
VARIANTS AT CHR8Q24.21 CONFER RISK OF CANCER RELATED
APPLICATIONS This application relates to U.S.
Provisional Application No. 60/682,147, filed on May
18, 2005, and U.S. Provisional Application No.
60/795,768, filed on April 28, 2006. The entire
teachings of the above applications are incorporated
herein by reference. 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)). 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.
etal, N. Engl. J. Med. 349(4):366S1 (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):7$-85
(2000)). In addition, an increased risk of prostate
cancer is seen in 1st to 5th 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
I(3):e65 (2004)). The genetic basis for this disease,
emphasized by the increased risk among relatives, is
furthersupported 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 Engl 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 EnglJMed.
349(4):335-42 (2003); Cookston, M.S., Cancer Control
8(2): 133-40 (2001); Thompson, LM. et.al., N EnglJMed.
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. Id. 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. Id. 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 DREmay already have
spread outside the prostate (Mistry KJ. , Am. Board
Fam. Pract. 16(2):95-IO1 (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. 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
cancerrelated 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 5:73-100 (1994). Although
the discovery of BRCAl and BRCA2 were important steps
in identifying key genetic factors involved in breast
cancer, it has become clear that mutations in BRCAl
and BRCA2 account for only a fraction of inherited
susceptibility to breast cancer (Nathanson, K.L. et
al, Human MoI. Gen. 10(7):715- 720 (2001); Anglican
Breast Cancer Study Group. Br. J. Cancer
53(76^:1301-08 (2000); and Syrjakoski K. et.al, J.
Natl. Cancer Inst. 92: 1529-3 1 (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 1st to 5th 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. I(3):b65
(2004); Lichtenstein P. et.al, N. Engl. J. Med.
343(2):78-S5 (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. 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.
Id. 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. Id. 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. I(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
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 ah, 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 D-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 melanoma. Swedish and Icelandic
population-based studies report a standardized
incidence ratio of approximately 2 in first-degree
relatives (Hemminki K., J. Invest. Dermatol. 120(2)
:2\1 -23 (2003); Amundadottir t al, PLoS Med. I(3):o65
(2004)). Familial cases tend to have earlier ages of
onset and a higher risk of multiple primary tumors,
further suggesting a genetic component (see, e.g.,
Tucker M., Oncogene 22(20^:3042-52 (2003)). An
interaction of genetic and environmental risk factors
is likely to play a major role in melanoma. However,
the molecular and biological mechanisms of how a
normal melanocyte transforms into a melanoma cell
remains unclear. 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) is one of the
major challenges facing oncology today. 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 (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, a locus on chromosome
8q24.21 has been demonstrated to play a role in cancer
(e.g., prostate cancer (e.g., aggressive prostate
cancer), breast cancer, lung cancer, melanoma). It has
been discovered that particular markers and/or
combinations of genetic markers ("haplotypes") in a
specific DNA segment within the locus are indicative
of susceptibility to particular cancers.In one
embodiment, the invention is a method of diagnosing a
susceptibility to a cancer in a subject, comprising
detecting a marker or haplotype associated with LD
Block A, wherein the presence of the marker or
haplotype is indicative of a susceptibility to the
cancer. In particular embodiments, the invention is a
method of diagnosing a susceptibility to a cancer
selected from the group consisting of prostate cancer,
breast cancer, lung cancer and melanoma. In certain
embodiments, the marker or haplotype that is
indicative of cancer or a susceptibility to cancer,
comprises at least one marker selected from the group
consisting of the markers listed in Table 13. In other
embodiments, the method comprises detecting a
haplotype consisting of at least two of the markers in
Table 13. In one embodiment, the presence of a marker
or haplotype (e.g., a marker or haplotype associated
with LD Block A) is indicative of a different response
rate to a particular treatment modality (e.g., a
particular therapeutic agent, antihormonal drug, a
chemotherapeutic agent, radiation treatment). Thus, by
determining whether a subject carries a marker or
haplotype, one can determine whether that subject will
respond better to, or worse to, a specific
therapeutic, antihormonal drug and/or radiation
therapy used to treat cancer. In one embodiment, the
presence of a marker or haplotype (e.g., a marker or
haplotype associated with LD Block A) is indicative of
a predisposition to a somatic rearrangement of
Chr8q24.21 (e.g., one or more of an amplification, a
translocation, an insertion and/or deletion) in a
tumor or its precursor. In one embodiment, the marker
or haplotype comprises one or more markers associated
with Chr8q24.21 in linkage disequilibrium (defined as
the square of correlation coefficient, r2, greater
than 0.2) with one or more markers selected from the
group consisting of the markers listed in Table 13. In
one embodiment, the invention is a method of
diagnosing a susceptibility to a cancer (e.g.,
prostate cancer (e.g., aggressive prostate cancer),
breast cancer, lung cancer, melanoma) comprising
detecting a marker or haplotype associated with
Chr8q24.21, wherein the presence of the marker or
haplotype is indicative of a susceptibility to cancer.
hi one embodiment, the invention is a method of
predicting an increased risk for aggressive prostate
cancer (e.g., having a Gleason score of 7(4+3) to 10,
an increased stage, a worse outcome) in a subject
comprising detecting a marker or haplotype associated
with LD Block A, wherein the presence of the marker
orhaplotype is indicative of an increased risk for
aggressive prostate cancer. In particular embodments,
the subject has been diagnosed with prostate cancer or
has not yet been diagnosed with prostate cancer. In
one embodiment, the marker or haplotype has a relative
risk of greater than one, i.e. the marker or haplotype
confers increased risk of the cancer (the marker or
haplotype is at-risk). In another embodiment, the
marker or haplotype has a relative risk of less than
one, i.e. the marker or haplotype confers a decreased
risk of the cancer (the marker or haplotype is
protective). In one embodiment, the invention is a kit
for assaying a sample (e.g., tissue, blood) from a
subject to detect an inherited susceptibility to
cancer (e.g., prostate cancer (e.g., aggressive
prostate cancer), breast cancer, lung cancer,
melanoma). Such kits comprise one or more reagents for
detecting a marker or haplotype associated with LD
Block A. In a particular embodiment, such reagents
comprise at least one 



contiguous nucleotide sequence that is completely
complementary to a region comprising at least one of
the markers selected from the group consisting of the
markers listed in Table 13. In a particular
embodiment, such reagents comprise at least one
contiguous nucleotide sequence that is completely
complementary to a region comprising the rs1447295 A
allele or the DG8S737 -8 allele. In one embodiment,
the invention is a method for diagnosing an increased
risk of cancer (e.g., prostate cancer (e.g.,
aggressive prostate cancer), breast cancer, lung
cancer, melanoma) in a subject, comprising screening
for a marker or haplotype associated with LD Block A,
wherein the marker or haplotype is more frequently
present in a subject having the cancer than in a
subject not having the cancer, and wherein the
presence of the marker or haplotype increases the risk
of the subj ect having the cancer. In particular
embodiments, the risk is increased by at least about
5%, or the increase in risk is identified as a
relative risk of at least about 1.2. In one
embodiment, the invention is a method for diagnosing a
susceptibility to cancer (e.g., prostate cancer (e.g.,
aggressive prostate cancer), breast cancer, lung
cancer, melanoma) in a subject comprising obtaining a
nucleic acid sample from a subject and analyzing the
nucleic acid sample for the presence or absence of at
least one marker or haplotype, wherein the marker or
haplotype comprises one or more markers selected from
the group consisting of the markers listed in Table
13. In thisembodiment, the presence of the marker or
haplotype is indicative of a susceptibility to the
cancer. In one embodiment, the invention is a method
for diagnosing a susceptibility to cancer (e.g.,
prostate cancer (e.g., aggressive prostate cancer),
breast cancer, lung cancer, melanoma) in a subject,
comprising obtaining a nucleic acid sample from the
subject and analyzing the nucleic acid sample for the
presence or absence of at least one marker or
haplotype associated with LD Block A, wherein the
presence of the marker or haplotype is indicative of a
susceptibility to the cancer. In a particular
embodiment, the marker or haplotype comprises one or
more markers selected from the group consisting of the
markers listed in Table 13. hi another embodiment, the
marker or haplotype has a relative risk of greater
than one and comprises the DG8S737 -8 allele or the
rsl447295 A allele. In one embodiemnt, the invention
is a method for diagnosing a susceptibility to cancer
in a subject, comprising analyzing a nucleic acid
sample obtained from the subject for the presence of
at least one marker or haplotype associated with LD
Block A, wherein the presence of the marker or
haplotype is indicative of susceptibility to the
cancer. In a particular embodiment, the marker or
haplotype comprises one or more markers selected from
the group consisting of the markers in Table 13. In
another embodiment, the marker or haplotype has a
relative risk of greater than one and comprises the
DG8S737 -8 allele or the rsl447295 A allele. In
another embodiment, the subject is of black African
ancestry. In one embodiment of the invention, the
cancer is selected from the group consisting of
prostate cancer, breast cancer, lung cancer and
melanoma. In one preferred embodiment, the cancer is
prostate cancer, and the marker or haplotype has a
relative risk of at least 1.5. In another 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 embodiment,
the presence of the marker or haplotype is indicative
of a more aggressive prostate cancer and/or a worse
prognosis. In another embodiment, the cancer is breast
cancer, and the marker or haplotype has a relative
risk of at least 1.3. In another embodiment, the
cancer is lung cancer, and the marker or haplotype has
a relative risk of at least 1.3.In yet another
embodiment, the cancer is melanoma, and the marker or
haplotype has a relative risk of at least 1.5. In
another embodiment, the melanoma is malignant
cutaneous melanoma. In another embodiment of the
invention, the presence of the marker or haplotype is
indicative of a different response rate of the subject
to a particular treatment modality. In another
embodiment, the presence of the marker or haplotype is
indicative of a predisposition to a somatic
rearrangement of Chr8q24.21 in a tumor or its
precursor. In a particular embodiment, the somatic
rearrangement is selected from the group consisting of
an amplification, a translocation, an insertion and a
deletion. In another embodiment of the invention the
marker or haplotype used for diagnosing a
susceptibility to cancer comprises one or more markers
associated with Chr8q24.21 in strong linkage
disequilibrium, as defined by (|D'| >0.8) and/or r2 >
0.2, with one or more markers selected from the group
consisting of the markers in Table 13. In one
embodiment, the one or more markers is selected from
the group consisting of the markers in Table 13
comprises the rs1447295 A allele or the DG8S737 -8
allele. In another embodiment, the at least one marker
or haplotype for diagnosing a susceptibility to cancer
has a relative risk of less than one and comprises
rsl2542685 allele T and rs7814251 allele C. In another
embodiment, the at least one marker or haplotype
comprises at least one of the markers shown in Table
13 having a relative risk of less than one. In a
preferreed embodiment, the cancer is prostate cancer.
In another embodiment, the subject is of black African
ancestry. In one embodiment, the present invention
pertains to a kit for assaying a sample from a subject
to detect a susceptibility to a cancer, wherein the
kit comprises one or more reagents for detecting a
marker or haplotype associated with LD Block A. In one
embodiment, the one or more reagents comprise at least
one contiguous nucleotide sequence that is completely
complementary to a region comprising at least one of
the markers selected from the group consisting of the
markers in Table 13. In one embodiment, the cancer is
prostate cancer. In a preferred embodiment, the one or
more reagents comprise at least one contiguous
nucleotide sequence that is completely complementary
to a region comprising the rsl447295 A allele or the
DG8S737 -8 allele. In a particular embodiment, the
subject is of black African ancestry.In one
embodiment, the invention is a method of diagnosing
Chr8q24.21- associated cancer in a subject, comprising
detecting the presence of a marker or haplotype (e.g.,
the markers or haplotypes described herein) associated
with Chr8q24.21, wherein the presence of the marker or
haplotype is indicative of the Chr8q24.2 1-associated
cancer. In particular embodiments, the Chr8q24.2
1-associated cancer is Chr8q24.21 -associated prostate
cancer, Chr8q24.21-associated breast cancer,
Chr8q24.21 -associated lung cancer or Chr8q24.21
-associated melanoma. In another embodiment, the
invention is a method of diagnosing susceptibility to
prostate cancer, or an increased risk for prostate
cancer (e.g., aggressive prostate cancer), by
detecting marker DG8S737 or marker rs1447295, wherein
the presence of allele -8 at marker DG8S737 or allele
A at marker rsl447295, is indicative of susceptibility
to prostate cancer or increased risk for prostate
cancer. In a further embodiment, the invention is a
method of diagnosing susceptibility to prostate cancer
in a human having ancestry that includes African
ancestry, by detecting marker DG8S737, wherein the
presence of allele -8 at marker DG8S737 is indicative
of susceptibility to prostate cancer. BRIEF
DESCRIPTION OF THE DRAWINGS The foregoing and other
objects, 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 is
a linkage scan of chromosome 8 depicting a genome wide
significant LOD score of 4.0 at chromosome 8q24. FIG.
2 depicts an association analysis of haplotypes on
Chr8q24.21 to prostate cancer using 352 microsatellite
markers. FIGS. 3A and 3B depict the LD structure
(HAPMAP) in the area of the haplotype that associates
with prostate cancer. Equivalent intervals means that
each marker is shown in a sequential order with equal
distances between two consecutive markers (FIG. 3A).
Actual positions means that the correct interval (NCBI
Build 34) between any two markers is represented in
the figure (FIG. 3B). FIG. 4 depicts the Icelandic LD
structure. Equivalent intervals means that each marker
is shown in a sequential order with equal distances
between two consecutive markers.FIG. 5 depicts a
schematic identifying known genes mapping to
chromosome 8q24.21. FIG. 6A1-6A31 depicts a genomic
DNA sequence from 128.414-128.506 of NCBI Build 34
(SEQ ID NO: 1; Build 34,
hgl6_chr8:1284140007~128506000. Forward (+) strand).
The numbering in FIG. 6, as well as the indicated bp
in the tables contained herein, refer to the location
within Chromosome 8 in NCBI Build 34. FIGS. 7A-7D
depict a schematic view of linkage and association
results, marker density and LD structure in a region
on chromosome 8q24.21 for prostate cancer. FIG. 7A
shows linkage scan results for chromosome 8q performed
with 871 Icelandic prostate cancer patients in 323
extended families. FIG. 7B depicts single marker
association results for unrelated prostate cancer
cases (case control group 1, n=869), using 358
microsatellites and indels (blue diamonds),
distributed over a 10 Mb region. FIG. 7C shows single
marker association results for all prostate cancer
cases (n=1291), red boxes denote P values for the 63
SNPs and 12 microsatellites added to this region, blue
diamonds denote the values for the other markers
already typed in this region from 7B. FIG. 7D depicts
pairwise LD from the CEU HapMap population (Phase II)
for the 600 kb region from FIG. 7C, the gray triangles
at the bottom indicate the location of the c-MYC gene
and the AWl 83883 EST discussed in the main text. A
scale for r2 is provided on the right. Black vertical
lines represent the density of microsatellites (FIG.
7B), and microsatellites and SNPs (FIG. 7C) used in
the association analysis. FIG. 8 depicts a
phylogenetic network of 46 SNPs and the DG8S737
microsatellite for HapMap samples. FIGS. 9A-9C depict
linkage disequilibrium between 17 SNPs and the -8
allele of DG8S737 typed in the CEU and the African
American populations. The linkage disequilibrium (LD)
of the 17 SNPs and the -8 allele of DG8S737 is shown
for CEUin FIG. 9A and African American Michigan
cohorts in 9B. Presented here is the D' (upper left
hand) and r2 (lower right hand) between pairs of
alleles. Markers are plotted with an equal distance
between them and physical locations given in FIG. 9C.
Names of markers are shown on the vertical-axis and
base pair positions on horizontal-axis. FIG. 10 is a
schematic representation of the AW splice variants
identified. Exons are shown as boxes and introns as
lines. The transcripts extend from 128,258 - 128,451
Mb on Chr8q24. The length of exons is as follows: exon
1: 503 bp's; exon 2:343 bp's; exon 3: 103 bp's; exon 4
: 88 bp's; exon 5: 371 bp's; exon 6: 135 bp's; exon 6
long: 546 bp's; exon 7: 140 bp's and exon 8: 246 bp's.
Note that the figure is not drawn to scale. DETAILED
DESCRIPTION OF THE INVENTION Extensive genealogical
information for a population containing cancer
patients has 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. Presented herein are results from a
genome wide search of causative genetic loci for
cancer (e.g., breast cancer, prostate cancer, lung
cancer, melanoma). Loci Associated with VariousForms
of Cancer 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 ah, Endocrinology
143(6):2029-40 (2002)). Various genome scans for
prostate cancer-susceptibilty genes have been
conducted and several prostate cancer susceptibility
loci have been reported. Forexample, HPCl (Iq24-q25),
PCAP (Iq42-q43), HCPX (Xq27-q28), CAPB (Ip36), HPC20
(20ql3), HPC2/ELAC2 (17pl 1) 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. MoI. Genet.
/0(20j:2313-18 (2001)). In a genome scan conducted by
Smith et al, the strongest evidence for linkage was at
HPCl, although two-point analysis also revealed a LOD
score of > 1.5 at D4S430 and LOD scores > 1.0 at
several loci, including markers at Xq27-28 (Ostrander
E.A. and J.L. Stanford, Am. J. Hum. Genet. 67:1361-15
(2000)). Another genome scan reported two-point LOD
scores of > 1.5 for chromosomes 1Oq, 12q and 14q using
an autosomal dominant model of inheritance, and
chromosomes Iq, 8q, 1Oq and 16p using a recessive
model of inheritance. Id. Still another genome scan
identified regions with nominal evidence for linkage
on 2q, 12p, 15q, 16q and 16p. Id. 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 KNASEL, which encodes a widely
expressed latent endoribonuclease that participates in
an interferoninducible RNA-decay pathway believed to
degrade viral and cellular KNA, 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):5Sl-S3 (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
KNASEL, while in another family, four of six brothers
with prostate cancer carried a base 



substitution affecting the initiator methionine codon
of RNASEL. Id. 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. 77:981-84 (2002)). In
addition, the Ser217Leu genotypehas 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. I2(P):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 71:1 16-23 (2002); Wiklund, F. etal., Clin.
Cancer Res. 10(2 I)-J150-56 (2004); Maier, C. etal.,
Br. J. Cancer 92(6):\ 159-64(2005)). The
macrophage-scavenger receptor 1 (MSRl) 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 MSRl
allele was detected in approximately 3% of men with
nonhereditary prostate cancer but only 0.4% of
unaffected men. Id. 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, Cancer Res.
63(13):34S6-S9 (2003)). MSRl 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-Sl (2003)). The ELAC2 gene on Chrl7
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 Ala54 1Thr 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(1 7) :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):912-11 (2001); Shea, P.R., et
al, Hum. Genet. 111(4-5):39S-400 (2002); Suarez, B.K.,
etal, Cancer Res. 61(13) :4982-%4 (2001); Severi, G.,
et al, J. Natl.Cancer Inst. 9J(7/):818-24 (2003);
Fujiwara, H., et al, J. Hum. Genet. 47(I2):641-4S
(2002); Camp, NJ., et al, Am. J. Hum. Genet.
71(6):U75-78 (2002)). Polymorphic variants of genes
involved in androgen action (e.g., the androgen
receptor (AR) gene, the cytochrome P-450cl7 (CYP17)
gene, and the steroid-5-Dreductase type II (SRD5A2)
gene), have also been implicated in increased risk of
prostate cancer (Nelson, W.G. et al, N. Engl. J. Med.
349(4):366S1 (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. Id. 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-D-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 354:915-1% (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, it is clear that the majority of genetic
risk factors for prostate cancer remain to be found.
It is likely that these genetic risk factors will
include a relatively high number of low-to-medium risk
genetic variants. These lowto- medium risk genetic
variants may, however, be responsible for a
substantial fraction of prostate cancer, and their
identification, therefore, a great benefit 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. As described herein, a
locus on chromosome 8q24.21 has been demonstrated to
play a role in prostate cancer and it has been
discovered that particular markers and/or haplotypes
in a specific DNA segment within the locus are present
at a higher than expected frequency in prostate cancer
subjects. Thus, in various embodimentsof the
invention, certain markers and/or SNPs, identified
using the methods described herein, can be used for a
diagnosis of a susceptibility to prostate cancer, and
also for a diagnosis of a decreased susceptibility to
prostate cancer or for identification of variants that
are protective against prostate cancer. The diagnostic
assays presented below can be used to identify the
presence or absence of these particular variants.
Thus, 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 A (e.g., a marker as set forth in Table
13, having a value of RR greater than one, indicating
the marker is associated with susceptibility to
disease/increased risk of disease and thus is an
"at-risk" variant; 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, or an increased risk of, prostate cancer (e.g.,
aggressive or high Gleason grade prostate cancer, less
aggressive or low Gleason grade prostate cancer),
comprising. detecting marker DG8S737 or marker
rsl447295, wherein the presence of the -8 allele at
marker DG8S737 or the presence of the A allele at
marker rsl447295, is indicative of a susceptibility to
prostate cancer or an increased risk of prostate
cancer. In a further embodiment, the invention is a
method of diagnosing a susceptibility to prostate
cancer in an idividual whose ancestry comprises
African ancestry, comprising detecting marker DG8S737,
wherein the presence of the -8 allele at marker
DG8S737 is indicative of a 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 1.5, 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 A, 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 anotherembodiment, in
patients who have a normal PSA level (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 A, 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. In certain embodiments, the marker is a marker
as set forth in Table 13, or the haplotype comprises
one or more markers as set forth in Table 13 (e.g., a
marker as set forth in Table 13, or a haplotype
comprising one or more markers set forth in Table 13
wherein the marker(s) has a value of RR less than one,
indicating the marker is associated with decreased
susceptibility to disease/decreased risk of disease
and thus is a "protective" variant; values of RR
greater than one indicate the marker is associated
with increased susceptibility to disease/increased
risk of disease and thus is an "at-risk" variant). In
another embodiment, the invention is a method of
diagnosing a decreased susceptibility to, or decreased
risk of, prostate cancer, comprising detecting marker
DG8S737 or marker rs1447295, wherein the presence of
an allele other than the -8 allele at marker DG8S737
or the presence of the C allele at marker rsl447295,
is indicative of a decreased susceptibility to
prostate cancer or a decreased risk of prostate cancer
(protective against prostate cancer). In a further
embodiment, the invention is a method of diagnosing a
decreased susceptibility to prostate cancer in an
idividual whose ancestry comprises African ancestry,
comprising detecting marker DG8S737, wherein the
presence of an allele other than the -8 allele at
marker DG8S737 is indicative of a decreased
susceptibility to prostate cancer or a decreased risk
of prostate cancer (protective against prostate
cancer). Breast Cancer As described herein, although
the discovery of BRCAl and BRCA2 were important
milestones in identifying two key genetic factors
involved in breast cancer, it has become clear that
mutations in BRCAl and BRCA2 account for only a
fraction of inherited susceptibility to breast cancer.
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
BRCAl, BRCA2, p53, pTEN andSTK11/LKB1 (Mincey, B.A.
Oncologist 5:466-73 (2003)). One genetic locus, on
Chromosome 8p, has 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 ah, Br. J. Cancer
75:983-91 (1997); Kerangueven, F. et ah, Oncogene 10:1
023 ( 1995)). Studies have also suggested that a
breast cancer-susceptibility gene maybe located on
13q21 (Kainu, T. et al, Proc. Natl. Acad. Sd. USA
P7:9603-08 (2000)). However, as with prostate cancer,
identification of additional breast
cancersusceptibility genes has been difficult. As
described herein, a locus on chromosome 8q24.21 has
been demonstrated to play a role in breast cancer and
it has been discovered that particular markers and/or
haplotypes in a specific DNA segment within the locus
are present at a higher than expected frequency in
breast cancer subjects. Thus, in one embodiment, the
invention is a method of diagnosing a susceptibility
to breast cancer comprising detecting a marker or
haplotype associated with LD Block A, wherein the
presence of the marker or haplotype is indicative of a
susceptibility to breast cancer. In a particular
embodiment, the marker or haplotype that is associated
with a susceptibility to breast cancer has a relative
risk of at least 1.3. In other embodiments, the
invention is drawn to a method of diagnosing a
decreased susceptibility to breast cancer comprising
detecting a marker or haplotype associated with LD
Block A, wherein the presence of that marker or
haplotype is indicative of a decreased susceptibility
to breast cancer or of a protective marker or
haplotype against breast cancer (protective against
breast cancer). In a particular embodiment, the marker
or haplotype that is associated with a decreased
susceptibility to breast cancer (protective against
breast cancer) has a relative risk of less than 0.75.
Lung Cancer While environmental, lifestyle (e.g.,
smoking) and dietary factors play an important role in
lung cancer, genetic factors are also important.
Studies have revealed that defects in both the p53 and
RB/pl6 pathway are essential for the malignant
transformation of lung epithelial cells (Yokota, J .
and T. Kohno, Cancer ScL 95(3):197-204 (2004)). Other
genes, such as K-ras, PTEN and MYOl 8B, are
genetically altered less frequently than p53 and
RB/pl6 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. Id. Molecularfootprint studies
that have been conducted at the sites of p53 mutations
and RB/pl6 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. Id. In addition, studies have identified
candidate lung adenocarcinoma susceptibility genes,
for example, drug carcinogen metabolism genes, such as
NQOl (NAD(P)H:quinone oxidoreductase) and GSTTl
(glutathione S-transferase Tl), and DNA repair genes,
such as XRCCl (X-ray crosscomplementary group 1)
(Yanagitani, N. et ah, 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. 461:213-1% (2001); Sunaga, N. et ah,
Cancer Epidemiol. Biomarkers Prev. 77:730-38 (2002)).
A region of chromosome 19ql3.3, which encompasses
locus D19S246, has also been suggested as containing a
gene(s) associated with lung adenocarcinoma
(Yanagitani, N. et ah, Cancer Epidemiol. Bio narkers
Prev. 12:366-11 (2003)). As described herein, a locus
on chromosome 8q24.21 has been demonstrated to play a
role in lung cancer and it has been discovered that
particular markers and/or haplotypes in a specific DNA
segment within the locus are present at a higher than
expected frequency in lung cancer subjects. In one
embodiment, the invention is a method of diagnosing a
susceptibility to lung cancer comprising detecting a
marker or haplotype associated with LD Block A,
wherein the presence of the marker or haplotype is
indicative of a susceptibility to lung cancer. In a
particular embodiment, the marker or haplotype that is
associated with a susceptibility to lung cancer has a
relative risk of at least 1.3. In other embodiments,
the invention is drawn to a method of diagnosing a
decreased susceptibility to lung cancer comprising
detecting a marker or haplotype associated with LD
Block A, wherein the presence of that marker or
haplotype is indicative of a decreased susceptibility
to lung cancer or of a protective marker or haplotype
against lung cancer (protective against lung cancer).
In a particular embodiment, the marker or haplotype
that is associated with a decreased susceptibility to
lung cancer (protective against lung cancer) has a
relative risk of less than 0.75. Melanoma Studies have
demonstrated that genetic factors play an important
role in the stepwise progression of normal pigment
cells to atypical nevi to invasive primarymelanoma and
finally to cells with aggressive metastatic potential
(Kim, C.J., et al, Cancer Control 9(l):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. Id. 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 ah, Cancer Res.,
5(9j: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 6 1.78 (Hemminki, K., etal, J .
Invest. Dermatol. 120(2):217-23 (2003)). Although
figures vary, it has been reported that about 10% of
CMM cases are familial (Hansen, CB. , et al., Lancet
Oncol. 5(5):3> 14-19 (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. A series of linkage-based studies have
implicated CDKN2a on Chr9p21 as a major
CMM-susceptibility gene (Bataille, V., Eur. J. Cancer
39(1 :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 ah, Nat. Genet.
12(l):91-99 (1996)). CDKN2a encodes the cyclin
dependent kinase inhibitor p i 6, which inhibits CDK4
and CDK6, thereby preventing Gl to S cell cycle
transit. An alternate transcript of CKDN2a produces p
i4ARF, which encodes a cell cycle inhibitor that acts
through the MDM2-p53 pathway. It is 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 mutations in
familial CMM cases is 67% by age 80. However,
penetrance is increased in areas of high melanoma
prevalence (Bishop, D.T., etal, J. Natl Cancer Inst.
94(1 2):894-903 (2002)). The Melanoma Genetics
Consortium recently completed a genome-wide scanfor
CMM, using a set of predominantly Australian,
high-risk families unlinked to 9p21 or CDK4
(Gillanders, E., et al., Am. J. Hum. Genet. 730:301-13
(2003)). The 10 cM resolution scan gave a
non-parametric multipoint LOD score of 2.06 in the
Ip22 region. Other locations on chromosomes 4, 7, 14,
and 18 gave LODs in excess of 1.0. With additional
markers to Ip22 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 ah, Genes Chromosomes
Cancer, 41(l):56-64 (2004)). Another genetic locus
that has been implicated in CMM is that which encodes
the Melanocortin 1 Receptor (MClR). MClR is a
G-protein coupled receptor that is involved in
promoting the switch from pheomelanin to eumelanin
synthesis. Numerous well-characterized variants of the
MClR gene have been implicated in redhaired,
pale-skinned and freckle-prone phenotypes. More than
half of red-haired individuals carry at least one of
these MClR variants (Valverde, P., et al., Nat. Genet.
ll(3):32S-30 (1995); Palmer, J.S., etal., Am. J. Hum.
Genet. 66(1):176~S6 (2000)). Subsequently, it was
shown that the same variants conferred risk for
CMMwith 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 MClR
increase the penetrance of CDKN2a mutations and lower
the age of onset (Box, N.F., et al., Am. J. Hum.
Genet. 69(4):165-13 (2001); van der Velden, P.A., et
al., Am. J. Hum. Genet, 69(4):11A-19 (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 Bl
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. Id. Germline mutations
have not been reported, however, a germline SNP
variant of BRAF has been implicated in CMM risk
(Meyer, P., et ah, J. Carcinog. 2(1):1 (2003)). Other
candidate genes, which were identified through
association studies and have been implicated in CMM
risk include, e.g., XRCC3, XPD, EGF, VDR, NBSl,
CYP2D6, and GSTMl (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.As described herein, a locus on
chromosome 8q24.21 has been demonstrated to play a
role in melanoma and it has been discovered that
particular markers and/or haplotypes in a specific DNA
segment within the locus are present at a higher than
expected frequency in melanoma subjects. In one
embodiment, the invention is a method of diagnosing a
susceptibility to melanoma comprising detecting a
marker or haplotype associated with LD Block A,
wherein the presence of the marker or haplotype is
indicative of a susceptibility to melanoma, hi a
particular embodiment, the marker or haplotype that is
associated with a susceptibility to melanoma has a
relative risk of at least 1.5. In another embodiment,
the melanoma is malignant cutaneous melanoma. In a
further embodiment, the marker or haplotype that is
associated with malignant cutaneous melanoma has a
relative risk of at least 1.7. In other embodiments,
the invention is drawn to a method of diagnosing a
decreased susceptibility to melanoma comprising
detecting a marker or haplotype associated with LD
Block A, wherein the presence of that marker or
haplotype is indicative of a decreased susceptibility
to melanoma or of a protective marker or haplotype
against melanoma (protective against melanoma). In a
particular embodiment, the marker or haplotype that is
associated with a decreased susceptibility melanoma
(protective against melanoma) has a relative risk of
less than 0.7. hi another embodiment, the melanoma is
malignant cutaneous melanoma. In a further embodiment,
the marker or haplotype that is associated with a
decreased susceptibility to malignant cutaneous
melanoma (protective against malignant cutaneous
melanoma) has a relative risk of less than 0.6.
ASSESSMENT FOR MARKERS AND HAPLOTYPES Populations of
individuals exhibiting genetic diversity do not have
identical genomes. Rather, the genome exhibits
sequence variability between individuals at many
locations in the genome; in other words, there are
many polymorphic sites in a population, hi some
instances, reference is made to different alleles at a
polymorphic site without choosing a reference allele.
Alternatively, a referbnce sequence can be referred to
for a particular polymorphic site. The reference
allele is sometimes xeferred 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 individualthat
does not display a disease or abnormal phenotype).
Alleles that differ from the reference are referred to
as "variant" alleles. A "marker", as described herein,
refers to a genomic sequence characteristic of a
particular variant allele (i.e. polymorphic site). The
marker can comprise any allele of any variant type
found in the genome, including SNPs, microsatellites,
insertions, deletions, duplications and
translocations. 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 "haplotype," as described herein, refers to
a segment of genomic DNA that is characterized by a
specific combination of genetic markers ("alleles")
arranged along the segment. The combination of
alleles, such as haplotype 1 and haplotype Ia, are
described in Tables 2 and 4, respectively. In a
certain embodiment, the haplotype can comprise one or
more alleles, two or more alleles, three or more
alleles, four or more alleles, or five or more
alleles. The genetic markers are particular "alleles"
at "polymorphic sites" associated with Chr8q24.21
and/or LD Block A. As used herein, "Chr8q24.21" and
"8q24.21" refer to chromosomal band 8q24.21 or
127,200,001- 13 1,400,000 bp in UCSC Build 34 (from
the USCS Genome browser Build 34 at
www.genome.ucsc.edu). As used herein, "LD Block A"
refers to the LD block on Chr8q24.21 wherein
association of variants to prostate, breast, lung
cancer and melanoma is observed. NCBI Build 34
position of this LD block is from 128,414,000 -
128,506,000 bp. The term "African ancestry", as
described herein, refers to selfreported African
ancestry of individuals. The term "susceptibility", as
described herein, encompasses both increased
susceptibility and decreased susceptibility. Thus,
particular markers and/or haplotypes of the invention
maybe characteristic of increased susceptility of
cancer, as characterized by a relative risk of greater
than one. Alternatively, the markers and/or haplotypes
of the invention are characteristic of decreased
susceptibility of cancer, as characterized by a
relative risk of less than one. 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". Where a
polymorphic site is a single nucleotide in length, the
site is referred to as a single nucleotide
polymorphism ("SNP"). For example, if at a particular
chromosomallocation, one member of a population has an
adenine and another member of the population has a
thymine at the same position, then this position is a
polymorphic site, and, more specifically, the
polymorphic site is a SNP. 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 person skilled in the art will realise
that by assaying or reading the opposite strand, the
complementary allele can in each case be measured.
Thus, for a polymorphic site containing an A/G
polymorphism, the assay employed may either measure
the percentage or ratio of the two bases possible,
i.e. A and G. Alternatively, by designing an assay
that determines the opposite strand on the DNA
template, the percentage or ratio of the complementary
bases T/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). Polymorphic sites can
allow for differences in sequences based on
substitutions, insertions or deletions. For example, a
polymorphic microsatellite has multiple small repeats
of bases (such as CA repeats) at a particular site in
which the number of repeat lengths varies in the
general population. Each version of the sequence with
respect to the polymorphic site is referred to herein
as an "allele" of the polymorphic site. Thus, in the
previous example, the SNP allows for both an adenine
allele and a thymine allele. SNPs and microsatellite
markers associated with cancer (e.g., prostate cancer
(e.g., aggressive prostate cancer), breast cancer,
lung cancer, melanoma) are described in Tables 1 and
13. Typically, a reference sequence is referred to for
a particular sequence. Alleles that differ from the
reference are referred to as "variant" alleles. For
example, the reference genomic DNA sequence from
128,414,000 - 128,506,000 bp of NCBI Build 34, which
refers to the location within Chromosome 8, is
described herein as SEQ ID NO:1 (FIG. 6A1-6A31). A
variant sequence, as used herein, refers to a sequence
that differs from SEQ ID NO:1 but is otherwise
substantially similar. The genetic markers that make
up the haplotypes described herein are variants.
Additional variants can include changes that affect a
polypeptide, e.g., a polypeptide encoded by SEQ ID NO:
1. These 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 change of at
least one nucleotide, resulting in the generation of a
premature stop codon; the deletion of
severalnucleotides, 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, as described in detail herein. Such sequence
changes 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 cancer
(e.g., prostate cancer (e.g., aggressive prostate
cancer), breast cancer, lung cancer, melanoma) or a
susceptibility to cancer 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 mRNA, 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 in tumors. 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. The haplotypes described herein
are a combination of various genetic markers, e.g.,
SNPs and microsatellites, having particular alleles at
polymorphic sites. The haplotypes can comprise a
combination of various genetic markers, therefore,
detecting 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
fluorescencebased techniques (Chen, X. et a!., Genome
Res. 9(5): 492-98 (1999)), PCR, LCR, Nested PCR and
other techniques for nucleic acid amplification. These
markers and SNPs can be identified in at-risk
haplotypes. Certain methods of identifying relevant
markers and SNPs include the use of linkage
disequilibrium (LD) and/or LOD scores. Linkage
Disequilibrium Linkage Disequilibrium (LD) refers to a
non-random assortment of two genetic elements. For
example, if a particular genetic element (e.g.,
"alleles" at apolymorphic site) occurs in a population
at a frequency of 0.25 and another occurs at a
frequency of 0.25, then the predicted occurrance of a
person's having both elements is 0.125, assuming a
random distribution of the elements. However, if it is
discovered that the two elements occur together at a
frequency higher than 0.125, then the elements are
said to be in linkage disequilibrium since they tend
to be inherited together at a higher rate than what
their independent allele frequencies would predict.
Roughly speaking, LD is generally correlated with the
frequency of recombination events between the two
elements. Allele frequencies can be determined in a
population by genotyping individuals in a population
and determining the occurence of each allele in the
population. For populations of diploids, e.g. , human
populations, individuals will typically have two
alleles for each genetic element (e.g., a marker or
gene). Many different measures have been proposed for
assessing the strength of linkage disequilibrium (LD).
Most capture the strength of association between pairs
of biallelic sites. Two important pairwise measures of
LD are r2 (sometimes denoted D2) and |D'|. Both
measures range from 0 (no disequilibrium) to 1
('complete' disequilibrium), but their interpretation
is slightly different. |D'[ is defined in such a way
that it is equal to 1 if just two or three of the
possible haplotypes are present, and it is < 1 if all
four possible haplotypes are present. So, a value of
|D'| that is < 1 



indicates that historical recombination may have
occurred between two sites (recurrent mutation can
also cause |D'| to be <1, but for single nucleotide
polymorphisms (SNPs) this is usually regarded as being
less likely than recombination). The measure r2
represents the statistical correlation between two
sites, and takes the value of 1 if only two haplotypes
are present. It is arguably the most relevant measure
for association mapping, because there is a simple
inverse relationship between r2 and the sample size
required to detect association between susceptibility
loci and SNPs. These measures are defined for pairs of
sites, but for some applications a determination of
how strong LD is across an entire region that contains
many polymorphic sites might be desirable (e.g.,
testing whether the strength of LD differs
significantly among loci or across populations, or
whether there is more or less LD in a region than
predicted under a particular model). Measuring LD
across a region is not straightforward, but one
approach is to use the measure r, which was developed
in population genetics. Roughly speaking, r measures
how much recombination would be required under a
particular population model to generate theLD that is
seen in the data. This type of method can potentially
also provide a statistically rigorous approach to the
problem of determining whether LD data provide
evidence for the presence of recombination hotspots.
For the methods described herein, a significant r2
value can be at least 0.2, such as at least 0.2, 0.3,
0.4, 0.5, 0.6, 0.7, 0.8, 0.9 or 1.0. Thus, LD
represents a correlation between alleles of distinct
markers. It is measured by correlation coefficient or
|D'| (r2 up to 1.0 and |D'| up to 1.0). As described
herein, a locus on chromosome 8q24.21 has been
demonstrated to play a role in cancer (e.g., prostate
cancer (e.g., aggressive prostate cancer), breast
cancer, lung cancer, melanoma). It has been discovered
that particular markers and/or haplotypes are present
at a higher than expected frequency in particular
cancer subjects. In one embodiment, the marker or
haplotype comprises one or more markers associated
with Chr8q24.21 in linkage disequilibrium (defined as
the square of correlation coefficient, r2, greater
than 0.2) with one or more markers selected from the
group consisting of the markers in Table 13.
Haplotypes and LOD Score Definition of a
Susceptibility Locus In certain embodiments, a
candidate susceptibility locus is defined using LOD
scores. The defined regions are then ultra-fine mapped
with SNP and microsatellite markers with an average
spacing between markers of less than 100 kb. All
usable microsatellite and SNP markers that are found
in public databases and mapped within that region can
be used. In addition, microsatellite markers
identified within the deCODE genetics sequence
assembly of the human genome can be used. The
frequencies of haplotypes in the patient and the
control groups can be estimated using an
expectation-maximization algorithm (Dempster A. et al,
J. R. Stat. Soc. B, 39:1-38 (1977)). An implementation
of this algorithm that can handle missing genotypes
and uncertainty with the phase can be used. Under the
null hypothesis, the patients and the controls are
assumed to have identical frequencies. Using a
likelihood approach, an alternative hypothesis is
tested, where a candidate at-risk-haplotype, which can
include the markers described herein, is allowed to
have a higher frequency in patients than controls,
while the ratios of the frequencies of other
haplotypes are assumed to be the same in both groups.
Likelihoods are maximized separately under both
hypotheses and a corresponding 1-df likelihood ratio
statistic is used to evaluate the statistical
significance.To look for at-risk and protective
markers and haplotypes within a linkage region, for
example, association of all possible combinations of
genotyped markers is studied, provided those markers
span a practical region. The combined patient and
control groups can be randomly divided into two sets,
equal in size to the original group of patients and
controls. The marker and haplotype analysis is then
repeated and the most significant p-value registered
is determined. This randomization scheme can be
repeated, for example, over 100 times to construct an
empirical distribution of p-values. In a preferred
embodiment, a p-value of <0.05 is indicative of an
significant marker and/or haplotype association. A
detailed discussion of haplotype analysis follows.
Haplotype Analysis One general approach to haplotype
analysis involves using likelihood-based inference
applied to NEsted MOdels (Gretarsdottir S., etal.,
Nat. Genet. 35:131-38 (2003)). The method is
implemented in the program NEMO, which allows for many
polymorphic markers, SNPs and microsatellites. The
method and software are specifically designed for
case-control studies where the purpose is to identify
haplotype groups that confer different risks. It is
also a tool for studying LD structures. In NEMO,
maximum likelihood estimates, likelihood ratios and
p-values are calculated directly, with the aid of the
EM algorithm, for the observed data treating it as a
missing-data problem. Measuring Information Even
though likelihood ratio tests based on likelihoods
computed directly for the observed data, which have
captured the information loss due to uncertainty in
phase and missing genotypes, can be relied on to give
valid p-values, it would still be of interest to know
how much information had been lost due to the
information being incomplete. The information measure
for haplotype analysis is described in Nicolae and
Kong (Technical Report 537, Department of Statistics,
University of Statistics, University of Chicago;
Biometrics, 60(2):368-75 (2004)) as a natural
extension of information measures defined for linkage
analysis, and is implemented in NEMO. Statistical
AnalysisFor single marker association to the disease,
the Fisher exact test can be used to calculate
two-sided p-values for each individual allele. All
p-values are presented unadjusted for multiple
comparisons unless specifically indicated. The
presented frequencies (for microsatellites, SNPs and
haplotypes) are allelic frequencies as opposed to
carrier frequencies. To minimize any bias due the
relatedness of the patients who were recruited as
families for the linkage analysis, first and
seconddegree relatives can be eliminated from the
patient list. Furthermore, the test can be repeated
for association correcting for any remaining
relatedness among the patients, by extending a
variance adjustment procedure described in Risch, N. &
Teng, J. {Genome Res., 8:1273-1288 (1998)), DNA
pooling (ibid) for sibships so that it can be applied
to general familial relationships, and present both
adjusted and unadjusted pvalues for comparison. The
differences are in general very small as expected. To
assess the significance of single-marker association
corrected for multiple testing we can carry out a
randomization test using the same genotype data.
Cohorts of patients and controls can be randomized and
the association analysis redone multiple times (e.g.,
up to 500,000 times) and the p-value is the fraction
of replications that produced a p-value for some
marker allele that is lower than or equal to the
p-value we observed using the original patient and
control cohorts. For both single-marker and haplotype
analyses, relative risk (RR) and the population
attributable risk (PAR) can be calculated assuming a
multiplicative model (haplotype relative risk model)
(Terwilliger, J.D. & Ott, J., Hum. Hered. 42:337-46
(1992) and FaIk, CT. & Rubinstein, P, Ann. Hum. Genet.
51 (Pt 3):221-33 (1987)), i.e., that the risks of the
two alleles/haplotypes a person carries multiply. For
example, if RR is the risk of A relative to a, then
the risk of a person homozygote AA will be RR times
that of a heterozygote Aa and RR2 times that of a
homozygote aa. The multiplicative model has a nice
property that simplifies analysis and computations -
haplotypes are independent, i.e., in Hardy-Weinberg
equilibrium, within the affected population as well as
within the control population. As a consequence,
haplotype counts of the affecteds and controls each
have multinomial distributions, but with different
haplotype frequencies under the alternative
hypothesis. Specifically, for two haplotypes, hi and
hj ,  sk(hi)/ sk(hj ) = (filpi)l(fj lpj ), where/and p
denote, respectively, frequencies in the affected
population and in the control population. While there
is some power loss if the true model is
notmultiplicative, the loss tends to be mild except
for extreme cases. Most importantly, p-values are
always valid since they are computed with respect to
null hypothesis. Linkage Disequilibrium Using NEMO LD
between pairs of markers can be calculated using the
standard definition of D' and R2 (Lewontin, R.,
Genetics 49:49-67 (1964); Hill, W.G. & Robertson, A.
Theor. Appl Genet. 22:226-231 (1968)). Using NEMO,
frequencies of the two marker allele combinations are
estimated by maximum likelihood and deviation from
linkage equilibrium is evaluated by a likelihood ratio
test. The definitions of D' and R2 are extended to
include microsatellites by averaging over the values
for all possible allele combination of the two markers
weighted by the marginal allele probabilities. When
plotting all marker combination to elucidate the LD
structure in a particular region, we plot D' in the
upper left corner and the p-value in the lower right
corner. In the LD plots the markers can be plotted
equidistant rather than according to their physical
location, if desired. Statistical Methods for Linkage
Analysis Multipoint, affected-only allele-sharing
methods can be used in the analyses to assess evidence
for linkage. Results, both the LOD-score and the
non-parametric linkage (NPL) score, can be obtained
using the program Allegro (Gudbjartsson et ah, Nat.
Genet. 25:12-3 (2000)). Our baseline linkage analysis
uses the Spairs scoring function (Whittemore, A.S.,
Halpern, J. Biometrics 50:1 18-27 (1994); Kruglyak L.
et ah, Am. J. Hum. Genet. 55:1347-63 (1996)), the
exponential allele-sharing model (Kong, A. and Cox,
N.J., Am. J. Hum. Genet. 61:1 179-88 (1997)) and a
family weighting scheme that is halfway, on the
log-scale, between weighting each affected pair
equally and weighting each family equally. The
information measure that we use is part of the Allegro
program output and the information value equals zero
if the marker genotypes are completely uninformative
and equals one if the genotypes determine the exact
amount of allele sharing by decent among the affected
relatives (Gretarsdottir et ah Am. J. Hum. Genet,
70:593-603 (2002)). The P-values were computed two
different ways and the less significant result is
reported here. The first P-value can be computed on
the basis of large sample theory; the distribution of
Z1 = D(2[loge(l O)LOD]) approximates a standard normal
variable under the null hypothesis of no linkage
(Kong, A. and Cox, NJ., Am. J. Hum. Genet. 61:1 179-88
(1997)). The second P-value can be calculated by
comparing the observed LOD-scorewith its complete data
sampling distribution under the null hypothesis (e.g.,
Gudbjartsson et al, Nat. Genet. 25:12-3 (2000)). When
the data consist of more than a few families, these
two P-values tend to be very similar. Haplotypes and
"Haplotype Block" Definition of a Susceptibility Locus
In certain embodiments, marker and haplotype analysis
involves defining a candidate susceptibility locus
based on "haplotype blocks" (also called "LD blocks").
It has been reported that portions of the human genome
can be broken into series of discrete haplotype blocks
containing a few common haplotypes; for these blocks,
linkage disequilibrium data provided little evidence
indicating recombination (see, e.g., Wall., J.D. and
Pritchard, J.K., Nature Reviews Genetics 4:587-597
(2003); Daly, M. et al, Nature Genet. 29:229-232
(2001); Gabriel, S.B. et al., Science 296:2225- 2229
(2002); Patil, N. et al., Science 294:1719-1723
(2001); Dawson, E. et al., Nature 475:544-548 (2002);
Phillips, M.S. et al., Nature Genet. 33:382-387
(2003)). There are two main methods for defining these
haplotype blocks: blocks can be defined as regions of
DNA that have limited haplotype diversity (see, e.g.,
Daly, M. etal, Nature Genet. 29:229-232 (2001); Patil,
N. et al, Science 294:1719-1723 (2001); Dawson, E.
etal, Nature 418:544-548 (2002); Zhang, K. etal, Proc.
Natl. Acad. ScL USA PP:7335-7339 (2002)), or as
regions between transition zones having extensive
historical recombination, identified using linkage
disequilibrium (see, e.g., Gabriel, S.B. et al,
Science 296:2225-2229 (2002); Phillips, M.S. et al.,
Nature Genet. 33:382-387 (2003); Wang, N. etal, Am. J.
Hum. Genet. 77:1227-1234 (2002); Stumpf, M.P., and
Goldstein, D.B., Curr. Biol. 73:1-8 (2003)). As used
herein, the terms "haplotype block" or "LD block"
includes blocks defined by either characteristic.
Representative methods for identification of haplotype
blocks are set forth, for example, in U.S. Published
Patent Application Nos. 20030099964, 20030170665,
20040023237 and 20040146870. Haplotype blocks can be
used readily to map associations between phenotype and
haplotype status. The main haplotypes can be
identified in each haplotype block, and then a set of
"tagging" SNPs or markers (the smallest set of SNPs or
markers needed to distinguish among the haplotypes)
can then be identified. These tagging SNPs or markers
can then be used in assessment of samples from groups
of individuals, in order to identify association
betweenphenotype and haplotype. If desired,
neighboring haplotype blocks can be assessed
concurrently, as there may also exist linkage
disequilibrium among the haplotype blocks. Haplotypes
and Diagnostics As described herein, certain markers
and haplotypes are found to be useful for
determination of susceptibility to cancer-i.e., they
are found to be useful for diagnosing a susceptibility
to cancer. Particular markers and haplotypes (e.g.,
haplotype 1, haplotype Ia, and other haplotypes
containing one or more of the markers depicted in any
of the Tables below) are found more frequently in
individuals with cancer (e.g., prostate cancer (e.g.,
aggressive prostate cancer), breast cancer, lung
cancer, melanoma) than in individuals without cancer.
Therefore, these markers and haplotypes have
predictive value for detecting cancer, or a
susceptibility to cancer, in an individual. Haplotype
blocks comprising certain tagging markers, can be
found more frequently in individuals with cancer than
in individuals without cancer. Therefore, these
"at-risk" tagging markers within the haplotype blocks
also have predictive value for detecting cancer, or a
susceptibility to cancer, in an individual. "At-risk"
tagging markers within the haplotype or LD blocks can
also include other markers that distinguish among the
haplotypes, as these similarly have predictive value
for detecting cancer or a susceptibility to cancer. As
a consequence of the haplotype block structure of the
human genome, a large number of markers or other
variants and/or haplotypes comprising such markers or
variants in association with the haplotype block (LD
block) may be found to be associated with a certain
trait and/or phenotype. Thus, it is possible that
markers and/or haplotypes residing within LD block A
as defined herein or in strong LD (characterized by r2
greater than 0.2) with LD block A are associated with
cancer (e.g., prostate cancer (e.g., aggressive
prostate cancer, breast cancer, lung cancer,
melanoma). This includes markers that are described
herein (Tables 13, 20 and 21), but may also include
other markers that are in strong LD (characterized by
r2 greater than 0.2) with one or more of the markers
listed in Tables 13, 20 and 21. The identification of
such additional variants can be achieved by methods
well known to those skilled in the art, for example by
DNA sequencing of the LD block A genomic region, and
the present invention also encompasses such additional
variants.As described herein (e.g., Table 13), certain
markers within LD block A are found in decreased
frequency in individuals with cancer, and haplotypes
comprising two or more markers listed in Tables 13, 20
and 2 1 are also found to be present at decreased
frequency in individuals with cancer. These markers
and haplotypes are thus protective for cancer (e.g.,
prostate cancer (e.g., aggressive prostate cancer), 



breast cancer, lung cancer, melanoma), i.e. they
confer a decreased risk of individuals carrying these
markers and/or haplotypes developing cancer. One
example of such protective haplotypes is comprised of
the markers rs7814251 C allele and rsl2542685 allele T
allele (Table 22). The haplotypes and markers
described herein are, in some cases, a combination of
various genetic markers, e.g., SNPs and
microsatellites. Therefore, detecting haplotypes can
be accomplished by methods known in the art and/or
described herein for detecting sequences at
polymorphic sites. Furthermore, correlation between
certain haplotypes or sets of markers and disease
phenotype can be verified using standard techniques. A
representative example of a simple test for
correlation would be a Fisher-exact test on a two by
two table. In specific embodiments, a marker or
haplotype associated with LD Block A and/or Chr8q24.21
is one in which the marker or haplotype is more
frequently present in an individual at risk for cancer
(affected), compared to the frequency of its presence
in a healthy individual (control), wherein the
presence of the marker or haplotype is indicative of
cancer or a susceptibility to cancer. In other
embodiments, at-risk tagging markers in a haplotype
block in linkage disequilibrium with one or more
markers associated with LD Block A and/or Chr8q24.21,
are tagging markers that are more frequently present
in an individual at risk for cancer (affected),
compared to the frequency of their presence in a
healthy individual (control), wherein the presence of
the tagging markers is indicative of susceptibility to
cancer. In a further embodiment, at-risk markers in
linkage disequilibrium with one or more markers
associated with LD Block A and/or Chr8q24.21, are
markers that are more frequently present in an
individual at risk for cancer, compared to the
frequency of their presence in a healthy individual
(control), wherein the presence of the markers is
indicative of susceptibility to cancer. In particular
embodiments of the invention, the marker(s) or
haplotypes are associated with LD Block A. As
described and exemplified herein, genotype analysis
revealed an association of markers and haplotypes on
chromosome 8q24.21 withcancer. In particular, the
studies described herein demonstrate an association of
markers and haplotypes associated with LD Block A
(i.e., the genomic DNA sequence from 128,414,000 -
128,506,000 bp of NCBI Build 34 (SEQ ID NO: 1; FIG.
6Al- 6A3 1)) with cancer. It should be noted that
markers and haplotypes within LD Block A, other than
those described in particular herein, can associate
with cancer (e.g., prostate cancer (e.g., aggressive
prostate cancer), breast cancer, lung cancer,
melanoma) and are encompassed by the invention. Based
on the teachings described herein and the knowledge in
the art, one could identify other markers and
haplotypes without undue experimentation (e.g., by
sequencing regions of LD Block A in subjects with, and
without, cancer or by genotyping markers that are in
strong LD with markers and/or haplotypes described
herein). In one embodiment, the marker(s) or haplotype
comprises at least one of the markers in Table 13. In
another embodiment, the marker(s) or haplotype
comprises the rsl447295 A allele and/or the DG8S737 -8
allele. hi certain methods described herein, an
individual who is at risk for cancer (e.g., prostate
cancer (e.g., aggressive prostate cancer), breast
cancer, lung cancer, melanoma) is an individual in
whom an at-risk haplotype is identified, or an
individual in whom at-risk markers are identified. In
one embodiment, the strength of the association of a
marker or haplotype is measured by relative risk (RR).
RR is 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 marker or
haplotype has a relative risk of at least 1.2. In
other embodiments, the marker or haplotype has a
relative risk of at least 1.3, at least 1.4, at least
1.5, at least 2.0, at least 2.5, at least 3.0, at
least 3.5, at least 4.0, or at least 5.0. In one
embodiment, the invention is a method of diagnosing
susceptibility to prostate cancer comprising detecting
a marker or haplotype associated with LD Block A
and/or Chr8q24.21, wherein the presence of the marker
or haplotype is indicative of a susceptibility to
prostate cancer, and the marker or haplotype has a
relative risk of at least 1.5. In another embodiment,
the marker or haplotype has a relative risk of at
least 2.0.In one embodiment, the invention is a method
of diagnosing susceptibility to breast cancer
comprising detecting a marker or haplotype associated
with LD Block A and/or Chr8q24.21, wherein the
presence of the marker or haplotype is indicative of a
susceptibility to breast cancer, and the marker or
haplotype has a relative risk of at least 1.3. In one
embodiment, the invention is a method of diagnosing
susceptibility to lung cancer comprising detecting a
marker or haplotype associated with LD Block A and/or
Chr8q24.21, wherein the presence of the marker or
haplotype is indicative of a susceptibility to lung
cancer, and the marker or haplotype has a relative
risk of at least 1.3. In one embodiment, the invention
is a method of diagnosing susceptibility to melanoma
comprising detecting a marker or haplotype associated
with LD Block A and/or Chr8q24.21, wherein the
presence of the marker or haplotype is indicative of a
susceptibility to melanoma, and the marker or
haplotype has a relative risk of at least 1.5. In
another embodiment, the invention is a method of
diagnosing susceptibility to malignant cutaneous
melanoma comprising detecting a marker or haplotype
associated with LD Block A and/or Chr8q24.21, wherein
the presence of the marker or haplotype is indicative
of a susceptibility to malignant cutaneous melanoma,
and the marker or haplotype has a relative risk of at
least 1.7. In another embodiment, significance
associated with a marker or haplotype is measured by a
relative risk. In one embodiment, a significant
increased risk is measured as a relative risk of at
least about 1.2, including but not limited to: 1.2,
1.3, 1.4, 1.5, 1.6, 1.7, 1.8 and 1.9. In a further
embodiment, a relative risk of at least 1.2 is
significant. In a further embodiment, a relative risk
of at least about 1.5 is significant. In a further
embodiment, a significant increase in risk is at least
about 1.7. In another embodiment, a significant
decreased risk is measured as a relative risk of less
than one, including but not limited to: less than 0.8,
0.7, 0.6, 0.5 and 0.4. In a further embodiment, a
relative risk of less than 0.8 is significant. In a
further embodiment, a relative risk of less than 0.6
is significant. In still another embodiment,
significance associated with a marker or haplotype is
measured by a percentage. In one embodiment, a
significant increase or decrease in risk is at least
about 20%, including but not limited to about 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95% and 98%. In a further embodiment, a
significant increase or decrease in risk is at least
about50%. Thus, as used herein, the term
"susceptibility to" a cancer indicates that there is
an increased or decreased risk of the cancer, by an
amount that is significant, when a certain marker
(marker allele) or haplotype is present; significance
is measured as indicated above. The terms "decreased
susceptibility to" a cancer and "protection against" a
cancer, as used herein, indicate that the relative
risk is decreased accordingly when a certain other
marker or haplotype is present. It is understood
however, that identifying whether a risk is medically
significant may also depend on a variety of factors,
including the specific disease, the marker or
haplotype, and often, environmental factors.
Particular embodiments of the invention encompass
methods of diagnosing a susceptibility to cancer
(e.g., prostate cancer (e.g., aggressive prostate
cancer), breast cancer, lung cancer, melanoma) in an
individual, comprising assessing in the individual the
presence or frequency of SNPs and/or microsatellites
in, comprising portions of, the nucleic acid region
associated with LD Block A and/or Chr8q24.21, wherein
an excess or higher frequency of the SNPs and/or
microsatellites compared to a healthy control
individual is indicative that the individual has
cancer, or is susceptible to cancer {see, e.g., Tables
1 and 13 (below) for SNPs and microsatellite markers
that that can be used as screening tools and/or are
components of haplotypes). These microsatellite
markers and SNPs can be identified in haplotypes. For
example, a haplotype can include microsatellite
markers and/or SNPs such as those set forth in the
Tables below. The presence of the marker or haplotype
is indicative of cancer, or a susceptibility to
cancer, and therefore is indicative of an individual
who is a good candidate for therapeutic and/or
prophylactic methods. These markers and haplotypes can
be used as screening tools. Other particular
embodiments of the invention encompass methods of
diagnosing a susceptibility to cancer in an
individual, comprising detecting one or more markers
at one or more polymorphic sites, wherein the one or
more polymorphic sites are in linkage disequilibrium
with LD Block A and/or Chr8q24.21. Utility of Genetic
Testing The knowledge about a genetic variant that
confers a risk of developing cancer, offers the
opportunity to apply a genetic-test to distinguish
between individuals with increased risk of developing
the disease (i.e. carriers of the risk variant) and
those with decreased risk of developing the disease
(i.e. carriers of theprotective variant). The core
values of genetic testing, for individuals belonging
to both of the above mentioned groups, are the
possibilities of being able to diagnose the disease at
an early stage and provide information to the
clinician about prognosis/aggressiveness of the
disease in order to be able to apply the most
appropriate treatment. 1. To aid early detection The
application of a genetic test for prostate cancer can
provide an opportunity for the detection of the
disease at an earlier stage which leads to higher cure
rates, if found locally, and increases survival rates
by minimizing regional and distant spread of the
tumor. For prostate cancer, a genetic test will most
likely increase the sensitivity and specificity of the
already generally applied Prostate Specific Antigen
(PSA) test and Digital Rectal Examination (DRE). This
can lead to lower rates of false positives (thus
minimize unnecessary procedures such as needle
biopsies) and false negatives (thus increasing
detection of occult disease and minimizing morbidity
and mortality due to PCA). 2. To determine
aggressiveness Genetic testing can provide information
about pre-diagnostic prognostic indicators and enable
the identification of individuals at high or low risk
for aggressive tumor types that can lead to
modification in screening strategies. For example, an
individual determined to be a carrier of a high risk
allele for the development of aggressive prostate
cancer will likely undergo more frequent PSA testing,
examination and have a lower threshold for needle
biopsy in the presence of an abnormal PSA value.
Furthermore, identifying individuals that are carriers
of high or low risk alleles for aggressive tumor types
will lead to modification in treatment strategies. For
example, if prostate cancer is diagnosed in an
individual that is a carrier of an allele that confers
increased risk of developing an aggressive form of
prostate cancer, then the clinician would likely
advise a more aggressive treatment strategy such as a
prostatectomy instead of a less aggressive treatment
strategy. As is known in the art, Prostate Specific
Antigen (PSA) is a protein that is secreted by the
epithelial cells of the prostate gland, including
cancer cells. An elevated level in the blood indicates
an abnormal condition of the prostate, eitherbenign or
malignant. PSA is used to detect potential problems in
the prostate gland and to follow the progress of
prostate cancer therapy. PSA levels above 4 ng/ml are
indicative of the presence of prostate cancer
(although as known in the art and described herein,
the test is neither very specific nor sensitive). In
one embodiment, the method of the invention is
performed in combination with (either prior to,
concurrently or after) a PSA assay. In a particular
embodiment, the presence of a marker or haplotype, 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.
As described herein, particular markers and haplotypes
are associated with high Gleason (i.e., more
aggressive) prostate cancer. In another embodiment,
the presence of a marker or haplotype, in a patient
who has a normal PSA level (e.g., less than 4 ng/ml),
is indicative of a high Gleason (i.e., more
aggressive) prostate cancer and/or a worse prognosis.
A "worse prognosis" or "bad prognosis" occurs when it
is more likely that the cancer will grow beyond the
boundaries of the prostate gland, metastasize, escape
therapy and/or kill the host. In one embodiment, the
presence of a marker or haplotype is indicative of a
predisposition to a somatic rearrangement of
Chr8q24.21 (e.g., one or more of an amplification, a
translocation, an insertion and/or deletion) in a
tumor or its precursor. The somatic rearrangement
itself may subsequently lead to a more aggressive form
of prostate cancer (e.g., a higher histologic grade,
as reflected by a higher Gleason score or higher stage
at diagnosis, an increased progression of prostate
cancer (e.g., to a higher stage), a worse outcome
(e.g., in terms of morbidity, complications or
death)). As is known in the art, the Gleason grade is
a widely used method for classifying prostate cancer
tissue for the degree of loss of the normal glandular
architecture (size, shape and differentiation of
glands). A grade from 1-5 is assigned successively to
each of the two most predominant tissue patterns
present in the examined tissue sample and are added
together to produce the total or combined Gleason
grade (scale of 2-10). High numbers indicate poor
differentiation and therefore more aggressive cancer.
Aggressive prostate cancer is cancer that grows beyond
the prostate, metastasizes and eventually kills the
patient. As described herein, one surrogate measure of
aggressivity is a high combined Gleason grade. The
higher the grade on a scale of 2-10 the more likely it
is that a patient has aggressive disease.As used
herein and unless noted differently, the term "stage"
is used to define the size and physical extent of a
cancer (e.g., prostate cancer). One method of staging
various cancers is the TNM method, wherein in the TNM
acronym, T stands for tumor size and invasiveness
(e.g., the primary tumor in the prostate); N relates
to nodal involvement (e.g., prostate cancer that has
spread to lymph nodes); andM indicates the presence or
absense of metastates (spread to a distant site).
METHODS OF THE INVENTION Methods for the diagnosis of
susceptibility to cancer (e.g., prostate cancer (e.g.,
aggressive prostate cancer), breast cancer, lung
cancer, melanoma) are described herein and are
encompassed by the invention. Kits for assaying a
sample from a subject to detect susceptibility to
cancer (e.g., prostate cancer (e.g., aggressive
prostate cancer), breast cancer, lung cancer,
melanoma) are also encompassed by the invention, m
other embodiments, the invention is a method for
diagnosing Chr8q24.21 -associated cancer (e.g.,
Chr8q24.21 -associated prostate cancer,
Chr8q24.21-associated breast cancer, Chr8q24.21
-associated lung cancer, Chr8q24.21-associated
melanoma) in a subject. DIAGNOSTIC AND SCREENING
ASSAYS OF THE INVENTION 



In certain embodiments, the present invention pertains
to methods of diagnosing, or aiding in the diagnosis
of, cancer or a susceptibility to cancer, by detecting
particular genetic markers that appear more frequently
in cancer subjects or subjects who are susceptible to
cancer. In a particular embodiment, the invention is a
method of diagnosing a susceptibility to prostate
cancer (e.g., aggressive prostate cancer), breast
cancer, lung cancer and/or melanoma by detecting one
or more particular genetic markers (e.g., the markers
or haplotypes described herein). The present invention
describes methods whereby detection of particular
markers or haplotypes is indicative of a
susceptibility to cancer (e.g., prostate cancer (e.g.,
aggressive prostate cancer), breast cancer, lung
cancer, melanoma). Such prognostic or predictive
assays can also be used to determine prophylactic
treatment of a subject prior to the onset of symptoms
associated with such cancers. In addition, in certain
other embodiments, the present invention pertains to
methods of diagnosing, or aiding in the diagnosis of,
a decreased susceptibility to cancer, by detecting
particular genetic markers or haplotypes that appear
lessfrequently in cancer. In a particular embodiment,
the invention is a method of diagnosing a decreased
susceptibility to prostate cancer (e.g., aggressive
prostate cancer), breast cancer, lung cancer and/or
melanoma by detecting one or more particular genetic
markers (e.g., the markers or haplotypes described
herein). The present invention describes methods
whereby detection of particular markers or haplotypes
is indicative of a decreased susceptibility to cancer
(e.g., prostate cancer (e.g., aggressive prostate
cancer), breast cancer, lung cancer, melanoma), or of
a protective marker or haplotype against the cancer.
As described and exemplified herein, particular
markers or haplotypes associated with LD Block A
and/or Chr8q24.21 (e.g., haplotypes) are linked to
cancer (e.g., prostate cancer (e.g., aggressive
prostate cancer), breast cancer, lung cancer,
melanoma). In one embodiment, the marker or haplotype
is one that confers a significant risk of
susceptibility to prostate cancer, breast cancer, lung
cancer and/or melanoma. In another embodiment, the
invention pertains to methods of diagnosing a
susceptibility to cancer (e.g., prostate cancer (e.g.,
aggressive prostate cancer), breast cancer, lung
cancer, melanoma) in a subject, by screening for a
marker or haplotype associated with LD Block A and/or
Chr8q24.21 that is more frequently present in a
subject having, or who is susceptible to, cancer
(affected), as compared to the frequency of its
presence in a healthy subject (control). In certain
embodiments, the marker or haplotype has a p value <
0.05. hi these embodiments, the presence of the marker
or haplotype is indicative of a susceptibility to
cancer (e.g., prostate cancer (e.g., aggressive
prostate cancer), breast cancer, lung cancer,
melanoma). These diagnostic methods involve detecting
the presence or absence of a marker or haplotype that
is associated with LD Block A and/or Chr8q24.21. The
haplotypes described herein include combinations of
various genetic markers (e.g., SNPs, microsatellites).
The detection of the particular genetic markers that
make up the particular haplotypes can be performed by
a variety of methods described herein and/or known in
the art. For example, genetic markers can be detected
at the nucleic acid level (e.g., by direct nucleotide
sequencing) or at the amino acid level if the genetic
marker affects the coding sequence of a protein
encoded by a Chr8q24.2 1-associated nucleic acid
(e.g., by protein sequencing or by immunoassays using
antibodies that recognize such a protein), As used
herein, a "Chr8q24.21 -associated nucleic acid" refers
to a nucleic acid that is, or correspondsto, a
fragment of a genomic DNA sequence of Chr8q24.21. A
"LD Block Aassociated nucleic acid" refers to a
nucleic acid that is, or corresponds to, a fragment of
a genomic DNA sequence of LD Block A. In one
embodiment, diagnosis of a susceptibility to cancer
(e.g., prostate cancer (e.g., aggressive prostate
cancer), breast cancer, lung cancer, melanoma) can be
accomplished using hybridization methods, such as
Southern analysis, Northern analysis, and/or in situ
hybridizations (see Current Protocols in Molecular
Biology, Ausubel, F. et ah, eds., John Wiley & Sons,
including all supplements). A biological sample from a
test subject or individual (a "test sample") of
genomic DNA, RNA, or cDNA is obtained from a subject
suspected of having, being susceptible to, or
predisposed for cancer (the "test subject"). The
subject can be an adult, child, or fetus. The test
sample can be from any source that contains genomic
DNA, such as a blood sample, sample of amniotic fluid,
sample of cerebrospinal fluid, or tissue sample from
skin, muscle, buccal or conjunctival mucosa, placenta,
gastrointestinal tract or other organs. A test sample
of DNA from fetal cells or tissue can be obtained by
appropriate methods, such as by amniocentesis or
chorionic villus sampling. The DNA, RNA, or cDNA
sample is then examined. The presence of an allele of
the haplotype can be indicated by sequence-specific
hybridization of a nucleic acid probe specific for the
particular allele. A sequence-specific probe can be
directed to hybridize to genomic DNA, RNA, or cDNA. A
"nucleic acid probe", as used herein, can be a DNA
probe or an RNA probe that hybridizes to a
complementary sequence. One of skill in the art would
know how to design such a probe so that sequence
specific hybridization will occur only if a particular
allele is present in a genomic sequence from a test
sample. To diagnose a susceptibility to cancer (e.g.,
prostate cancer (e.g., aggressive prostate cancer),
breast cancer, lung cancer, melanoma), a hybridization
sample is formed by contacting the test sample
containing a Chr8q24.21-associated and/or LD Block
A-associated nucleic acid, with at least one nucleic
acid probe. A non-limiting example of a probe for
detecting mRNA or genomic DNA is a labeled nucleic
acid probe that is capable of hybridizing to mRNA or
genomic DNA sequences described herein. The nucleic
acid probe can be, for example, a full-length nucleic
acid molecule, or a portion thereof, such as an
oligonucleotide of at least 15, 30, 50, 100, 250 or
500 nucleotides in length that is sufficient to
specifically hybridize under stringent conditions to
appropriate mRNA or genomic DNA. For example,
thenucleic acid probe can be all or a portion of SEQ
ID NO:1, optionally comprising at least one allele
contained in the haplotypes described herein, or the
probe can be the complementary sequence of such a
sequence. In a particular embodiment, the nucleic acid
probe is a portion of SEQ ID NO: 1, optionally
comprising at least one allele contained in the
haplotypes described herein, or the probe can be the
complementary sequence of such a sequence. Other
suitable probes for use in the diagnostic assays of
the invention are described herein. The hybridization
sample is maintained under conditions that are
sufficient to allow specific hybridization of the
nucleic acid probe to the Chr8q24.21 -associated
nucleic acid and/or LD Block A-associated nucleic
acid. "Specific hybridization", as used herein,
indicates exact hybridization (e.g., with no
mismatches). Specific hybridization can be performed
under high stringency conditions or moderate
stringency conditions as described herein. In one
embodiment, the hybridization conditions for specific
hybridization are high stringency (e.g., as described
herein). Specific hybridization, if present, is then
detected using standard methods. If specific
hybridization occurs between the nucleic acid probe
and the Chr8q24.21- associated and/or LD Block
A-associated nucleic acid in the test sample, then the
sample contains the allele that is complementary to
the nucleotide that is present in the nucleic acid
probe. The process can be repeated for the other
markers that make up the haplotype, or multiple probes
can be used concurrently to detect more than one
marker at a time. It is also possible to design a
single probe containing more than one marker of a
particular haplotype (e.g., a probe containing alleles
complementary to 2, 3, 4, 5 or all of the markers that
make up a particular haplotype). Detection of the
particular markers of the haplotype in the sample is
indicative that the source of the sample has the
particular haplotype (e.g., an haplotype) and
therefore is susceptible to cancer (e.g., prostate
cancer (e.g., aggressive prostate cancer), breast
cancer, lung cancer, melanoma). In another
hybridization method, Northern analysis (see Current
Protocols in Molecular Biology, Ausubel, F. et ah,
eds., John Wiley & Sons, supra) is used to identify
the presence of a polymorphism associated with cancer
or a susceptibility to cancer (e.g., prostate cancer
(e.g., aggressive prostate cancer), breast cancer,
lung -cancer, melanoma). For Northern analysis, a test
sample of RNA is obtained from the subject by
appropriate means. As described herein, specific
hybridization of a nucleic acid probe to RNA from the
subject is indicative of a particular allele
complementaryto the probe. For representative examples
of use of nucleic acid probes, see, for example, U.S.
Patent Nos. 5,288,61 1 and 4,85 1,330. Additionally,
or alternatively, a peptide nucleic acid (PNA) probe
can be used in addition to, or instead of, a nucleic
acid probe in the hybridization methods described
herein. A PNA is a DNA mimic having a peptide-like,
inorganic backbone, such as N-(2-aminoethyl)glycine
units, with an organic base (A, G, C, T or U) attached
to the glycine nitrogen via a methylene carbonyl
linker (see, for example, Nielsen, P., et al,
Bioconjug. Chem. 5:3-7 (1994)). The PNA probe can be
designed to specifically hybridize to a molecule in a
sample suspected of containing one or more of the
genetic markers of a haplotype that is associated with
cancer (e.g., prostate cancer (e.g., aggressive
prostate cancer), breast cancer, lung cancer,
melanoma). Hybridization of the PNA probe is
diagnostic for cancer or a susceptibility to cancer.
In one embodiment of the invention, diagnosis of
cancer or a susceptibility to cancer (e.g., prostate
cancer (e.g., aggressive prostate cancer), breast
cancer, lung cancer, melanoma) is accomplished through
enzymatic amplification of a nucleic acid from the
subject. For example, a test sample containing genomic
DNA can be obtained from the subject and the
polymerase chain reaction (PCR) can be used to amplify
a Chr8q24.21 -associated nucleic acid and/or LD Block
A-associated nucleic acid in the test sample. As
described herein, identification of a particular
marker or haplotype (e.g., an haplotype) associated
with the amplified Chr8q24.21 region and/or LD Block A
region can be accomplished using a variety of methods
(e.g., sequence analysis, analysis by restriction
digestion, specific hybridization, single stranded
conformation polymorphism assays (SSCP),
electrophoretic analysis, etc.). In another
embodiment, diagnosis is accomplished by expression
analysis using quantitative PCR (kinetic thermal
cycling). This technique can, for example, utilize
commercially available technologies, such as TaqMan(r)
(Applied Biosystems, Foster City, CA), to allow the
identification of polymorphisms and haplotypes (e.g.,
haplotypes). The technique can assess the presence of
an alteration in the expression or composition of a
polypeptide or splicing variant(s) that is encoded by
Chr8q24.21 and/or LD Block A. Further, the expression
of the variant(s) can be quantified as physically or
functionally different. In another method of the
invention, analysis by restriction digestion can be
used to detect a particular allele if the allele
results in the creation or elimination of arestriction
site relative to a reference sequence. A test sample
containing genomic DNA is obtained from the subject.
PCR can be used to amplify particular regions of
Chr8q24.21 and/or LD Block A in the test sample from
the test subject. Restriction fragment length
polymorphism (RFLP) analysis can be conducted, e.g.,
as described in Current Protocols in Molecular
Biology, supra. The digestion pattern of the relevant
DNA fragment indicates the presence or absence of the
particular allele in the sample. Sequence analysis can
also be used to detect specific alleles at polymorphic
sites associated with Chr8q24.21 and/or LD Block A.
Therefore, in one embodiment, determination of the
presence or absence of a particular marker or
haplotype (e.g., an haplotype) comprises sequence
analysis. For example, a test sample of DNA or RNA can
be obtained from the test subject. PCR or other
appropriate methods can be used to amplify a portion
of Chr8q24.21 and/or LD Block A, and the presence of a
specific allele can then be detected directly by
sequencing the polymorphic site of the genomic DNA in
the sample. Allele-specific oligonucleotides can also
be used to detect the presence of a particular allele
at a polymorphic site associated with Chr8q24.21
and/or LD Block A, through the use of dot-blot
hybridization of amplified oligonucleotides with
allelespecific oligonucleotide (ASO) probes (see, for
example, Saiki, R. et al, Nature, 324:163-166 (1986)).
An "allele-specific oligonucleotide" (also referred to
herein as an "allele-specific oligonucleotide probe")
is an oligonucleotide of approximately 10- 50 base
pairs or approximately 15-30 base pairs, that
specifically hybridizes to a region of Chr8q24.21
and/or LD Block A, and which contains a specific
allele at a polymorphic site (e.g., a polymorphism
described herein). An allele-specific oligonucleotide
probe that is specific for one or more particular
polymorphisms associated with Chr8q24.21 and/or LD
Block A can be prepared using standard methods (see,
e.g., Current Protocols in Molecular Biology, supra).
PCR can be used to amplify the desired region of
Chr8q24.21 and/or LD Block A. The DNA containing the
amplified Chr8q24.21 region and/or LD Block A region
can be dotblotted using standard methods (see, e.g.,
Current Protocols in Molecular Biology, supra), and
the blot can be contacted with the oligonucleotide
probe. The presence of specific hybridization of the
probe to the amplified Chr8q24.21 region and/or LD
Block A region can then be detected. Specific
hybridization of an allele-specific oligonucleotide
probe to DNA from the subject is indicative of a
specific allele at apolymorphic site associated with
Chr8q24.21 and/or LD Block A (see, e.g., Gibbs, R. et
al, Nucleic Acids Res., 77:2437-2448 (1989) and WO
93/22456). With the addition of such analogs as locked
nucleic acids (LNAs), the size of primers and probes
can be reduced to as few as 8 bases. LNAs are a novel
class of bicyclic DNA analogs in which the 2' and 4'
positions in the furanose ring are joined via an
O-methylene (oxy-LNA), S-methylene (thio-LNA), or
amino methylene (amino-LNA) moiety. Common to all of
these LNA variants is an affinity toward complementary
nucleic acids, which is by far the highest reported
for a DNA analog. For example, particular all oxy-LNA
nonamers have been shown to have melting temperatures
(Tm) of 64DC and 74DC when in complex with
complementary DNA or RNA, respectively, as opposed to
28DC for both DNA and RNA for the corresponding DNA
nonamer. Substantial increases in Tm are also obtained
when LNA monomers are used in combination with
standard DNA or RNA monomers. For primers and probes,
depending on where the LNA monomers are included
(e.g., the 3' end, the 5' end, or in the middle), the
Tm could be increased considerably. In another
embodiment, arrays of oligonucleotide probes that are
complementary to target nucleic acid sequence segments
from a subject, can be used to identify polymorphisms
in a Chr8q24.21 -associated nucleic acid and/or LD
Block A-associated nucleic acid. For example, an
oligonucleotide array can be used. Oligonucleotide
arrays typically comprise a plurality of different
oligonucleotide probes that are coupled to a surface
of a substrate in different known locations. These
oligonucleotide arrays, also described as
"Genechips(tm)," have been generally described in the
art (see, e.g., U.S. Patent No. 5,143,854, PCT Patent
Publication Nos. WO 90/15070 and 92/1 0092). These
arrays can generally be produced using mechanical
synthesis methods or light directed synthesis methods
that incorporate a combination of photolithographic
methods and solid phase oligonucleotide synthesis
methods (Fodor, S. et al, Science, 251:161-113 (1991);
Pirrung et al, U.S. Patent No. 5,143,854 (see also
published PCT Application No. WO 90/15070); and Fodor.
S. et 



al, published PCT Application No. WO 92/10092 and U.S.
Patent No. 5,424,186, the entire teachings of each of
which are incorporated by reference herein).
Techniques for the synthesis of these arrays using
mechanical synthesis methods are described in, e.g.,
U.S. Patent No. 5,384,261; the entire teachings of
which are incorporated by reference herein. In another
example, linear arrays can be utilized.Once an
oligonucleotide array is prepared, a nucleic acid of
interest is allowed to hybridize with the array.
Detection of hybridization is a detection of a
particular allele in the nucleic acid of interest.
Hybridization and scanning are generally carried out
by methods described herein and also in, e.g.,
published PCT Application Nos. WO 92/10092 and WO 95/1
1995, and U.S. Patent No. 5,424,186, the entire
teachings of each of which are incorporated by
reference herein. In brief, a target nucleic acid
sequence, which includes one or more previously
identified polymorphic markers, is amplified by
well-known amplification techniques (e.g., PCR).
Typically this involves the use of primer sequences
that are complementary to the two strands of the
target sequence, both upstream and downstream, from
the polymorphic site. Asymmetric PCR techniques can
also be used. Amplified target, generally
incorporating a label, is then allowed to hybridize
with the array under appropriate conditions that allow
for sequence-specific hybridization. Upon completion
of hybridization and washing of the array, the array
is scanned to determine the position on the array to
which the target sequence hybridizes. The
hybridization data obtained from the scan is typically
in the form of fluorescence intensities as a function
of location on the array. Although primarily described
in terms of a single detection block, e.g., for
detection of a single polymorphic site, arrays can
include multiple detection blocks, and thus be capable
of analyzing multiple, specific polymorphisms (e.g.,
multiple polymorphisms of a particular haplotype
(e.g., an haplotype)). In alternate arrangements, it
will generally be understood that detection blocks can
be grouped within a single array or in multiple,
separate arrays so that varying, optimal conditions
can be used during the hybridization of the target to
the array. For example, it will often be desirable to
provide for the detection of those polymorphisms that
fall within G-C rich stretches of a genomic sequence,
separately from those falling in A-T rich segments.
This allows for the separate optimization of
hybridization conditions for each situation.
Additional descriptions of use of oligonucleotide
arrays for detection of polymorphisms can be found,
for example, in U.S. Patent Nos. 5,858,659 and
5,837,832, the entire teachings of both of which are
incorporated by reference herein. Other methods of
nucleic acid analysis can be used to detect a
particular allele at a polymorphic site associated
with Chr8q24.21 and/or LD Block A. Representative
methods include, for example, direct manual sequencing
(Church and Gilbert, Proc.Natl. Acad. ScL USA, 81:
1991-1995 (1988); Sanger, F., etal, Proc. Natl. Acad.
ScL USA, 74:5463-5467 (1977); Beavis, et al, U.S.
Patent No. 5,288,644); automated fluorescent
sequencing; single-stranded conformation polymorphism
assays (SSCP); clamped denaturing gel electrophoresis
(CDGE); denaturing gradient gel electrophoresis (DGGE)
(Sheffield, V., et al, Proc. Natl. Acad. ScL USA,
55:232-236 (1989)), mobility shift analysis (Orita,
M., et al, Proc. Natl Acad. ScL USA, 86:2166- 2770
(1989)), restriction enzyme analysis (Flavell, R., et
al, Cell, 15:25-41 (1978); Geever, R., et al, Proc.
Natl. Acad. ScL USA, 75:5081-5085 (1981));
heteroduplex analysis; chemical mismatch cleavage
(CMC) (Cotton, R., et al, Proc. Natl Acad. ScL USA,
55:4397-4401 (1985)); RNase protection assays (Myers,
R., et al, Science, 230:1242-1246 (1985); use of
polypeptides that recognize nucleotide mismatches,
such as E. coli mutS protein; and allele-specific PCR.
In another embodiment of the invention, diagnosis of
cancer or a susceptibility to cancer (e.g., prostate
cancer (e.g., aggressive prostate cancer), breast
cancer, lung cancer, melanoma) can be made by
examining expression and/or composition of a
polypeptide encoded by a Chr8q24.21 -associated
nucleic acid and/or LD Block Aassociated nucleic acid
in those instances where the genetic marker(s) or
haplotype described herein results in a change in the
composition or expression of the polypeptide. As
described herein, particular genes and predicted genes
that map to Chr8q24.2 1 include, e.g., POU5FLC20
(Genbank Accession No. AF26861 8; known gene), Genbank
Accession No. BE676854 (EST), Genbank Accession No.
AL709378 (EST), Genbank Accession No. BX108223 (EST),
Genbank Accession No. AA375336 (EST), Genbank
Accession No. CB104826 (EST), Genbank Accession No.
BG203635 (EST), Genbank Accession No. AWl 83883 (EST),
Genbank Accession No. BM80461 1 (EST), C-MYC (Genbank
Accession No. NM_002467; known gene) and PVTl (Genbank
Accession No. XM_372058; known gene). Thus, diagnosis
of a susceptibility to cancer (e.g., prostate cancer
(e.g., aggressive prostate cancer), breast cancer,
lung cancer, melanoma) can be made by examining
expression and/or composition of one of these
polypeptides, or another polypeptide encoded by a
Chr8q24.21 -associated nucleic acid and/or LD Block
A-associated nucleic acid, in those instances where
the genetic marker or haplotype described herein
results in a change in the composition or expression
of the polypeptide. The haplorypes and markers
described herein that show association to cancer may
play a role through their effect on one or more of
these nearby genes. Possible mechanisms affecting
thesegenes include, e.g., effects on transcription,
effects on RNA splicing, alterations in relative
amounts of alternative splice forms of mRNA, effects
on RNA stability, effects on transport from the
nucleus to cytoplasm, and effects on the efficiency
and accuracy of translation. The c-myc gene on
Chr8q24.21 encodes the c-MYC protein that was
identified over 20 years ago as the cellular
counterpart of the viral oncogene v-myc of the avian
myelocytomatosis retrovirus (Vennstrom et al, J.
Virology 42:113-19 (1982)). The c- MYC protein is a
transcription factor that is rapidly induced upon
treatment of cells with mitogenic stimuli. c-MYC
regulates the expression of many genes by binding
Eboxes (CACGTG) in a heterodimeric complex with a
protein named MAX. Many of the genes regulated by
c-MYC are involved in cell cycle control. c-MYC
promotes cell-cycle progression, inhibits cellular
differentiation and induces apoptosis. c-MYC also has
a negative effect on double strand DNA repair
(Karlsson, A, et al, Proc. Natl. Acad. ScL USA
100(17):9974-79 (2003)). c-MYC also promotes
angiogenesis (Ngo, C.V., et al, Cell Growth Differ.
11(4):2O1-IO (2000); Baudino T.A., et al, Genes Dev.
16(19) :2530-43 (2002)). The c-myc gene is highly
tumorigenic in vitro and in vivo. c-MYC synergizes
with proteins that inhibit apoptosis such as BCL,
BCL-X L or with the loss of p53 or ARJF in
lymphomagenesis in transgenic mice (Strasser et al,
Nature 348:331-333 (1990); Blyth, K., et al, Oncogene
70:1717-23 (1990); Elson, A., et al, Oncogene
77:181-90 (1995); Eischen, CM., et al, Genes Dev.
73:2658-69 (1999)). Amplification and overexpression
of the c-myc gene is seen in prostate cancer and is
often associated with aggressive tumors, hormone
independence and a poor prognosis (Jenkins, R.B., et
al, Cancer Res. 57(3):524-3l (1997); El Gedaily, A.,
et al, Prostate 46(3):l84-90 (2001); Saramaki, O., et
al, Am. J. Pathol. 159(6):2089-94 (2001); Bubendorf,
L., et al, Cancer Res. 59(4):803-06 (1999)). c-myc and
the Chr8q24.21 region is furthermore gained in
prostate, breast and lung tumors and in melanoma
(Blancato J., et al, Br. J. Cancer 90(8): 1612-9
(2004); Kubokura, H., et al., Ann. Thorac. Cardiovasc.
Surg. 7(^:197-203 (2001); Treszl, A., etal, Cytometry
60B(l):31-46 (2004); Kraehn, G.M., et al, Br. J.
Cancer 84(1):12-19 (2001)). In addition, many other
tumor types show a gain of this region including
colon, liver, ovary, stomach, intestinal and bladder
cancer. Combining all tumor types shows that
Chr8q24.21 is the most frequently gained chromosomal
region with gain in approximately 17% of all tumor
types (www.progenetix.com).The oncogene is involved in
Burkitt's lymphoma as a result of translocations that
juxtapose c-myc to immunoglobulin enhancers, thereby
activating expression of the gene (Dalla-Favera, R.,
et al, Proc. Natl. Acad. ScL USA 79(2^:7824-27 (1982);
Taub, R., et al, Proc. Natl. Acad. Sd. USA
79(2^:7837-41 (1982). It is also involved in cervical
cancer by Human papillomavirus (HPV) integration close
to the gene. In most cases, HPV integrations occur in
a region spanning 500 kb centromeric and 200 kb
telomeric of the c-myc gene (Ferber, J.M., et al.,
Cancer Genetics Cytogenetics 154:1-9 (2004); Ferber,
M.J., et al, Oncogene 22:7233-7242 (2003)). Two
fragile sites, FRA8C and FRA8D, lie centromeric and
telomeric to c-myc, respectively, on Chr8q24.21 .
Fragile sites are prone to breakage in the presence of
agents that arrest DNA synthesis. Replication of
fragile sites is thought to occur late in S-phase and
upon induction even later. The involvement of fragile
sites in chromosomal amplification, translocation
and/or viral insertion may relate to the late
replication of these sites and that a break is
initiated at or close to stalled replication forks
(Hellman, A., et al, Cancer Cell 1:89-97 (2002)). It
is possible that markers or haplotypes described here
within LD Block A or in strong LD with LD block A (as
measured by r2 greater than 0.2) could affect the
stability of the region leading to gene amplifications
of the c-myc gene or other nearby genes. That is, a
person could inherit the LD Block A or a region in
strong LD with LD block A (as measured by r2 greater
than 0.2) from one or both parents and therefore be
more likely to have a somatic mutational event later
in one or more cells leading to progression of cancer
to a more aggressive form. Thus, in one embodiment,
identification of a marker or haplotype of the
invention (e.g., a marker or haplotype associated with
LD Block A) may be used to diagnose a susceptibility
to a somatic mutational event, which can lead to
progression of cancer to a more aggressive form In one
embodiment, the marker or haplotype does not comprise
a marker that is located within the c-myc open reading
frame (i.e., chr8: 128,705,092-128,710,260 bp in NCBI
Build 34). In another embodiment, the marker or
haplotype does not comprise a marker that is located
within the c-myc promoter or open reading frame. In
yet another embodiment, the marker or haplotype does
not comprise a marker that is located within the c-myc
promoter, enhancer or open reading frame. In still
other embodiments, the marker or haplotype does not
comprise a marker that is located within 1 kb, 2 kb, 5
kb, 10 kb, 15 kb, 20 kb or 25 kb of the c-myc open
reading frame.A variety of methods can be used to make
such a detection, including enzyme linked
immunosorbent assays (ELISA), Western blots,
immunoprecipitations and immunofluorescence. A test
sample from a subject is assessed for the presence of
an alteration in the expression and/or an alteration
in composition of the polypeptide encoded by a
Chr8q24.2 1-associated nucleic acid and/or LD Block
A-associated nucleic acid. An alteration in expression
of a polypeptide encoded by a Chr8q24.21- associated
nucleic acid and/or LD Block A-associated nucleic acid
can be, for example, an alteration in the quantitative
polypeptide expression (i.e., the amount of
polypeptide produced). An alteration in the
composition of a polypeptide encoded by a Chr8q24.21
-associated nucleic acid and/or LD Block A-associated
nucleic acid is an alteration in the qualitative
polypeptide expression (e.g., expression of a mutant
polypeptide or of a different splicing variant). In
one embodiment, diagnosis of a susceptibility to
cancer (e.g., prostate cancer (e.g., aggressive
prostate cancer), breast cancer, lung cancer,
melanoma) is made by detecting a particular splicing
variant encoded by a Chr8q24.21 -associated nucleic
acid and/or LD Block A-associated nucleic acid, or a
particular pattern of splicing variants. Both such
alterations (quantitative and qualitative) can also be
present. An "alteration" in the polypeptide expression
or composition, as used herein, refers to an
alteration in expression or composition in a test
sample, as compared to the expression or composition
of polypeptide encoded by a Chr8q24.21-associated
nucleic acid and/or LD Block A-associated nucleic acid
in a control sample. A control sample is a sample that
corresponds to the test sample (e.g., is from the same
type of cells), and is from a subject who is not
affected by, and/or who does not have a susceptibility
to, cancer (e.g., a subject that does not possess a
marker or haplotype as described herein). Similarly,
the presence of one or more different splicing
variants in the test sample, or the presence of
significantly different amounts of different splicing
variants in the test sample, as compared with the
control sample, can be indicative of a susceptibility
to cancer (e.g., prostate cancer (e.g., aggressive
prostate cancer), breast cancer, lung cancer,
melanoma). An alteration in the expression or
composition of the polypeptide in the test sample, as
compared with the control sample, can be indicative of
a specific allele in the instance where the allele
alters a splice site relative to the reference in the
control sample. Various means of examining expression
or composition of a polypeptide encoded by a
Chr8q24.21 -associated nucleic acid and/or LD Block
A-associated nucleic acid can be used, including
spectroscopy, colorimetry,electrophoresis, isoelectric
focusing, and immunoassays (e.g., David et al, U.S.
Pat. No. 4,376,1 10) such as immunoblotting (see,
e.g., Current Protocols in Molecular Biology,
particularly chapter 10, supra). For example, in one
embodiment, an antibody (e.g., an antibody with a
detectable label) that is capable of binding to a
polypeptide encoded by a Chr8q24.21- associated
nucleic acid and/or LD Block A-associated nucleic acid
can be used. Antibodies can be polyclonal or
monoclonal. An intact antibody, or a fragment thereof
(e.g., Fv, Fab, Fab', F(ab'>2) can be used. The term
"labeled", with regard to the probe or antibody, is
intended to encompass direct labeling of the probe or
antibody by coupling (i.e., physically linking) a
detectable substance to the probe or antibody, as well
as indirect labeling of the probe or antibody by
reactivity with another reagent that is directly
labeled. Examples of indirect labeling include
detection of a primary antibody using a labeled
secondary antibody (e.g., a fluorescently-labeled
secondary antibody) and end-labeling of a DNA probe
with biotin such that it can be detected with
fluorescently-labeled streptavidin. In one embodiment
of this method, the level or amount of polypeptide
encoded by a Chr8q24. 2 1-associated nucleic acid
and/or LD Block A-associated nucleic acid in a test
sample is compared with the level or amount of the
polypeptide encoded by a Chr8q24.21 -associated
nucleic acid and/or LD Block A-associated nucleic acid
in a control sample. A level or amount of the
polypeptide in the test sample that is higher or lower
than the level or amount of the polypeptide in the
control sample, such that the difference is
statistically significant, is indicative of an
alteration in the expression of the polypeptide
encoded by the Chr8q24.21 -associated nucleic acid
and/or LD Block A-associated nucleic acid, and is
diagnostic for a particular allele responsible for
causing the difference in expression. Alternatively,
the composition of the polypeptide encoded by a
Chr8q24.21 -associated nucleic acid and/or LD Block
A-associated nucleic acid in a test sample is compared
with the composition of the polypeptide encoded by a
Chr8q24.21-associated nucleic acid and/or LD Block
A-associated nucleic acid in a control sample. In
another embodiment, both the level or amount and the
composition of the polypeptide can be assessed in the
test sample and in the control sample. As described
and exemplified herein, particular markers and
haplotypes (e.g., haplotype 1, haplotype Ia,
haplotypes containing two or more markers listed in
the Tables below) associated with Chr8q24.21 and/or LD
Block A are linked to cancer(e.g., prostate cancer
(e.g., aggressive prostate cancer), breast cancer,
lung cancer, melanoma). In one embodiment, the
invention pertains to a method of diagnosing a
susceptibility to cancer (e.g., prostate cancer (e.g.,
aggressive prostate cancer), breast cancer, lung
cancer, melanoma) in a subject, comprising screening
for a marker or 



haplotype associated with a Chr8q24.21 -associated
nucleic acid and/or LD Block Aassociated nucleic acid
that is more frequently present in a subject having,
or who is susceptible to, cancer (affected), as
compared to the frequency of its presence in a healthy
subject (control). In this embodiment, the presence of
the marker or haplotype is indicative of a
susceptibility to cancer. Standard techniques for
genotyping for the presence of SNPs and/or
microsatellite markers associated with cancer can be
used, such as fluorescence-based techniques (Chen, X.,
et al, Genome Res., 9:492-498 (1999)), PCR, LCR,
Nested PCR and other techniques for nucleic acid
amplification. In one embodiment, the method comprises
assessing in a subject the presence or frequency of
one or more specific SNP alleles and/or microsatellite
alleles that are associated with Chr8q24.21 and/or LD
Block A and are linked to cancer and/or susceptibility
to cancer. In this embodiment, an excess or higher
frequency of the allele(s), as compared to a healthy
control subject, is indicative that the smbject is
susceptible to cancer. In another embodiment, the
diagnosis of a susceptibility to cancer (e.g.,
prostate cancer (e.g., aggressive prostate cancer),
breast cancer, lung cancer, melanoma) is made by
detecting at least one Chr8q24.21 -associated allele
and/or LD Block A-associated allele in combination
with an additional protein-based, RNAbased or
DNA-based assay (e.g., other cancer diagnostic assays
including, but not limited to: PSA assays,
carcinoembryonic antigen (CEA) assays, BRCAl assays
and BRCA2 assays). Such cancer diagnostic assays are
known in the art. The methods of the invention can
also be used in combination with an analysis of a
subject's family history and risk factors (e.g.,
environmental risk factors, lifestyle risk factors).
As is known in the art, and as described herein, PSA
testing has aided early diagnosis of prostate cancer,
but it is neither highly sensitive nor specific
(Punglia et al, N. Engl. J. Med. 349(4):335-42
(2003)). Accordingly, PSA testing alone leads to a
high percentage of false negative and false positive
diagnoses, which results in both many instances of
missed cancers and unnecessary follow-up biopsies for
those without cancer. In one embodiment, the diagnosis
of prostate cancer or a susceptibility to prostate
cancer is made by detecting at least one
Chr8q24.21-associated allele and/or LD Block
A-associated allele in combination with a PSA assay.
KITS Kits useful in the methods of diagnosis comprise
components useful in any of the methods described
herein, including for example, hybridization probes,
restriction enzymes (e.g., for RPLP analysis),
allele-specific oligonucleotides, antibodies that bind
to an altered polypeptide encoded by a Chr8q24.21
nucleic acid and/or LD Block A-associated nucleic acid
(e.g., antibodies that bind to a polypeptide
comprising at least one genetic marker included in the
haplotypes described herein) or to a nonaltered
(native) polypeptide encoded by a Chr8q24.21 nucleic
acid and/or LD Block A-associated nucleic acid, means
for amplification of a Chr8q24.21 nucleic acid and/or
LD Block A-associated nucleic acid, means for
analyzing the nucleic acid sequence of a Chr8q24.21
nucleic acid and/or LD Block A-associated nucleic
acid, means for analyzing the amino acid sequence of a
polypeptide encoded by a Chr8q24.21 nucleic acid
and/or LD Block A-associated nucleic acid, etc.
Additionally, kits can provide reagents for assays to
be used in combination with the methods of the present
invention, e.g., reagents for use with other cancer
diagnostic assays (e.g., reagents for detecting PSA,
CEA, BRCAl, BRCA2, etc.). In one embodiment, the
invention is a kit for assaying a sample from a
subject to detect cancer or a susceptibility to cancer
(e.g., prostate cancer (e.g., aggressive prostate
cancer), breast cancer, lung cancer, melanoma) in a
subject, wherein the kit comprises one or more
reagents for detecting a marker or haplotype
associated with Chr8q24.21 and/or LD Block A. In a
particular embodiment, the kit comprises at least one
contiguous nucleotide sequence that is completely
complementary to a region comprising at least one of
the markers associated with Chr8q24.21 and/or LD Block
A. In another embodiment, the kit comprises one or
more nucleic acids that are capable of detecting one
or more specific markers or haplotypes. In still
another embodiment, the kit comprises one or more
reagents that comprise at least one contiguous
nucleotide sequence that is completely complementary
to a region comprising at least one of the markers
from Table 1 or Table 13 (e.g., a region of SEQ ID
NO:1 containing at least one of the markers from Table
1 or Table 13), or another Table below. Such
contiguous nucleotide sequences or nucleic acids
(e.g., oligonucleotide primers) can be designed using
portions of the nucleic acids flankingSNPs or
microsatellites that are indicative of cancer or a
susceptibility to cancer. Such nucleic acids (e.g.,
oligonucleotide primers) are designed to amplify
regions of Chr8q24.21 and/or LD Block A that are
associated with a marker or haplotype for cancer. In
another embodiment, the kit comprises one or more
labeled nucleic acids capable of detecting one or more
specific markers or haplotypes associated with
Chr8q24.21 and/or LD Block A and reagents for
detection of the label. Suitable labels include, e.g.,
a radioisotope, a fluorescent label, an enzyme label,
an enzyme co-factor label, a magnetic label, a spin
label, an epitope label. In particular embodiments,
the marker or haplotype to be detected by the reagents
of the kit comprises one or more markers, two or more
markers, three or more markers, four or more markers
or five or more markers selected from the group
consisting of the markers in Table 13. In another
embodiment, the marker or haplotype to be detected
comprises the rsl447295 A allele and/or the DG8S737 -8
allele. In such embodiments, the presence of the
marker or haplotype is indicative of a susceptibility
to cancer (e.g., prostate cancer (e.g., aggressive
prostate cancer), breast cancer, lung cancer,
melanoma). DIAGNOSIS OF Chr8q24.21-ASSOCIATED PROSTATE
CANCER Although the methods of diagnosis have been
generally described in the context of diagnosing
susceptibility to cancer (e.g., prostate cancer (e.g.,
aggressive prostate cancer), breast cancer, lung
cancer, melanoma), the methods can also be used to
diagnose Chr8q24.21 -associated cancer (e.g.,
Chr8q24.21 -associated prostate cancer, Chr8q24.21
-associated breast cancer, Chr8q24.21 -associated lung
cancer, Chr8q24.21 -associated melanoma). For example,
an individual having cancer can be assessed to
determine whether the presence in the individual of a
polymorphism in a Chr8q24.21 -associated nucleic acid
and/or LD Block A-associated nucleic acid, and/or the
presence of a haplotype in the individual, could have
been a contributing factor to the individual's cancer.
As used herein, the terms, "Chr8q24.21 -associated
cancer", "Chr8q24.21 -associated prostate cancer",
"Chr8q24.21 -associated breast cancer", "Chr8q24.2
1-associated lung cancer" and "Chr8q24.21-associated
melanoma" refer to the occurrence of cancer, or a
particular form of cancer, in a subject who has a
polymorphism in a Chr8q24.21 -associated nucleic acid
sequence or a haplotype associated with Chr8q24.2 1.
Identification of Chr8q24.2 1-associated cancer (e.g.,
Chr8q24.21 -associated prostate cancer, Chr8q24.21
-associated breastcancer, Chr8q24.21 -associated lung
cancer, Chr8q24.21 -associated melanoma) facilitates
treatment planning, as treatment can be designed and
therapeutics selected to target the appropriate
Chr8q24.21 -associated gene or protein. In one
embodiment of the invention, diagnosis of
Chr8q24.21-associated cancer (e.g., Chr8q24.2
1-associated prostate cancer, Chr8q24.2 1-associated
breast cancer, Chr8q24.21-associated lung cancer,
Chr8q24.21-associated melanoma) is made by detecting a
polymorphism in a Chr8q24.21-associated nucleic acid
(e.g., using the methods described herein and/or other
methods known in the art). Particular polymorphisms in
Chr8q24.21 -associated nucleic acid sequences are
described herein (see, e.g., Table 1 and Table 13). A
test sample of genomic DNA, RNA, or cDNA, is obtained
from a subject having cancer to determine whether the
cancer is associated with Chr8q24.21 . The DNA, RNA or
cDNA sample is then examined to determine whether a
polymorphism in a Chr8q24.21 -associated nucleic acid
sequence is present. If the Chr8q24.21 -associated
nucleic acid sequence has the polymorphism then the
presence of the polymorphism is indicative of the
Chr8q24.21 -associated cancer. For example, in one
embodiment, hybridization methods, such as Southern
analysis, Northern analysis or in situ hybridization,
can be used to detect the polymorphism. In other
embodiments, mutation analysis by restriction
digestion or sequence analysis can be used, as can
allele-specific oligonucleotides, or quantitative PCR
(kinetic thermal cycling). Diagnosis of Chr8q24.21
-associated cancer can also be made by examining
expression and/or composition of a polypeptide encoded
by a Chr8q24.21 -associated nucleic acid, using a
variety of methods, including enzyme linked
immunosorbent assays (ELISAs), Western blots,
immunoprecipitations and immunofluorescence. A test
sample from a subject is assessed for the presence of
an alteration in the expression and/or an alteration
in composition of the polypeptide encoded by a
Chr8q24.21 -associated nucleic acid, or for the
presence of a particular variant encoded by a
Chr8q24.21 -associated nucleic acid. An alteration in
expression of a polypeptide encoded by a Chr8q24.21
-associated nucleic acid can be, for example, an
alteration in the quantitative polypeptide expression
(i.e., the amount of polypeptide produced); an
alteration in the composition of a polypeptide encoded
by a Chr8q24.21 -associated nucleic acid is an
alteration in the qualitative polypeptide expression
(e.g., expression of an altered Chr8q24.21 -associated
polypeptide or of a different splicing variant).In
other embodiments, the invention pertains to a method
for the diagnosis and identification of Chr8q24.21
-associated cancer (e.g., Chr8q24.21 -associated
prostate cancer, Chr8q24.21 -associated breast cancer,
Chr8q24.21 -associated lung cancer, Chr8q24.21
-associated melanoma) in a subject, by identifying the
presence of a marker or haplotype associated with
Chr8q24.21, as described in detail herein. For
example, the markers and/or haplotypes described
herein in Tables 1, 2, 4, 5 and 13 are found more
frequently in subjects with cancer (e.g., prostate
cancer (e.g., aggressive prostate cancer), breast
cancer, lung cancer, melanoma) than in subjects not
affected by cancer. Therefore, these markers and/or
haplotypes have predictive value for detecting
Chr8q24.21-associated cancer. In one embodiment, the
marker or haplotype having predictive value for
detecting Chr8q24.21 -associated cancer comprises one
or more markers selected from the group consisting of
the markers in Table 13. In another embodiment, the
marker or haplotype having predictive value for
detecting Chr8q24.21 -associated cancer comprises one
or more markers selected from the group consisting of
the DG8S737 -8 allele and the rsl447295 A allele m
still other embodiments, the haplotype having
predictive value for detecting Chr8q24.21 -associated
cancer comprises haplotype 1 or haplotype Ia. The
methods described herein can be used to assess a
sample from a subject for the presence or absence of a
marker or haplotype; the presence of a marker or
haplotype is indicative of Chr8q24.21-associated
cancer. . As is known in the art, individuals can have
differential responses to a particular therapy (e.g.,
a thereapeutic agent). The basis of the differential
response may be genetically determined in part.
Accordingly, in one embodiment, the presence of a
marker or haplotype is indicative of a different
response rate to a particular treatment modality. This
means that a cancer patient carrying a marker or
haplotype on Chr8q24.21 would respond better to, or
worse to, a specific therapeutic, antihormonal drug
and/or radiation therapy used to treat cancer.
Therefore, the presence or absence of the marker or
haplotype could aid in deciding what treatment should
be used for a cancer patient. For example, for a newly
diagnosed prostate cancer patient, the presence of a
marker or haplotype on Chr8q24.21 may be assessed
(e.g., through testing DNA derived from a blood
sample, as described herein). If the patient is
positive for a marker or haplotype at Chr8q24.21 (that
is, the marker or haplotype is present), then the
physician recommends one particular therapy, while if
the patient is negative for a marker or haplotype,
then a different course of therapymay be recommended
(which may include recommending that no immediate
therapy, other than serial monitoring for progression
of prostate cancer, be performed). Thus, the patient's
carrier status could be used to help determine whether
a particular treatment modality (e.g., a
chemotherapeutic agent, an antihormonal agent,
radiation treatment) should be administered. NUCLEIC
ACIDS AND POLYPEPTIDES OF THE INVENTION The nucleic
acids and polypeptides described herein can be used in
methods of diagnosis of a susceptibility to cancer
(e.g., prostate cancer (e.g., aggressive prostate
cancer), breast cancer, lung cancer, melanoma), as
well as in kits useful for such diagnosis. An
"isolated" nucleic acid molecule, as used herein, is
one that is separated from nucleic acids that normally
flank the gene or nucleotide sequence (as in genomic
sequences) and/or has been completely or partially
purified from other transcribed sequences (e.g., as in
an RNA library). For example, an isolated nucleic acid
of the invention can be substantially isolated with
respect to the complex cellular milieu in which it
naturally occurs, or culture medium when produced by
recombinant techniques, or chemical precursors or
other chemicals when chemically synthesized. In some
instances, the isolated material will form part of a
composition (for example, a crude extract containing
other substances), buffer system or reagent mix. hi
other circumstances, the material can be purified to
essential homogeneity, for example as determined by
polyacrylamide gel electrophoresis (PAGE) or column
chromatography (e.g., HPLC). An isolated nucleic acid
molecule of the invention can comprise at least about
50%, at least about 80% or at least about 90% (on a
molar basis) of all macromolecular species present.
With regard to genomic DNA, the term "isolated" also
can refer to nucleic acid molecules that are separated
from the chromosome with which the genomic DNA is
naturally associated. For example, the isolated
nucleic acid molecule can contain less than about 250
kb, 200 kb, 150 kb, 100 kb, 75 kb, 50 kb, 25 kb, 10
kb, 5 kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb or 0.1 kb of
the nucleotides that flank the nucleic acid molecule
in the genomic DNA of the cell from which the nucleic
acid molecule is derived. The nucleic acid molecule
can be fused to other coding or regulatory sequences
and still be considered isolated. Thus, recombinant
DNA contained in a vector is included in the
definition of "isolated" as used herein. Also,
isolated nucleicacid molecules include recombinant DNA
molecules in heterologous host cells or heterologous
organisms, as well as partially or substantially
purified DNA molecules in solution. "Isolated" nucleic
acid molecules also encompass in vivo and in vitro RNA
transcripts of the DNA molecules of the present
invention. An isolated nucleic acid molecule or
nucleotide sequence can include a nucleic acid
molecule or nucleotide sequence that is synthesized
chemically or by recombinant means. Such isolated
nucleotide sequences are useful, for example, in the
manufacture of the encoded polypeptide, as probes for
isolating homologous sequences (e.g., from other
mammalian species), for gene mapping (e.g., by in situ
hybridization with chromosomes), or for detecting
expression of the gene in tissue (e.g., human tissue),
such as by Northern blot analysis or other
hybridization techniques. The invention also pertains
to nucleic acid molecules that hybridize under high
stringency hybridization conditions, such as for
selective hybridization, to a nucleotide sequence
described herein (e.g., nucleic acid molecules that
specifically hybridize to a nucleotide sequence
containing a polymorphic site associated with a
haplotype described herein). In one embodiment, the
invention includes variants that 



hybridize under high stringency hybridization and wash
conditions (e.g., for selective hybridization) to a
nucleotide sequence that comprises SEQ ID NO:1 or a
fragment thereof (or a nucleotide sequence comprising
the complement of SEQ ID NO:1 or a fragment thereof),
wherein the nucleotide sequence comprises at least one
polymorphic allele contained in the haplotypes (e.g.,
haplotypes) described herein. Such nucleic acid
molecules can be detected and/or isolated by allele-
or sequence-specific hybridization (e.g., under high
stringency conditions). Stringency conditions and
methods for nucleic acid hybridizations are explained
on pages 2.10.1- 2.10.16 and pages 6.3.1-6.3.6 in
Current Protocols in Molecular Biology (Ausubel, F. et
ah, "Current Protocols in Molecular Biology", John
Wiley & Sons, (1998)), and Rraus, M. and Aaronson, S.,
Methods Enzymol, 200:546-556 (1991), the entire
teachings of which are incorporated by reference
herein. The percent identity of two nucleotide or
amino acid sequences can be determined by aligning the
sequences for optimal comparison purposes (e.g., gaps
can be introduced in the sequence of a first
sequence). The nucleotides or amino acids at
corresponding positions are then compared, and the
percent identity between the two sequences is a
function of the number of identical positions shared
by the sequences (i.e., % identity = # of identical
positions/total # of positions x 100). In
certainembodiments, the length of a sequence aligned
for comparison purposes is at least 30%, at least 40%,
at least 50%, at least 60%, at least 70%, at least
80%, at least 90%, or at least 95%, of the length of
the reference sequence. The actual comparison of the
two sequences can be accomplished by well-known
methods, for example, using a mathematical algorithm.
A non-limiting example of such a mathematical
algorithm is described in Karlin, S. and Altschul, S.,
Proc. Natl. Acad. ScL USA, P0:5873-5877 (1993). Such
an algorithm is incorporated into the NBLAST and
XBLAST programs (version 2.0), as described in
Altschul, S. et al, Nucleic Acids Res., 25:3389-3402
(1997). When utilizing BLAST and Gapped BLAST
programs, the default parameters of the respective
programs (e.g., NBLAST) can be used. See the website
on the world wide web at ncbi.nlm.nih.gov. In one
embodiment, parameters for sequence comparison can be
set at score=100, or can be varied (e.g., W=5 orW=20).
Another non-limiting example of a mathematical
algorithm utilized for the comparison of sequences is
the algorithm of Myers and Miller, CABIOS (1989). Such
an algorithm is incorporated into the ALIGN program
(version 2.0), which is part of the GCG sequence
alignment software package. When utilizing the ALIGN
program for comparing amino acid sequences, a PAM120
weight residue table, a gap length penalty of 12, and
a gap penalty of 4 can be used. Additional algorithms
for sequence analysis are known in the art and include
ADVANCE and ADAM as described in Torellis, A. and
Robotti, C , Comput. Appl. Biosci. 10:3-5 (1994); and
FASTA described in Pearson, W. and Lipman, D., Proc.
Natl. Acad. ScL USA, 55:2444-48 (1988). In another
embodiment, the percent identity between two amino
acid sequences can be accomplished using the GAP
program in the GCG software package (Accelrys,
Cambridge, UK) using either a Blossom 63 matrix or a
PAM250 matrix, and a gap weight of 12, 10, 8, 6, or 4
and a length weight of 2, 3, or 4. In yet another
embodiment, the percent identity between two nucleic
acid sequences can be accomplished using the GAP
program in the GCG software package, using a gap
weight of 50 and a length weight of 3. The present
invention also provides isolated nucleic acid
molecules that contain a fragment or portion that
hybridizes under highly stringent conditions to a
nucleic acid that comprises, or consists of, SEQ ID
NO:1 or a fragment thereof (or a nucleotide sequence
comprising, or consisting of, the complement of SEQ ID
NO:1or a fragment thereof), wherein the nucleotide
sequence comprises at least one polymorphic allele
contained in the haplotypes (e.g., haplotypes)
described herein. The nucleic acid fragments of the
invention are at least about 15, at least about 18,
20, 23 or 25 nucleotides, and can be 30, 40, 50, 100,
200, 500, 1000, 10,000 or more nucleotides in length.
The nucleic acid fragments of the invention are used
as probes or primers in assays such as those described
herein. "Probes" or "primers" are oligonucleotides
that hybridize in a base-specific manner to a
complementary strand of a nucleic acid molecule. In
addition to DNA and RNA, such probes and primers
include polypeptide nucleic acids (PNA), as described
in Nielsen, P. et al, Science 254:1497- 1500 (1991). A
probe or primer comprises a region of nucleotide
sequence that hybridizes to at least about 15,
typically about 20-25, and in certain embodiments
about 40, 50 or 75, consecutive nucleotides of a
nucleic acid molecule comprising a contiguous
nucleotide sequence from SEQ DD NO:1 and comprising at
least one allele contained in one or more haplotypes
described herein, and the complement thereof. In
particular embodiments, a probe or primer can comprise
100 or fewer nucleotides; for example, in certain
embodiments from 6 to 50 nucleotides, or, for example,
from 12 to 30 nucleotides. In other embodiments, the
probe or primer is at least 70% identical, at least
80% identical, at least 85% identical, at least 90%
identical, or at least 95% identical, to the
contiguous nucleotide sequence or to the complement of
the contiguous nucleotide sequence. In another
embodiment, the probe or primer is capable of
selectively hybridizing to the contiguous nucleotide
sequence or to the complement of the contiguous
nucleotide sequence. Often, the probe or primer
further comprises a label, e.g., a radioisotope, a
fluorescent label, an enzyme label, an enzyme
co-factor label, a magnetic label, a spin label, an
epitope label. The nucleic acid molecules of the
invention, such as those described above, can be
identified and isolated using standard molecular
biology techniques and the sequence information
provided in SEQ E) NO:1. See generally PCR Technology:
Principles and Applications for DNA Amplification (ed.
H.A. Erlich, Freeman Press, NY, NY, 1992); PCR
Protocols: A Guide to Methods and Applications (Eds.
Innis, et al, Academic Press, San Diego, CA, 1990);
Mattila, P. et al, Nucleic Acids Res., 19:4967-4973
(1991); Eckert, K. and Kunkel, T., PCR Methods and
Applications,1:17-24 (1991); PCR (eds. McPherson et
al, IRL Press, Oxford); and U.S. Patent 4,683,202, the
entire teachings of each of which are incorporated
herein by reference. Other suitable amplification
methods include the ligase chain reaction (LCR; see
Wu, D. and Wallace, R., Genomics, 4:560-469 (1989);
Landegren, U. et al, Science, 241:1077-1080 (1988)),
transcription amplification (Kwoh, D. et al, Proc.
Natl. Acad. ScL USA, 86:1173-1177 (1989)),
self-sustained sequence replication (Guatelli, J . et
al, Proc. Nat. Acad. Sci. USA, 87: 1874-1 878 (1990))
and nucleic acid based sequence amplification (NASBA).
The latter two amplification methods involve
isothermal reactions based on isothermal
transcription, which produce both single-stranded RNA
(ssRNA) and double-stranded DNA (dsDNA) as the
amplification products in a ratio of about 30 and 100
to 1, respectively. The amplified DNA can be labeled
(e.g., radiolabeled) and used as a probe for screening
a cDNA library derived from human cells. The cDNA can
be derived from mRNA and contained in zap express
(Stratagene, La Jolla, CA), ZIPLOX (Gibco BRL,
Gaithesburg, MD) or other suitable vector.
Corresponding clones can be isolated, DNA can obtained
following in vivo excision, and the cloned insert can
be sequenced in either or both orientations by
art-recognized methods to identify the correct reading
frame encoding a polypeptide of the appropriate
molecular weight. For example, the direct analysis of
the nucleotide sequence of nucleic acid molecules of
the present invention can be accomplished using
well-known methods that are commercially available.
See, for example, Sambrook et al, Molecular Cloning, A
Laboratory Manual (2nd Ed., CSHP5New York 1989);
Zyskind et al, Recombinant DNA Laboratory Manual,
(Acad. Press, 1988)). Additionally, fluorescence
methods are also available for analyzing nucleic acids
(Chen, X. et al, Genome Res., 9:492- 498 (1999)) and
polypeptides. Using these or similar methods, the
polypeptide and the DNA encoding the polypeptide can
be isolated, sequenced and further characterized. In
general, the isolated nucleic acid sequences of the
invention can be used as molecular weight markers on
Southern gels, and as chromosome markers that are
labeled to map related gene positions. The nucleic
acid sequences can also be used to compare with
endogenous DNA sequences in patients to identify
cancer or a susceptibility to cancer (e.g., prostate
cancer (e.g., aggressive prostate cancer), breast
cancer, lung cancer, melanoma), and as probes, such as
to hybridize and discover related DNA sequences or to
subtract out known sequences from a sample
(e.g.,subtractive hybridization). The nucleic acid
sequences can further be used to derive primers for
genetic fingerprinting, to raise anti-polypeptide
antibodies using immunization techniques, and/or as an
antigen to raise anti-DNA antibodies or elicit immune
responses. As used herein, two polypeptides (or a
region of the polypeptides) are substantially
homologous or identical when the amino acid sequences
are at least about 45-55%. In other embodiments, two
polypeptides (or a region of the polypeptides) are
substantially homologous or identical when they are at
least about 70-75%, at least about 80-85%, at least
about 90%, at least about 95% homologous or identical,
or are identical. A substantially homologous amino
acid sequence, according to the present invention,
will be encoded by a nucleic acid molecule comprising
SEQ ID NO.l or a portion thereof, and further
comprising at least one polymorphism as shown in Table
1, wherein the encoding nucleic acid will hybridize to
SEQ BD NO:1 under stringent conditions as more
particularly described herein. The present invention
is now illustrated by the following Examples, which
are not intended to be limiting in any way. The
relevant teachings of all publications cited herein
not previously incorporated by reference, are
incorporated herein by reference in their entirety.
EXAMPLE 1 IDENTIFICATION OF REGION ASSOCIATED WITH
CANCER Study A region on chromosome 8q24.21 was
identified that confers an increased risk for
particular cancers (e.g., prostate cancer). This
region was initially detected by linkage analysis of
prostate cancer (PrCa) families with prostate cancer
patients who are closely related to breast cancer
cases. Patients involved in the genetics study The
population of patients that were diagnosed with
prostate cancer since 1955 included 3 123 patients,
about a third of whom were still alive at the time of
study. The population of patients that were diagnosed
with breast cancer included 4045 patients. About 950
prostate cancer patients were recruited at the time of
the study. We were initially interested in finding
genes that contributed to both prostate cancerand
breast cancer. Therefore, we ran the list of our
recruited patients against the genealogy database to
cover all of Iceland. We only included families that
had at least two prostate cancer patients related up
to 6 meioses (6 meioses separate second cousins) and
which also included at least one breast cancer patient
who was closely related (up to 3 meioses) to a
prostate cancer patient (we did not use the DNA or
genotypes for the breast cancer patient - we only
sought to fractionate our prostate cancer cohort by
status of breast cancer in relatives). These criteria
resulted in 75 large families that included 167
prostate cancer patients. The maximum distance between
two prostate cancer patients was 6 meiosis, however,
the average distance was 3.5 meiosis. Genome wide scan
The genealogy database was used to create families
that included two or more prostate cancer patients and
at least one breast cancer patient related to both of
the prostate cancer patients within 3 meiotic events
(generations). A genome wide scan was performed on 167
prostate cancer patients in 75 extended families. The
procedure was similar to that described in
Gretarsdttir, et ah, Am J Hum Genet., 70(3):593-603
(2002). In short, the DNA was genotyped with a
framework marker set of 1200 microsatellite markers
with an average resolution of 3 cM. Subjects in the
study had 45 mL of blood drawn after they have signed
an informed consent form approved by the Data
Protection Authorities and the National Bioethics
Committee in Iceland. DNA was isolated from whole
blood using the Qiagen extraction method, which was
adjusted for high-throughput. The microsatellite
screening set used fluorescently labeled primers and
all markers were extensively tested for multiplex PCR
reactions to optimize the yield. The genotyping error
rate was less than 0.2%, based on comparision of
genotypes for over 5,000 individuals genotyped twice
for this framework marker set. The PCR amplifications
were set up and pooled using Cyberlab robots using a
reaction volume of 5 ml containing 20 ng of genomic
DNA. The alleles were called automatically with the
DAC program or manually, and the program deCODE-GT was
used to fractionate according to quality and edit the
called genotypes (Palsson, B., et al, Genome Res.,
9(10):1002-1012 (1999)). The population allele
frequencies for the markers were constructed from a
cohort of more than 30,000 Icelanders that have
participated in genome-wide studies of various disease
projects at deCODE genetics.The microsatellite markers
that were genotyped within the locus were either
publicly available or designed at deCODE genetics;
those markers are indicated with a DG designation.
Repeats within the DNA sequence were identified that
allowed us to choose or design primers that were
evenly spaced across the locus. The identification of
the repeats and location with respect to other markers
was based on the work of the physical mapping team at
deCODE genetics. For the markers used in the
genomewide scan, the genetic positions were taken from
the recently published high-resolution genetic map
(HRGM), constructed at deCODE genetics (Kong A., et
al., Nat Genet, 31: 241-247 (2002)). The genetic
position of the additional markers are either taken
from the HRGM, when available, or by applying the same
genetic mapping methods as were used in constructing
the HRGM map to the family material genotyped for this
particular linkage study. Statistical Methods for
Linkage Analysis The linkage analysis was done using
the software Allegro (Gudbjartsson et al, Nat. Genet.
25:12-3, (2000)), which determines the statistical
significance of excess sharing among related patients
by applying non-parametric affected-only allelesharing
methods (without any particular disease inheritance
model being specified). Allegro, a linkage program
developed at deCODE genetics, calculates LOD scores
based on multipoint calculations. Our baseline linkage
analysis used the Spairs scoring function (Whittemore,
A.S. and Halpern, J., Biometrics 50:1 18-27 (1994);
Eruglyak L, et al.,Am J Hum Genet 58:1347-63, (1996)),
the exponential allele-sharing model (Kong, A. and
Cox, NJ., Am. J. Hum. Genet, 61:1 179 (1997)), and a
family weighting scheme, which was halfway on a log
scale between weighting each affected pair equally and
weighting each family equally. In the analysis, all
genotyped individuals who were not affected were
treated as "unknown". Because of concern with small
sample behavior, we computed corresponding P-values in
two different ways for comparison. The first P-value
was computed based on large sample theory; Zir = loge
(10) LOD) and was approximately distributed as a
standard normal distribution under the null hypothesis
of no linkage. A second P-value was computed by
comparing the observed LOD score to its complete data
sampling distribution 



under the null hypothesis. When a data set consists of
more than a handful of families, these two P-values
tend to be very similar.All suggestive loci with LOD
scores greater than 2 were followed up with some extra
markers to increase the information on the sharing
within the families and to decrease the chance that a
LOD score represents a false-positive linkage. The
information measure that was used was defined by
Nicolae (D. L. Nicolae, Thesis, University of Chicago
(1999)) and was a part of the Allegro program output.
This measure is closely related to a classical measure
of information as previously described by Dempster et.
al. (Dempster, A.P., et al, J. R. Stat. Soc. B,
3P:l-38 (1977)); the information equals zero if the
marker genotypes are completely uninformative and
equals one if the genotypes determine the exact amount
of allele sharing by descent among the affected
relatives. Using the framework marker set with average
marker spacing of 4 cM typically results in
information content of about 0.7 in the families used
in our linkage analysis. Increasing the marker density
to one marker every centimorgan usually increases the
information content above 0.85. Statistical Methods
for Association and Haplotype Analysis For single
marker association to the disease, Fisher exact test
was used to calculate a two-sided P-value for each
individual allele. When presenting the results, we
used allelic frequencies rather than carrier
frequencies for microsatellites, SNPs and haplotypes.
Haplotype analyses were performed using a computer
program we developed at deCODE called NEMO (NEsted
MOdels) (Gretarsdttir, et al. , Nat Genet. 2003 Oct;
35(2):131-8). NEMO was used both to study
marker-marker association and to calculate linkage
disequilibrium (LD) between markers, and for
case-control haplotype analysis. With NEMO, haplotype
frequencies are estimated by maximum likelihood and
the differences between patients and controls are
tested using a generalized likelihood ratio test. The
maximum likelihood estimates, likelihood ratios and
P-values are computed with the aid of the EM-algorithm
directly for the observed data, and hence the loss of
information due to the uncertainty with phase and
missing genotypes is automatically captured by the
likelihood ratios, and under most situations, large
sample theory can be used to reliably determine
statistical significance. The relative risk (RR) of an
allele or a haplotype, i.e., the risk of an allele
compared to all other alleles of the same marker, is
calculated assuming the multiplicative model
(Terwilliger, J.D. & Ott, J. A haplotype-based
'haplotype relative risk' approach to detecting
allelic associations. Hum. Hered. 42, 337-46 (1992)
and FaIk, CT. & Rubinstein, P. Haplotype relative
risks: an easy reliable way to constructa proper
control sample for risk calculations. Ann. Hum. Genet.
5 1 ( Pt 3), 227-33 (1987)), together with the
population attributable risk (PAR). In the haplotype
analysis, it may be useful to group haplotypes
together and test the group as a whole for association
to the disease. This is possible to do with NEMO. A
model is defined by a partition of the set of all
possible haplotypes, where haplotypes in the same
group are assumed to confer the same risk while
haplotypes in different groups can confer different
risks. A null hypothesis and an alternative hypothesis
are said to be nested when the latter corresponds to a
finer partition than the former. NEMO provides
complete flexibility in the partition of the haplotype
space. In this way, it is possible to test multiple
haplotypes jointly for association and to test if
different haplotypes confer different risk. As a
measure of LD, we use two standard definitions of LD,
D' and R2 (Lewontin, R., Genetics, 49:49-67 (1964) and
Hill, W.G. and A. Robertson, Theor. Appl. Genet,
22:226-231 (1968)) as they provide complementary
information on the amount of LD. For the purpose of
estimating D' and R2, the frequencies of all
two-marker allele combinations are estimated using
maximum likelihood methods and the deviation from
linkage disequilibrium is evaluated using a likelihood
ratio test. The standard definitions of D' and R2 are
extended to include microsatellites by averaging over
the values for all possible allele combinations of the
two markers weighted by the marginal allele
probabilities. The number of possible haplotypes that
can be constructed out of the dense set of markers
genotyped in the 1-LOD-drop is very large and even
though the number of haplotypes that are actually
observed in the patient and control cohort is much
smaller, testing all of those haplotypes for
association to the disease is a formidable task. It
should be noted that we do not restrict our analysis
to haplotypes constructed from a set of consecutive
markers, as some markers may be very mutable and might
split up an otherwise well conserved haplotype
constructed out of surrounding markers. In this study,
only haplotypes that span less than 300 kb were
considered.Results As described herein, a region on
chromosome 8q24.21 was identified that confers an
increased risk for particular cancers (e.g., prostate
cancer (e.g., aggressive prostate cancer), breast
cancer, lung cancer, melanoma). Particular haplotypes
and markers associated with an increased risk of
cancer are depicted in Table 1. As indicated in Table
1, the haplotypes involve the following markers (e.g.,
SNP, microsatellite) and alleles: SG08S686 3 allele,
SG08S710 2 allele, DG8S737 - 8 allele, SG08S687 4
allele, SG08S717 1 allele, SG08S664 2 allele, SG08S722
2 allele, SG08S689 2 allele, SG08S690 4 allele,
SG08S720 4 allele, DG8S1769 1 allele, SG08S691 2
allele and DG8S1407 - 1 allele. The hapolotypes are
located in what we call LD Block A between 128,417,467
and 128,51 1,854 bp (NCBI Build 34) and positions of
the individual markers are indicated in Table 1.Table
1. oe * Decode allele codes for SNPs in haplotypes are
as follows: 1= A, 2=C, 3=G, 4=T; for microsatellite
alleles, the CEPH sample (Centre d'Etudes du
Polymorphisme Humain, genomics repository, CEPH sample
1347-02) is used as a reference, the shorter allele of
each microsatellite in this sample is set as 0 and all
other alleles in other samples are numbered in
relation to this reference. Thus, e.g., allele 1 is 1
bp longer than the shorter allele in the CEPH sample,
allele 2 is 2 bp longer than the shorter allele in the
CEPH sample, allele 3 is 3 bp longer than the lower
allele in the CEPH sample, etc., and allele -1 is 1 bp
shorter than the shorter allele in the CEPH sample,
allele -2 is 2 bp shorter than the shorter allele in
the CEPH sample, etc. INDEL refers to insertion (IN)
or deletion (DEL), MNR = Mono Nucleotide Repeat.To
find this cancer-associated haplotype, a genome wide
linkage scan was first performed using families where
both prostate and breast cancer segregate. Using those
criteria, a total of 167 prostate cancer patients
linked together into 75 families. FIG. 1 depicts the
results of the linkage scan and details the peak seen
at Chr8q24. Specifically, the linkage scan shows a
genome wide significant LOD score of 4.0 at Chr8q24.
The peak marker on Chr8 is D8S1793 and the LOD score
drops by one unit in the region extending from marker
DG8S507 to marker D8S1746, or from 125,594,794 -
135,199,182 bp (NCBI Build 34). The region was
genotyped with 352 microsatellite markers and 73 SNP
markers for an average density of one marker every
22.8 kb. Association analysis with the resulting
genotypes from both prostate cancer cases and controls
yielded markers and haplotypes that signficantly
associate with prostate cancer (FIG. 2, Tables 2 - 5).
The results for prostate cancer, breast cancer, lung
cancer, melanoma and benign prostatic hyperplasia are
detailed in Tables 2 through 5. The LD structure in
the area of the haplotype that associates with
prostate cancer is shown in FIGS. 3A and 3B. The
structure was derived from HAPMAP data release 14. In
particular, the LD block that encompasses haplotype 1
is shown by the horizontal arrows on the left part of
FIG. 3A. This LD block (LD Block A) was located at
Chr8q24.21 between markers rs7841228, located at
128,417,467 bp, and rs7845403, located at 128,51 1,854
bp, and is almost 95 kb in length. LD Block A has now
been refined to be located between 128,414,000 bp and
128,516,000 bp at Chr8q24.21. The LD structure is seen
as a block of DNA that has a high r2 and |D'| between
markers as indicated by the red and blue colors in the
figures. Markers are represented with the same
distance between any two markers in FIG. 3A but with
NCBI Build34 coordinates (actual distances between
markers) in FIG. 3B. FIG. 4 shows the LD block in the
Icelandic cohort of prostate cancer patients and
controls in the area of the haplotypes that associate
with prostate cancer, breast cancer, lung cancer and
melanoma. It has a high |D'| for the majority of the
pairs of markers (|D'| >0.8) and r2 going up to 1 for
pairs of markers inside this block structure. This
area includes recombination events that reveal
themselves by a chessboard pattern best seen in FIG.
3. Markers in this block structure are also in
moderate correlation (r2 below 0.2) with more distant
markers up to 200 kb away (including markers
at128515000 bps (rs7845403, rs6470531 and rs7829243)
and markers around 128720000 bps (rslO956383 and
rs6470572) in the area of the PVTl gene). As described
herein, genes and predicted genes that map to
chromosome 8q24.21 of the human genome include the
known genes POU5FLC20 (Genbank Accession No.
AF268618), C-MYC (Genbank Accession No. NM_002467) and
PVTl (Genbank Accession No. XM_372058), as well as
predicted genes (e.g., Genbank Accession Nos.
BE676854, AL709378, BX108223, AA375336, CB104826,
BG203635, AWl 83883 and BM80461 1. As depicted in FIG.
5, the markers and haplotypes of the invention are
situated between two known genes, namely
POU5FLC20/AF28618 and C-MYC (from the USCS Genome
browser Build 34 at www.genome.ucsc.edu). The
underlying variation in markers or haplotypes
associated with this region and with cancer may affect
expression of nearby genes, such as POU5FLC20, c-MYC,
PVTl, and/or other known, unknown or predicted genes
in the area. Furthermore, such variation may affect
RNA or protein stability or may have structural
consequences, such that the region is more prone to
somatic rearrangement in haplotype carriers. This is
in accordance with Chr8q24.21 being amplified in a
large percentage of cancers, including, but not
limited to, prostate cancer, breast cancer, lung
cancer and melanoma (www.progenetix.com). In fact,
Chr8q21 -24 is the most frequently gained chromosomal
region in all cancers combined (about 17%) and in
prostate cancer (about 20%) (www.progenetix.com).
Thus, the underlying variation could affect
uncharacterized genes directly linked to the
haplotypes described herein, or could influence
neighbouring genes not directly linked to the
haplotypes described herein. Table 2 describes one
haplotype, haplotype 1 (SG08S686 3 allele, DG8S737 -8
allele, SG08S687 4 allele, SG08S717 1 allele, SG08S664
2 allele, DG8S1761 0 allele, SG08S722 2 allele,
SG08S689 2 allele, SG08S690 4 allele, SG08S720 4
allele, DG8S1769 1 allele, SG08S691 2 allele, DG8S1407
- 1 allele), and shows that this haplotype increases
the risk for prostate cancer, with a greater risk for
aggressive prostate cancer (as defined by a combined
Gleason score of 7(4+3 only)-10). This haplotype was
replicated in a second set of Icelandic prostate
cancer cases and a new set of controls. As depicted in
Table 2, haplotype 1 is carried by 2 1.4% of prostate
cancer patients and 11.8% of controls. The relative
risk of having prostate cancer for carriers of
haplotype 1 is 1.92 (p-value= 1.7 1x10 8). It should
be noted that allelic frequencies are shown in all
Tables, which are roughly one half of carrier
frequencies. The Gleason score is the most frequently
used grading system for prostate cancer (DeMarzo, A.M.
et l., Lancet 361:955-64 (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. Id. 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 10 (for undifferentiated tumors). Most
cases with divergent patterns, especially on needle
biopsy, do not differ by more than one pattern. Id.
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 2, the frequency of haplotype and the associated
risk of aggressive prostate cancer (i.e., as indicated
by a 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).The risk and significance associated with
some of the individual markers of Haplotype 1 (listed
in the header of Table 2) approaches that of Haplotype
1. Table 3 lists these markers and the risk associated
with them.Table 3: Frequencies and Risk of Individual
Markers Associated with Prostate Cancer p-val R R #aff
afffreq #con con treq HOfreq X 2 info Allele Marker
6.66E-09 1.69 1176 0.16752 956 0.10617 0.14001 33.6314
1 A rs1447295 1.31E-08 1.69 1190 0.15966 982 0.10132
0.13329 32.3201 1 G rs4314621 1.33E-08 1.68 1188
0.1633 974 0.10421 0.13668 32.2906 1 A rs4242382
1.34E-08 1.66 1254 0.16547 967 0.10652 0.1398 32.2708
1 A DG8S1769 2.42E-08 1.76 1231 0.13201 938 0.07942
0.10927 31.125 1 -8 DG8S737 3.56E-08 1.64 1190 0.16429
983 0.10682 0.13829 30.3745 1 C rs4242384 5.92E-08
1.65 1158 0.15976 970 0.10336 0.13409 29.3896 0.999 A
rs7812894 6.86E-08 1.6 1196 0.176 984 0.11789 0.14977
29.1027 1 G rs4599771 4 3.16E-07 1.55 1168 0.18279 954
0.12579 0.15716 26.1498 1 A rs4498506 6.47E-07 1.52
1193 0.19084 948 0.13425 0.16577 24.7655 0.998 T
rs4871798 9.80E-06 1.37 1283 0.27336 901 0.21488
0.24923 19.5504 0.999 -A DG8S1407 3.69E-05 1.52 1197
0.12239 981 0.08414 0.10517 17.0265 1 A rs2121630
0.00051 1.33 953 0.24082 857 0.19312 0.21823 12.0902 1
C rs921146 0.00079 1.24 1195 0.39414 973 0.34465
0.37194 11.2684 0.999 G rs1447293 0.00367 1.21 1093
0.60201 911 0.55653 0.58134 8.4416 1 0 DG8S1761 0.0109
1.17 1203 0.45375 937 0.41486 0.43673 6.4818 1 -C
DG8S1434 0.01354 1.16 1192 0.47861 950 0.44076 0.46183
6.0967 1 C rs4599773 0.01488 1.16 1186 0.47386 982
0.43686 0.4571 5.9303 1 A rs1 2 155672 0.01982 1.17
1100 0.65407 903 0.61849 0.63802 5.4273 0.999 C
rs6991990A highly correlated haplotype to haplotype 1,
which is detected using fewer microsatellite markers,
is associated with an increased risk of other forms of
cancer (e.g., breast cancer, lung cancer, melanoma).
Table 4 shows that this haplotype (haplotype Ia, which
contains the DG8S737 -8 allele, the DG8S1769 1 allele
and the DG8S1407 - 1 allele) significantly (one-sided
p-value<0.05) increases the risk of having prostate
cancer, high Gleason (aggressive) prostate cancer,
breast cancer, lung cancer, melanoma and malignant
cutaneous melanoma, but does not increase the risk of
having in situ melanoma. Haplotype Ia is carried by
22.2%, 16.0%, 15.4% and 18.0% of prostate, breast,
lung cancer and melanoma patients, respectively.
Again, it should be noted that allelic frequencies are
shown in all Tables, which are roughly one half of
carrier frequencies. As depicted in Table 5, further
studies revealed that haplotype I a does not increase
a subject's risk of having Benign Prostatic
Hyperplasia (BPH), which is not considered prostate
cancer. As shown in Table 5, haplotype I a is carried
by 13.8% of 



BPH patients, as compared to 11.4% of controls, with a
nonsignificant relative risk of 1.22.Table 6 depicts
the amplimers used to amplify sequences for detecting
microsatellite markers. Table 7 depicts the amplimers
used to amplify sequences for detecting SNP markers.
Table 6: Listing of Microsatellite amplimers and
primers.SPHERICAL JOINT Description The present
invention refers to a spheric joint (or spherical
hinge), in particular for eyeglasses. A spherical
hinge is by definition a joint that enables two rigid
segments, which are connected to each other by the
hinge itself, to move relative to each other with
three rotational degrees of freedom. Owing to their
own peculiarities, spherical hinges are used in a
large number of different applications. Patent
application FR 2 771 460 describes a lockable
spherical hinge used to mount a table between the
seats in an aircraft. This spherical hinge consists of
a spherical head accommodated in the spherical cavity
of a female counterpart piece. The cavity is formed of
two members that are joined with each other by means
of a linear hinge on the one side and a securing lever
on the other side. These two members are in contact
with the spherical head via flexible joints. Although
this allows an adjustment along three distinct axes,
the hinge locking mechanism is complicated in its
construction and rather expensive. Patent application
DE 196 01 248 discloses a spherical hinge for use in
underwater flash-lamp supports. This hinge includes a
spherical-head member that is enclosed in a
corresponding cavity of a support. This member is
capable of oscillating within a restricted solid
angle, as well as rotating about its own longitudinal
axis. However, no possibility exists for the
spherical-head member to be locked in a fixed
position. Spherical hinges are largely used also in
the spectacles manufacturing industry. It is in fact a
widely known fact that the two arms and the frame of a
pair of spectacles are generally connected to each
other by means of hinges that allow for the arms to be
folded back when the spectacles are not being used.
The simplest and most well-known solution in this
connection lies in having the arms folded parallel to
the frame. Owing to the increasing aesthetical purport
of wear items in general, i.e. items that are intended
for wearing, spectacles manufacturers are increasingly
concentrating on developing and designing most varied
and attractive models of spectacles. In particular, a
most promising and lively domain in this connection is
the one involving the design of hinges for the two
arms of the spectacles. In this connection, patent
application JP 080 68 873 describes a spherical hinge
having a loop that is made of a filiform, i.e.
wire-like material and is bent according to a
three-dimensional pattern so as to retain a sphere
both above and below the equatorial plane thereof. The
sphere itself is attached to a stem and -relative to
the loop, which is fixed on the spectacles frame -this
stem is capable of rotating both about itself and by
an angle of approx. 180 along a narrow equatorial
solid angle. This solution, although doing fully away
with the use of screws or other fastening means, does
however not enable the stem to be locked in any
pre-defined position, thereby giving rise to a number
of practicaldrawbacks. Disclosed in patent application
DE 196 29 491 is a spherical hinge adapted to provide
a safety coupling between an arm and a frame. The arm
has a spherical head, which is received in a
corresponding accommodation in the frame, with a
linear groove provided therein, in which a pin-like
relief member provided within said accommodation is
able to slide. When closing the arm by folding it up
on the frame, said pin-like member slides along such
groove between the two extremities thereof. The arm
cannot rotate about itself and can only span an angle
of approx. 90. Patent application WO 95/10064
describes spectacles, in which each arm is formed of a
short member and a much longer one, the latter
practically constituting the actual arm. The short
member is hinged both on to the spectacles frame-and
is able to rotate about an axis passing through the
eyes of the wearer -and the longer member along an
axis extending perpendicular to the former one. The
overall effect of these two hinges is that the two
long members can be folded one above and the other
below the frame, thereby obtaining a compact structure
for the spectacles. This whole set of hinges, however,
implies a quite complex and critical construction,
especially as far as the locking system for the
position of the two segments is concerned, which
relies on a small protrusion engaging into a slot,
with the possibility of quite easily slipping off
therefrom. Replacing such an articulation system for
the spectacles arms with a more simple and effective
one would certainly prove quite advantageous. It
therefore is a major object of the present invention
to provide a novel spherical hinge, in particular,
although not solely, intended for use for the arms of
spectacles in view of allowing them to perform
particular motions. Within this general object, it is
another purpose of the present invention to provide a
hinge for the arms of spectacles that, while enabling
the same motions as the hinge disclosed in WO
95/10064, is far more simple and reliable in its
construction. According to the present invention,
these aims are reached in a spherical hinge for
joining with each other two members that are spatially
orientable relative to each other, in which a head of
the first (male) member is retained in an
accommodation in the second (female) member by at
least four points of contact located on a spherical
surface according to the vertices of a pyramid
containing the centre thereof, and about which said
head is capable of rotating without translating,
characterized in that said accommodation or said head
is provided with a protruding boss confined in a gap
in said head or said accommodation, said gap featuring
at least two consecutive distinct spaces that define a
travelling path for said boss. By embodying the
innovative concept of the present invention, for
instance in view of allowing said travelling path to
guide said head into two subsequent rotations about
two distinct axes passing through said centre, and
additionally providing so that the two different axes
extend orthogonally to each other, a movement is
obtained for a member of the hinge that is similar to
the one of anarm of the spectacles described in WO
95/10064. ,Since the movement of the head of the male
member -as particularized in a spectacles arm in this
case - takes place, i.e. is performed relative to the
corresponding accommodation in the female member - as
particularized in a spectacles frame in this case
-according to the displacement of the boss, which may
for instance be provided to protrude from the surface
of said accommodation, and which is constrained into
moving (in the same way as a slider) solely inside a
void zone in the head, such as for instance a groove
or a gap having a pre-established shape, the need only
arises for such shape of the gap to be suitably
designed to define and set the actual movements that
the head is allowed to perform relative to the
accommodation and, as a result, the support in which
it is received. It will be most readily appreciated in
this connection that the task of acting as the male
and female member can be exchanged, wherein the first
one is kept stationary and the other one is movable,
or the protruding boss may be provided on the head and
the gap in the surface of the accommodation. Since the
hinge according to the present invention is basically
comprised of two members, in which the shape of the
related interacting parts determines the movements
that the same hinge is allowed to perform, and since
said parts may be first moulded and then snap-fitted
or similarly assembled together, no fastening means,
such as screws or the like, are actually needed,
thereby simplifying the hinge construction to a great
extent. Since the hinge according to the present
invention is composed by two elements whose form of
the interacting parts determines the allowed movements
to the hinge itself, and said parts may be produced by
stamping and then hot-assembled, fastening means as
screws or the like are not necessary. A great
simplicity of production is therefore achieved. Since
the hinge may be locked and secured together by
interference of the protruding boss with the walls of
the gap, by appropriately sizing said boss and said
gap it is possible for an optimum stability and
strength to be imparted to the hinge. Features and
advantages of a hinge according to the present
invention may anyway be more readily understood from
the description that is given below by way of an
example with reference to the accompanying drawings,
in which: - Figure 1 is a view of a first member of a
first hinge according to the present invention; -
Figures 2 to 4 are respective views of a sequence of
three positions of the first hinge according to the
present invention; - Figure 5a is a side view of the
hinge member of Figure 1, as viewed from the side that
is not visible in Figure 1; - Figure 5b is a view of
the hinge of Figure 2 along the axis Y in Figure 2; -
Figure 5c is a view of the hinge of Figure 3 along the
axis Y in Figure 3; - Figure 5d is a view of the hinge
of Figure 4 along the axis Y in Figure 4; - Figure 6
is a cross-sectional view of the member shown in
Figure 1, as viewed along the plane I-I in Figure 5b;
- Figure 7 is an axonometric view of the
cross-sectioned member shown in Figure 6;- Figure 8 is
a cross-sectional view of the member shown in Figure
6, as viewed in the direction D l in Figure 6; -
Figure 9 is a cross-sectional view of the member shown
in Figure 6, as viewed in the direction D2 in Figure
6; - Figure 10 is an axonometric view of a male member
of the first hinge shown in Figures 2 to 4; - Figure
11 is a view of the member shown in Figure 10, as
viewed in the direction D3 in Figure 10; - Figure 12
is a view of the member shown in Figure 10, as viewed
in the direction D4 in Figure 11; - Figure 13 is a
view of the member shown in Figure 10, as viewed in
the direction D5 in Figure 11; - Figures 14 to 16 are
see-through views of the sequence of three positions
of a second hinge according to the present invention;
- Figure 17 is a view of a female member of the hinge
shown in Figures 14 to 16; - Figure 18 is an
axonometric view of the member shown in Figure 17; -
Figure 19 is a view of the member shown in Figure 17,
as viewed in the direction D6 in Figure 17; - Figure
20 is a view of the member shown in Figure 17, as
viewed in the direction D7 in Figure 17; - Figure 21
is an axonometric view of a male member of the hinge
shown in Figures 14 to 16; - Figure 22 is a view of
the member shown in Figure 21, as viewed in the
direction D8 in Figure 21; - Figure 23 is a view of
the member shown in Figure 22, as viewed in the
direction D9 in Figure 22; - Figure 24 is a view of
the member shown in Figure 22, as viewed in the
direction DlO in Figure 22; - Figures 25 to 27 are
respective views of a sequence of three positions of
an arm of spectacles integrating a hinge according to
the present invention; - Figure 28 is a general view
illustrating a spherical head retained by at least
four contact points located on a spherical surface
according to the vertices of a pyramid containing the
centre thereof. In Figures 2 to 4 and Figures 5b, c,
d, a first hinge according to the present invention is
generally indicated at 30. It comprises a support
female member 40 in the shape of a half-shell, in
which there is accommodated a male member 80 having a
spherical head. The support member 40-as shown
individually in Figures 5 through to 9 - comprises a
semi circular collar 42 joined to a half-shell 44
featuring an accommodation 46 in the shape of a
spherical segment with a height that is greater than
the radius, i.e. in a shape resembling a sphere
lacking thevolume of a cap. The collar 42 has a
semi-circular cavity 48 that extends axially - along
an axis X - and communicates with the accommodation 46
via a semi-circular aperture 50 having a smaller
radius than the semi-circular cavity 48 of the collar
42. It should be noticed that -by construction - the
centre of the accommodation 46 lies on the axis X.
Within the accommodation 46 of the half-shell 44 there
protrudes from the surface thereof, close to the
aperture 50, a boss 52. This boss 52 substantially
occupies the volume of half a right-angle spherical
sector, i.e. an eighth of the sphere generating the
accommodation 46, so that it has three fully exposed
faces 54, 56, 58 that belong to three mutually
perpendicular planes. The faces 54 and 56 are parallel
to the axis X, while the face 58 is perpendicular to
this axis and parallel to another axis Y. A further
axis Z is perpendicular to the plane identified by the
axes X and Y. Each one of the faces 54 and 56 has a
recess 60, whereas the edges of the boss 50 that are
not parallel to the axis X are not sharp, but rather
so shaped as to define walls 62, 64 that are concave
and convergent towards a concave surface 66. The
member 80 - see Figures 10 to 13 - comprises a body 82
elongating along a longitudinal axis Xl and a head 84.
The head 84 is provided with a surface gap 85, so that
it may be considered as being formed by a semi-sphere
86 and half a right-angle spherical sector 90 (one
fourth - or quarter - of the semi-sphere 86 or,
equivalently, one spherical eighth of the complete
sphere that would form the head 84) placed upon each
other: therefore, said gap 85 is formed by a
right-angle spherical wedge 85a and an eighth of a
sphere 85b - see Figures 11, 12 and 13. The
right-angle spherical sector 90 has two plane faces
91a, 91b extending orthogonally to each other, in each
one of which there is provided a convex protrusion 95
(hence, the gap 85 is equal to 3/8 of the complete
sphere that would form the head 84). The semi-sphere
86 has an equatorial surface 92, which lies on a plane
identified by the axis Xl and an axis Yl perpendicular
thereto, and from which there extend orthogonally the
half spherical sector 90 and two semi-cylindrical ribs
94, 96 that are perpendicular to each other and
parallel to the axes Xl and Yl, respectively. These
ribs are radially convergent into a central
semi-sphere 98 that is partially contained in the boss
90. As a result, of the equatorial surface 92 there
are exposed three quadrants 93a, 93b and 93c, whereas
the faces 91a, 91b of the boss 90 are perpendicular to
the surface 92 and parallel to an axis Zl that turns
therefore out as being perpendicular to the axes Xl
and Yl. Referring now to Figures 2 to 4 and 5b to 5d,
in which the member 40 is stationary, Le. keeps a
stationary position, the operation of the hinge 30 is
described below. While Figure 1 illustrates the
support member 40 in a separated condition, i.e.
individually, in Figure 2 this support member 40 is
shown in a condition in which it is coupled to the
spherical-head member 80 (this coupling may for
instance take place by hot-joining techniques during
manufacturing). The spherical head 84 is received in
the accommodation 46 of the half-shell 44. The
diameter of the head 84 is slightly smaller than the
diameter of the accommodation 46, so that the head 84
is able to rotate about its own centre -which however
keeps stationary -within said accommodation 46.
Basically, the hinge 30 allows for three working
positions, of which two are stable and
onetransitional. Figures 2 and 5b show the first one
of said stable positions. The elongated body 82 of the
member 80 extends through the semi-circular aperture
50, which has a corresponding diameter (it is to be
noticed that the axes X, Xl and the axes Y, Yl are
coincident), whereas the face 91a of the half
spherical sector 90 is abutting against the face 54 of
the boss 52. The protrusion 95 of the face 91a is so
sized and shaped as to fittingly correspond to the
recess 60 in the face 54, in which it gets inserted.
This fact, further to the elongated body 82 resting
against the semi-circular aperture 50 contributes to
keeping the two members 40, 80 in a stable position
relative to each other. Figures 3 and 5c illustrate
the transitional position. The member 80 is rotated by
90 in the clockwise direction about the axis Yl
relative to the member 40, by moving in the plane XZ.
The spherical head 84 has undergone a similar rotation
in the accommodation 46 and, in this new position, it
is no longer abutting against the face 54 of the boss
52, which is now in a disengaged condition, while an
abutment takes however place between the face 58 of
the boss 52 and the quadrant 93b of the semi-sphere
86. The second stable position is illustrated in
Figures 4 and 5d. The entice member 80 is rotated
about its longitudinal axis Xl by 90 in the clockwise
direction, i.e. the direction indicated at F in
Figures 4 and 5d. The abutments inside the
accommodation 46 change again: at this point there is
in fact an abutment of the face 54 of the boss 52
against the quadrant 93c of the semi-sphere 86 and
another abutment of the side 56 of the boss 52 against
the face 91b of the boss 90. Again, the protrusion 95
of the face 91b, which is so sized and shaped as to
fittingly correspond to the recess 60 in the side 56,
fits thereinto, thereby favouring a greater stability
of the two members 40, 80 relative to each other. From
the above description it can be readily appreciated
that the boss 52 is confined within, i.e. retained in
the gap 85, which features two consecutive distinct
spaces, i.e. the portions of sphere 



85a, 85b, that define a travelling path for said boss
52 as the head 84 and the half-shell 44 move relative
to each other. As a result, this guided travelling
path of the boss 52 guides in turn the head 84,
thereby defining the movements that it is allowed to
perform relative to the half-shell 44. The accuracy of
both the three above-described positions and the
movements of the member 80 is favoured not only by an
accordingly adequate clearance being provided between
the accommodation 46 and the head 84, but also by a
couple of other factors. The first one of these
factors is the stabilizing way in which the face 91a
of the half spherical sector 90 scrapes along the face
54 of the boss 52 during the Erst rotation, which is
helpful in keeping the member 80 in the plane XZ, and
the way in which the middle semi-sphere 98 of the
member 40 permanently scrapes along the concave
surface 66 -featuring a corresponding radius of
curvature -of the boss 52. The other factor is given
by the ribs 94, 96 of the member 40 fitting in the
walls 62, 64 -featuring a corresponding concavity - of
the boss 52. In Figures 14 to 16, a hinge according to
a second embodiment of the present invention is
indicated at 130 and shown in a see-through view in
order to better illustrate the inner details
thereof.This hinge comprises a female support member
140 in the form of a half-shell, in which there is
received a male member 180 having a spherical head.
The support member 140 -which is shown separately in
Figures 17 to 20 - comprises a halfshell 144 that is
provided, in a plane surface 145 thereof, with an
accommodation 146 in the shape of a spherical member
having a height greater than the radius, i.e. a shape
resembling a sphere lacking the volume of a cap. The
accommodation 146 communicates axiaUy-along an axis X2
extending parallel to said surface 145 - with a
semi-circular aperture 150, which has a smaller radius
than the accommodation 146 and opens onto a second
surface 147 of the half-shell 144 that is orthogonal
to the above-mentioned first surface and extends
parallel to an axis Y2 contained therein. On the edges
of the aperture 150 there are provided two convex
projections 199 in a diametrically opposed arrangement
relative to each other. It should be noticed that -by
construction -the centre of the accommodation 146 lies
on the axis X2 and the surface 145 is orthogonal to
the axis Y2. Inside the accommodation 146, and
protruding from the surface thereof, there is provided
- in a position opposite to the aperture 150 - a boss
152 having a substantially regular cross-sectional
shape of a square with concave sides. Therefore, this
boss 152 comprises four concave side walls 162a, b, c,
d that are convergent towards a concave terminal
surface 166. The spherical-head member 180 - see
Figures 21 to 24 - comprises a body 182 elongating
along a longitudinal axis X3, and a head 184. The head
184 is provided with a continuous surface gap 186
consisting of two equatorial grooves 187, 188, each
one of which extends -orthogonal to each other - by an
arc of approx. 90. Since these grooves 187, 188 have a
constant radial depth, the bottom thereof practically
forms a spherical zone 192 belonging to a sphere
having a smaller radius than the head 184, while the
two extremities thereof define two radial walls 194,
196. By construction, the radial wall 196 is parallel
to the axis X3, while the radial wall 194 is parallel
to an axis Y3 that is orthogonal to the axis X3. Close
to these radial walls 194, 196 there are provided two
convex protrusions 195a, b and 197a, b, respectively.
With reference to Figures 14 to 16, the operation of
the hinge 130 is now described. Figure 14 illustrates
the support member 140 in a condition in which it is
coupled to the spherical-head member 180 (this
coupling may for instance take place by hot-joining
techniques during manufacturing). The spherical head
184 is received in the accommodation 146 of the
half-shell 144. The diameter of the head 184 is
slightly smaller than the diameter of the
accommodation 146, so that the head 184 is able to
rotate within said accommodation 146 about its own
centre -which however keeps stationary - without
slipping off or, anyway, coming out of the same
accommodation 146. Basically, also the hinge 130
allows for three working positions, of which two are
stable and one transitional. Figure 14 shows the first
one of said stable positions. The elongated body 182
of the member 180 extends through the semi-circular
aperture 150, which has a corresponding diameter (it
is to be noticed that the axis X2 and the axis X3 are
coincident, whereas the axis Y3 is orthogonal to the
axes X2 and Y2), whereas the boss 152 fits into the
surface gap 186, in particular into the groove 188.It
should be noticed .that the two protrusions 197a, b of
the head 184 are received into the corresponding
concave walls 162b, d provided on the boss 152 (which
they move out of and snap in by elastic deformation
following a slight pressure), while the boss 152
itself is close to the radial wall 196 of the groove
188. This fact, further to the elongated body 182
abutting against the projections 199 of the
semi-circular aperture 150 contributes to keeping the
two members 140, 180 in a stable position relative to
each other. Figure 15 illustrates the transitional
position. The member 180 is rotated by 90 in the
clockwise direction about the axis Y3 relative to the
member 140 in the plane X2-Y2, thereby moving into a
position in which it is orthogonal to the surface 145
and parallel to the axis Y2. The spherical head 184
has undergone a similar rotation in the accommodation
146 (the two protrusions 197a, b of the head 184 have
moved out of the corresponding concave walls 162b, d)
and, in this new position, the boss 152, after having
moved along the entire groove 188, lies now at the
corner formed by the two grooves 188 and 187. It
should be noticed that the axes Y2 and X3 are now
parallel to each other. The second stable position is
illustrated in Figure 16. The entire member 180 is
rotated about its longitudinal axis X3 by 90 in the
clockwise direction, i.e. the rotation indicated Rl in
Figure 16. The boss 152, after having moved along the
entire groove 187, is now close to the radial wall 194
of the same groove 187. The two protrusions 195a, b of
the head 184 are now received into the corresponding
concave walls 162c, 162a provided on the boss 152
(into which they have entered by elastic deformation
following a slight pressure exerted upon them). This
is effective in keeping the two members 140, 180 in a
stable position relative to each other. From the above
description it can be readily appreciated that the
boss 152 is confined within, i.e. retained in the gap
186, which features two consecutive distinct spaces,
i.e. the grooves 187 and 188, that define a travelling
path for said boss 152 as the head 184 and the
half-shell 144 move relative to each other. As a
result, this guided travelling path of the boss 152
guides in turn the head 184, thereby defining the
movements that it is allowed to perform relative to
the half-shell 144. The accuracy of both the three
above-described positions and the movements of the
member 180 is favoured not only by an adequately small
clearance being provided between the accommodation 146
and the head 184, but also by four other factors. The
first one of these factors is the stabilizing way in
which the boss 152 is confined within the groove 188
during the first rotation, which is effective in
keeping the member 180 in the plane X2-Y2, and within
the groove 187 during the second rotation. The second
factor is the protrusions 195a, b and 197a, b of the
head 184 fitting in the corresponding concave walls
162a, b, c, d of the boss 152, while the third factor
is represented by the concave surface 166 coupling
with the spherical surface 192 in contact with each
other. Finally, the fourth factor is the body 182 and
the projections 199 engaging each other in the
position in which said body 182 lies in the aperture
150 (Figure 14). As an example of application of the
two above-described hinges according to the present
invention, reference should now be made to the
illustrations appearing in Figures 25 to 27.
TheseFigures show the sequence of three movements
performed by an arm 220 of a pair of spectacles 200
relative to a front piece 210 carrying the lenses of
the same spectacles (the other arm comprises a similar
hinge allowing it to perform a similar movement to be
brought under the first arm). The member 40 (or 140)
is the same arm 220, wherein at the end portion
thereof there is integrated (moulded integrally
therewith, in a most advantageous manner) the shell 44
(or 144), whereas the spherical-head member 80 (or
180) is integrated at the sides of the front piece 210
- see portions circled with a dashed line in the
Figures. The simplicity in practically embodying a
hinge capable of ensuring such a complex set of
movements can be readily and fully appreciated from
these illustrations. Another possible embodiment of
the present invention may contemplate the provision of
a boss on the spherical head for engagement in a
surface groove provided in the related accommodation
of the support member, in which such spherical head is
received. Those skilled in the art will be fully able
to readily appreciate how the contrivances and devices
used in the two afore described embodiments of the
hinge according to the present invention can be
transferred to this constructive variant thereof
without any difficulty. In addition, the movement of
the spherical head may be more complex than the
abovedescribed one, by practically involving more than
two rotations along equators of the same head, with
different spatial angles, stable positions and
transitional positions. The gap provided in the
spherical head may in general be equal to any fraction
whatsoever of a spherical segment, while said boss may
itself be a corresponding fraction of spherical
segment of a smaller size, so as to be able to move
freely within the gap. The condition according to
which the head of the male member has to be retained
in a corresponding accommodation of the female member
by at least four points of contact located on a
spherical surface according to the vertices of a
pyramid containing the centre thereof, is a
geometrical constraint for the structure of the
accommodation, as determined by the requirement that
the head be able to rotate about its centre without
translating. There are therefore a number of different
embodiments that can be contemplated for the
accommodation intended to receive the spherical head.
The spherical surface is most obviously an ideal one,
which anyway does by no means need to be implemented
in the form of a material surface as this is the case
in the afore-described embodiments, since four resting
points may for instance prove fully adequate and
sufficient to the purpose -see Figure 28. In this
case, a spherical head 1000 of a male member (not
shown) is prevented from translating by four conical
teeth 1100 provided on the female member (not shown)
according to the vertices of a pyramid with a
triangular base. Various different embodiments and
variants thereof may be contemplated for a hinge
according to the present invention, as anyone skilled
in the art will be fully capable of devising in view
of adapting the hinge to a particular application or
complying with particular needs. In particular, the
male member 80, 180 and female member 40, 140 may be
given different complementary or accessory shapes with
respect to the articulated core of the hinge (eg.
flanges of pintles, locks, resting meanssupports O
beatings, and the like). It will anyway be appieciated
that all possible minot deviations ftom the innovative
concept as illusttated in the pteceding description
with tefetence to the accompanying drawings do not
depart from the scope of the ptesent invention as
defined in the appended claims.CLAIMS 1. Spherical
hinge (30; 130) for coupling together two members that
are spatially orientable relative to each other, in
which a head (84; 184) of the first member (80; 180)
is retained in an accommodation (46; 146) of the
second member (40; 140) by at least four points of
contact located on a spherical surface according to
the vertices of a pyramid containing the centre
thereof, about which said head (84; 184) is adapted to
rotate without translating, characterized in that said
accommodation (46; 146) or said head (84; 184) has a
projecting boss (52; 152) confined in a gap (85; 186)
of said head (84; 184) or said accommodation (46;
146), said gap (85; 186) having at least two
consecutive distinct spaces (85a, 85b;187, 188) that
define a travelling path (85; 186) for said boss (52;
152). 2. Spherical hinge according to claim 1, wherein
said travelling path (85; 186) guides said head (84;
184) into two successive rotations about two distinct
axes passing through said centre. 3. Spherical hinge
(30; 130) according to claim 2, wherein said axes are
orthogonal. 4. Spherical hinge (30; 130) according to
claim 2 or 3, wherein said at least two rotations
cover an extension of approx. 90. 5. Spherical hinge
(30; 130) according to any of the preceding claims,
wherein said boss (52; 152) and said gap (85; 186)
comprise complementarity shaped surfaces (50, 60, 62,
64, 66, 94, 95, 96, 98; 162a, 162b, 162c, 162d, 166,
192, 195a, 195b, 197a, 197b), which are adapted to fit
into each other to stabilize said two members (40, 80;
140, 180) in their position relative to each other. 6.
Spherical hinge (30; 130) according to any of the
preceding claims, wherein said head (84; 184)
comprises a gap (85; 186) in which a boss (52; 152)
provided in the accommodation (46; 146) of said second
member (40; 140) is confined. 7. Spherical hinge (30)
according to claim 6, wherein said head (84) is a
spherical one and said gap (85) is equal to a fraction
(85a, 85b) of spherical segment, said boss (52) being
a fraction of spherical segment of a smaller size
confined with an appropriate clearance within said gap
(85). 8. Spherical hinge (30) according to claim 7,
wherein said gap (85) is substantially equal to three
eighths of the head (84), said head (84) being the
result of the superposition of a semi-sphere (86) and.
a quarter (90) of said semi-sphere (86) placed upon
the equatorial surface (92) of said semi-sphere (86)
and having two plane faces (91a, 91b) that are
perpendicular to each other, and wherein said boss
(52) is equal to one fourth of said semi-sphere (86)
and has three exposed faces (54, 56, 58) belonging to
three planes that are perpendicular to each other. 9.
Spherical hinge (30) according to claim 8, wherein the
first member (80) comprises an elongated body (82)
firmly joined to said head (84), co-planar to said
equatorial surface (92) and parallel to a face (91a)
of said quarter (90), and wherein said second member
(40) comprises a semi-circular collar (42) joined to a
half-shell (44) in which there is provided said
accommodation (46), said collar (42) having a
semi-circular cavity (48) extending axially to
communicate with said accommodation (46) and adapted
to receive said elongated body (82) in a position in
which said boss (52), which protrudes from said
accommodation (46) in the proximity of said collar
(42), is placed side by side to said quarter(90). 10.
Spherical hinge (30) according to claim 8 or 9,
wherein on said equatorial surface (92) there are
provided raised ribs (94, 96) that are perpendicular
to each other and converge radially into a central
semi-sphere (98) that is partially contained in said
quarter (90). 11. Spherical hinge (30) according to
any of the claims 7 to 10, wherein faces (54, 56) of
the boss (52) comprise each a recess (60) adapted to
fit on to corresponding protrusions (95) provided on
faces of said quarter (90). 12. Spherical hinge (30)
according to claim 10 or 11, wherein the boss (52) has
chamfered edges by surfaces that are so shaped as to
define concave walls (62, 64) that are complementary
to said ribs (94, 96) and convergent towards a concave
surface (66) that is complementary to, and resting
against, said central semi-sphere (98) formed on said
equatorial surface (92). 13. Spherical hinge (130)
according to claim. 6, wherein the head (184) is
spherical and said gap is a continuous surface groove
(186) consisting of two equatorial grooves (187, 188)
orthogonal to each other, which extend each by an arc
of approx. 90 and define two radial walls (194, 196)
at the two extremities thereof, and wherein said boss
(152), confined with clearance within said gap (186),
has a cross-section corresponding to the width of said
grooves (187, 188). 14. Spherical hinge (130)
according to claim 13, wherein said boss (152) has a
cross-sectional shape of substantially a square with
concave sides, said boss (152) comprising four concave
side walls (162a, b, c, d) that are convergent towards
a concave terminal surface (166). 15. Spherical hinge
(130) according to claim 14, wherein said grooves
(187, 188) have a constant radial depth, the bottom
thereof forming a spherical zone (192) belonging to a
sphere having a smaller radius than the head (184) and
adapted to move into contact with said concave
terminal surface (166). 16. Spherical hinge (130)
according to claim 14 or 15, wherein in the proximity
of the radial walls (194, 196) there are provided two
convex protrusions (195a, b and 197a, b) adapted to
fit in said concave walls (162a, b, c, d). 17.
Spherical hinge (130) according to any of the claims
13 to 16, wherein said first member (180) comprises an
elongated body (182) that is firmly joined to said
head (184) co-planar with a groove (186) and
perpendicular to the other groove (187). 18. Spherical
hinge (130) according to claim 17, wherein the second
member (140) comprises a half-shell (144) in which
there is provided the accommodation (146), said
accommodation communicating axially with a
semi-circular aperture (150) having a smaller radius
than the accommodation (146), which opens in a surface
(147) of the half-shell (144) and is adapted to
contain said elongated body (182), said boss (152)
being diametrically opposed to said aperture (150).
19. Spherical hinge (130) according to claim 18,
wherein on the edges of the aperture (150) there are
provided two convex projections (199) located
diametrically opposed to each other. 20. Spherical
hinge (130) according to any of the claims 1 to 5,
wherein said gap is a groove provided in said second
member, in which a boss integral with said head of
said first member iscapable of moving. 21. Spectacles
(200) having arms (220) linked in an articulated
manner to a front piece (210) by means of a hinge (30;
130) according to any of the preceding claims. 


