 3.

[00224] In another aspect, the invention provides a kit for generating an

ECNV profile of a subject that is informative of autoimmune disease, comprising: (a)

a set of polynucleotide primers for detecting the copy numbers of a set of marker

exons in the genomic DNA of said subject, wherein said set of marker exons comprise

at least one exon from each of the following marker genes: Midi , Mid2, and

PPP2R1 A, and wherein for each marker exon, at least one primer selectively

hybridizes to said exon; and (b) instructions for creating an ECNV profile of the

genomic DNA of the subject according to method described herein.

[00225] In certain embodiments, the kit comprises polynucleotide primers

for detecting the copy numbers of the marker exons listed in Table 3. In certain

embodiments, the kit comprises polynucleotide primers listed in Table 3 .

[00226] In another aspect, the invention provides a method of generating an

ECNV profile of a subject that is informative of autoimmune disease risk, comprising:

(a) providing a genomic DNA sample obtained from the subject; (b) determining the

copy number variations of a set of marker exons in the genomic DNA sample by

comparing the copy number of each of the marker exons in the genomic DNA sample

with the copy number of the corresponding exon in a control, wherein the set of

marker exons comprise at least one exon from each of the following marker genes:

ATGl 6Ll, CYLD, IL23R, NOD2, and SNX20; (c) creating an ECNV profile based

on the copy number variations of the set of marker exons. The ECNV profile is

informative of the onset, progression, severity, or treatment outcome of autoimmune

disease in the subject.

[00227] Using the method as described herein, the inventor has identified

marker genes and marker exons that can be used to assess an individual's risk for

autoimmune disease. In particular, ATG 16Ll (NCBI Entrez Gene ID 55054), CYLD



(NCBI Entrez Gene ID 1540), IL23R (NCBI Entrez Gene ID 149233), NOD2 (NCBI

Entrez Gene ID 64127), and SNX20 (NCBI Entrez Gene ID 124460), the sequences

of which are incorporated by reference, are identified as marker genes that are

associated with Crohn's disease.

[00228] In another aspect, the invention provides a method of determining

autoimmune risk in a subject, comprising: (i) creating or providing an ECNV profile

of the subject according to the method as described herein; (ii) determining the degree

of similarity between the ECNV profile of (i) and one or more reference profiles. The

degree of similarity is used to determine risk of autoimmune disease in the subject

(e.g., the onset, progression, severity, or treatment outcome of autoimmune disease),

and may be expressed e.g., as percent probability of developing autoimmune disease.

[00229] In certain embodiments, the marker gene also comprises Midi ,

Mid2, and PPP2RlA.

[00230] In certain embodiments, the set of marker exons used to create

subject's ECNV profile comprise at least one exon from each of the following marker

genes: ATG 16Ll, CYLD, IL23R, NOD2, and SNX20.

[00231] In certain embodiments, the set of marker exons comprise the

following exons: ATG16L1 exon 02.1, SNX20 exon 02. 1, CYLD exon 03.2, SNX20

exon 03.1, SNX20 exon 04.2, and CYLD exon 02.1.

[00232] In certain embodiments, the set of marker exons comprise the

following exons: PPP2R1A exon 12.2, PPP2R1A exon 04. 1, SNX20 exon 02.1,

ATG 16L 1 exon 02 .1, MID 1 exon 02A. 1, NOD2 exon 01.1, SNX20 exon 03.1, CYLD

exon 03.2, and SNX20 exon 04.2.

[00233] In certain embodiments, the set of marker exons comprise the

following exons: ATG 16Ll exon 02.1, SNX20 exon 02.1, CYLD exon 03.2, NOD2

exon 0 1 . 1 , SNX20 exon 03.1, SNX20 exon 04.2, and CYLD exon 02.1 .

[00234] In certain embodiments, the set of marker exons comprise the

following exons: PPP2R1A exon 01.2, PPP2R1 A exon 06.1, PPP2R1 A exon 09.2,



PPP2R1 A exon 08.R, PPP2R2A exon 07.2, NOD2 exon 11.1, MIDI exon 02A.1,

MID2 exon 02.1, ATG16L1 exon 02.1, SNX20 exon 02.1, MΪD2 exon 07.2, CYLD

exon 03.2, SNX20 exon 04.2, NOD2 exon 01.1, SNX20 exon 03.1, and CYLD exon

02.1 .

[00235] In certain embodiments, the set of marker exons comprise the

following exons: CYLD exon 03.2, SNX20 exon 02.1, SNX20 exon 04.2, SNX20

exon 03. 1, and CYLD exon 02. 1.

[00236] In certain embodiments, the set of marker exons comprise the

following exons: SNX20 exon 03.1, CYLD exon 02.1, and SNX20 exon 04.2.

[00237] In another aspect, the invention provides a kit for generating an

ECNV profile of a subject that is informative of autoimmune disease, comprising: (a)

a set of polynucleotide primers for detecting the copy numbers of a set of marker

exons in the genomic DNA of said subject, wherein said set of marker exons comprise

at least one exon from each of the following marker genes: ATG16L1, CYLD, IL23R,

NOD2, and SNX20, and wherein for each marker exon, at least one primer selectively

hybridizes to said exon; and (b) instructions for creating an ECNV profile of the

genomic DNA of the subject according to method described herein. In certain

embodiments, the marker gene also comprises Midi, Mid2, and PPP2R1A.

[00238] In certain embodiments, the kit comprises polynucleotide primers

for detecting the copy numbers of the marker exons listed in Table 4. In certain

embodiments, the kit comprises polynucleotide primers listed in Table 4 .

[00239] The reference profile is an ECNV profile comprising ECNV

information of one or more exons of the marker genes (e.g., a set of marker exons),

and the reference profile has a known correlation with the presence or the absence of

the autoimmune disease (such as SLE or Crohn's disease), or with the onset,

progression, severity, or treatment outcome of the autoimmune disease. Preferably,

the reference profile comprises CNV information of a set of marker exons, wherein

the set comprise at least 3, at least 5, at least 10, at least 15, at least 20, at least 25, at

least 30, at least 35, at least 40, at least 45, at least 50, at least 60, at least 70, at least



80, at least 90, at least 100, at least 110, at least 120, at least 130, at least 140, at least

150 exons.

[00240] A profile database having a plurality of reference profiles may be

used. Optionally, a reference profile that is most similar to the subject's profile may

be identified to further characterize the risk of autoimmune disease in the subject.

[00241] The methods and kits described herein can be used to assessing risk

for an autoimmune disease. The autoimmune disease can be, for example, a B-cell

mediated disease or a T-cell mediated disease. Autoimmune disease, and the

pathological mechanisms underlying many such diseases, are known in the art and

include, skin diseases such as psoriasis and dermatitis (e.g., atopic dermatitis);

systemic scleroderma and sclerosis; inflammatory bowel disease (e.g., Crohn's disease

and ulcerative colitis); respiratory distress syndrome (including adult respiratory

distress syndrome; ARDS); dermatitis; meningitis; encephalitis; uveitis; colitis;

glomerulonephritis; allergic conditions such as eczema and asthma and other

conditions involving infiltration of T cells and chronic inflammatory responses;

atherosclerosis; leukocyte adhesion deficiency; rheumatoid arthritis; systemic lupus

erythematosus (SLE); diabetes mellitus (e.g. Type 1 diabetes mellitus or insulin

dependent diabetes mellitis); multiple sclerosis; Reynaud's syndrome; autoimmune

thyroiditis; allergic encephalomyelitis; Sjorgen's syndrome; juvenile onset diabetes;

and immune responses associated with acute and delayed hypersensitivity mediated

by cytokines and T-lymphocytes typically found in tuberculosis, sarcoidosis,

polymyositis, granulomatosis and vasculitis; pernicious anemia (Addison's disease);

diseases involving leukocyte diapedesis; central nervous system (CNS) inflammatory

disorder; multiple organ injury syndrome; hemolytic anemia (including, but not

limited to cryoglobinemia or Coombs positive anemia); myasthenia gravis; antigen-

antibody complex mediated diseases; anti-glomerular basement membrane disease;

antiphospholipid syndrome; allergic neuritis; Graves' disease; Lambert-Eaton

myasthenic syndrome; pemphigoid bullous; pemphigus; autoimmune

polyendocrinopathies; Reiter's disease; stiff-man syndrome; Behcet disease; giant cell

arteritis; immune complex nephritis; IgA nephropathy; IgM polyneuropathies;

immune thrombocytopenic purpura (ITP) or autoimmune thrombocytopenia etc.



8. NEUROLOGICAL DISEASES RISK ASSESSMENT

[00242] In another aspect, the invention provides a method of generating an

ECNV profile of a subject that is informative of neurological disease risk, comprising:

(a) providing a genomic DNA sample obtained from the subject; (b) determining the

copy number variations of a set of marker exons in the genomic DNA sample by

comparing the copy number of each of the marker exons in the genomic DNA sample

with the copy number of the corresponding exon in a control, wherein the set of

marker exons comprise at least one exon from each of the following marker genes:

APOE, APP, PSENl, PSEN2, and PSENEN; (c) creating an ECNV profile based on

the copy number variations of the set of marker exons. The ECNV profile is

informative of the onset, progression, severity, or treatment outcome of neurological

disease in the subject.

Using the method as described herein, the inventor has identified marker genes

and marker exons that can be used to assess an individual's risk for neurological

disease. In particular, APOE (NCBI Entrez Gene ID 348), APP (NCBI Entrez Gene

ID 351), PSENl (NCBI Entrez Gene ID 5663), PSEN2 (NCBI Entrez Gene ID 5664),

and PSENEN (NCBI Entrez Gene ID 55851), the sequences of which are

incorporated by reference, are identified as marker genes that are associated with

Alzheimer's disease.

[00243 J In another aspect, the invention provides a method of determining

autoimmune risk in a subject, comprising: (i) creating or providing an ECNV profile

of the subject according to the method as described herein; (ii) determining the degree

of similarity between the ECNV profile of (i) and one or more reference profiles. The

degree of similarity is used to determine risk of neurological disease in the subject

(e.g., the onset, progression, severity, or treatment outcome of neurological disease),

and may be expressed e.g., as percent probability of developing neurological disease.

[00244] In certain embodiments, the set of marker exons used to create

subject's ECNV profile comprise at least one exon from each of the following marker

genes: APOE, APP, PSENl, PSEN2, and PSENEN.



[00245] In certain embodiments, the set of marker exons comprise the

following exons: APOE exon 02.1, PSEN exon 06.1, and PSEN exon 03.2.

[00246] The reference profile is an ECNV profile comprising ECNV

information of one or more exons of the marker genes (e.g., a set of marker exons),

and the reference profile has a known correlation with the presence or the absence of

the neurological disease (such as Alzheimer's disease), or with the onset, progression,

severity, or treatment outcome of the neurological disease. Preferably, the reference

profile comprises CNV information of a set of marker exons, wherein the set

comprise at least 3, at least 5, at least 10, at least 15, at least 20, at least 25, at least 30,

at least 35, at least 40, at least 45, at least 50, at least 60, at least 70, at least 80, at

least 90, at least 100, at least 110, at least 120, at least 130, at least 140, at least 150

exons.

[00247] A profile database having a plurality of reference profiles may be

used. Optionally, a reference profile that is most similar to the subject's profile may

be identified to further characterize the risk of neurological disease in the subject.

[00248] In another aspect, the invention provides a kit for generating an

ECNV profile of a subject that is informative of neurological disease, comprising: (a)

a set of polynucleotide primers for detecting the copy numbers of a set of marker

exons in the genomic DNA of said subject, wherein said set of marker exons comprise

at least one exon from each of the following marker genes: APOE, APP, PSENl,

PSEN2, and PSENEN, and wherein for each marker exon, at least one primer

selectively hybridizes to said exon; and (b) instructions for creating an ECNV profile

of the genomic DNA of the subject according to method described herein.

[00249] In certain embodiments, the kit comprises polynucleotide primers

for detecting the copy numbers of the marker exons listed in Table 5. In certain

embodiments, the kit comprises polynucleotide primers listed in Table 5.

[0025Oj The methods described herein can be used to assess the risk of a

neurological disease (e.g., a neurodegenerative disorder or disturbance) in a subject.



[00251] Neurological diseases are a large group of diseases characterized

by changes in normal neuronal function, leading in the majority of cases to neuronal

dysfunction and even cell death. Generally, neurological diseases affect the central

nervous system (e.g., brain, brainstem and cerebellum), the peripheral nervous system

(peripheral nerves including cranial nerves) and/or the autonomic nervous system

(parts of which are located in both central and peripheral nervous system).

Neurological diseases include, for example, neurodegenerative disorders (e.g.,

Parkinson's disease or Alzheimer's disease), behavioral disorders or neuro-psychiatric

disorders (e.g., bipolar affective disorder or unipolar affective disorder or

schizophrenia) and myelin-related disorders (e.g., multiple sclerosis).

[00252] Neurological diseases for which disease risk can be determined

using the method of the invention include, for example, Alzheimer's disease;

Parkinson's disease; motor neuron diseases such as amyotrophic lateral sclerosis

(ALS), Huntington's disease and syringomyelia; ataxias, dementias; chorea; dystonia;

dyslinesia; encephalomyelopathy; parenchymatous cerebellar degeneration; Kennedy

disease; Down syndrome; progressive supernuclear palsy; DRPLA, stroke or other

ischemic injuries; thoracic outlet syndrome, trauma; electrical brain injuries;

decompression brain injuries; AIDS dementia; multiple sclerosis; epilepsy;

concussive or penetrating injuries of the brain or spinal cord; peripheral neuropathy;

brain injuries due to exposure of military hazards such as blast over-pressure, ionizing

radiation, and genetic neurological conditions. A "genetic neurological condition"

refers to a neurological condition, or a predisposition to it, that is caused at least in

part by or correlated with a specific gene or mutation within that gene; for example, a

genetic neurological condition can be caused by or correlated with more than one

specific gene. Examples of genetic neurological conditions include, but are not

limited to, Alzheimer's disease, Huntington's disease, spinal and bulbar muscular

atrophy, fragile X syndrome, FRAXE mental retardation, myotonic dystrophy,

spinocerebellar ataxia type 1, dentatorubral-pallidoluysian atrophy, and Machado-

Joseph disease. Additional neurological diseases are provided below.

[00253] The cellular events observed in a neurological disease often

manifest as a behavioral change (e.g., deterioration of thinking and/or memory) and/or



a movement change (e.g., tremor, ataxia, postural change and/or rigidity). Examples

of neurological diseases include, for example, Alzheimer's disease, amyotrophic

lateral sclerosis, ataxia (e.g., spinocerebellar ataxia or Friedreich's Ataxia),

Creutzfeldt-Jakob Disease, a polyglutamine disease (e.g., Huntington's disease or

spinal bulbar muscular atrophy), Hallervorden-Spatz disease, idiopathic torsion

disease, Lewy body disease, multiple system atrophy, neuroanthocytosis syndrome,

olivopontocerebellar atrophy, Parkinson's disease, Pelizaeus-Merzbacher disease.

Pick's disease, progressive supranuclear palsy, syringomyelia, torticollis, spinal

muscular atrophy or a trinucleotide repeat disease (e.g., Fragile X Syndrome).

[00254] Alternatively, the neurological disease can be associated with

aberrant deposition or tau and/or hyperphosphorylation of tau. For example, the

neurological disease is selected from the group consisting of frontotemporal dementia,

corticobasal degeneration, progressive supranuclear palsy, a Parkinson's disease or an

Alzheimer's disease. In one embodiment, the methods and biomarkers of the

invention are useful for assessing risk of a neurological disorder selected from the

group consisting of Parkinson's disease and Alzheimer's disease.

[00255] Alternatively, a neurological disease can be a dementing

neurological disorder. A "dementing neurological disorder" refers to a disease that is

characterized by chronic loss of mental capacity, particularly progressive deterioration

of thinking, memory, behavior, personality and motor function, and may also be

associated with psychological symptoms such as depression and apathy. Preferably, a

dementing neurological disorder is not caused by, for example, a stroke, an infection

or a head trauma. Examples of a dementing neurological disorder include, for

example, an Alzheimer's disease, vascular dementia, dementia with Lewy bodies,

frontotemporal dementia and prion disease, amongst others.

[00256] Preferably, the dementing neurological disorder is Alzheimer's

disease. Alzheimer's disease refers to a neurological disorder characterized by

progressive impairments in memory, behavior, language and/or visuo-spatial skills.

Pathologically, an Alzheimer's disease is characterized by neuronal loss gliosis,

neurofibrillary tangles, senile plaques, Hirano bodies, granulovacuolar degeneration

of neurons, amyloid angiopathy and/or acetylcholine deficiency. The term "an



Alzheimer's disease" shall be taken to include early onset Alzheimer's disease (e.g.,

with an onset earlier than the sixth decade of life), a late onset Alzheimer's disease

(e.g., with an onset later then, or in, the sixth decade of life) and a juvenile onset

Alzheimer's disease.

[00257] In certain embodiments, the behavioral disorder or psychiatric

disorder for which risk is assessed according to the methods of the invention is a

bipolar affective disorder. The term "a bipolar affective disorder" shall be taken to

include all forms of bipolar affective disorder, including bipolar I disorder (severe

bipolar affective (mood) disorder), schizoaffective disorder, bipolar II disorder or

unipolar disorder.

In certain other embodiments, the behavioral disorder or psychiatric disorder

is schizophrenia. In a further embodiment, the neurological disorder is a myelin-

associated disorder. In other embodiments, myelin-associated disorders are those

disorders characterized by a reduction in the amount of or the production of scars or

scleroses associated with myelin associated with or surrounding neuronal fibers. In

yet other embodiments, the myelin-associated disorder is multiple sclerosis.

EXEMPLIFICATION

[00258] The invention now being generally described, it will be more

readily understood by reference to the following examples, which are included merely

for purposes of illustration of certain aspects and embodiments of the present

invention, and are not intended to limit the invention.

EXAMPLE 1: EXON COPY NUMBER VARIATION (ECNV) PROFILING FOR

COLORECTAL CANCER RISK ASSESSMENT

[00259] In this example, ECNV profiles for colorectal cancer risk

assessment were created using genomic DNA samples from non-cancerous cells. The

creation of ECNV profiles facilitates the detection of genomic aberrations and results

in an improvement in disease association studies.



1. Introduction

[00260] Genome-wide association studies (GWAS) enable the evaluation of

many genetic markers across multiple genomes to discover variations associated with

a disease. Once identified, these markers may serve as useful indicators to help

develop and/or direct the course of medical treatments and may have the potential to

predict the risk of disease onset in humans. Additionally, physical quantitative traits

(phenotypes) can be used as genetic markers in a similar manner helping to define

genetic regions (Quantitative Trait Loci - QTL) associated with disease.

[00261] One such large GWAS was conducted by the International

HapMap Project (http://hapmap.ncbi.nlm.nih.gov/), initiated in 2005, which generated

analytical tools and data to accelerate the discovery of genetic regions that contribute

to the onset of disease. The basic method involves the determination of genetic

variations called Single Nucleotide Polymorphisms (SNP's) for each participant's

DNA. If a SNP or set of SNP's occurs significantly more frequently in individuals

with the disease being studied, compared to those without the disease, then the SNP(s)

is said to be associated with the disease. Since the genetic location of the SNP's is

known, the region of the DNA near the SNP is likely to contain a gene(s) related to

the disease. Thus, GWAS provide a means to sift through thousands of genes (as

genetic regions) to home-in on regions most likely to yield insight into the cause of

the disease.

[00262] In addition to SNP's, researchers have recently identified

differences in the genome characterized by copy number variations (CNVs). A CNV

defines a segment of DNA in which there are differences in the absolute numbers of

genetic regions when comparing the genomes of individuals. CNVs can result in a

change in the numbers of a particular gene or set of genes and may positively

correlate with expression, commonly referred to as a dosage affect. These gene

dosage changes may be the cause of a large amount of variability in phenotypic traits,

disease susceptibility, and behavioral traits. CNVs may be inherited or caused by a

mutational event. Like SNP's, CNVs can be related to the onset and severity of

disease. Of particular interest is the fact that CNVs are often found in cancerous

tissues. However, CNVs are relatively common and widespread in the human



genome contributing to the challenge of defining CNV-based mutations that are

associated with disease.

[00263] Detection of SNP's and CNVs include techniques such as

Fluorescent In Situ Hybridization (FISH), comparative genomic hybridization (CGH),

array comparative genomic hybridization (aCGH), hybridization to oligonucleotide-

based SNP arrays, and direct DNA sequencing. These commonly used techniques

empower researchers to detect many genetic markers per DNA sample.

Computational analyses further enhance the information content derived from these

data sets. But, even though these methods are frequently employed on very large

sample sets, there is a realization that the data is incomplete in that the frequency of

successful association studies (i.e. the delineation of genetic regions associated with a

disease) and the concomitant mutation discovery, is lower than expected (David G

Nathan and Stuart H Orkin, 2009, Genome Medicine Volume I Issue 1, Article 3;

Jonathan Sebat, 2007, Nature Genetics Supplement Volume 39, S3-S5). With that

said, these methods are valuable in identifying genomic regions likely containing

gene/disease associations. This implies that there is missing genetic information that

could augment the discovery of disease-associated mutations and suggests a technical

limitation that is common among these methods. Some of the technical limitations

include: a lack of quantification, compressed dynamic range, biased analytical

algorithms, and "noisy" background signal thus limiting the ability to detect CNVs

with statistical reliability.

[00264J Compounding the technical limitations are assumptions that the

expected CNV magnitudes are quantized values (restricted as regional duplications or

deletions - reported as two-fold changes) creating a biased data set which places

lower significance on small fold-changes. For example, published reports describe the

replication of genes or gene segments (exon blocks) in unequal steps creating genetic

structures whose variation could be quantified as less than two-fold depending on the

complexity of the structural changes and the location of the query target (Brown et al.,

Oncogene. 1996 Jun 20;12(12):2507-13; Ruperta et al., The Journal of Experimental

Medicine, Volume 191, Number 12, June 19, 2000, 2183-2196; Herbert Auer.

Cytogenet Genome Res, 2008, 123:278-282). These events could yield gene



substructure changes representing a change from 2 copies to 3, 3 copies to 4, etc.,

with the inverse also possible. Depending on the physical location of the query target

it would thus be possible to miss detection of changes in closely neighboring gene

segments as well as a tendency to disregard small fold-changes.

[00265] Combining the analysis of exon-specific, qPCR targets with

GPR provides informative exon-by-exon CNV profiles (ECNVs). The detection

of ECNVs may contribute to the expansion of detectable genetic variability and

result in an improvement in current disease association studies. Leveraging the

concept of the StellARray™ qPCR System and Global Pattern Recognition™

(GPR™), commonly used for gene expression analysis, we applied this approach to

assess a classical copy-number experiment (Akilesh et al., Genome Research, 2003,

13:1719-1727).

2. ECNV qPCR Target Selection, Primer Design, and Validation

[00266] The process used to generate an informative ECNV profile

includes the following steps.

[00267] 1. Identification of the target disease. This is based on the

likelihood of success due to the existence of extensive genetic studies and

publications but without specific mutation definitions.

[00268] 2 . Gene selection. This is based on public information derived

from NCBI, OMIM, etc., and shown to be associated with the disease of interest.

Primary information focuses on identifying quantitative trait loci (QTL) defined in the

public domain, retrieving gene candidates from within the QTL(s), accessing the

DNA sequence from NCBI, and downloading the exon-by-exon sequences per gene

candidate from NCBI for subsequent PCR primer designs (Fig. 2). Additionally,

candidate genes may be chosen based on public information (publications) stating that

a gene (not necessarily a QTL) has been identified as being associated with a disease

by GWAS but with no known mutation. Both QTL and GWAS-associated genes

provide biological context information leading to their association with biological

pathways. These pathways provide additional choices for associated genes either



'upstream' or 'downstream' of initial candidate genes. The candidate genes

sequences are retrieved as described above.

[00269] 3 . qPCR Primer Design. Primer design was carried out using the

Primer Express Software version 2.0.0 (Applied Biosystems, Inc.) using specific

parameters to achieve small amplicons (-75 base pairs), matched primer Tm's (58-

6 O0C), with primers > 19 but < 40 bases. Primers were purchased from (Integrated

DNA Technologies, Inc.) and used in validation assays to determine specificity and

sensitivity.

[00270] 4 . qPCR Primer Validation. Primer validation included the

collection of real-time PCR data using a SYBR-Green master mix and a standard

target nucleic acid. Both Cq's and dissociation curve data were collected in

quadruplicate for each primer pair using 1.34 ng genomic DNA per 10 ul reaction in a

384-well plate using the Applied Biosystems 7900HT instrument or Roche

LightCycler 480. Acceptable primer sets are those with a Cq < 30 and a single peak

dissociation curve at or near the expected temperature as predicted by Primer Express

software. The sequences of the primers used in this Example are shown in Table 2 .

[00271] 5. StellARay™ Manufacture. Validated primer sets were used to

build 'mother' plates from which multiple 'daughter' plates were manufactured.

Mother plates consist of 96-well deep-well plates with each well containing both

forward and reverse primers diluted in a stabilization solution at an appropriate

concentration for subsequent daughter plate manufacture. Daughter plates were

manufactured and processed for future use in collection of real-time PCR data.

[00272] 6. Sample Preparation. Genomic DNA samples were provided

through collaboration with the Huntsman Cancer Institute, Salt Lake City, Utah, USA

(PI- Dr. Deb Neklason). Polyp scores were provided with P O being no detectable

polyps (by colonoscopy) and detectable polyps scored as Pl (less severe) to P4 (more

severe), and overt CRC as P5, depending on parameters such as size, location,

histology, etc. (personal communication, Dr. Deb Neklason).



[00273} 7. qPCR Data Collection and Analysis. Real-time PCR data was

collected by loading 10 ul reactions per well with a SYBR-Green master mix

containing individual gDNA's and run in quadruplicate. The PCR plates were sealed

and data collected in the ABI 7900HT instrument or the Roche LightCycler 480 under

default cycling parameters (http://array.lonza.com/protocol/). Cq data was exported

to a text document and data was collated into an Excel file for analysis using Global

Pattern Recognition™ (GPR™) software. GPR™ analysis provides a ranked list of

those genes that are statistically different between a control and an experimental data

set (see http://array.lonza.com/gpr/).

Table 2 : List of the primer pairs used in ECNV profiling for CRC





























3. Validation of Non-Tumor Derived gDNA as a Reliable

Source of ECNV Profiling

[00274] In this example, genomic DNA sample from non-cancerous cells

from C57BL/6J mice were used to demonstrate the utility of using non-tumor derived

gDNA as a reliable source of ECNV profiling.



[00275] As shown in Fig. 1, individual genomic DNA (gDNA) samples

(biological replicates) were analyzed from five male C57BL/6J and five female

C57BL/6J mice using the 384-well Lymphoma and Leukemia StellARray™ (Lonza

Prod. ID - 00188203). This StellARray™ has a total of 12 targets on the mouse X

chromosome, consisting of 11 genes and our intergenic genomic control (genomic3).

For these 12 targets, the expected CNV is two-fold due to the females having 2 copies

of the X chromosome and males having only one. Of the 384 targets queried, it was

expected that GPR analysis would rank the twelve X-linked genes the highest (p <

0.05) with a fold-change of 2.0. Sixteen (16) genes were determined to be

significantly different with the expected X-chromosome genes ranked as the top i 2

having a fold-change value near 2.0 (Mean Fold Change X Chr. 2.01 and Standard

Deviation 0.1 1). An additional 4 genes, ranked the lowest, are not located on the X-

chromosome. Assuming there are no unknown sex-specific differences for Hdacl,

Tert, Irf2, and Ilόst, then GPR™ identified 4 of 384 targets incorrectly thus generating

only 1.0% as false positives. This result demonstrates the utility of GPR™ for the

detection and quantification of CNVs.

4. ECNV Profiling for Colorectal Cancer Risk Assessment

[00276] To evaluate the utility of GPR™-based analysis with ECNV in

humans, we chose to apply this approach to determine if there is an ECNV profile

associated with individuals in families with members diagnosed with Colorectal

Cancer (Polyp score = 5 [P5-CRC]) and those with varying stages of polyps (P1-P4).

It would be valuable to provide a precise metric that defines individuals' risk of

developing CRC, a severity level index (metastatic vs. non-metastatic, predicted age

of onset), and a predictor of the therapeutic interventions/outcomes. Additionally, a

pre-diagnostic risk assessment test could provide rationale for proactive measures to

prevent or minimize CRC onset and severity.

[00277] Two families (K5275 and K6694) were analyzed using qPCR on

blood-derived genomic DNA (gDNA) and a target set of 373 exon-specific reactions

representing 25 genes. Each individual's Cq values were collated into a single file as

quadruplicates and analyzed via GPR™. Control samples were defined as those with

a polyp score of PO, Pl, and P2, in addition to samples with no data regarding polyp



status thus yielding thirty-two (32) individuals as the control group for K5275 and the

remaining eight (8) individuals have polyp scores of P3, P4, or P5 (CRC). K6694

samples were grouped similarly except that there were no known cases of P5 (CRC).

[00278] GPR™ results (raw data not shown) were utilized as input into a

hierarchical cluster analysis algorithm (R-Project, http://www.r-project.org/) after

filtering the data to include only those targets with a p-Value < 0.05 in at least one

sample and a fold change value > 1.5. Shown in Fig. 3 is a heat-map for eight

individuals from K5275 with patterned boxes representing decreased and increased

fold change. Interestingly, the two individuals known to be P5 clustered to opposite

sides of the group, with decreasing polyp scores toward the center. Sample P5.35 (far

left) has an ECNV profile comprising seven exons (out of 43) that had a statistically

significant decrease in copy numbers, as compared to control; sample P5.61 has an

ECNV profile comprising twenty-five (out of 43) that had a statistically significant

increase in copy numbers, as compared to control. Additionally, there was no overlap

of the ECNV profiles between these two individuals. The samples with P3 or P4

scores appear to have unique profiles. It is also interesting that the clustering

positioned the P4 (most severe polyp scores) next to the two P5 samples.

[00279] Subsequent to the GPR™/cluster analysis, we characterized the

phenotypic information regarding the two P5 samples. Significantly, both P5.35

patient and P5.61 patient were confirmed CRC diagnoses, but with very different

outcomes. Patient P5.35 was an early onset (age 35) patient with fatal metastatic

CRC, while the P5.61 patient was a late onset patient (age 61) with non-metastatic

CRC that was successfully treated, and was clear of CRC/polyps eleven years post-

treatment. Thus these two different ECNV profiles demonstrate that ECNV profiles

correlate with the onset, progression, severity, or treatment outcome of CRC.

Additionally, the ECNVs were derived from "normal" gDNA samples, i.e. peripheral

blood (not from tumor/affected tissues).

[00280] It should be noted that analysis of K6694 yielded no significantly

different ECNVs when analyzed under the same parameters as was used for K5275

and that of the thirty-nine K6694 samples there were no P5 (CRC) samples included.



[00281 J It has been suggested that there exists a possibility of detecting

tumor-derived cells in the peripheral blood and thus these cells are the source the

observed gDNA changes via GPR™ and reflect the unique genomic structure in the

tumors. This is highly unlikely, and we have successfully identified ECNVs using

buccal cell gDNA in the context of families with individuals having Systemic Lupus

Erythematosus or Irritated Bowel Syndrome (see, Example 2).

[00282] With the generation of additional ECNV profiles associated with

CRC (either blood derived or other) and other diseases, a comprehensive library of

profiles can be developed providing a searchable database of patterns enabling the

generation of disease risk/severity indices along with possible predictors of

appropriate therapeutic intervention. As usual, risk assessment evaluations prior to

the onset of overt disease could augment the rationale for increased vigilance serving

as a means for early detection and maximizing positive therapeutic outcomes.

[00283] In summary, in this example, we successfully combined the

analysis of exon-specific qPCR targets with GPR™ and hierarchical cluster analysis

providing informative exon-by-exon CNV profiles (ECNVs) associated with

Colorectal Cancer in human subjects using non-tumor genomic DNA. The detection

of ECNVs contributes to the expansion of detectable genetic variability markers and

results in an improvement in current disease association studies. ECNV profiles, as

risk assessment evaluations prior to the onset of disease, can augment the rationale for

increased vigilance serving as a means for early detection and maximizing positive

therapeutic outcomes.

EXAMPLE 2: ECNV PROFILING FOR AUTOIMMUNE DISEASE RISK ASSESSMENT

1. ECNV Profiling of Systemic Lupus Erythematosus in Mouse

Models

[00284] In this example, ECNV profiles were created for autoimmune

disease risk assessment. ECNVs of exons of marker genes Midi, Mid2, and

PPP2R1A were studied using mouse models of systemic lupus erythematosus (SLE or

lupus).



[00285] The StellARray™ qPCR array system (Lonza, Switzerland) was

used to verify multi-gene copy number polymorphisms in two strains of mice, BXSB

and MRL. Both strains are known to be susceptible to lupus, although the severity

and the rapidity of onset of lupus are different between the two.

[00286] Mice of the BXSB strain develop spontaneous autoimmune

disease, systemic lupus erythematosus (SLE), characterized by moderate lymph node

and spleen enlargement, hemolytic anemia, hypergammaglobulinemia, and immune

complex glomerulonephritis. The disease process in BXSB is strikingly accelerated

in males, which live little more than a third as long as females. The acceleration is due

to the presence of the Yaa transposon on the Y chromosome. However, C57BL/6J

mice carrying the Yaa transposon do not demonstrate this autoimmune disease, and

are indistinguishable from wild-type controls. This suggests that the Yaa transposon

may not be sufficient to induce accelerated autoimmunity unless present on a

susceptible genetic background.

[00287] The MRL mouse can development a disease recognized as Lupus

but the defined mechanism is known as the lpr mutation of the Fas gene.

[00288] As shown in the Fig. 4, it was discovered that BXSB mice has

significant copy number variations for Midi exons 2, 4, 8 and 9. Interestingly, it was

found the MRL mouse also has Midi exon variations strongly suggesting the Midi

and Fas were mutated in this mouse line which leads to Lupus.

[00289] Additional information about Midi function suggests that Midi

regulates rapamycin sensitive signaling through alpha4 protein. Midi is also known

to be signal transduction molecule which co-precipitates with the B-cell receptor and

plays a role in the antigen induced signaling during B-cell activation.

[00290] Transposition of the X-linked genes on the Y chromosome in

BXSB mice contributes to a Yaa Phenotype. The rapamycin resistance of Yaa B-

cells. the known role of this pathway in B-cell receptor (BCR) stimulation, and the

protective effects of rapamycin on SLE supports a significant role for Midi .



[00291J The C57BL/6J (Bό) strain is typically identified as being

"resistant" to SLE but there is data suggesting a very late onset of SLE when B6 has

the Yaa mutation. B6 has a lower level of Midi exon variations.

[00292] This data indicated an association of Midi exon copy number

variation not only to disease lupus, but also to severity/onset of lupus because the

BXSB mice, with most severe symptoms of lupus, had the highest copy number

variations for Midi exons.

[00293] This data strongly demonstrates that copy number variation of

Midi Exons is associated with absence/presence and severity/onset of systemic lupus

erythematosus (SLE).

2. ECNV Profiling of Systemic Lupus Erythematosus in Two

Families

[00294] In this example, ECNV profiles were created for autoimmune

disease risk assessment. The exon copy number variations of exons of marker genes

Midi, Mid2 and PPP2R1A were studied in two families that included persons who

were diagnosed with systemic lupus erythematosus (SLE) and an unaffected person.

[00295] Systemic lupus erythematosus (SLE) is a chronic autoimmune

disease that can affect any part of the body. As occurs in other autoimmune diseases,

the immune system attacks the body's cells and tissue, resulting in inflammation and

tissue damage. SLE most often harms the heart, joints, skin, lungs, blood vessels,

liver, kidneys, and nervous system. The course of the disease is unpredictable, with

periods of illness (called flares) alternating with remissions. SLE is estimated to

occur in 30 million people worldwide.

[00296] Two volunteer families (FamilyOl or SLEOl and FamilyO2 or

SLE02) participated in the study. Each family consisted of a Paternal Parent,

Maternal Parent, and effected Daughter. See Figs. 5A and 5B. All volunteers were

informed of the nature of the study and had signed informed consent.



[00297] In a blind study setting, buccal cell samples were obtained from the

family members and genomic DNAs were purified from the samples. Table 3 lists the

primer pairs used for qPCR in this study.

Table 3 : List of the primer pairs used in ECNV profling for SLE



J00298] The data presented in Fig. 6 are the GPR™ results (p<~0.05, raw

data not shown) derived from technical triplicates of qPCR data for Family SLEOl

and SLE02. In Fig. 6, FOl, MOl, and DOl are father, mother, and daughter

(respectively) from Family SLEOl. F02, M02, and D02 are father, mother, and

daughter (respectively) from Family SLE02. "Gene Name" refers to the gene and

target (exon) descriptor. Fold Change represents the amount of copy number change

relative to an anonymous male genomic DNA sample. There was a significant

difference in ECNV profiles between DOl and D02, as well as a significant difference

in ECNV profiles of the mothers (MOl and M02). The fathers (FOl and F02) do not

show any statistically significant differences in ECNVs relative to the control. These

exon ECNV profiles represent a disease state 'barcode' associated with SLE, and

possibly associated with the specific form of the disease (i.e. onset anαVor severity).



[00299] The profiles in Fig. 6 were generated and evaluated without prior

knowledge of the severity of lupus in the daughters. Based on the above data, the two

daughters were characterized as having drastically different symptoms. Upon

completion of the study, the physician who had knowledge about the conditions of the

daughters provided the following information about the symptoms and severity/onset

of lupus in each of the daughters.

[00300] DaughterOl (from FamilyOl) had an early onset, severe, multi-

organ involved, diagnosed SLE. Age of diagnosis was 12 years (she was in her 20's at

the time this study was conducted), and she was taking Cytoxan® for treatment.

DaughterO2 (from FamilyO2) had a later onset disease with milder symptoms,

generalize muscle soreness, epidermal discoloration (possibly bruising), and no

defined organ involvement. Age of diagnosis was 32 years (she was 37 at the time

this study was conducted), and she was taking methotrexate for treatment.

[00301] With respect to Midi copy number variation, DaughterOl (having a

more severe SLE) displayed larger copy number fold changes in Midi exon as

compared to DaughterO2 who displayed a significantly different milder SLE.

DaughterOl with very classical Lupus symptoms and multi-organ involvement had a

5X copy number difference relative to MotherOl in the Midi exon 10 region.

DaughterO2 with an atypical Lupus syndrome did not reveal the expected Midi exon

variation relative to Mother02. Additionally, since DaughterO2 did not reveal the

Mid 1 copy number variations and she was not displaying a typical Lupus syndrome,

this indicates that the Mid 1 copy number variations were a more accurate means to

define Lupus.

[00302] With respect to Mid2 copy number variation, DaughterOl showed

no differences in MID2 relative to her mother. However, DaughterO2 showed some

very significant differences relative to her mother. This was totally unexpected and

may be a significant discovery.

[00303] With respect to PPP2R 1A copy number variation, both daughters

showed significant differences in PPP2R1 A relative to their mothers.



[00304] This study provided strong evidence that MIDI, MID2 and

PPP2R1 A exon copy number variations were associated with the severity/onset of

Lupus in humans. Additional multi-dimensional statistical analyses of the data (using

GPR™ and ANOVA) where the copy number of each of the biomarkers were

compared to that of different references (i.e., genomic DNA sample from an unknown

source as control and from other volunteers in this study) demonstrated that the copy

number variations of these biomarkers were statistically significant and consistent

(regardless of the magnitude of fold changes) across multiple references (data not

shown).

[00305] These results demonstrated that ECNV profiling using exons of

Midi, Mid2 and PPP2R1A genes via can provide a "barcode" of autoimmune disease

type, severity, rapidity of onset.

3. ECNV Profiling of Crohn's Disease

[00306] In this example, ECNV profiles were created for autoimmune

disease risk assessment. The exon copy number variations of marker genes

ATG 16Ll, CYLD, IL23R, NOD2, and SNX20 genes were studied in a family that

include a person who was diagnosed with Crohn' disease and unaffected persons.

[00307] Crohn's disease (also known as granulomatous colitis and regional

enteritis) is an inflammatory disease of the intestines that may affect any part of the

gastrointestinal tract from anus to mouth, causing a wide variety of symptoms. It

primarily causes abdominal pain, diarrhea (which may be bloody), vomiting, or

weight loss, but may also cause complications outside of the gastrointestinal tract

such as skin rashes, arthritis and inflammation of the eye.

[00308] Crohn's disease is an autoimmune disease, caused by the immune

system's attacking the gastrointestinal tract and producing inflammation in the

gastrointestinal tract; it is classified as a type of inflammatory bowel disease (IBD).

There has been very little evidence of a genetic link to Crohn's disease, though

individuals with siblings who have the disease are at higher risk.



[00309] The volunteer family (Family IBDO 101, Figure 5C) included the

unaffected father, mother, son and a daughter who was diagnosed with the Crohn's

disease and grand daughter. All volunteers were informed of the nature of the study

and had signed informed consent.

[00310] In a blind study setting, buccal cell samples were obtained from the

volunteers and genomic DNAs were purified from the samples. Table 5 lists the

primer pairs used for qPCR in this study.

[00311] The information provided in Fig. 7 are the GPR™ results (p<~0.05,

data not shown) derived from technical triplicates of qPCR data for Family IBDOl

and an unrelated male (AS). IBD02, IBDOl, IBD03, IBD04, and IBD05 are father,

mother, son, daughter (Effected) and grand-daughter, respectively, from Family

IBDOlOl . "'Gene Name" refers to the gene and target (exon) descriptor. Fold Change

represents the amount of copy number change relative to an anonymous male

genomic DNA sample. IBD04 was diagnosed as having Crohn's Disease and

Rheumatoid Arthritis. There is a significant difference in ECNV profiles between

IBD04 (Effected Daughter) and the unrelated male (AS), as well as a significant

difference in Family IBDOl members and the unrelated male (AS). The marker genes

and marker exons used in this study included both the SLE biomarkers as well as the

Crohn's Disease biomarkers, demonstrating that there is an overlap of exon copy

number variations between the two diseases. This suggests a common mechanism for

these two (or more) autoimmune disease states.

Table 4. List of the primer pairs used in ECNV profiling for Crohn's Disease.







[00312] These ECN profiles represent a disease state "barcode" associated

with not only Crohn's Disease but possibly with the specific form of the disease (e.g.,

onset and/or severity) as well as Rheumatoid Arthritis.

EXAMPLE 3 : ECNV PROFILING FOR NEUROLOGICAL DISEASE RISK ASSESSMENT

[00313J In this example, ECNV profiles were created for neurological

disease risk assessment. ECNVs of exons of marker genes APOE, APP, PSENl,

PSEN2 and PSENEN in subjects with Alzheimer's disease were studied.

[00314] Alzheimer's disease (AD) is a complex mucigenic neurological

disorder characterized by progressive impairments in memory, behavior, language,

and visuo-spatial skills, ending ultimately in death. Hallmark pathologies of

Alzheimer's disease include granulovascular neuronal degeneration, extracellular

neuritic plaques with β-amyloid deposits, intracellular neurofibrillary tangles and

neurofibrillary degeneration, synaptic loss, and extensive neuronal cell death. It is

now known that these histopathologic lesions of Alzheimer's disease correlate with

the dementia observed in many elderly people.

[00315] Alzheimer's disease is commonly diagnosed using clinical

evaluation including, physical and psychological assessment, an

electroencephalography (EEG) scan, a computerized tomography (CT) scan and/or an

electrocardiogram. These forms of testing are performed to eliminate some possible

causes of dementia other than Alzheimer's disease, such as, for example, a stroke.

Following elimination of other possible causes of dementia, Alzheimer's disease is

diagnosed. Accordingly, current diagnostic approaches for Alzheimer's disease are

not only unreliable and subjective, they do not predict the onset of the disease. Rather,

these methods merely diagnose the onset of dementia of unknown cause, following

onset. The present invention provides means to overcome these deficiencies.



[00316] In this study, genomic DNAs from four sex- and age-matched

individuals (both male and female, two diagnosed with AD and two not) were

analyzed using QPCR and targets/biomarkers related to AD. Table 5 provides the list

of the primer pairs used in this study.

Table 5 . List of the primer pairs used in ECNV profiling for Alzheimer's disease





[00317] As shown below in Fig. 8, non-sex segregated analysis yielded no

significant ECNV. However, sex-segregated data revealed three statistically

significant ECN variants in females with AD.

[00318] This study suggests that even without familial relatedness it is still

possible to use ECNV analysis to detect potential genetic markers associated with

disease

[00319] In another study, genomic DNAs from four sex- and age-matched

individuals (females only, one diagnosed with AD and one not) were analyzed using

qPCR and targets/biomarkers related to SLE. The GPR™ results (data not shown) for

data were derived from the survey of the SLE-related biomarkers in female samples

from subjects known to have Alzheimer's disease and age-matched control (no

disease) samples. No statistically significant changes in exon copy numbers were

observed in the experimental sample as compared to the control sample.

[00320] This study serves as an example of the reliability of the analysis of

Alzheimer's related marker genes and marker exons. In this study, gDNA samples

derived from female subjects revealed significant exon copy number variations.

MATERIALS AND METHODS

[00321] The following materials and methods were used in the Examples 2

and 3.

Sample Collection

[00322] Human volunteers, after signing an informed consent document

self-collected buccal cells using a sterile Buccal Cell® Collection Brush (Puregene

Buccal Collection Brush, Qiagene , Inc.) by scraping the inside of the mouth 10 times.



DNA purification

[00323] Genomic DNA contained within the cells on the brushes was

purified using the Gentra Puregene Buccal Cell Core Kit A (Qiagen, Inc. CA) and the

manufacturers recommendations as follows:

[00324] 1. Dispense 300 µl Cell Lysis Solution into a 1.5 ml

microcentrifuge tube. Remove the collection brush from its handle using sterile

scissors or a razor blade, and place the detached head in the tube.

[00325] 2 . Add 1.5 µl Puregene Proteinase K (cat. no. 158918), mix by

inverting 25 times, and incubate at 55°C overnight.

[00326] 3. Remove the collection brush head from the Cell Lysis Solution,

scraping it on the sides of the tube to recover as much liquid as possible.

[00327] 4. Add 1.5 µl RNase A Solution, and mix by inverting 25 times.

Incubate for 15 min at 37°C. Incubate for 1 min on ice to quickly cool the sample.

[00328] 5. Add 100 µl Protein Precipitation Solution, and vortex

vigorously for 20 s at high speed.

[00329] 6. Incubate for 5 min on ice.

[00330] 7. Centrifuge for 3 min at 13,000-16,000 x g . The precipitated

proteins should form a tight pellet. If the protein pellet is not tight, incubate on ice for

5 min and repeat the centrifugation.

[00331] 8. Pipet 300 µ] isopropanol and 0.5 µl Glycogen Solution (cat. no.

158930) into a clean 1.5 ml microcentrifuge tube, and add the supernatant from the

previous step by pouring carefully. Be sure the protein pellet is not dislodged during

pouring.

[00332] 9 . Mix by inverting gently 50 times.

[00333] 10. Centrifuge for 5 min at 13,000-16,000 x g.



[00334] 11. Carefully discard the supernatant, and drain the tube by

inverting on a clean piece of absorbent paper, taking care that the pellet remains in the

tube.

[00335] 12. Add 300 µl of 70% ethanol and invert several times to wash

the DNA pellet.

[00336] 13. Centrifuge for 1 min at 13,000-16,000 x g.

[00337] 14. Carefully discard the supernatant. Drain the tube on a clean

piece of absorbent paper, taking care that the pellet remains in the tube. Allow to air

dry for up to 15 min. The pellet might be loose and easily dislodged.

[00338] 15. Add 20 µl DNA Hydration Solution and vortex for 5 s at

medium speed to mix.

[00339] 16 . Incubate at 650C for 1 h to dissolve the DNA.

[00340] 17. Incubate at room temperature overnight with gentle shaking.

Ensure tube cap is tightly closed to avoid leakage. Samples can then be centrifuged

briefly and transferred to a storage tube.

[00341] 18. DNA concentrations were determined via UV/Vis

spectrophotometry using the NanoDrop Spectrophotometer (Thermo-Fisher, Inc.).

Gene Selection

[00342] Disease-related genes were chosen based on information related to

inclusion in quantitative trait loci (QTL) and/or biochemical pathway associations.

Exon sequences were downloaded from the NCBI Entrez Gene Tables

(www.ncbi.nlm.nih. gov/sites/entrez?db=gene).

Primer Design and Validation

[00343] Exon-specific primers were designed using the Primer Express

(PX) Software tool (Applied Biosystems/Life Technologies, Inc.) using the DNA

PCR document type and default parameters with two exceptions (19 base minimum



primer length and 70bp minimum / 1lObp maximum amplicon length). In cases

where PX was unable to select appropriate primer sets, a manual design was

performed using the PX Primer Test Document enabling selection of Tm-matched

primers. Typically, two primer sets per exon were determined to be suitable for

purchase and subsequent validation experiments. Primers were purchased (Integrated

DNA Technologies, Inc.) as either lyophilized single primers or in solution as

mixtures of forward and reverse exon-specific sets at 50 uM (each) in 10 mM Tris

(pH8.5).

[00344] Primer validation data was acquired by real-time PCR. Briefly,

primers were diluted and dispensed into quadruplicate wells in a 384-well PCR plate

with one primer set per well. Primers were lyophilized into the wells and the plates

were either used immediately for data acquisition or sealed and stored at -2O0C for

future use.

Real-time PCR

[00345] Each well was loaded with 10 microliters of sample-specific,

SYBR Green master mix containing 1.4 ng of a commercially available human

genomic DNA (Roche, Inc.), a chemically modified hot-start Taq polymerase

(Applied Biosystems, Inc.). The array was heat sealed, and run on a 7900HT

Sequence Detection System (Applied Biosystems, Inc.) using cycling parameters

consisting of:

1 cycle of 5O0C for 2 minutes,

1 cycle of 950C for 10 minutes,

40 cycles of 950C for 15 seconds and 6 O0C for 40 seconds,

A dissociation curve function (default parameters) was added to the end of the

run.

[00346] Fluorescence data was acquired during the 6 O0C anneal/extension

plateau. Post-run data collection involved the setting of a common threshold across

all arrays within an experiment, exportation and collation of the Ct values, visual



evaluation of the dissociation curve, and determination of the primer set performance

based on a maximum allowable Ct (30.5), classical amplification curve structure, and

the presence of a single peak dissociation curve. Primer sets that passed validations

were re-arrayed for use in future experiments in the previously described stabilized

384-well format.

Sample Data Collection and Analysis

[00347] Each genomic DNA ( 1 .4 ng per 10 ul reaction) was analyzed as

described above using real-time PCR. The raw Ct data was collected, collated and

analyzed using a modified Global Pattern Recognition (GPR™) application enabling

a multi-sample process which includes an Analysis of Variance (ANOVA) module

and subsequent standard GPR™-based analysis of all possible pair-wise

combinations. Typically, at least one 'control' genomic DNA is included in the data

set which is derived from a commercially available, anonymous, unaffected, and

unrelated donor. GPR™ results are presented showing both the p-value based on the

one-way ANOVA and the pair-wise GPR™ ranked output.

[00348] The specification is most thoroughly understood in light of the

teachings of the references cited within the specification. The embodiments within

the specification provide an illustration of embodiments of the invention and should

not be construed to limit the scope of the invention. The skilled artisan readily

recognizes that many other embodiments are encompassed by the invention. All

publications and patents and NCBI Entrez gene ID sequences cited in this disclosure

are incorporated by reference in their entirety. To the extent the material incorporated

by reference contradicts or is inconsistent with this specification, the specification will

supersede any such material. The citation of any references herein is not an

admission that such references are prior art to the present invention.

[00349] Those skilled in the art will recognize, or be able to ascertain using

no more than routine experimentation, many equivalents to the specific embodiments

of the invention described herein. Such equivalents are intended to be encompassed

by the following embodiments.



CLAIMS

1. A method of generating an exon copy number variation (ECNV) profile of a

subject that is informative of colorectal cancer risk, comprising:

(a) providing a genomic DNA sample obtained from said subject;

(b) determining the copy number variations of a set of marker exons in

the genomic DNA sample by comparing the copy number of each

of the marker exons in said genomic DNA sample with the copy

number of the corresponding exon in a control, wherein the set of

marker exons comprise at least one exon from each of the marker

genes listed in Table 1; and

(c) creating an ECNV profile based on the copy number variations of

the set of marker exons;

wherein said ECNV profile is informative of the onset, progression,

severity, or treatment outcome of colorectal cancer in said subject.

2. A method of determining colorectal cancer risk in a subject, comprising:

(i) creating an ECNV profile of said subject using the method of claim

1;

(ii) determining the degree of similarity between the ECNV profile of

(i) and one or more reference profiles, wherein each reference

profile is an ECNV profile comprising ECNV information of one

or more exons of said marker genes, and wherein each reference

profile correlates with the presence or the absence of colorectal

cancer, a particular classification of colorectal cancer, or a

treatment outcome of colorectal cancer;

wherein said degree of similarity is indicative of the onset, progression,

severity, or treatment outcome of colorectal cancer in said subject.



3. The method of claim 2, wherein step (ii) comprises comparing said ECNV

profile of (i) to a profile database, wherein said database comprises a plurality

of reference profiles.

4 . The method of claim 3, further comprising identifying one or more reference

profiles from the database that are most similar to said ECNV profile of (i).

5. The method of any one of claims 1-4, wherein the step (b) further comprising

performing a statistical analysis to determine the statistical significance of the

copy number variation of a marker exon.

6 . The method of claim 5, wherein the copy number variation of a marker exon is

statistically significant when P-value is < 0.05.

7 . The method of claim 5 or 6, wherein said statistical test is a T-test, ANOVA,

or Mann- Whitney U-test.

8 . The method of any one of claims 1-7, wherein the set of marker exons

comprise CTNNBl exonθl.1. SCEL exon 01, SLAINl exonOl, MSH2

exl3.1, SMAD4 exO9, MTOR exl5.1, and MUTYH exO9.1.

9. The method of claim 8, wherein a decrease of the copy numbers of one or

more exons selected from: CTNNBl exonθl.1, SCEL exon 01, SLAINl

exonOl, MSH2 exl3.1, SMAD4 exO9, MTOR exl5. 1, or MUTYH exO9. 1 is

indicative of an increased risk of developing metastatic colorectal cancer, or

having an early onset of colorectal cancer in said subject.

10. The method of any one of claims 1-7, wherein the set of marker exons

comprise PPP2R1A exon 06.1, PMS2 exon 13.1, PPP2R1A exon 04.1,

CTNNBl exon 13.1, MSH6 exon 08. 1, MTOR exon 10.1, PPP2RlA exon

07.2, PMS2 exon 14.2, MLHl exon 08.1, DCC exon 09.1, MLHl exon 01.2,

IRGl exon 05, KRAS exon 04.2, MUTYH exon 03.2, STKl 1 exon 02, APC

exon 04.2, MSH2 exon 12.2, PPP2R1 A exon 05.2, APC exon 10.2, MTOR

exon 48.2, MTOR exon 50.1, MLHl exon 15.1, PMS2 exon 04.1, PMS2 exon

06.2, and MTOR exon 06.2.



11. The method of claim 10, wherein an increase of the copy numbers of one or

more exons selected from PPP2R1A exon 06.1, PMS2 exon 13.1, PPP2R1A

exon 04.1, CTNNBl exon 13.1, MSH6 exon 08.1, MTOR exon 10.1,

PPP2R1A exon 07.2, PMS2 exon 14.2, MLHl exon 08.1, DCC exon 09.1,

MLHl exon 01.2, IRGl exon 05, KRAS exon 04.2, MLJTYH exon 03.2,

STKl 1 exon 02, APC exon 04.2, MSH2 exon 12.2, PPP2R1 A exon 05.2, APC

exon 10.2, MTOR exon 48.2, MTOR exon 50.1, MLHl exon 15.1, PMS2

exon 04.1, PMS2 exon 06.2, or MTOR exon 06.2 is indicative of an increased

risk of developing non-metastatic colorectal cancer in said subject.

12. The method of any one of claims 1-7, wherein the set of marker exons

comprise: CTNNBl exon 01.1, SCEL exon 01, SLAINl exon 01, MSH2 exon

13. 1, MUTYHexon 10.2, SMAD4 exon 09, MTOR exon 15.1, MUTYH exon

09.1, PPP2R1A exon 06.1, PMS2 exon 13.1, PPP2R1A exon 04.1, CTNNBl

exon 13.1, MSH6 exon 08.1, MTOR exon 10.1, PPP2R1A exon 07.2, PMS2

exon 14.2, MLHl exon 08.1, DCC exon 09.1, MLHl exon 01.2, IRGl exon

05, KRAS exon 04.2, MUTYH exon 03.2, STKl 1 exon 02, APC exon 04.2,

MSH2 exon 12.2, PPP2R1A exon 05.2, APC exon 10.2, MTOR exon 48.2,

MTOR exon 50. 1, MLH 1 exon 15.1, PMS2 exon 04. 1, PMS2 exon 06.2,

MTOR exon 06.2., PPP2R1 A exon 08.2, PIK3CA exon 04, SMAD4 exon 10,

FBXL3 exon 02, BMPRlA exon 04, PMS2 exon 15.2, MTOR exon 03.1, TP53

exon 04.2, SMAD4 exon 02, and MYCBP2 exon 84.

13. The method of any one of claims 1-7, wherein the set of marker exons

comprise the exons listed in Table 2.

14. The method of any one of claims 1-13, wherein said genomic DNA is the

genomic DNA from a normal cell or normal tissue.

15 . The method of any one of claims 1-14, wherein the copy number of an exon is

detected by a method selected from: quantitative polymerase chain reaction

(QPCR), multiplex ligation dependent probe amplification (MLPA), multiplex

amplification and probe hybridization (MAPH), quantitative multiplex PCR of



short fluorescent fragment (QMPSF), dynamic allele-specific hybridization, or

semiquantitative fluorescence in situ hybridization (SQ-FISH).

16. The method of claim 15, wherein the copy number of an exon is detected by

QPCR.

17. The method of claim 15 or 16, wherein the ECNV is determined by global

pattern recognition (GPR™).

18. A kit for generating an ECNV profile of a subject that is informative of

colorectal cancer risk, comprising:

(a) a set of polynucleotide primers for detecting the copy numbers of a

set of marker exons in the genomic DNA of said subject, wherein

said set of marker exons comprise at least one exon from each of

the genes listed in Table 1, and wherein for each marker exon, at

least one primer selectively hybridizes to said exon;

(b) instructions for creating an ECNV profile of the genomic DNA of

said subject according to method of claim 1.

19. The kit of claim 18, wherein said set of marker exons comprise: CTNNB 1

exon 01.1, SCEL exon 01, SLAINl exon 01, MSH2 exon 13.1, MUTYHexon

10.2, SMAD4 exon 09, MTOR exon 15.1, MUTYH exon 09. 1, PPP2R 1A

exon 06.1, PMS2 exon 13.1, PPP2R IA exon 04. 1, CTNNBl exon 13.1,

MSH6 exon 08.1, MTOR exon 10.1, PPP2R1A exon 07.2, PMS2 exon 14.2,

MLHl exon 08.1, DCC exon 09.1, MLHl exon 01.2, IRGl exon 05, KRAS

exon 04.2, MUTYH exon 03.2, STKl 1 exon 02, APC exon 04.2, MSH2 exon

12.2, PPP2R1A exon 05.2, APC exon 10.2, MTOR exon 48.2, MTOR exon

50.1, MLHl exon 15.1, PMS2 exon 04.1, PMS2 exon 06.2, MTOR exon

06.2., PPP2R1A exon 08.2, PIK3CA exon 04, SMAD4 exon 10, FBXL3 exon

02, BMPRlA exon 04, PMS2 exon 15.2, MTOR exon 03.1, TP53 exon 04.2,

SMAD4 exon 02, and MYCBP2 exon 84.



20. The kit of claim 19, wherein said set of marker exons comprise the exons

listed in Table 2 .

21. A method of generating an ECNV profile of a subject that is informative of

disease risk, comprising:

(a) providing a genomic DNA sample obtained from said subject,

wherein said genomic DNA is the genomic DNA from a normal

cell or normal tissue;

(b) determining the copy number variations of a set of marker exons

by comparing the copy number of each of the marker exons in said

genomic DNA sample with the copy number of the corresponding

exon in a control, wherein the set of marker exons comprise at least

one exon from each gene of a set of marker genes, and wherein

said set of marker genes comprise one or more genes that have

been associated with said disease;

(c) creating an ECNV profile based on the copy number variations of

marker exons;

wherein said ECNV profile is informative of the onset, progression, severity,

or treatment outcome of said disease in said subject.

22. A method of determining disease risk in a subject, comprising:

(i) creating an ECNV profile of said subject using the method of claim

21;

(ii) determining the degree of similarity between the ECNV profile of

(i) and one or more reference profiles, wherein each reference

profile is an ECNV profile comprising ECNV information of one

or more exons of said marker genes, and wherein each reference

profile correlates with the presence or the absence of said disease,

or with the onset, progression, severity, or treatment outcome of

said disease;



wherein said degree of similarity is indicative of the onset, progression,

severity, or treatment outcome of said disease in said subject.

23. The method of claim 22, wherein step (ii) comprises comparing said ECNV

profile of (i) to a profile database, wherein said database comprises a plurality

of reference profiles.

24. The method of claim 23, further comprising identifying one or more reference

profiles from the database that are most similar to said ECNV profile of (i).

25. The method of any one of claims 21-24. wherein the step (b) further

comprising performing a statistical analysis to determine the statistical

significance of the copy number variation of a marker exon.

26. The method of claim 25, wherein the copy number variation of a marker exon

is statistically significant when P-value is < 0.05.

27. The method of claim 25 or 26, wherein said statistical test is a T-test,

ANOVA, or Mann-Whitney U-test.

28. A method of generating an ECNV profile of a subject that is informative of

autoimmune disease risk, comprising:

(a) providing a genomic DNA sample obtained from said subject;

(b) determining the copy number variations of a set of marker exons

by comparing the copy number of each of the marker exons in said

genomic DNA sample with the copy number of the corresponding

exon in a control, wherein the set of marker exons comprise at least

one exon from each of the following marker genes: Midi, Mid2,

and PPP2RlA;

(c) creating an ECNV profile based on the copy number variations of

marker exons;

wherein said ECNV profile is informative of the onset, progression, severity,

or treatment outcome of said autoimmune disease in said subject.



29. A method of determining autoimmune disease risk in a subject, comprising:

(i) creating an ECNV profile of said subject using the method of claim

28;

(ii) determining the degree of similarity between the ECNV profile of

(i) and one or more reference profiles, wherein each reference

profile is an ECNV profile comprising ECNV information of one

or more exons of said marker genes, and wherein each reference

profile correlates with the presence or the absence of said

autoimmune disease, or with the onset, progression, severity, or

treatment outcome of said autoimmune disease;

wherein said degree of similarity is indicative of the onset, progression,

severity, or treatment outcome of said autoimmune disease in said subject.

30. The method of claim 29, wherein step (ii) comprises comparing said ECNV

profile of (i) to a profile database, wherein said database comprises a plurality

of reference profiles.

3 1. The method of claim 30, further comprising identifying one or more reference

profiles from the database that are most similar to said ECNV profile of (i).

32. The method of any one of claims 28-31, wherein the step (b) further

comprising performing a statistical analysis to determine the statistical

significance of the copy number variation of a marker exon.

33. The method of claim 32, wherein the copy number variation of a marker exon

is statistically significant when P-value is < 0.05.

34. The method of claim 32 or 33, wherein said statistical test is a T-test,

ANOVA, or Mann-Whitney U-test.

35. The method of any one of claims 28-34, wherein said autoimmune disease is

systemic lupus erythematosus (SLE).



36. The method of any one of claims 28-35, wherein said genomic DNA is the

genomic DNA from a normal cell or normal tissue.

37. The method of any one of claims 28-36, wherein the copy number of an exon

is detected by a method selected from: quantitative polymerase chain reaction

(QPCR), multiplex ligation dependent probe amplification (MLPA), multiplex

amplification and probe hybridization (MAPH), quantitative multiplex PCR of

short fluorescent fragment (QMPSF), dynamic allele-specific hybridization, or

semiquantitative fluorescence in situ hybridization (SQ-FlSH).

38. The method of claim 37, wherein the copy number of an exon is detected by

QPCR.

39. The method of claim 37 or 38, wherein the ECNV is determined by global

pattern recognition (GPR™).

40. A kit for generating an ECNV profile of a subject that is informative of an

autoimmune disease risk, comprising:

(a) a set of polynucleotide primers for detecting the copy numbers of a

set of marker exons in the genomic DNA of said subject, wherein

said set of marker exons comprise at least one exon from each of

the following marker genes: Midi, Mid2, and PPP2R1 A, and

wherein for each marker exon, at least one primer selectively

hybridizes to said exon;

(b) instructions for creating an ECNV profile of the genomic DNA of

said subject according to method of claim 28.

4 1. The kit of claim 40, wherein said set of marker exons comprise the exons

listed in Table 3.

42. A method of generating an ECNV profile of a subject that is informative of

autoimmune disease risk, comprising:

(a) providing a genomic DNA sample obtained from said subject;



(b) determining the copy number variations of a set of marker exons

by comparing the copy number of each of the marker exons in said

genomic DNA sample with the copy number of the corresponding

exon in a control, wherein the set of marker exons comprise at least

one exon from each of the following marker genes: ATG 16Ll,

CYLD, IL23R, NOD2, and SNX20;

(c) creating an ECNV profile based on the copy number variations of

marker exons;

wherein said ECNV profile is informative of the onset, progression, severity,

or treatment outcome of said autoimmune disease in said subject.

43. A method of determining autoimmune disease risk in a subject, comprising:

(i) creating an ECNV profile of said subject using the method of claim

42;

(ii) determining the degree of similarity between the ECNV profile of

(c) and one or more reference profiles, wherein each reference

profile is an ECNV profile comprising ECNV information of one

or more exons of said marker gene, and wherein each reference

profile correlates with the presence or the absence of said

autoimmune disease, or with the onset, progression, severity, or

treatment outcome of said autoimmune disease;

wherein said degree of similarity is indicative of the onset, progression,

severity, or treatment outcome of said autoimmune disease in said subject.

44. The method of claim 43, wherein step (ii) comprises comparing said ECNV

profile of (i) to a profile database, wherein said database comprises a plurality

of reference profiles.

45. The method of claim 44, further comprising identifying one or more reference

profiles from the database that are most similar to said ECNV profile of (i).



46. The method of any one of claims 42-45, wherein said marker genes further

comprise Midi, Mid2, and PPP2R1A.

47. The method of any one of claims 42-46, wherein the step (b) further

comprising performing a statistical analysis to determine the statistical

significance of the copy number variation of a marker exon.

48. The method of claim 47, wherein the copy number variation of a marker exon

is statistically significant when P-value is < 0.05.

49. The method of claim 47 or 48, wherein said statistical test is a T-test,

ANOVA, or Mann-Whitney U-test.

50. The method of any one of claims 42-49, wherein said autoimmune disease is

Crohn's disease.

51. The method of any one of claims 42-50, wherein said genomic DNA is the

genomic DNA from a normal cell or normal tissue.

52. The method of any one of claims 42-5 1, wherein the copy number of an exon

is detected by a method selected from: quantitative polymerase chain reaction

(QPCR), multiplex ligation dependent probe amplification (MLPA), multiplex

amplification and probe hybridization (MAPH), quantitative multiplex PCR of

short fluorescent fragment (QMPSF), dynamic allele-specific hybridization, or

semiquantitative fluorescence in situ hybridization (SQ-FlSH).

53. The method of claim 52, wherein the copy number of an exon is detected by

QPCR.

54. The method of claim 52 or 53, wherein the ECNV is determined by global

pattern recognition (GPR™).

55. A kit for generating an ECNV profile of a subject that is informative of an

autoimmune disease risk, comprising:

(a) a set of polynucleotide primers for detecting the copy numbers of a

set of marker exons in the genomic DNA of said subject, wherein



said set of marker exons comprise at least one exon from each of

the following marker genes: ATG16L1, CYLD, IL23R, N0D2, and

SNX20, and wherein for each marker exon, at least one primer

selectively hybridizes to said exon;

(b) instructions for creating an ECNV profile of the genomic DNA of

said subject according to method of claim 42.

56. The kit of claim 55, wherein said set of marker exons comprise the exons

listed in Table 4 .

57. A method of generating an ECNV profile of a subject that is informative of

neurological disease risk, comprising:

(a) providing a genomic DNA sample obtained from said subject;

(b) determining the copy number variations of a set of marker exons

by comparing the copy number of each of the marker exons in said

genomic DNA sample with the copy number of the corresponding

exon in a control, wherein the set of marker exons comprise at least

one exon from each of the following marker genes: APOE, APP,

PSENl, PSEN2, and PSENEN;

(c) creating an ECNV profile based on the copy number variations of

marker exons;

wherein said ECNV profile is informative of the onset, progression, severity,

or treatment outcome of said neurological disease in said subject.

58. A method of determining autoimmune disease risk in a subject, comprising:

(i) creating an ECNV profile of said subject using the method of claim

57;

(ii) determining the degree of similarity between the ECNV profile of

(c) and one or more reference profiles, wherein each reference

profile is an ECNV profile comprising ECNV information of one



or more exons of said marker genes, and wherein each reference

profile correlates with the presence or the absence of said

neurological disease, or with the onset, progression, severity, or

treatment outcome of said neurological disease;

wherein said degree of similarity is indicative of the onset, progression,

severity, or treatment outcome of said neurological disease in said subject.

59. The method of claim 58, wherein step (ii) comprises comparing said ECNV

profile of (i) to a profile database, wherein said database comprises a plurality

of reference profiles.

60. The method of claim 59, further comprising identifying one or more reference

profiles from the database that are most similar to said ECNV profile of (i).

6 1. The method of any one of claims 57-60, wherein the step (b) further

comprising performing a statistical analysis to determine the statistical

significance of the copy number variation of a marker exon.

62. The method of claim 6 1, wherein the copy number variation of a marker exon

is statistically significant when P-value is < 0.05.

63. The method of claim 6 1 or 62, wherein said statistical test is a T-test,

ANOVA, or Mann-Whitney U-test.

64. The method of any one of claims 57-63, wherein said neurological disease is

Alzheimer's disease.

65. The method of any one of claims 57-64, wherein said genomic DNA is the

genomic DNA from a normal cell or normal tissue.

66. The method of any one of claims 57-65, wherein the copy number of an exon

is detected by a method selected from: quantitative polymerase chain reaction

(QPCR), multiplex ligation dependent probe amplification (MLPA), multiplex

amplification and probe hybridization (MAPH), quantitative multiplex PCR of



short fluorescent fragment (QMPSF), dynamic allele-specific hybridization, or

semiquantitative fluorescence in situ hybridization (SQ-FISH).

67. The method of claim 66, wherein the copy number of an exon is detected by

QPCR.

68. The method of claim 66 or 67, wherein the ECNV is determined by global

pattern recognition (GPR™).

69. A kit for generating an ECNV profile of a subject that is informative of an

neurological disease risk, comprising:

(a) a set of polynucleotide primers for detecting the copy numbers of a

set of marker exons in the genomic DNA of said subject, wherein

said set of marker exons comprise at least one exon from each of

the following marker genes: APOE, APP, PSENl, PSEN2, and

PSENEN, and wherein for each marker exon, at least one primer

selectively hybridizes to said exon;

(b) instructions for creating an ECNV profile of the genomic DNA of

said subject according to method of claim 57.

70. The kit of claim 69, wherein said set of marker exons comprise the exons

listed in Table 5.
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