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CANCER SUSCEPTIBILITY VARIANTS ON CHR8Q24.21

BACKGROUND OF THE INVENTION

Cancer, the uncontrolled growth of malignant cells, is a major health problem of the modern
medical era and is one of the leading causes of death in developed countries. In the United States, one
in four deaths is caused by cancer (Jemal, A. et al., CA Cancer J. Clin. 52:23-47 (2002)).

v The incidence of prostate cancer has dramatically increased over the last decades and prostate
cancer is now a leading cause of death in the United States and Western Europe (Peschel, R.E. and
J.W. Colberg, Lancet 4:233-41 (2003); Nelson, W.G. et al., N. Engl. J. Med. 349(4):366-81 (2003)).
Prostate cancer is the most frequently diagnosed noncutaneous malignancy among men in
industrialized countries, and in the United States, 1 in 8 men will develop prostate cancer during his life
(Simard, J. et al., Endocrinology 143(6):2029-40 (2002)). Although environmental factors, such as
dietary factors and lifestyle-related factors, contribute to the risk of prostate cancer, genetic factors have
also been shown to play an important role. Indeed, a positive family history is among the strongest
epidemiological risk factors for prostate cancer, and twin studies comparing the concordant occurrence
of prostate cancer in monozygotic twins have consistently revealed a stronger hereditary component in
the risk of prostate cancer than in any other type of cancer (Nelson, W.G. et al., N. Engl. J. Med.
349(4):366-81 (2003); Lichtenstein P. et.al., N. Engl. J. Med. 343(2):78-85 (2000)). In addition, an
increased risk of prostate cancer is seen in 1% to 5™ degree relatives of prostate cancer cases in a
nation wide study on the familiality of all cancer cases diagnosed in Iceland from 1955-2003
(Amundadottir et.al., PLoS Medicine 1(3):e65 (2004)). The genetic basis for this disease, emphasized
by the increased risk among relatives, is further supported by studies of prostate cancer among
particular populations: for example, African Americans have among the highest incidence of prostate
cancer and mortality rate attributable to this disease: they are 1.6 times as likely to develop prostate
cancer and 2.4 times as likely to die from this disease than European Americans (Ries, L.A.G. et al.,
NIH Pub. No. 99-4649 (1999)).

An average 40% reduction in life expectancy affects males with prostate cancer. If detected
early, prior to metastasis and local spread beyond the capsule, prostate cancer can be cured (e.g.,
using surgery). However, if diagnosed after spread and metastasis from the prostate, prostate cancer is
typically a fatal disease with low cure rates. While prostate-specific antigen (PSA)-based screening has
aided early diagnosis of prostate cancer, it is neither highly sensitive nor specific (Punglia et.al., N Eng/
J Med. 349(4):335-42 (2003)). This means that a high percentage of false negative and false positive
diagnoses are associated with the test. The consequences are both many instances of missed cancers
and unnecessary follow-up biopsies for those without cancer. As many as 65 to 85% of individuals
(depending on age) with prostate cancer have a PSA value less than or equal to 4.0 ng/mL, which has
traditionally been used as the upper limit for a normal PSA level (Punglia et.al., N Engl J Med.
349(4):335-42 (2003); Cookston, M.S., Cancer Control 8(2):133-40 (2001); Thompson, I.M. et.al., N
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Engl J Med. 350:2239-46 (2004)). A significant fraction of those cancers with low PSA levels are scored
as Gleason grade 7 or higher, which is a measure of an aggressive prostate cancer. /d.

In addition to the sensitivity problem outlined above, PSA testing also has difficulty with
specificity and predicting prognosis. PSA levels can be abnormal in those without prostate cancer. For
example, benign prostatic hyperplasia (BPH) is one common cause of a false-positive PSA test. In
addition, a variety of noncancer conditions may elevate serum PSA levels, including urinary retention,
prostatitis, vigorous prostate massage and ejaculation. /d.

Subsequent confirmation of prostate cancer using needle biopsy in patients with positive PSA
levels is difficult if the tumor is too small to see by ultrasound. Multiple random samples are typically
taken but diagnosis of prostate cancer may be missed because of the sampling of only small amounts of
tissue. Digital rectal examination (DRE) also misses many cancers because only the posterior lobe of
the prostate is examined. As early cancers are nonpalpable, cancers detected by DRE may already
have spread outside the prostate (Mistry K.J., Am. Board Fam. Pract. 16(2):95-101 (2003)).

Thus, there is clearly a great need for improved diagnostic procedures that would facilitate
early-stage prostate cancer detection and prognosis, as well as aid in preventive and curative
treatments of the disease. In addition, there is a need to develop tools to better identify those patients
who are more likely to have aggressive forms of prostate cancer from those patients that are more likely
to have more benign forms of prostate cancer that remain localized within the prostate and do not
contribute significantly to morbidity or mortality. This would help to avoid invasive and costly procedures
for patients not at significant risk.

Loci Associated with Various Forms of Prostate Cancer

The incidence of prostate cancer has dramatically increased over the last decades. Prostate
cancer is a multifactorial disease with genetic and environmental components involved in its etiology. It
is characterized by heterogeneous growth patterns that range from slow growing tumors to very rapid
highly metastatic lesions.

Although genetic factors are among the strongest epidemiological risk factors for prostate
cancer, the search for genetic determinants involved in the disease has been challenging. Studies have
revealed that linking candidiate genetic markers to prostate cancer has been more difficult than
identifying susceptibility genes for other cancers, such as breast, ovary and colon cancer. Several
reasons have been proposed for this increased difficulty including: the fact that prostate cancer is often
diagnosed at a late age thereby often making it difficult to obtain DNA samples from living affected
individuals for more than one generation; the presence within high-risk pedigrees of phenocopies that
are associated with a lack of distinguishing features between hereditary and sporadic forms; and the
genetic heterogeneity of prostate cancer and the accompanying difficulty of developing appropriate
statistical transmission models for this complex disease (Simard, J. et al., Endocrinology 143(6):2029-40
(2002)).
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Various genome scans for prostate cancer-susceptibilty genes have been conducted and
several prostate cancer susceptibility loci have been reported. For example, HPC1 (1q24-q25), PCAP
(1q42-q43), HCPX (Xq27-q28), CAPB (1p36), HPC20 (20q13), HPC2/ELAC2 (17p11) and 16q23 have
been proposed as prostate cancer susceptibility loci (Simard, J. et al., Endocrinology 143(6):2029-40
(2002); Nwosu, V. et al., Hum. Mol. Genet. 10(20):2313-18 (2001)). In a genome scan conducted by
Smith et al., the strongest evidence for linkage was at HPC1, although two-point analysis also revealed
a LOD score of 2 1.5 at D4S430 and LOD scores 2 1.0 at several loci, including markers at Xq27-28
(Ostrander E.A. and J.L. Stanford, Am. J. Hum. Genet. 67:1367-75 (2000)). Another genome scan
reported two-point LOD scores of 2 1.5 for chromosomes 10q, 12q and 14q using an autosomal
dominant model of inheritance, and chromosomes 1q, 8q, 10q and 16p using a recessive model of
inheritance. /d. Still another genome scan identified regions with nominal evidence for linkage on 2q,
12p, 15q, 16q and 16p. /d. A genome scan for prostate cancer predisposition loci using a small set of
Utah high risk prostate cancer pedigrees and a set of 300 poymorphic markers provided evidence for
linkage to a locus on chromosome 17p (Simard, J. et al., Endocrinology 143(6):2029-40 (2002)). Eight
new linkage analyses were published in late 2003, which depicted remarkable heterogeneity. Eleven
peaks with LOD scores higher than 2.0 were reported, none of which overlapped (see Actane
consortium, Schleutker et.al., Wiklund et.al., Witte et.al., Janer et.al., Xu et.al., Lange et.al.,
Cunningham et.al.; all of which appear in Prostate, vol. 57 (2003)).

As decribed above, identification of particular genes involved in prostate cancer has been
challenging. One gene that has been implicated is RNASEL, which encodes a widely expressed latent
endoribonuclease that participates in an interferon-inducible RNA-decay pathway believed to degrade
viral and cellular RNA, and has been linked to the HPC locus (Carpten, J. et al., Nat. Genet. 30:181-84
(2002); Casey, G. et al., Nat. Genet. 32(4):581-83 (2002)). Mutations in RNASEL have been associated
with increased susceptibility to prostate cancer. For example, in one family, four brothers with prostate
cancer carried a disabling mutation in RNASEL, while in another family, four of six brothers with prostate
cancer carried a base substitution affecting the initiator methionine codon of RNASEL. /d. Other
studies have revealed mutant RNASEL alleles associated with an increased risk of prostate cancer in
Finnish men with familial prostate cancer and an Ashkenazi Jewish population (Rokman, A. et al., Am J.
Hum. Genet. 70:1299-1304 (2002); Rennert, H. et al., Am J. Hum. Genet. 71:981-84 (2002)). In
addition, the Ser217Leu genotype has been proposed to account for approximately 9% of all sporadic
cases in Caucasian Americans younger than 65 years (Stanford, J.L., Cancer Epidemiol. Biomarkers
Prev. 12(9):876-81 (2003)). In contrast to these positive reports, however, some studies have failed to
detect any association between RNASEL alleles with inactivating mutations and prostate cancer (Wang,
L. et al., Am. J. Hum. Genet. 71:116-23 (2002); Wiklund, F. et al., Clin. Cancer Res. 10(21):7150-56
(2004); Maier, C. et.al., Br. J. Cancer 92(6):1159-64(2005)).

The macrophage-scavenger receptor 1 (MSR1) gene, which is located at 8p22, has also been
identified as a candidate prostate cancer-susceptibility gene (Xu, J. et al., Nat. Genet. 32:321-25
(2002)). A mutant MSR1 allele was detected in approximately 3% of men with nonhereditary prostate
cancer but only 0.4% of unaffected men. /d. However, not all subsequent reports have confirmed these
initial findings (see, e.g., Lindmark, F. et al., Prostate 59(2):132-40 (2004); Seppala, E.H. et al., Clin.
Cancer Res. 9(14):5252-56 (2003); Wang, L. et al., Nat Genet. 35(2):128-29 (2003); Miller, D.C. et al.,
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Cancer Res. 63(13):3486-89 (2003)). MSR1 encodes subunits of a macrophage-scavenger receptor
that is capable of binding a variety of ligands, including bacterial lipopolysaccharide and lipoteicholic
acid, and oxidized high-density lipoprotein and low-density lipoprotein in serum (Nelson, W.G. et al., N.
Engl. J. Med. 349(4):366-81 (2003)).

The ELAC2 gene on Chr17 was the first prostate cancer susceptibility gene to be cloned in high
risk prostate cancer families from Utah (Tavtigian, S.V., et al., Nat. Genet. 27(2):172-80 (2001)). A
frameshift mutation (1641InsG) was found in one pedigree. Three additional missense changes:
Ser217Leu; Ala541Thr; and Arg781His, were also found to associate with an increased risk of prostate
cancer. The relative risk of prostate cancer in men carrying both Ser217Leu and Ala541Thr was found
to be 2.37 in a cohort not selected on the basis of family history of prostate cancer (Rebbeck, T.R., et
al., Am. J. Hum. Genet. 67(4):1014-19 (2000)). Another study described a new termination mutation
(Glu216X) in one high incidence prostate cancer family (Wang, L., et al., Cancer Res. 61(17):6494-99
(2001)). Other reports have not demonstrated strong association with the three missense mutations,
and a recent metaanalysis suggests that the familial risk associated with these mutations is more
moderate than was indicated in initial reports (Vesprini, D., et al., Am. J. Hum. Genet. 68(4):912-17
(2001); Shea, P.R., et al., Hum. Genet. 111(4-5):398-400 (2002); Suarez, B.K., et al., Cancer Res.
61(13):4982-84 (2001); Severi, G., et al., J. Natl. Cancer Inst. 95(11):818-24 (2003); Fujiwara, H., et al.,
J. Hum. Genet. 47(12):641-48 (2002); Camp, N.J., et al., Am. J. Hum. Genet. 71(6):1475-78 (2002)).

Polymorphic variants of genes involved in androgen action (e.g., the androgen receptor (AR)
gene, the cytochrome P-450c17 (CYP17) gene, and the steroid-5- -reductase type Il (SRD5A2) gene),
have also been implicated in increased risk of prostate cancer (Nelson, W.G. et al., N. Engl. J. Med.
349(4):366-81 (2003)). With respect to AR, which encodes the androgen receptor, several genetic
epidemiological studies have shown a correlation between an increased risk of prostate cancer and the
presence of short androgen-receptor polyglutamine repeats, while other studies have failed to detect
such a correlation. /d. Linkage data has also implicated an allelic form of CYP17, an enzyme that
catalyzes key reactions in sex-steroid biosynthesis, with prostate cancer (Chang, B. et al., Int. J. Cancer
95:354-59 (2001)). Allelic variants of SRD5A2, which encodes the predominant isozyme of 5- -
reductase in the prostate and functions to convert testosterone to the more potent dihydrotestosterone,
have been associated with an increased risk of prostate cancer and with a poor prognosis for men with
prostate cancer (Makridakis, N.M. et al., Lancet 354:975-78 (1999); Nam, R.K. et al., Urology 57:199-
204 (2001)).

In short, despite the effort of many groups around the world, the genes that account for a
substantial fraction of prostate cancer risk have not been identified. Although twin studies have implied
that genetic factors are likely to be prominent in prostate cancer, only a handful of genes have been
identified as being associated with an increased risk for prostate cancer, and these genes account for
only a low percentage of cases. Thus, itis clear that the majority of genetic risk factors for prostate
cancer remain to be found. Itis likely that these genetic risk factors will include a relatively high number
of low-to-medium risk genetic variants. These low-to-medium risk genetic variants may, however, be
responsible for a substantial fraction of prostate cancer, and their identification, therefore, a great benefit
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for public health. Furthermore, none of the published prostate cancer genes have been reported to
predict a greater risk for aggressive prostate cancer than for less aggressive prostate cancer.

Extensive genealogical information for a population containing cancer patients has in a recent
study been combined with powerful gene sharing methods to map a locus on chromosome 8q24.21,
which has been demonstrated to play a major role in cancer (e.g., breast cancer, prostate cancer, lung
cancer, melanoma). Various cancer patients and their relatives were genotyped with a genome-wide
marker set including 1100 microsatellite markers, with an average marker density of 3-4 cM.
(Amundadottir L.T.., Nature Genet. 38(6):652-658 (2006)). Association was detected to a single LD
block within the locus between positions 128.414 and 128.506 Mb (NCBI build 34) in Utah CEPH
HapMap samples.

Breast cancer is a significant health problem for women in the United States and throughout the
world. Although advances have been made in detection and treatment of the disease, breast cancer
remains the second leading cause of cancer-related deaths in women, affecting more than 180,000
women in the United States each year. For women in North America, the life-time odds of getting breast
cancer are now one in eight. ‘

No universally successful method for the treatment or prevention of breast cancer is currently
available. Management of breast cancer currently relies on a combination of early diagnosis (e.g.,
through routine breast screening procedures) and aggressive treatment, which may include one or more
of a variety of treatments, such as surgery, radiotherapy, chemotherapy and hormone therapy. The
course of treatment for a particular breast cancer is often selected based on a variety of prognostic
parameters including an analysis of specific tumor markers. See, e.g., Porter-Jordan and Lippman,
Breast Cancer 8:73-100 (1994).

Although the discovery of BRCA1 and BRCA2 were important steps in identifying key genetic
factors involved in breast cancer, it has become clear that mutations in BRCA1 and BRCA2 account for
only a fraction of inherited susceptibility to breast cancer (Nathanson, K.L. et al., Human Mol. Gen.
10(7):715-720 (2001); Anglican Breast Cancer Study Group. Br. J. Cancer 83(10):1301-08 (2000); and
Syrjakoski K. et.al., J. Natl. Cancer Inst. 92:1529-31 (2000)). In spite of considerable research into
therapies for breast cancer, breast cancer remains difficult to diagnose and treat effectively, and the
high mortality observed in breast cancer patients indicates that improvements are needed in the
diagnosis, treatment and prevention of the disease.

deCODE has demonstrated an increased risk of breast cancer in 1% to 5" degree relatives of
breast cancer cases in a nation wide study of the familiality of all cancers diagnosed in Iceland from
1955-2003 (Amundadottir et.al., PLoS Med. 1(3):e65 (2004); Lichtenstein P. et.al., N. Engl. J. Med.
343(2):78-85 (2000)), where the authors show that breast cancer has one of the highest heritability of all
cancers tested in a cohort of close to 45,000 twins.

It is estimated that only 5-10% of all breast cancers in women are associated with heriditary
susceptibility due to mutations in autosomal dominant genes, such as BRCA1, BRCA2, p53, pTEN and
STK11/LKB1 (Mincey, B.A. Oncologist 8:466-73 (2003)). One genetic locus, on Chromosome 8p, has
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been proposed as a locus for a breast cancer-susceptibility gene based on studies documenting allelic
loss in this region in sporadic breast cancer (Seitz, S. et al., Br. J. Cancer 76:983-91 (1997);
Kerangueven, F. et al., Oncogene 10:1023 (1995)). Studies have also suggested that a breast cancer-
susceptibility gene may be located on 13q21 (Kainu, T. et al., Proc. Natl. Acad. Sci. USA 97:9603-08
(2000)). However, as with prostate cancer, identification of additional breast cancer-susceptibility genes
has been difficult.

Lung cancer causes more deaths from cancer worldwide than any other form of cancer
(Goodman, G.E., Thorax 57:994-999 (2002)). In the United States, lung cancer is the primary cause of
cancer death among both men and women. In 2002, the death rate from lung cancer was an estimated
134,900 deaths, exceeding the combined total for breast, prostate and colon cancer. Lung cancer is
also the leading cause of cancer death in all European countries and is rapidly increasing in developing
countries. While environmental factors, such as lifestyle factors (e.g., smoking) and dietary factors, play
an important role in lung cancer, genetic factors also contribute to the disease. For example, a family of
enzymes responsible for carcinogen activation, degradation and subsequent DNA repair have been
implicated in susceptibility to lung cancer. Studies have revealed that defects in both the p53 and
RB/p16 pathway are essential for the malignant transformation of lung epithelial cells (Yokota, J. and T.
Kohno, Cancer Sci. 95(3):197-204 (2004)). Other genes, such as K-ras, PTEN and MYO18B, are
genetically altered less frequently than pS3 and RB/p16 in lung cancer cells, suggesting that alterations
in these genes are associated with further malignant progression or unique phenotypes in a subset of
lung cancer cells. Molecular footprint studies that have been conducted at the sites of p53 mutations
and RB/p16 deletions have further demonstrated that DNA repair activities and non-homologous end-
joining of DNA double-strand breaks are important in the accumulation of genetic alterations in lung
cancer cells. In addition, studies have identified candidate lung adenocarcinoma susceptibility genes,
for example, drug carcinogen metabolism genes, such as NQ0O1 (NAD(P)H:quinone oxidoreductase)
and GSTT1 (glutathione S-transferase T1), and DNA repair genes, such as XRCC1 (X-ray cross-
complementary group 1) (Yanagitani, N. et al., Cancer Epidemiol. Biomarkers Prev. 12:366-71 (2003);
Lin, P. et al., J. Toxicol. Environ. Health A. 58:187-97 (1999); Divine, K.K. et al., Mutat. Res. 461:273-78
(2001); Sunaga, N. et al., Cancer Epidemiol. Biomarkers Prev. 11:730-38 (2002)). A region of
chromosome 19q13.3, which encompasses locus D19S246, has also been suggested as containing a
gene(s) associated with lung adenocarcinoma (Yanagitani, N. et al., Cancer Epidemiol. Biomarkers
Prev. 12:366-71 (2003)). In addition, an increased risk to familial members outside of the nuclear family
has been shown by deCODE geneticists by analysing all lung cancer cases diagnosed in Iceland over
48 years. This increased risk could not be entirely accounted for by smoking indicating that genetic
variants may predispose certain individuals to lung cancer (Jonson et.al., JAMA 292(24):2977-83
(2004); Amundadottir et.al., PLoS Med. 1(3):e65 (2004)).

The five-year survival rate among all lung cancer patients, regardless of the stage of disease at
diagnosis, is only 13%. This contrasts with a five-year survival rate of 46% among cases detected while
the disease is still localized. However, only 16% of lung cancers are discovered before the disease has
spread. Early detection is difficult as clinical symptoms are often not observed until the disease has
reached an advanced stage. Currently, diagnosis is aided by the use of chest x-rays, analysis of the
type of cells contained in sputum and fiberoptic examination of the bronchial passages. Treatment
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regimens are determined by the type and stage of the cancer, and include surgery, radiation therapy
and/or chemotherapy. In spite of considerable research into therapies for this and other cancers, lung
cancer remains difficult to diagnose and treat effectively. Accordingly, there is a great need in the art for
improved methods for detecting and treating such cancers.

The incidence of malignant melanoma is increasing more rapidly than any other type of human
cancer in North America (Armstrong et al., Cancer Surv. 19-20:219-240 (1994)). Although melanoma is
curable when identified at an early stage, it requires detection and removal of the primary tumor before it
has spread to distant sites. Malignant melanomas have great propensity to metastasize and are
notoriously resistant to conventional cancer treatments, such as chemotherapy and -irradiation. Once
metastases have occurred the prognosis is very poor. Thus, early detection of melanoma is of vital
importance in melanoma treatment and control.

Studies have demonstrated that genetic factors play an important role in the stepwise
progression of normal pigment cells to atypical nevi to invasive primary melanoma and finally to cells
with aggressive metastatic potential (Kim, C.J., et al., Cahcer Control 9(1):49-53 (2002)). For example,
genetic aberrations, such as rearrangements on chromosome 1, which harbors a tumor-suppressor
gene, have been implicated in malignant melanomas. However, the molecular and biological
mechanisms of how a normal melanocyte of adult skin transforms into a melanoma cell remains unclear.

Various studies have implicated genetic factors in melanoma. For example, elevated familial
risk for early onset melanoma was noted by examination of a Utah population database (Cannon-
Albright, L.A., et al., Cancer Res., 54(9):2378-85 (1994)). In addition, the Swedish Family-Cancer
Database reported a familial standardized incidence ratios (SIR) of 2.54 and 2.98 for cutaneous
malignant melanoma (CMM) in a individual with an affected parent or sib, respectively. For an offspring
whose parent had multiple primary melanomas, the SIR rose to 61.78 (Hemminki, K., et al., J. Invest.
Dermatol. 120(2):217-23 (2003)). In the Icelandic population-based study by Amundadottir et al. (PLoS
Med. 1(3):e65 (2004)), comparable SIR-values were found. Although figures vary, it has been reported
that about 10% of CMM cases are familial (Hansen, C.B., et al., Lancet Oncol. 5(5):314-19 (2004)).
Given the known environmental risk factors for melanoma, shared environment in addition to genetics is
likely to factor into these estimates. However, familial cases tend to have earlier ages of onset and a
higher risk of multiple primary tumors, suggesting a genetic component (see, e.g., Tucker M., Oncogene
22(20):3042-52 (2003)). However, the molecular and biological mechanisms of how a normal
melanocyte transforms into a melanoma cell remains unclear.

A series of linkage-based studies have implicated CDKN2a on Chr9p21 as a major CMM-
susceptibility gene (Bataille, V., Eur. J. Cancer 39(10):1341-47 (2003)). CDK4 was identified as a
pathway candidate shortly thereafter, however, mutations in CDK4 have only been observed in a few
families worldwide (Zuo, L., et al., Nat. Genet. 12(1):97-99 (1996)). CDKN2a encodes the cyclin
dependent kinase inhibitor p16, which inhibits CDK4 and CDK®, thereby preventing G1 to S cell cycle
transit. An alternate transcript of CKDN2a produces p14ARF, which encodes a cell cycle inhibitor that
acts through the MDM2-p53 pathway. Itis likely that CDKN2a mutant melanocytes are deficient in cell
cycle control or the establishment of senescence, either as a developmental state or in response to DNA
damage (Ohtani, N., et al., J. Med. Invest. 51(3-4):146-53 (2004)). Overall penetrance of CDKN2a
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mutations in familial CMM cases is 67% by age 80. However, penetrance is increased in areas of high
melanoma prevalence (Bishop, D.T., et al., J. Natl. Cancer Inst. 94(12):894-903 (2002)).

The Melanoma Genetics Consortium recently completed a genome-wide scan for CMM, using
a set of predominantly Australian, high-risk families unlinked to 9p21 or CDK4 (Gillanders, E., et al., Am.
J. Hum. Genet. 73(2):301-13 (2003)). The 10 cM resolution scan gave a non-parametric multipoint LOD
score of 2.06 in the 1p22 region. Other locations on chromosomes 4, 7, 14, and 18 gave LODs in
excess of 1.0. With additional markers to 1p22 and the application of an age-of-onset restriction, non-
parametric LOD scores in excess of 5.0 were observed. Evidence suggests that a high-penetrance
mutation of a tumor suppressor gene exists at this location, however the pattern of LOH is complex
(Walker, G.J., et al., Genes Chromosomes Cancer, 41(1).56-64 (2004)).

Another genetic locus that has been implicated in CMM is that which encodes the Melanocortin
1 Receptor (MC1R). MC1R is a G-protein coupled receptor that is involved in promoting the switch from
pheomelanin to eumelanin synthesis. Numerous well-characterized variants of the MC1R gene have
been implicated in red-haired, pale-skinned and freckle-prone phenotypes. More than half of red-haired
individuals carry at least one of these MC1R variants (Valverde, P., et al., Nat. Genet. 11(3):328-30
(1995); Palmer, J.S., et al., Am. J. Hum. Genet. 66(1):176-86 (2000)). Subsequently, it was shown that
the same variants conferred risk for CMM with odds ratios of about 2.0 for a single variant and about 4.0
for compound heterozygotes. Recent studies have shown that the stronger variants of MC1R increase
the penetrance of CDKN2a mutations and lower the age of onset (Box, N.F., et al., Am. J. Hum. Genet.
69(4):765-73 (2001); van der Velden, P.A., et al., Am. J. Hum. Genet., 69(4):774-79 (2001)).

A number of other candidate genes have been implicated in CMM. For example, a landmark
study in cancer genomics identified somatic mutations in BRAF (the human B1 homolog of the v-raf
murine sarcoma virus oncogene) in 60% of melanomas (Davies, H., et al., Nature 417(6892):949-54
(2002)). Mutations are also common in nevi, both typical and atypical, suggesting that mutation is an
early event. /d. Germline mutations have not been reported, however, a germline SNP variant of BRAF
has been implicated in CMM risk (Meyer, P., et al., J. Carcinog. 2(1):7 (2003)). Other candidate genes,
which were identified through association studies and have been implicated in CMM risk include, e.g.,
XRCC3, XPD, EGF, VDR, NBS1, CYP2D6, and GSTM1 (Hayward, N.K., Oncogene, 22(20):3053-62
(2003)). However, such association studies frequently suffer from small sample sizes, reliance on single

SNPs and potential population stratification.

Clearly, identification of markers and genes that are responsible for susceptibility to particular
forms of cancer (e.g., prostate cancer, breast cancer, lung cancer, melanoma, colon cancer, testicular
cancer) is one of the major challenges facing oncology today. Some of the pathways underlying cancer
are shared in different forms of cancer. As a consequence, genetic risk factors identified for one
particular form of cancer may also represent a risk factor for other cancer types. Diagnostic and
therapeutic methods utilizing these risk factors may therefore have a common utility. Accordingly,
therapeutic mesures developed to target such risk factors may have implications for cancer in general,
and not necessarily only the cancer for which the risk factor is originally identified. There is a need to
identify means for the early detection of individuals that have a genetic susceptibility to cancer so that
more aggressive screening and intervention regimens may be instituted for the early detection and
treatment of cancer. Cancer genes may also reveal key molecular pathways that may be manipulated
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(e.g., using small or large molecule weight drugs) and may lead to more effective treatments regardless
of the cancer stage when a particular cancer is first diagnosed.

SUMMARY OF THE INVENTION

As described herein, it has been discovered that particular markers haplotypes in a specific
DNA segment within chromosome 8q24.21 are indicative of susceptibility to particular cancers.

In a first aspect, the invention relates to a method for diagnosing a susceptibility to cancer in a
human individual, comprising determining the presence or absence of at least one allele of at least one
polymorphic marker in a nucleic acid sample obtained from the individual, wherein the at least one
polymorphic marker is associated with SEQ ID NO:2, and wherein the presence of the at least one allele
is indicative of a susceptibility to the cancer. In one embodiment, the at least one marker is associated
with SEQ ID NO:1. In another embodiment, the at least one marker is located within a genomic region
whose nucleotide sequence is set forth in SEQ ID NO:2. In an alternative embodiment, the at least one
marker is located within a genomic region whose nucleotide sequence is set forth in SEQ ID NO:1. In
one preferred embodiment, the at least one polymorphic marker comprises at least one marker selected
from the group of markers set forth in Table 5A, 5B and 5C.

Due to the nature of linkage disequlibrium, the present invention may be practiced using a
variety of polymorphic markers that are in linkage disequilibrium. Thus, in another embodiment, the at
least one marker comprises at least one marker within Chr8q24.21 in strong linkage disequilibrium, as
defined by |D’| >0.8 and/or r* > 0.2, with one or more markers selected from the group consisting of the
markers in Table 4A and 4B. In another embodiment, the at least one polymorphic marker is in linkage
disequilibrium with HapC. In one preferred embodiment, the at least one marker is marker rs16901979
(SEQ ID NO: 73) and markers in linkage disequilibrium therewith. In another preferred embodiment, the

at least one marker is selected from from the markers set forth in Table 4A and 4B.

In some embodiments of the invention, the method of diagnosing a suscepitbility to cancer
further comprises assessing the frequency of at Ieést one haplotype in the individual. The haplotype
comprises in one such embodiment the markers rs1456314 allele G, rs17831626 allele T, rs7825414
allele G, rs6993569 allele G, rs6994316 allele A, rs6470494 allele T, rs1016342 allele C, rs1031588
allele G, rs1016343 allele T, rs1551510 allele G, rs1456306 allele C, rs1378897 allele G, rs1456305
allele T, rs7816535 allele G

In certain embodiments of the invention, susceptibility is represented by values for relative risk
(RR). In other embodiments, the susceptibility is represented by an odds ratio (OR). In certain
embodiments of the method diagnosing a susceptibility to cancer, the susceptibility is increased
susceptibility, characterized by values for RR or OR of greater than one. In other embodiments, the
susceptibility is decreased susceptilbility, characterized by values for RR or OR of less than one. In
particular embodiments of the invention, the increased susceptibility is characterized by a relative risk of at
least 1.5, including a relative risk of at least 1.7, a relative risk of at least 2.0, a relative risk of at least 2.5, a
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relative risk of at least 3.0, a relative risk of at least 3.5, and a relative risk of at least 4.0. Other embodiments
are characterized by relative risk of at least 1.75, 2.25, 2.75, 3.25, 3.75, and so on. Other values for the
relative risk are however also within the scope of the present invention.

In certain other embodiments of the invention, certain alleles or haplotypes are found in decreased
frequency in patients than in the population. Thus, certain alleles or haplotypes are found in decreased
frequency in individuals diagnosed with, or at risk for; particular cancer (e.g., prostate cancer) than in the
general population. Such markers are indicative of a protection against the cancer, or a decreased
susceptibility of developing these disorders. Decreased susceptibility is in particular embodiments
characterized by a relative risk of less than 0.7, including a relative risk of less than 0.6, a relative risk of less
than 0.5, a relative risk of less than 0.4, a relative risk of less than 0.35, a relative risk of less than 0.3, and a
relative risk of less than 0.25. Other values of relative risk characterizing the decreased susceptibility or
decreased risk are however also possible and within scope of the invention, including, but not limited to, less
than 0.8, less than 0.75, less than 0.65, less than 0.55, less than 0.45, less than 0.20, etc.

In particular embodiments of the methods of the invention, the at least one marker or haplotype
comprises rs16901979 allele 1, with the at least one marker or haplotype conferring an increased
susceptibility of the cancer. In another such embodiment, the at least one marker or haplotype is the
marker rs16901979 allele 1. In other particular embodiments of the methods of the invention, the,at
least one marker or haplotype comprises rs16901979 allele 2, with the at least one marker or haplotype
conferring an increased susceptibility of the cancer. In another such embodiment, the at least one
marker or haplotype is the marker rs16901979 allele 2. ‘

In certain embodiments of the methods of the invention, the cancer is selected from the group
consisting of prostate cancer, colon cancer, breast cancer, testicular cancer, lung cancer and melanoma
cancer. In a preferred embodiment, the cancer is prostate cancer.

The prostate cancer is in one embodiment an aggressive prostate cancer as defined by a
combined Gleason score of 7(4+3)-10. The prostate cancer is in another embodiment a less aggressive
prostate cancer as defined by a combined Gleason score of 2-7(3+4). In one embodiment, the at least

one marker or haplotype is indicative of a more aggressive prostate cancer and/or a worse prognosis.

Another embodiment of the methods of the invention relates to the presence of the marker or
haplotype being indicative of a different response rate of the subject to a particular treatment modality.
In another embodiment, the presence of the at least one marker or haplotype is indicative of a
predisposition to a somatic rearrangement of Chr8q24.21 in a tumor or its precursor. In one such
embodiment, the somatic rearrangement is selected from the group consisting of an amplification, a
translocation, an insertion and a deletion.

The methods, uses and kits of invention can in certain embodiments relate to individuals with a
particular ancestry. Thus, in one embodiment of the invention, the individual is of a specific ancestry. In
another embodiment, the ancestry is black African ancestry. Other ancestry of the individuals to be
assessed by the methods of the invention are also possible, as described in further detail herein, and
are also within scope of the present invention. In one embodiment, the ancestry is self-reported. In
another embodiment, the ancestry is determined by detecting at least one allele of at least one
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polymorphic marker in a sample from the individual, wherein the presence or absence of the allele is
indicative of the ancestry of the individual.

Another aspect of the present invention relates to a method of identification of a marker for use
in assessing susceptibility to cancer, the method comprising

a. identifying at least one polymorphic marker within SEQ ID NO:2, or at least one
polymorphic marker in linkage disequilibrium therewith;

b. determining the genotype status of a sample of individuals diagnosed with, or having a
susceptibility to, prostate cancer; and

c. determining the genotype status of a sample of control individuals;

wherein a significant difference in frequency of at least one allele in at least one polymorphism in
individuals diagnosed with, or having a susceptibility to, prostate cancer, as compared with the
frequency of the at least one allele in the control sample is indicative of the at least one polymorphism
being useful for assessing susceptibility to cancer.

Linkage disequilibrium is in one particular embodiment characterized by numerical values of r?
of greater than 0.2 and/or |D’| of greater than 0.8. In another embodiment, the at least one polymorphic
marker is in linkage disequilibrium, as characterized by numerical values of r* of greater than 0.2 and/or
|D'|-of greater than 0.8 with HapC and/or marker rs16901979. In another embodiment, an increase in
frequency of the at least one allele in the at least one polymorphism in individuals diagnosed with, or
having a susceptibility to, cancer, as compared with the frequency of the at least one allele in the control
sample is indicative of the at least one polymorphism being useful for assessing increased susceptibility
to cancer. In yet another embodiment, a decrease in frequency of the at least one allele in the at least
one polymorphism in individuals diagnosed with, or having a susceptibility to, exfoliation syndrome, as
compared with the frequency of the at least one allele in the control sample is indicative of the at least
one polymorphism being useful for assessing decreased susceptibility to, or protection against, cancer.

The present invention, in another aspect, relates to a method of genotyping a nucleic acid
sample obtained from a human individual at risk for, or diagnosed with, cancer, comprising determining
the presence or absence of at least one allele of at least one polymorphic marker in the sample, wherein
the at least one marker is selected from the group consisting of the markers set forth in Table 4A and
4B, and markers in linkage disequilibrium therewith, and wherein the presence or absence of the at
least one allele of the at least one polymorphic marker is indicative of a susceptibility of cancer. In one
embodiment the at least one marker is rs16901979 (SEQ ID NO:73), and markers in linkage
disequilibrium therewith. In another embodiment, linkage disequilibrium is determined by numerical
values for r of at least 0.2 and/or numerical values of |D'| of at least 0.8. In another embodiment, the
genotyping comprises amplifying a segment of a nucleic acid that comprises the at least one
polymorphic marker by Polymerase Chain Reaction (PCR), using a nucleotide primer pair flanking the at
least one polymorphic marker. In yet another embodiment, genotyping is performed using a process
selected from allele-specific probe hybridization, allele-specific primer extension, allele-specific
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amplification, nucleic acid sequencing, 5'-exonuclease digestion, molecular beacon assay,

oligonucleotide ligation assay, size analysis, and single-stranded conformation analysis. In one such

embodiment, the process comprises allele-specific probe hybridization. In another embodiment, the

process comprises nucleic acid sequencing. In another embodiment, the nucleic acid sequencing is

DNA sequencing.

One embodiment of a method of genotyping according to the invention, comprises the steps of:

1)

2)

3)

contacting copies of the nucleic acid with a detection oligonucleotide probe and an

enhancer oligonucleotide probe under conditions for specific hybridization of the

oligonucleotide probe with the nucleic acid; wherein

a)

b)

c)

d)

the detection oligonucleotide probe is from 5-100 nucleotides in length and specifically
hybridizes to a first segment of the nucleic acid whose nucleotide sequence is given by
SEQ ID NO:2 that comprises at least one polymorphic site;

the detection oligonucleotide probe comprises a detectable label at its 3' terminus and
a quenching moiety at its 5' terminus;

the enhancer oligonucleotide is from 5-100 nucleotides in length and is complementary
to a second segment of the nucleotide sequence that is 5' relative to the
oligonucleotide probe, such that the enhancer oligonucleotide is located 3' relative to
the detection oligonucleotide probe when both oligonucleotides are hybridized to the

nucleic acid; and

a single base gap exists between the first segment and the second segment, such that
when the oligonucleotide probe and the enhancer oligonucleotide probe are both

hybridized to the nucleic acid, a single base gap exists between the oligonucleotides;

treating the nucleic acid with an endonuclease that will cleave the detectable label from the

3' terminus of the detection probe to release free detectable label when the detection probe

is hybridized to the nucleic acid; and

measuring free detectable label, wherein the presence of the free detectable label indicates

that the detection probe specifically hybridizes to the first segment of the nucleic acid, and

indicates the sequence of the polymorphic site as the complement of the detection probe.

In a particular embodiment, the copies of the nucleic acid are provided by amplification by

Polymerase Chain Reaction (PCR). In some embodiments the susceptibility to be detected is increased

susceptibility. In other embodiment, the susceptibility is decreased susceptibility. In particular

embodiments, the cancer is selected from prostate cancer, colon cancer, breast cancer, lung cancer,

testicular cancer and melanoma. In a preferred embodiment, the cancer is prostate cancer. In one

such embodiment, the prostate cancer is an aggressive prostate cancer as defined by a combined

Gleason score of 7(4+3)-10. In another such embodiment, the prostate cancer is a less aggressive

prostate cancer as defined by a combined Gleason score of 2-7(3+4).
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The methods of idenfication of markers for use in assessing a susceptibility to cancer, and the
methods of gentyping, are in some embodiments practised on individual is of a specific ancestry. In one
such embodimnet, the ancestry is black African ancestry. Other ancestry is also within the scope of the
invention, as described in detail in the herein. the ancestry is in one embodiment self-reported. In
another embodiment, the ancestry is determined by detecting at least one allele of at least one
polymorphic marker in a sample from the individual, wherein the presence or absence of the allele is
indicative of the ancestry of the individual.

Another aspect of the present invention relates to a method of assessing an individual for
probability of response to a therapeutic agent for preventing and/or ameliorating symptoms associated
with cancer, comprising: determining the presence or absence of at least one allele of at least one
polymorphic marker in a nucleic acid sample obtained from the individual, wherein the at least one
polymorphic marker is selected from the group consisting of the polymorphic markers listed in Table 5A,
5B and 5C, and markers in linkage disequilibrium therewith, wherein the presence of the at least one
allele of the at least one marker is indicative of a probability of a positive response to a symptoms
associated with exfoliation syndrome and/or glaucoma therapeutic agent. Another aspect of the present
invention relates to a method of predicting prognosis of an individual diagnosed with, cancer, the
method comprising determining the presence or absence of at least one allele of at least one
polymorphic marker in a nucleic acid sample obtained from the individual, wherein the at least one
polymorphic marker is selected from the group consisting of the polymorphic markers listed in Table 5A,
5B and 5C, and markers in linkage disequilibrium therewith, wherein the presence of the at least one
allele is indicative of a worse prognosis of the cancer in the individual. Yet another aspect of the
invention relates to a method of monitoring progress of a treatment of an individual undergoing
treatment for cancer, the method comprising determining the presence or absence of at least one allele
of at least one polymorphic marker in a nucleic acid sample obtained from the individual, wherein the at
least one polymorphic marker is selected from the group consisting of the polymorphic markers listed in
Table 5A, 5B and 5C, and markers in linkage disequilibrium therewith, wherein the presence of the at
least one allele is indicative of the treatment outcome of the individual. In any of these aspects,the at
least one polymorphic marker is in one embodiment rs16901979 (SEQ ID NO:73) and markers in
linkage disequilibrium therewith. In another embodiment, linkage disequilibrium is defined by numerical
values of r of at least 0.2 and/or values of |D'| of at least 0.8. In one preferred embodiment, the cancer
is prostate cancer. In one such embodiment, the prostate cancer is an aggressive prostate cancer as
defined by a combined Gleason score of 7(4+3)-10. In another embodiment, the prostate cancer is a
less aggressive prostate cancer as defined by a combined Gleason score of 2-7(3+4).

The methods of the present invention may be utilized as such. In some embodiments, the
methods may also be utilized in combination with other useful in the methods described herein. In one
such embodiment, the method further comprises assessing at least one biomarker in a sample from the
individual. The biomarker may be any biological marker useful for aiding in any decision-making based
on the methods as described herein. In one embodiment, the biomarker is PSA. In another
embodiment, the sample is a blood sample or a cancer biopsy sample. Other sample types useful for
practicing the invention are however also contemplated, and within scope of the invention, such as other
body fluids or tissue samples from any human tissue type.
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Other embodiments of the methods of the invention, further comprise analyzing non-genetic
information to make risk assessment, diagnosis, or prognosis of the individual. The non-genetic
information are in one embodiment selected from age, gender, ethnicity, socioeconomic status, previous
disease diagnosis, medical history of subject, family history of cancer, biochemical measurements, and
clinical measurements. In a preferred embodiment, the method further comprises calculating overall risk
based on genetic and non-genetic information.

Another aspect of the present invention relates to a kit for assessing susceptibility to cancer in a
human individual, the kit comprising reagents for selectively detecting at least one allele of at least one
polymorphic marker in the genome of the individual, wherein the polymorphic marker is selected from
the group consisting of the polymorphic markers within the segment whose sequence is set forth in SEQ
ID NO:2, and markers in linkage disequilibrium therewith, and wherein the presence of the at least one
allele is indicative of a susceptibility to cancer. In one embodiment, the kit comprises at least one
polymorphic marker selected from the group of markers set forth in Table 5A, 5B and 5C, and markers
in linkage disequilibrium therewith. In another embodiment, the at least one polymorphic markers is
selected from the group of markers set forth in Table 4A and 4B. In one preferred embodiment, the at
least one polymorphic marker is selected from rs16901979 (SEQ ID NO: 73), and markers in linkage
disequilibrium therewith. In another embodiment, the at least one polymorphic marker is rs16901979.

In one embodiment, linkage disequilibrium is defined by numerical values of r* of at least 0.2 and/or
values of |D'| of at least 0.8.. In another embodiment, the cancer is selected from prostate cancer, colon
cancer, breast cancer, testicular cancer, lung cancer and melanoma cancer. In a preferred
embodiment, the cancer is prostate cancer. In one such embodiment, the prostate cancer is an
aggressive prostate cancer as defined by a combined Gleason score of 7(4+3)-10. In another
embodiment, the prostate cancer is a less aggressive prostate cancer as defined by a combined
Gleason score of 2-7(3+4).

The kits of the invention may be used in any of the methods of the invention, as described
herein. Thus, kits comprising reagents for specifically detecting at least one allele of at least one
polymorphic marker, as described herein, may be utilized to practice any of the methods described
herein, as will be apparent to the skilled person.

In one embodiment of the kit of the invention, the reagents comprise at least one contiguous
oligonucleotide that hybridizes to a fragment of the genome of the individual comprising the at least one
polymorphic marker, a buffer and a detectable label. In one embodiment, the reagents comprise at least
one pair of oligonucleotides that hybridize to opposite strands of a genomic nucleic acid segment
obtained from the subject, wherein each oligonucleotide primer pair is designed to selectively amplify a
fragment of the genome of the individual that includes one polymorphic marker, and wherein the
fragment is at least 30 base pairs in size. In a preferred embodiment, the at least one oligonucleotide is
completely complementary to the genome of the individual. In another embodiment, the oligonucleotide
is about 18 to about 50 nucleotides in length. In yet another embodiment, the oligonucleotide is 20-30
nucleotides in length.
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In one preferred embodiment of the kit of the invention, the kit comprises:
a. adetection oligonucleotide probe that is from 5-100 nucleotides in length;
b. an enhancer oligonucleotide probe that is from 5-100 nucleotides in length; and
c. an endonuclease enzyme;

wherein the detection oligonucleotide probe specifically hybridizes to a first segment of the nucleic acid
whose nucleotide sequence is given by SEQ ID NO: 2 that comprises at least one polymorphic site; and

wherein the detection oligonucleotide probe comprises a detectable label at its 3' terminus and a
quenching moiety at its 5' terminus;

wherein the enhancer oligonucleotide is from 5-100 nucleotides in length and is complementary to a
second segment of the nucleotide sequence that is 5’ relative to the oligonucleotide probe, such that the
enhancer oligonucleotide is located 3’ relative to the detection oligonucleotide probe when both
oligonucleotides are hybridized to the nucleic acid;

wherein a single base gap exists between the first segment and the second segment, such that when
the oligonucleotide probe and the enhancer oligonucleotide probe are both hybridized to the nucleic
acid, a single base gap exists between the oligonucleotides; and '

wherein treating the nucleic acid with the endonuclease will cleave the detectable label from the 3'
terminus of the detection probe to release free detectable label when the detection probe is hybridized
to the nucleic acid.

Another aspect of the invention relates to the use of an oligonucleotide probe in the
manufacture of a diagnostic reagent for diagnosing and/or assessing susceptibility to cancer in a human
individual, wherein the probe hybridizes to a segment of a nucleic acid whose nucleotide sequence is
given by SEQ ID NO: 2 that comprises at least one polymorphic site, wherein the fragment is 15-500
nucleotides in length. In one embodiment, the polymorphic site is selected from the polymorphic
markers set forth in Table 5A, 5B and 5C, and polymorphisms in linkage disequilibrium therewith. In
another embodiment, the polymorphic site is rs16901979 (SEQ ID NO: 73). In one embodiment, the
cancer is selected from prostate cancer, colon cancer, breast cancer, testicular cancer, lung cancer and
melanoma cancer. In a preferred embodiment,the cancer is prostate cancer. In one such embodiment,
the prostate cancer is an aggressive prostate cancer as defined by a combined Gleason score of
7(4+3)-10. In another embodiment, the prostate cancer is a less aggressive prostate cancer as defined
by a combined Gleason score of 2-7(3+4).

In yet another aspect, the present invention relates to a computer-readable medium on which is
stored:

a. an identifier for at least one polymorphic marker;
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b. an indicator of the frequency of at least one allele of said at least one polymorphic
marker in a plurality of individuals diagnosed with cancer; and

c. an indicator of the frequency of the least one allele of said at least one polymorphic

markers in a plurality of reference individuals;

wherein the at least one polymorphic marker is selected from the polymorphic markers set forth in Table
5A, 5B and 5C, and polymorphisms in linkage disequilibrium therewith.

In one embodiment, the polymorphic site is marker rs16901979 (SEQ ID NO:73), and markers
in linkage disequilibrium therewith, as defined by numerical values of r* of at least 0.2 and/or values of
|D'| of at least 0.8. In another embodiment, the cancer is selected from prostate cancer, colon cancer,
breast cancer, testicular cancer, lung cancer and melanoma cancer.In a preferred embodiment, the
cancer is prostate cancer. In one such embodiment, the prostate cancer is an aggressive prostate
cancer as defined by a combined Gleason score of 7(4+3)-10. In another embodiment, the prostate
cancer is a less aggressive prostate cancer as defined by a combined Gleason score of 2-7(3+4).

The computer-readable medium according to the invention may, in some embodiments,
comprise information about the ancestry of the plurality of individuals. In another embodiment, the
plurality of individuals diagnosed with cancer and the plurality of reference individuals is of a specific
ancestry. In one embodiment, the ancestry is black African ancestry. In another embodiment, the
ancestry is self-reported. In yet another embodiment, the ancestry is determined genetically, by
genotyping a plurality of polymorphic markers to assess ancestry, as further described herein.

The invention furthermore relates to an apparatus for determining a genetic indicator for cancer in a
human individual, comprising:

a computer readable memory; and
a routine stored on the computer readable memory;

wherein the routine is adapted to be executed on a processor to analyze marker and/or haplotype
information for at least one human individual with respect to at least one polymorphic marker selected
from the markers set forth in Table 5A, 5B and 5C, and markers in linkage disequilibrium therewith, and
generate an output based on the marker or haplotype information, wherein the output comprises a risk
measure of the at least one marker or haplotype as a genetic indicator of cancer for the human
individual. In one embodiment, the routine further com'prises an indicator of the frequency of at least
one allele of at least one polymorphic marker or at least one haplotype in a plurality of individuals
diagnosed with cancer, and an indicator of the frequency of at the least one allele of at least one
polymorphic marker or at least one haplotype in a plurality of reference individuals, and wherein a risk
measure is based on a comparison of the at least one marker and/or haplotype status for the human
individual to the indicator of the frequency of the at least one marker and/or haplotype information for
the plurality of individuals diagnosed with cancer.
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In one embodiment, the at leat one polymorphic marker is rs16901979 (SEQ ID NO:73), and
markers in linkage disequilibrium therewith, as defined by numerical values of * of at least 0.2 and/or
values of |D’| of at least 0.8. In another embodiment, the risk measure is characterized by an Odds
Ratio (OR) or a Relative Risk (RR).

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other aspects, features and advantages of the invention will be apparent
from the following more particular description of preferred embodiments of the invention, as illustrated in
the accompanying drawings.

FIG. 1 depicts the LD structure (HAPMAP) in the Chr8q24.21 LD Block C area. The LD
structure for Caucasians (CEU) is shown in (A), while the LD structure for Africans from Yoruba (YRI) is
shown in (B). The thick diagonal line inidicates the location of LD block C (SEQ ID NO:1). Each marker
is shown in a sequential order with equal distances between two consecutive markers.

FIG. 2 depicts the LD structure of the LD Block C' (SEQ ID NO:2) in the Chr8q24.21 region.
The LD block as defined overlaps LD Block C, representing a refined analysis of the region within which
variants associated with prostate cancer as described herein are located. The LD structure for
Caucasians (CEU) is shown in (A), while the LD structure for Africans from Yoruba (YRI) is shown in
(B). The thick diagonal line inidicates the location of LD block C. Each marker is shown in a sequential
order with equal distances between two consecutive markers.

DETAILED DESCRIPTION OF THE INVENTION

Reference to any prior art in the specification is not, and should not be taken as, an
acknowledgment, or any form of suggestion, that this prior art forms part of the common general
knowledge in Australia or any other jurisdiction or that this prior art could reasonably be expected
to be ascertained, understood and regarded as relevant by a person skilled in the art.

Definitions
The following terms shall, in the present context, have the meaning as indicated:

As used herein, except where the context requires otherwise, the term "comprise” and
variations of the term, such as "comprising", "comprises" and "comprised”, are not intended to

exclude other additives, components, integers or steps.
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A “polymorphic marker”, sometimes referred to as a “marker”, as described herein, refers to a
genomic polymorphic site. Each polymorphic marker has at least two sequence variations characteristic
of particular alleles at the polymorphic site. Thus, genetic association to a polymorphic marker implies
that there is association to at least one specific allele of that particular polymorphic marker. The marker
can comprise any allele of any variant type found in the genome, including single nucleotide
polymorphisms (SNPs), microsatellites, insertions, deletions, duplications and translocations.

An “allele” refers to the nucleotide sequence of a given locus (position) on a chromosome. A
polymorphic marker allele thus refers to the composition (i.e., sequence) of the marker on a
chromosome. Genomic DNA from an individual contains two alleles for any given polymorphic marker,
representative of each copy of the marker on each chromosome.
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A nucleotide position at which more than one sequence is possible in a population (either a
natural population or a synthetic population, e.g., a library of synthetic molecules) is referred to herein as
a “polymorphic site".

A "Single Nucleotide Polymorphism” or “SNP" is a DNA sequence variation occurring when a
single nucleotide at a specific location in the genome differs between members of a species or between
paired chromosomes in an individual. Most SNP polymorphisms have two alleles. Each individual is in
this instance either homozygous for one allele of the polymorphism (i.e. both chromosomal copies of the
individual have the same nucleotide at the SNP location), or the individual is heterozygous (i.e. the two
sister chromosomes of the individual contain different nucleotides). The SNP nomenclature as reported
herein refers to the official Reference SNP (rs) ID identification tag as assigned to each unique SNP by
the National Center for Biotechnological Information (NCBI).

A “variant”, as described herein, refers to a segment of DNA that differs from the reference
DNA. A “marker” or a “polymorphic marker”, as defined herein, is a variant. Alleles that differ from the
reference are referred to as “variant” alleles.

A “fragment” of a nucleotide or a protein, as described herein, comprises all or a part of the
nucleotide or the protein.

An “animal”, as described herein, refers to any domestic animal (e.g., cats, dogs, etc.),
agricultural animal (e.g., cows, horses, sheep, chicken, etc.), or test species (e.g., rabbit, mouse, rat,
etc.), and also includes humans.

A “microsatellite”, as described herein, is a polymorphic marker that has multiple small repeats
of bases that are 2-8 nucleotides in length (such as CA repeats) at a particular site, in which the number
of repeat lengths varies in the general population.

An “indel", as described herein, is a common form of polymorphism comprising a small insertion
or deletion that is typically only a few nucleotides long.

A "haplotype,” as described herein, refers to a segment of genomic DNA within one strand of
DNA that is characterized by a specific combination of alleles arranged along the segment. For diploid
organisms such as humans, a haplotype comprises one member of the pair of alleles for each
polymorphic marker or locus . In a certain embodiment, the haplotype can comprise two or more alleles,
three or more alleles, four or more alleles, or five or more alleles.

The term “susceptibility”, as described herein, encompasses both increased susceptibility and
decreased susceptibility. Thus, particular polymorphic markers and/or haplotypes of the invention may
be characteristic of increased susceptibility (i.e., increased risk) of glaucoma, as characterized by a
relative risk (RR) of greater than one. Alternatively, the markers and/or haplotypes of the invention are
characteristic of decreased susceptibility (i.e., decreased risk) of glaucoma, as characterized by a
relative risk of less than one.
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A “nucleic acid sample” , as described herein, is a sample obtained from an individual that
contains nucleic acid (DNA or RNA). In certain embodiments, i.e. the detection of specific polymorphic
markers and/or haplotypes, the nucleic acid sample comprises genomic DNA. Such a nucleic acid
sample can be obtained from any source that contains genomic DNA, including as a blood sample,
sample of amniotic fluid, sample of cerebrospinal fluid, or tissue sample from skin, muscle, buccal or
conjunctival mucosa (buccal swab), placenta, gastrointestinal tract or other organs.

As used herein, “Chr8q24.21" and “8q24.21" refer to chromosomal band 8q24.21 which
corresponds roughly to position 127,200,001-131,400,000 bp in UCSC Build 34 (from the UCSC
Genome browser Build 34 at www.genome.ucsc.edu).

As used herein, “LD Block C" refers to the LD block on Chr8q24.21 wherein association of
variants to cancer, i.e. prostate cancer, breast cancer, lung cancer and melanoma is observed. NCBI
Build 34 position of this LD block is from 128,032,278 to 128,094,256 bp (SEQ ID NO:1).

As used herein, “LD Block C' " refers to the LD block on Chr8q24.21 wherein association of
variants associated with cancer may preferably be detected. The NCBI Build 34 position of this LD
block is from 128,029,113 to 128,126,447, and its sequence is set forth in SEQ ID NO:2

Bp. In NCBI Builds 35 and 36 the location of the region is from position 128,141,706 to 128,239,040.
The sequence of the LD Block C' region in Builds 34, 35 and 36 is identical over the entire span of
97,335 bp.

The term “African ancestry”, as described herein, refers to self-reported African ancestry of
individuals.

The term “cancer therapeutic agent” refers to an agent that can be used to ameliorate or
prevent symptoms associated with cancer (i.e., prostate cancer, lung cancer, breast cancer and/or
melanoma).

The terms “associated with SEQ ID NO:2", “associated with SEQ ID NO:1" “associated with LD
Block C", and “associated with LD Block C”, refer to those DNA segments (e.g. polymorphic markers)
that are in linkage disequilibrium (LD) with the genomic segments represented by SEQ ID NO:2, SEQ ID
NO:1, LD Block C and LD Block C'. In certain embodiments, such DNA segments are in LD with one or
more markers within SEQ ID NO:2, SEQ ID NO:1, LD Block C or LD Block C' as measured by values for
|D'| greater than 0.8 and/or r? greater than 0.2.

Association to Chr8q24.21

As discussed above, linkage to chromosome 8q24.21 and association to a linkage
disequilibrium (LD) block within the linkage region has recently been reported. As described herein, it
has now been surprisingly found that variants (markers and/or haplotypes) residing within another DNA
segment of extensive LD (i.e., another LD block) in the chromosome 8q24.21 region are also associated
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with cancer. The association detected is independent of previously detected association in the region, a
surprising result for the present inventors. In one embodiment of the invention, the association is
detected by the haplotype HapC, comprising the markers rs1456314 allele G, rs17831626 allele T,
rs7825414 allele G, rs6993569 allele G, rs6994316 allele A, rs6470494 allele T, rs1016342 allele C,
rs1031588 allele G, rs1016343 allele T, rs1551510 allele G, rs1456306 allele C, rs1378897 allele G,
rs1456305 allele T and rs7816535 allele G. As with other variants associated with human traits, a large
number of surrogate variants (markers and/or haplotypes) can be described. One such surrogate
marker for HapC is marker rs16901979. The regioﬁ most likely to harbor surrogate variants is
commonly defined as a region of extensive linkage disequilibrium, so called linkage disequilibrium
blocks (LD block), as further described herein. In one embodiment, an LD block encompassing the
variants associating with cancer is LD Block C characterized by the sequence set forth in SEQ ID NO:1.
A further refinement of the signal originally detected by the inventors defines the LD Block C' as the
region between two recombination hotspots on chromosome 8q24.21, The hotspots are located at
approximately position 128,029,113 and 128,126,447 on chromosome 8, and the region thus defined is
as set forth in SEQ ID NO:2. Surrogate markers and/or haplotypes for HapC, rs16901979 can be found
within either LD Block as defined (i.e, SEQ ID NO:1,and SEQ ID NO:2) and further described in detail
herein.

In various embodiments of the invention, certain markers and/or SNPs, identified using the
methods described herein, can be used for a diagnosis of increased susceptibility to cancer (e.g.,
prostate cancer), and also for a diagnosis of a decreased susceptibility to cancer (e.g., prostate cancer),
i.e. for identification of variants that are protective against cancer (e.g., prostate cancer). The diagnostic
assays presented below can be used to identify the presence or absence of these particular variants.

The Gleason score is the most frequently used grading systeni for prostate cancer (DeMarzo,
A.M. et al., Lancet 3671:955-64 (2003)). The system is based on the discovery that prognosis of prostate
cancer is intermediate between that of the most predominant pattern of cancer and that of the second
most predominate pattern. These predominant and second most prevalent patterns are identified in
histological samples from prostate tumors and each is is graded from 1 (most differentiated) to 5 (least
differentiated) and the two scores are added. The combined Gleason grade, also known as the
Gleason sum or score, thus ranges from 2 (for tumors uniformly of pattern 1) to 1>0 (for undifferentiated
tumors). Most cases with divergent patterns, especially on needle biopsy, do not differ by more than
one pattern.

The Gleason score is a prognostic indicator, with the major prognostic shift being between 6
and 7, as Gleason score 7 tumors behave much worse leading to more morbidity and higher mortality
than tumors scoring 5 or 6. Score 7 tumors can further be subclassified into 3+4 or 4+3 (the first
number is the predominant histologic subtype in the biopsied tumor sample and the second number is
the next predominant histologic subtype), with the 4+3 score being associated with worse prognosis. A
patient's Gleason score can also influence treatment options. For example, younger men with limited
amounts of a Gleason score 5-6 on needle biopsy and low PSA concentrations may simply be
monitored while men with Gleason scores of 7 or higher usually receive active management. In Table 1,
the frequency of haplotype and the associated risk of aggressive prostate cancer (i.e., as indicated by a
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combined Gleason score of 7(4+3 only) to 10) and less aggressive prostate cancer (i.e., as indicated by
a combined Gleason score of 2 to 7 (3+4 only)) are indicated. However, the Gleason score is not a
perfect predictor of prognosis. Thus, patients with tumors with low Gleason scores may still have more
aggressive prostate cancer (defined as tumors extending beyond the prostate locally or through distant
metastasis).

In certain methods described herein, an individual who is at risk (increased susceptibility) for
cancer (e.g., prostate cancer (aggressive or high Gleason grade prostate cancer, less aggressive or low
Gleason grade prostate cancer) is an individual in whom an at-risk marker or haplotype is identified. In
one embodiment, the strength of the association of a marker or haplotype is measured by relative risk
(RR). RRiis the ratio of the incidence of the condition among subjects who carry one copy of the marker
or haplotype to the incidence of the condition among subjects who do not carry the marker or haplotype.
This ratio is equivalent to the ratio of the incidence of the condition among subjects who carry two
copies of the marker or haplotype to the incidence of the condition among subjects who carry one copy
of the marker or haplotype. ’

In one embodiment, the invention is a method of diagnosing a susceptibility to prostate cancer

(e.g., aggressive or high Gleason grade prostate cancer, less aggressive or low Gleason grade prostate
cancer), comprising detecting a marker or haplotype associated with LD Block C (e.g., a marker or
haplotype as set forth in Table 5, having a value of relative risk (RR) greater than one, indicating the
marker is associated with increased susceptibility to disease/increased risk of disease and thus is an
“at-risk” variant; a marker or haplotype with values of RR less than one indicate the marker is associated
with decreased susceptibility to disease/decreased risk of disease and thus is a “protective” variant),
wherein the presence of the marker or haplotype is indicative of a susceptibility to prostate cancer.

In another embodiment, the invention is a method of diagnosing a susceptibility to prostate
cancer (e.g., aggressive or high Gleason grade prostate cancer, less aggressive or low Gleason grade
prostate cancer), comprising detecting marker rs16901979. In one embodiment, the susceptibility is
increased susceptibility, wherein the presence of the 1 allele at marker rs16901979 is indicative of an
increased susceptibility to prostate cancer. In a further embodiment, the invention is a method of
diagnosing increased susceptibility to prostate cancer in an idividual whose ancestry comprises African
ancestry, comprising detecting marker rs16901979, wherein the presence of the 1 allele at marker
rs16901979 is indicative of an increased susceptibility to prostate cancer or an increased risk of prostate
cancer. In particular embodiments, the marker or haplotype that is associated with a susceptibility to
prostate cancer has a relative risk of at least 1.3, suéh as at least 1.5 or at least 1.7 or at least 2.0. In
another embodiment, the prostate cancer is an aggressive prostate cancer, as defined by a combined
Gleason score of 7(4+3) to 10 and/or an advanced stage of prostate cancer (e.g., Stages 2 to 4). In yet
another embodiment, the prostate cancer is a less aggressive prostate cancer, as defined by a
combined Gleason score of 2 to 7(3+4) and/or an early stage of prostate cancer (e.g., Stage 1). In
another embodiment, the presence of a marker or haplotype associated with LD Block C, in conjunction
with the subject having a PSA level greater than 4 ng/ml, is indicative of a more aggressive prostate
cancer and/or a worse prognosis. In yet another embodiment, in patients who have a normal PSA level
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(e.g., less than 4 ng/ml), the presence of a marker or haplotype is indicative of a more aggressive
prostate cancer and/or a worse prognosis.

In other embodiments, the invention is a method of diagnosing a decreased susceptibility to
prostate cancer, comprising detecting a marker or haplotype associated with LD Block C, wherein the
presence of that marker or haplotype is indicative of a decreased susceptibility to prostate cancer or of a
protective marker or haplotype against prostate cancer. Thus, in one embodiment, the susceptibility is
decreased susceptibility, wherein the presence of the 2 allele at marker rs16901979 is indicative of a
decreased susceptibility to prostate cancer. In a further embodiment, the invention is a method of
diagnosing decreased susceptibility to prostate cancer in an idividual whose ancestry comprises African
ancestry, comprising detecting marker rs16901979, wherein the presence of the s allele at marker
rs16901979 is indicative of a decreased susceptibility to prostate cancer or a decreased risk of prostate
cancer.

The segment on chromosome 8q24.21 of the present invention has also been found to play a
role in other forms of cancer, e.g. breast cancer, colon cancer, lung cancer and melanoma. It has been
discovered that particular markers and/or haplotypes in a specific DNAVsegment within the region are
present at a higher than expected frequency in breast cancer subjects. Thus, in one embodiment, the
invention is a method of diagnosing an increased susceptibility to cancer selected from breast cancer,
lung cancer, colon cancer and melanoma, comprising detecting a marker or haplotype associated with
the genomic segments whose sequence is set forth in SEQ ID NO:1 or SEQ ID NO:2, wherein the
presence of the marker or haplotype is indicative of an increased susceptibility to the cancer (e.g.,
breast cancer, colon cancer, lung cancer and melanoma). In a particular embodiment, the marker or
haplotype that is associated with a susceptibility to cancer (i.e., breast cancer, lung cancer and
melanoma) has a relative risk of at least 1.3, such as at least 1.5, at least 1.7 or at least 2.0. In other
embodiments, the invention is drawn to a method of diagnosing a decreased susceptibility to cancer
(i.e., breast cancer, lung cancer and melanoma) comprising detecting a marker or haplotype associated
with the genomic segments whose sequence is set forth in SEQ ID NO:1 or SEQ ID NO:2, wherein the
presence of that marker or haplotype is indicative of a decreased susceptibility to cancer or of a
protective marker or haplotype against breast cancer (protective against cancer (i.e., breast cancer, lung
cancer and melanoma)). In a particular embodiment, the marker or haplotype that is associated with a
decreased susceptibility to cancer (i.e., breast cancer, lung cancer and melanoma) has a relative risk of
less than 0.9, such as less than 0.8, less than 0.7, less than 0.6 and less than 0.5. In another
embodiment, the melanoma is malignant cutaneous melanoma.

Assessment for markers and haplotypes

The genomic sequence within populations is not identical when individuals are compared.
Rather, the genome exhibits sequence variability between individuals at many locations in the genome.
Such variations in sequence are commonly referred to as polymorphisms, and there are many such
sites within each genome For example, the human genome exhibits sequence variations which occur
on average every 500 base pairs. The most common sequence variant consists of base variations at a
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single base position in the genome, and such sequence variants, or polymorphisms, are commonly
called Single Nucleotide Polymorphisms (“SNPs”). These SNPs are believed to have occurred in a
single mutational event, and therefore there are usually two possible alleles possible at each SNPsite;
the original allele and the mutated allele. Due to natural genetic drift and possibly also selective
pressure, the original mutation has resulted in a polymorphism characterized by a particular frequency
of its alleles in any given population. Many other types of sequence variants are found in the human
genome, including microsatellites, insertions, deletions, inversions and copy number variations. A
polymorphic microsatellite has multiple small repeats of bases (such as CA repeats, TG on the
complimentary strand) at a particular site in which the number of repeat lengths varies in the general
population. In general terms, each version of the sequence with respect to the polymorphic site
represents a specific allele of the polymorphic site. These sequence variants can all be referred to as
polymorphisms, occurring at specific polymorphic sites characteristic of the sequence variant in
question. In general terms, polymorphisms can comprise any number of specific alleles. Thus in one
embodiment of the invention, the polymorphism is characterized by the presence of two or more alleles
in any given population. In another embodiment, the polymorphism is characterized by the presence of
three or more alleles. In other embodiments, the polymorphism is characterized by four or more alleles,
five or more alleles, six or more alleles, seven or more alleles, nine or more alleles, or ten or more
alleles. All such polymorphisms can be utilized in the methods and kits of the present invention, and are
thus within the scope of the invention.

In some instances, reference is made to different alleles at a polymorphic site without choosing
a reference allele. Alternatively, a reference sequence can be referred to for a particular polymorphic
site. The reference allele is sometimes referred to as the “wild-type" allele and it usually is chosen as
either the first sequenced allele or as the allele from a “non-affected” individual (e.g., an individual that
does not display a trait or disease phenotype).

Alleles for SNP markers as referred to herein refer to the bases A, C, G or T as they occur at
the polymorphic site in the SNP assay employed. The allele codes for SNPs used herein are as follows:
1= A, 2=C, 3=G, 4=T. The person skilled in the art will however realise that by assaying or reading the
opposite DNA strand, the complementary allele can in each case be measured. Thus, for a polymorphic
site (polymorphic marker) characterized by an A/G polymorphism, the assay employed may be designed
to specifically detect the presence of one or both of the two bases possible, i.e. A and G. Alternatively,
by designing an assay that is designed to detect the opposite strand on the DNA template, the presence
of the complementary bases T and C can be measured. Quantitatively (for example, in terms of relative
risk), identical results would be obtained from measurement of either DNA strand (+ strand or — strand).

Typically, a reference sequence is referred to for a particular sequence. Alleles that differ from
the reference are sometimes referred to as “variant” alleles. A variant sequence, as used herein, refers
to a sequence that differs from the reference sequence but is otherwise substantially similar. Alleles at
the polymorphic genetic markers described herein are variants. Additional variants can include changes
that affect a polypeptide. Sequence differences, when compared to a reference nucleotide sequence,
can include the insertion or deletion of a single nucleotide, or of more than one nucleotide, resulting in a
frame shift; the change of at least one nucleotide, resulting in a change in the encoded amino acid; the
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change of at least one nucleotide, resulting in the generation of a premature stop codon; the deletion of
several nucleotides, resulting in a deletion of one or more amino acids encoded by the nucleotides; the
insertion of one or several nucleotides, such as by unequal recombination or gene conversion, resulting
in an interruption of the coding sequence of a reading frame; duplication of all or a part of a sequence;
transposition; or a rearrangement of a nucleotide sequence,. Such sequence changes can alter the
polypeptide encoded by the nucleic acid. For example, if the change in the nucleic acid sequence
causes a frame shift, the frame shift can result in a change in the encoded amino acids, and/or can
result in the generation of a premature stop codon, causing generation of a truncated polypeptide.
Alternatively, a polymorphism associated with a disease or trait can be a synonymous change in one or
more nucleotides (i.e., a change that does not result in a change in the amino acid sequence). Such a
polymorphism can, for example, alter splice sites, affect the stability or transport of mMRNA, or otherwise
affect the transcription or translation of an encoded polypeptide. It can also alter DNA to increase the
possibility that structural changes, such as amplifications or deletions, occur at the somatic level. The
polypeptide encoded by the reference nucleotide sequence is the “reference” polypeptide with a
particular reference amino acid sequence, and polypeptides encoded by variant alleles are referred to
as “variant” polypeptides with variant amino acid sequences.

A haplotype refers to a segment of DNA that is characterized by a specific combination of
alleles arranged along the segment. For diploid organisms such as humans, a haplotype comprises one
member of the pair of alleles for each polymorphic marker or locus. In a certain embodiment, the
haplotype can comprise two or more alleles, three or more alleles, four or more alleles, or five or more
alleles, each allele corresponding to a specific polymorphic marker along the segment. Haplotypes can
comprise a combination of various polymorphic markers, e.g., SNPs and microsatellites, having
particular alleles at the polymorphic sites. The haplotypes thus comprise a combination of alleles at
various genetic markers.

Detecting specific polymorphic markers and/or haplotypes can be accomplished by methods
known in the art for detecting sequences at polymorphic sites. For example, standard techniques for
genotyping for the presence of SNPs and/or microsatellite markers can be used, such as fluorescence-
based techniques (Chen, X. et al., Genome Res. 9(5). 492-98 (1999)), utilizing PCR, LCR, Nested PCR
and other techniques for nucleic acid ampliﬂcation.v Specific methodologies available for SNP
genotyping include, but are not limited to, TagMan genotyping assays and SNPlex platforms (Applied
Biosystems), mass spectrometry (e.g., MassARRAY system from Sequenom), minisequencing
methods, real-time PCR, Bio-Plex system (BioRad), CEQ and SNPstream systems (Beckman),
Molecular Inversion Probe array technology (e.g., Affymetrix GeneChip), and BeadArray Technologies
(e.g., lllumina GoldenGate and Infinium assays). By these or other methods available to the person
skilled in the art, one or more alleles at polymorphic markers, including microsatellites, SNPs or other
types of polymorphic markers, can be identified.
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