
GENETIC VARIANTS CONTRIBUTING TO RISK O F PROSTATE
CANCER BACKGROUND OF THE INVENTION Cancer, the
uncontrolled growth of malignant cells, is a major
health problem of the modem medical era and is one of
the leading causes of death in developed countries. I
n the United States, one in four deaths is caused by
cancer (Jemal, A. et al., CA Cancer J. CHn. 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. et
al., N. Engl. J. Med. 349(4) :366-81 (2003)). Prostate
cancer is the most frequently diagnosed noncutaneous
malignancy among men in industrialized countries, and
in the United States, 1 in 8 men will develop prostate
cancer during his life (Simard, J. et al.,
Endocrinology 143(6): 2029-40 (2002)). Although
environmental factors, such as dietary factors and
lifestyle-related factors, contribute to the risk of
prostate cancer, genetic factors have also been shown
to play an important role. Indeed, a positive family
history is among the strongest epidemiological risk
factors for prostate cancer, and twin studies
comparing the concordant occurrence of prostate cancer
in monozygotic twins have consistently revealed a
stronger hereditary component in the risk of prostate
cancer than in any other type of cancer (Nelson, W.G.
et al., N. Engl. J. Med. 349(4):366-81 (2003);
Lichtenstein P. et.al., N. Engl. J. Med. 343(2):78-Q5
(2000)). I n 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
further supported by studies of prostate cancer among
particular populations: for example, African Americans
have among the highest incidence of prostate cancer
and mortality rate attributable to this disease: they
are 1.6 times as likely to develop prostate cancer and
2.4 times as likely to die from this disease than
European Americans (Ries, L.A.G. et al., NIH Pub. No.
99-4649 (1999)). An average 40% reduction in life
expectancy affects males with prostate cancer. If
detected early, prior to metastasis and local spread
beyond the capsule, prostate cancer can be cured
(e.g., using surgery). However, if diagnosed after
spread and metastasis from the prostate, prostate
cancer is typically a fatal disease with low cure
rates. Whileprostate-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)\33S- 42 (2003)).
This means that a high percentage of false negative
and false positive diagnoses are associated with the
test. The consequences are both many instances of
missed cancers and unnecessary follow-up biopsies for
those without cancer. As many as 65 to 85% of
individuals (depending on age) with prostate cancer
have a PSA value less than or equal to 4.0 ng/mL,
which has traditionally been used as the upper limit
for a normal PSA level (Punglia et.al., N Engl J Med.
349(4):335- L2 (2003); Cookston, M.S., Cancer Control
8(2,): 133-40 (2001); Thompson, LM. et.al., N Engl J
Med. 350:2239-46 (2004)). A significant fraction of
those cancers with low PSA levels are scored as
Gleason grade 7 or higher, which is a measure of an
aggressive prostate cancer. 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. I n addition, a variety of
noncancer conditions may elevate serum PSA levels,
including urinary retention, prostatitis, vigorous
prostate massage and ejaculation. Subsequent
confirmation of prostate cancer using needle biopsy in
patients with positive PSA levels is difficult if the
tumor is too small to see by ultrasound. Multiple
random samples are typically taken but diagnosis of
prostate cancer may be missed because of the sampling
of only small amounts of tissue. Digital rectal
examination (DRE) also misses many cancers because
only the posterior lobe of the prostate is examined.
As early cancers are nonpalpable, cancers detected by
DRE may already have spread outside the prostate
(Mistry K.J., Am. Board Fam. Pract. 16(2):95-101
(2003)). Thus, there is clearly a great need for
improved diagnostic procedures that would facilitate
early-stage prostate cancer detection and prognosis,
as well as aid in preventive and curative treatments
of the disease. In addition, there is a need to
develop tools to better identify those patients who
are more likely to have aggressive forms of prostate
cancer from those patients that are more likely to
have more benign forms of prostate cancer that remain
localized within the prostate and do not contribute
significantly to morbidity or mortality. This would
help to avoid invasive and costly procedures for
patients not at significant risk. 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 candidate genetic markers to
prostate cancer has been more difficult than
identifying susceptibility genes for other cancers,
such as breast, ovary and colon cancer. Several
reasons have been proposed for this increased
difficulty including: the fact that prostate cancer is
often diagnosed at a late age thereby often making it
difficult to obtain DNA samples from living affected
individuals for more than one generation; the presence
within high-risk pedigrees of phenocopies that are
associated with a lack of distinguishing features
between hereditary and sporadic forms; and the genetic
heterogeneity of prostate cancer and the accompanying
difficulty of developing appropriate statistical
transmission models for this complex disease (Simard,
J. et al., Endocrinology 143(6):2029-40 (2002)).
Various genome scans for prostate
cancer-susceptibility genes have been conducted and
several prostate cancer susceptibility loci have been
reported. For example, HPCl (Iq24-q25), PCAP
(Iq42-q43), HCPX (Xq27-q28), CAPB (Ip36), HPC20 (2Oq
13), HPC2/ELAC2 (17pll) and 16q23 have been proposed
as prostate cancer susceptibility loci (Simard, J. er
a/., Endocrinology 143(6):2029-40 (2002); Nwosu, V. er
al., Hum. MoI. Genet. 10(20) :2313-18 (2001)). I n a
genome scan conducted by Smith et a/., 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. 67:1367-75 (2000)). I n other
genome scans, 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,
have been reported, as well as nominal evidence for
linkage to chr 2q, 12p, 15q, 16q and 16p. A genome
scan for prostate cancer predisposition loci using a
small set of Utah high risk prostate cancer pedigrees
and a set of 300 polymorphic markers provided evidence
for linkage to a locus on chromosome 17p (Simard, J.
er a/., 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
etal., Wiklund et.al., Witte et.al., Janer et.al., Xu
etal., Lange et.al., Cunningham etal.; all of which
appear in Prostate, vol. 57 (2003)). As described
above, identification of particular genes involved in
prostate cancer has been challenging. One gene that
has been implicated is RNASEL, which encodes a widely
expressed latent endoribonuclease that participates in
an interferon-inducible RNAdecay pathway believed to
degrade viral and cellular RNA, and has been linked to
the HPC locus (Carpten, J. er a/., Nat. Genet
30:181-84 (2002); Casey, G. et al., Nat. Genet.
32(4):581-83 (2002)). Mutations in RNASEL have been
associated with increasedsusceptibility to prostate
cancer. For example, in one family, four brothers with
prostate cancer carried a disabling mutation in
RNASEL, while in another family, four of six brothers
with prostate cancer carried a base substitution
affecting the initiator methionine codon of RNASEL.
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. ef al.,
Am J. Hum. Genet. 71 :981-84 (2002)). I n addition,
the Ser217Leu genotype has been proposed to account
for approximately 9% of all sporadic cases in
Caucasian Americans younger than 65 years (Stanford,
J.L., Cancer Epidemiol. Biomarkers Prev. 12(9):876-81
(2003)). In contrast to these positive reports,
however, some studies have failed to detect any
association between RNASEL alleles with inactivating
mutations and prostate cancer (Wang, L. er a/., Am. J.
Hum. Genet. 71:116-23 (2002); Wiklund, F. er a/.,
Clin. Cancer Res. 10(21): 7150-56 (2004); Maier, C.
etal., Br. J. Cancer 92(6): 1159- 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.
er a/., 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. However, not all subsequent reports
have confirmed these initial findings (see, e.g.,
Lindmark, F. era/., Prostate 59(2J: 132-40 (2004);
Seppala, E.H. er a/., Clin. Cancer Res. 9(74J: 5252-56
(2003); Wang, L. et al., Nat Genet. 35(2): 128-29
(2003); Miller, D.C. er a/., Cancer Res. 63(13):
3486-89 (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) :366-81 (2003)). The ELAC2 gene on Chrl7p
was the first prostate cancer susceptibility gene to
be cloned in high risk prostate cancer families from
Utah (Tavtigian, S.V., er a/., Nat. Genet.
27(2):172-80 (2001)). A frameshift mutation (1641InsG)
was found in one pedigree. Three additional missense
changes: Ser217Leu; Ala541Thr; and Arg781His, were
also found to associate with an increased risk of
prostate cancer. The relative risk of prostate cancer
in men carrying both Ser217Leu and Ala541Thr was found
to be 2.37 in a cohort not selected on the basis of
family history of prostate cancer (Rebbeck, T.R., er
ah, Am. J. Hum. Genet. 67(4): 1014-19 (2000)). Another
study described a new termination mutation (Glu216X)
in one high incidence prostate cancer family (Wang,
L., et al., Cancer Res. 61(17):6494-99 (2001)). Other
reports have not demonstrated strong association with
the three missense mutations, and a recent
metaanalysis suggests that the familial risk
associated with these mutations is more moderate than
was indicated in initial reports (Vesprini, D., et
al., Am. J. Hum. Genet. 68(4):912-17 (2001); Shea,
P.R., er a/., Hum.Genet. lll(4-5):398-400 (2002);
Suarez, B.K., et al., Cancer Res. 61(13) :4982-84
(2001); Seven, G., et al., J. Natl. Cancer Inst.
9'5(11): 818-24 (2003); Fujiwara, H., et a/., J. Hum.
Genet. 47(12): 641-48 (2002); Camp, N.J., et al., Am.
J. Hum. Genet. 71(6):1475-78 (2002)). Polymorphic
variants of genes involved in androgen action (e.g.,
the androgen receptor (AR) gene, the cytochrome
P-450cl7 (CYP17) gene, and the steroid-5- a- reductase
type I I (SRD5A2) gene), have also been implicated in
increased risk of prostate 



cancer (Nelson, W.G. et al., N. Engl. J. Med. 349(4)
:366-81 (2003)). With respect to AR, which encodes the
androgen receptor, several genetic epidemiological
studies have shown a correlation between an increased
risk of prostate cancer and the presence of short
androgen-receptor polyglutamine repeats, while other
studies have failed to detect such a correlation.
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-a-reductase in the prostate and functions
to convert testosterone to the more potent
dihydrotestosterone, have been associated with an
increased risk of prostate cancer and with a poor
prognosis for men with prostate cancer (Makridakis,
N.M. et al., Lancet 354:975-78 (1999); Nam, R.K. et
al., Urology 57:199-204 (2001)). I n 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 low-to-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. Extensive genealogical information for a
population containing cancer patients has in a recent
study been combined with powerful gene sharing methods
to map a locus on chromosome 8q24.21, which has been
demonstrated to play a major role in cancer. Various
cancer patients and their relatives were genotyped
with a genome-wide marker set including 1100
microsatellite markers, with an average marker density
of 3-4 cM. (Amundadottir LT.., Nature Genet.
38(6):652-658 (2006)). Association was detected to
asingle LD block within the locus between positions
128.414 and 128.506 Mb (NCBI build 34) in Utah CEPH
HapMap samples. SUMMARY OF THE INVENTION The present
invention relates to methods of determining an
increased or decreased susceptibility to prostate
cancer (e.g., aggressive prostate cancer), by
evaluating certain markers that have been found to be
associated with increased or decreased susceptibility
of prostate cancer (e.g., aggressive prostate cancer).
Various applications based on the association of
particular polymorphic markers to prostate cancer are
described herein. I n a first aspect, the present
invention relates to a determining a susceptibility to
prostate cancer in a human individual, comprising
determining the presence or absence of at least one
allele of at least one polymorphic marker in a nucleic
acid sample obtained from the individual, wherein the
at least one polymorphic marker is selected from the
polymorphic markers set forth in Tables 11 - 15, and
markers in linkage disequilibrium therewith, and
wherein the presence of the at least one allele is
indicative of a susceptibility to prostate cancer. I n
another aspect, the invention relates to a method for
determining a susceptibility to prostate cancer in a
human individual, comprising determining the presence
or absence of at least one allele of at least one
polymorphic marker in a genotype dataset derived from
the individual, wherein the at least one polymorphic
marker is selected from the polymorphic markers set
forth in Tables 11 - 15, and markers in linkage
disequilibrium therewith, and wherein the presence of
the at least one allele is indicative of a
susceptibility to prostate cancer. The genotype
dataset derived from the individual contains a set of
genotypes that are based on an analysis of nucleic
acid sample from that individual. In other words, the
genotypes are characteristic of the individual. In one
embodiment, the at least one marker is selected from
the group of markers listed in Tables 7-11, and
markers in linkage disequilibrium therewith. I n
another aspect, the invention relates to a method of
predicting aggressive prostate in a human individual
who has been diagnosed with, or presents symptoms for,
prostate cancer, by determining the presence or
absence of at least one allele of at least one
polymorphic marker in a nucleic acid sample obtained
from the individual, or in a genotype dataset derived
from the individual, wherein the at least one
polymorphic marker is selected from the polymorphic
markers set forth in Tables 11 - 15, and markers in
linkage disequilibrium therewith, and wherein the
presence of the at least one allele is indicative of
aggressive prostate cancer. In one embodiment, the at
least one polymorphicmarker is selected from the
markers set forth in Table 11, and markers in linkage
disequilibrium therewith. I n another embodiment, the
at least one polymorphic marker is selected from
rs2710646, and markers in linkage disequilibrium
therewith. I n another embodiment, the at least one
marker is selected from the group of markers listed in
Tables 7-11. I n another embodiment, the at least one
marker is selected from the markers set forth in SEQ
ID NO: 1-362. I n another embodiment, the at least one
marker is selected from the group of markers listed in
Tables 1, 4a and 4b, and markers in linkage
disequilibrium therewith. I n another embodiment, the
at least one marker is selected from marker rs3923603
(SEQ ID NO:1), rs4430796 (SEQ ID NO:2), rs7501939 (SEQ
ID NO:3), rsl859962 (SEQ ID N0:4), D17S1350 (SEQ ID
NO:5), rs5945572 (SEQ ID NO:6), rs5945605 (SEQ ID
NO:7), rs2710646 (SEQ ID NO:8), rs3760511 (SEQ ID
NO:56), rs7214479 (SEQ ID NO: 134), rs6501445 (SEQ ID
NO: 146), rs983085 (SEQ ID NO: 150), rs5945605 (SEQ ID
NO: 178) and rs721048 (SEQ ID NO: 344), and markers in
linkage disequilibrium therewith. I n one embodiment,
the at least one polymorphic marker is selected from
rs2710646 (SEQ ID NO:8) and rs721048 (SEQ ID NO:344),
and markers in linkage disequilibrium therewith. I n
one such embodiment, the at least one polymorphic
marker is selected from the markers set forth in Table
11. I n another embodiment, the at least one
polymorphic marker is rs3923603 (SEQ ID NO:1), or
markers in linkage disequilibrium therewith. I n one
such embodiment, the at least one polymorphic marker
is selected from the markers set forth in Table 7. I n
another embodiment, the at least one polymorphic
marker is rs7501939 (SEQ ID NO: 3), or markers in
linkage disequilibrium therewith. In one such
embodiment, the at least one polymorphic marker is
selected from the group of markers set forth in Table
8. I n a further embodiment, the at least one
polymorphic marker is rsl859962 (SEQ ID NO:4), or
markers in linkage disequilibrium therewith. In one
such embodiment, the at least one polymorphic marker
is selected from the group of markers set forth in
Table 9. I n yet another embodiment, the at least one
polymorphic marker is rs5945572 (SEQ ID NO:6), or
markers in linkage disequilibrium therewith . In one
such embodiment, the at least one polymorphic marker
is selected from the group of markers set forth in
Table 10. In certain embodiments, the method further
comprises assessing frequency of at least one
haplotype in the individual, wherein the presence of
the at least one haplotype is indicative of a
susceptibility to prostate cancer. I n one embodiment,
the at least one marker is selected from the group of
markers listed in Table 7, and markers in linkage
disequilibrium therewith. I n another embodiment the
at least one marker is selected from the group of
markers listed in Table 8, and markers in linkage
disequilibrium therewith. I n another embodiment the
at least one marker is selected from the group of
markers listed in Table 9, and markers in linkage
disequilibrium therewith. In another embodiment the at
least one marker is selected from the group of markers
listed in Table 10, and markers in linkage
disequilibrium therewith.I n another embodiment the at
least one marker is selected from the group of markers
listed in Table 11, and markers in linkage
disequilibrium therewith. In another embodiment, the
present invention relates to a method of determining a
susceptibility to prostate cancer in a human
individual, comprising analyzing a nucleic acid sample
obtained from the individual for the presence or
absence at least one allele of at least one
polymorphic marker associated with LD block C02, LD
block C04a, the TCF2 gene, LD block C17b and LD block
COXa, wherein the presence of the at least one allele
is indicative of a susceptibility to prostate cancer.
I n one embodiment, the at least marker is selected
from the group of markers located within LD block
C04a, the TCF2 gene, LD block C17b and/or LD block
COXa. I n another embodiment, the at least one
polymorphism is selected from rs3923603, rs7501939,
rsl859962, rs5945572, rs2710646, rs3760511, rs4430796,
rs7214479, rs6501455, rs983085, rs5945605, and
rs721048, and wherein the presence of allele A in
marker rs3923603, allele C in rs7501939, allele G in
rsl859962, allele A in rs5945572, allele A in
rs2710646, allele C in rs3760511, allele A in
rs4430796, allele T in rs7214479, allele A in
rs6501455, allele C in rs983085, allele T in
rs5945605, or allele A in rs721048 is indicative of
increased susceptibility to prostate cancer. Certain
applications of the present invention relate to the
TCF2 gene. I n one embodiment, the at least one
polymorphic marker associated with susceptibility of
prostate cancer is associated with the TCF2 gene. I n
other words, the marker is in linkage disequilibrium
with the TCF2 gene. The at least one marker is in one
embodiment selected from the group of markers listed
in Table 13. I n one preferred embodiment, the at
least one marker is selected from the markers set
forth in Table 4a, Table 4b and/or Table 8. The at
least one marker is in another embodiment selected
from markers rs7501939 (SEQ ID NO:3) and rs4430796
(SEQ ID NO:2), and markers in linkage disequilibrium
therewith. In another embodiment, the at least one
polymorphic marker is selected from rs7501939 (SEQ ID
NO:3) and rs4430796 (SEQ ID NO:2), and wherein the
presence of allele C in marker rs7501939 or allele A
in marker rs4430796 is indicative of increased
susceptibility of prostate cancer. I n one embodiment,
the at least one polymorphic marker is associated with
LD block C04a, wherein the presence of the at least
one allele is indicative of a susceptibility to
prostate cancer. I n one embodiment, the marker is
selected from the markers within LD block C04a as set
forth in Table 12. I n another embodiment, the marker
is selected from the group of markers within LD block
C04a set forth in Table 7. In one preferred
embodiment, the marker is marker rs3923603 (SEQ ID
NO:1), and markers in linkage disequilibrium
therewith. I n another preferred embodiment, the
marker is markerrs3923603, and wherein the presence of
allele 1 in rs3923603 is indicative of increased
susceptibility of prostate cancer. I n another
embodiment, the at least one polymorphic marker is
associated with LD block C17b, wherein the presence of
the at least one allele is indicative of a
susceptibility to prostate cancer. I n one embodiment,
the marker is selected from the markers within LD
block C17b as set forth in Table 14. In another
embodiment, the marker is selected from the markers
within LD block C17b set forth in Table 9. I n one
preferred embodiment, the at least one polymorphic
marker is selected from markers rsl859962 (SEQ ID
NO:4) and D17S1350 (SEQ ID NO:5), and markers in
linkage disequilibrium therewith. I n another
preferred embodiment, the marker is selected from
markers rsl859962 and D17S1350, and wherein the
presence of allele G in marker rsl859962 and allele 0
or allele 2 in marker D17S1350 is indicative of
increased susceptibility of prostate cancer. In yet
another embodiment, the at least one haplotype is a
haplotype comprising allele G at marker rsl7763769 and
allele 0 or allele 2 at marker D17S1350. 



Another embodiment of the invention relates to to a
method of determining a susceptibility to prostate
cancer in an individual, comprising analyzing a
nucleic acid sample obtained from the individual for
the presence or absence at least one allele of at
least one polymorphic marker associated with LD Block
COXa, wherein the presence of the at least one allele
is indicative of a susceptibility to prostate cancer.
I n one embodiment, the at least one polymorphic
marker is selected from markers within LD block COXa
as set forth in Table 15. I n another embodiment, the
at least one polymorphic marker is selected from
markers within LD block COXa set forth in Table 10. In
one preferred embodiment, the marker is marker
rs5945572 (SEQ ID NO:6), and markers in linkage
disequilibrium therewith. I n another preferred
embodiment, the presence of allele 1 in marker
rs5945572 is indicative of increased susceptibility of
prostate cancer. In another embodiment, the at least
one polymorphic marker is associated, with LD Block
C02, wherein the presence of the at least one allele
is indicative of a susceptibility to prostate cancer.
I n one embodiment, the marker is selected from the
markers within LD block C02 as set forth in Table 16.
I n another embodiment, the marker is selected from
the markers within LD block C02 set forth in Table 11.
I n one preferred embodiment, the at least one
polymorphic marker is marker rs2710646 (SEQ ID NO:8)
or marker rs721048 (SEQ ID NO: 344), and markers in
linkage disequilibrium therewith. I n another
preferred embodiment, the marker is selected from
markers rs2710646 or marker rs721048, and wherein the
presence of allele A in marker rs2710646 or allele A
in marker rs721048 is indicative of increased
susceptibility of prostate cancer.I n another aspect,
the present invention relates to a method of
diagnosing or determining a susceptibility of prostate
cancer in an individual, the method comprising
determining the identity of at least one allele of at
least one polymorphic marker in a nucleic acid sample
obtained from the individual, wherein the at least one
marker is selected from the group of markers located
within the TCF2 gene, and markers in linkage
disequilibrium therewith, wherein the presence of the
at least one allele is indicative of a susceptibility
of prostate cancer. I n one embodiment, the at least
one marker is selected from the markers set forth in
Table 13. I n another embodiment, the at least one
marker is selected from the markers set forth in Table
6, and markers in linkage disequilibrium therewith. In
another embodiment, the at least one marker is
selected from marker rs7501939 (SEQ ID NO:3),
rs3760511 (SEQ ID NO:56) and rs4430796 (SEQ ID NO:2),
and markers in linkage disequilbrium therewith.
Another aspect of the invention relates to a method of
identification a marker for use in assessing
susceptibility to prostate cancer, the method
comprising identifying at least one polymorphism in
linkage disequilibrium with at least one of the
polymorphisms listed in Tables 7-11, and determining
the genotype status of a sample of individuals
diagnosed with, or having a susceptibility to,
prostate cancer, and a control sample, wherein
significant association to prostate cancer, or a
susceptibility to prostate cancer, of at least one
allele in the at least one polymorphism is indicative
of the polymorphism being useful for assessing
susceptibility to prostate cancer. I n one embodiment,
linkage disequilibrium is characterized by numerical
values of r2 of greater than 0.2. Another aspect of
the invention relates to a method of identification of
a marker for use in assessing susceptibility to
prostate cancer, the method comprising (a) identifying
at least one polymorphic marker in linkage
disequilibrium with at least one of the markers set
forth in any of the Tables 7, 8, 9, 10 or 11 (SEQ ID
NO: 1 - 362); (b) determining the genotype status of a
sample of individuals diagnosed with, or having a
susceptibility to, prostate cancer; and (c)
determining the genotype status of a sample of control
individuals; wherein a significant difference in
frequency of at least one allele in at least one
polymorphism in individuals diagnosed with, or having
a susceptibility to, prostate cancer, as compared with
the frequency of the at least one allele in the
control sample is indicative of the at least one
polymorphism being useful for assessing susceptibility
to prostate cancer. I n one embodiment, an increase in
frequency of the at least one allele in the at least
one polymorphism in individuals diagnosed with, or
having a susceptibility to, prostate cancer, as
compared with the frequency of the at least one allele
in the control sample is indicative of the at least
one polymorphism being useful for assessing increased
susceptibility to prostate cancer. I n another
embodiment, a decrease in frequency of the at least
one allele in the at least one polymorphism in
individuals diagnosed with, or having a susceptibility
to, prostate cancer, as compared with the frequency of
the at leastone allele in the control sample is
indicative of the at least one polymorphism being
useful for assessing decreased susceptibility to, or
protection against, prostate cancer. A further aspect
relates to a method of genotyping a nucleic acid
sample obtained from a human individual at risk for,
or diagnosed with, prostate cancer, comprising
determining the presence or absence of at least one
allele of at least one polymorphic marker in the
sample, wherein the at least one marker is selected
from the group consisting of the markers set forth in
Tables 7 - 11 (SEQ ID NO:1 - 362), and markers in
linkage disequilibrium therewith, and wherein the
presence or absence of the at least one allele of the
at least one polymorphic marker is indicative of a
susceptibility of prostate cancer. I n one embodiment,
genotyping comprises amplifying a segment of a nucleic
acid that comprises the at least one polymorphic
marker by Polymerase Chain Reaction (PCR), using a
nucleotide primer pair flanking the at least one
polymorphic marker. In another embodiment, genotyping
is performed using a process selected from
allele-specific probe hybridization, allele-specific
primer extension, allele-specific amplification,
nucleic acid sequencing, 5'-exonuclease digestion,
molecular beacon assay, oligonucleotide ligation
assay, size analysis, and single-stranded conformation
analysis. I n a preferred embodiment, the process
comprises allele-specific probe hybridization. I n
another preferred embodiment, the process comprises
DNA sequencing. I n a preferred embodiment, the method
comprises the steps of (1) contacting copies of the
nucleic acid with a detection oligonucleotide probe
and an enhancer oligonucleotide probe under conditions
for specific hybridization of the oligonucleotide
probe with the nucleic acid; wherein (a) the detection
oligonucleotide probe is from 5-100 nucleotides in
length and specifically hybridizes to a first segment
of the nucleic acid whose nucleotide sequence is given
by any one of SEQ ID NO:1 - SEQ ID NO:362; (b)the
detection oligonucleotide probe comprises a detectable
label at its 3' terminus and a quenching moiety at its
5' terminus; (c) the enhancer oligonucleotide is from
5-100 nucleotides in length and is complementary to a
second segment of the nucleotide sequence that is 5'
relative to the oligonucleotide probe, such that the
enhancer oligonucleotide is located 3' relative to the
detection oligonucleotide probe when both
oligonucleotides are hybridized t o the nucleic acid;
and (d) a single base gap exists between the first
segment and the second segment, such that when the
oligonucleotide probe and the enhancer oligonucleotide
probe are both hybridized to the nucleic acid, a
single base gap exists between the oligonucleotides;
(2) treating the nucleic acid with an endonuclease
that will cleave the detectable label from the 3'
terminus of the detection probe to release free
detectable label when the detection probe is
hybridized to the nucleic acid; and measuring free
detectable label, wherein the presence of the free
detectable label indicates that the detection probe
specifically hybridizes to the first segment of the
nucleic acid, and indicates the sequence of the
polymorphic site as the complement of the detection
probe.Another aspect of the invention relates to the
use of an oligonucleotide probe in the manufacture of
a reagent for diagnosing and/or assessing
susceptibility to prostate cancer in a human
individual, wherein the probe hybridizes to a segment
of a nucleic acid whose nucleotide sequence is given
by any one of SEQ ID NO:1 - SEQ ID NO: 362, and
wherein the probe is 15-500 nucleotides in length. A
further aspect of the invention relates to a method of
assessing an individual for probability of response to
a therapeutic agent for preventing and/or ameliorating
symptoms associated with prostate cancer, comprising:
determining the presence or absence of at least one
allele of at least one polymorphic marker in a nucleic
acid sample obtained from the individual, wherein the
at least one polymorphic marker is selected from the
group consisting of the polymorphic markers set forth
in Tables 7-11 (SEQ ID NO:1 - 362), and markers in
linkage disequilibrium therewith, wherein the presence
of the at least one allele of the at least one marker
is indicative of a probability of a positive response
to the therapeutic agent. Yet another aspect relates
to method of predicting prognosis of an individual
diagnosed with, cancer, the method comprising
determining the presence or absence of at least one
allele of at least one polymorphic marker in a nucleic
acid sample obtained from the individual, wherein the
at least one polymorphic marker is selected from the
group consisting of the polymorphic markers set forth
in Tables 7 - 11, and markers in linkage
disequilibrium therewith, wherein the presence of the
at least one allele is indicative of a worse prognosis
of the cancer in the individual. A further aspect of
the invention relates to a method of monitoring
progress of a treatment of an individual undergoing
treatment for prostate cancer, the method comprising
determining the presence or absence of at least one
allele of at least one polymorphic marker in a nucleic
acid sample obtained from the individual, wherein the
at least one polymorphic marker is selected from the
group consisting of the polymorphic markers listed in
Tables 7 - 11 (SEQ ID NO:1 - 362), and markers in
linkage disequilibrium therewith, wherein the presence
of the at least one allele is indicative of the
treatment outcome of the individual. Certain
embodiments of the methods of the invention further
comprise assessing at least one biomarker in a sample
from the individual. The sample is in certain
embodiments a blood sample or a cancer biopsy sample.
Other embodiments include a further step of analyzing
a sample comprising genomic DNA from a human
individual or a genotype dataset derived from a human
individual for the presence or absence of at least one
at-risk allele of at least one at-risk variant for
prostate cancer not in linkage disequilibrium with any
one of the markers set forth in Tables 7-11. I n one
such embodiment, the at least one at-risk variant for
prostate cancer is selected fromrsl0505483, rsl447295,
rs6983267 and rsl0896450, and markers in linkage
disequilibrium therewith. I n one such embodiment the
presence of allele A in rsl0505483, allele A in
rsl447295, allele G in rs6983267 and allele G in
rsl0896450 is indicative of increased susceptibility
of prostate cancer. I n certain embodiments, the
invention comprises determining the presence or
absence of at least one allele of at least two
polymorphic markers selected from the group of
polymorphic markers set forth in Tables 7 - 11, and
markers in linkage disequilibrium therewith, and
wherein the presence of the at least one allele of the
at least two polymorphic markers is indicative of an
increased susceptibility to prostate cancer. I n one
embodiment, the method comprises determining the
presence of an at-risk allele of markers rsl0505483,
rsl447295, rsl859962, rs2710646, rs4430796, rs5945572,
and rs6983267. I n another embodiment, the method
comprises determining the presence of an at-risk
allele of markers rsl0505483, rsl447295, rsl859962,
rs2710646, rs4430796, rs5945572, rs6983267 and
rsl0896450. I n one such embodiment, the at-risk
allele is allele A in rsl0505483, allele A in
rsl447295, allele G in rs6983267, allele G in
rsl0896450, allele G in rsl859962, allele A in
rs2710646, allele A in rs4430796, and allele A in
rs5945572. Certain embodiments further comprise
analyzing non-genetic information to make 



risk assessment, diagnosis, or prognosis of the
individual. The non-genetic information is in some
embodiments selected from age, gender, ethnicity,
socioeconomic status, previous disease diagnosis,
medical history of subject, family history of cancer,
biochemical measurements, and clinical measurements.
The invention also relates to kits for assessing
susceptibility to prostate cancer in a human
individual. I n one embodiment, the kit comprises
reagents necessary for selectively detecting at least
one allele of at least one polymorphic marker in the
genome of the individual, wherein the at least one
polymorphic marker is selected from the group
consisting of the polymorphic markers listed in Tables
12-16, and markers in linkage disequilibrium
therewith, and wherein the presence of the at least
one allele is indicative of a susceptibility to
prostate cancer. I n one embodiment, the at least one
polymorphic marker is selected from the markers set
forth in Tables 7-11. I n another embodiment, the at
least one polymorphic markers is selected from the
group of markers associated with the TCF2 gene. I n
another embodiment, the kit comprises reagents for
selectively detecting at least one allele of at least
one polymorphic marker in the genome of the
individual, wherein the polymorphic marker is selected
from the markers set forth in Tables 7 - 11 (SEQ ID
NO:1 - 362), and markers in linkage disequilibrium
therewith, and wherein the presence of the at least
one allele is indicative of a susceptibility to
prostate cancer. I n one embodiment, the reagents
comprise at least one contiguousoligonucleotide that
hybridizes to a fragment of the genome of the
individual comprising the at least one polymorphic
marker, a buffer and a detectable label. I n another
embodiment, the reagents comprise at least one pair of
oligonucleotides that hybridize to opposite strands of
a genomic nucleic acid segment obtained from the
subject, wherein each oligonucleotide primer pair is
designed to selectively amplify a fragment of the
genome of the individual that includes one polymorphic
marker, and wherein the fragment is at least 30 base
pairs in size. I n one preferred embodiment, the at
least one oligonucleotide is completely complementary
to the genome of the individual. I n one embodiment,
the oligonucleotide is about 18 to about 50
nucleotides in length. I n another embodiment, the
oligonucleotide is 20-30 nucleotides in length. I n a
preferred embodiment, the kit comprises: (a) a
detection oligonucleotide probe that is from 5-100
nucleotides in length; (b) an enhancer oligonucleotide
probe that is from 5-100 nucleotides in length; and
(c) an endonuclease enzyme; wherein the detection
oligonucleotide probe specifically hybridizes to a
first segment of the nucleic acid whose nucleotide
sequence is given by any one of SEQ ID NO:1 - SEQ ID
NO:362; and wherein the detection oligonucleotide
probe comprises a detectable label at its 3' terminus
and a quenching moiety at its 5' terminus; wherein the
enhancer oligonucleotide is from 5- 100 nucleotides in
length and is complementary to a second segment of the
nucleotide sequence that is 5' relative to the
oligonucleotide probe, such that the enhancer
oligonucleotide is located 3' relative to the
detection oligonucleotide probe when both
oligonucleotides are hybridized to the nucleic acid;
wherein a single base gap exists between the first
segment and the second segment, such that when the
oligonucleotide probe and the enhancer oligonucleotide
probe are both hybridized to the nucleic acid, a
single base gap exists between the oligonucleotides;
and wherein treating the nucleic acid with the
endonuclease will cleave the detectable label from the
31 terminus of the detection probe to release free
detectable label when the detection probe is
hybridized to the nucleic acid. The kit can in another
embodiment comprise at least one detection
oligonucleotide probe that is from 5-100 nucleotides
in length and specifically hybridizes (under stringent
conditions) to all or a portion of the TCF2 gene, the
LD block C02, the LD block C17b, the LD block COXa or
the LD block C04a, and wherein at least one of said at
least one oligonucleotide probes comprises a
polymorphism selected from the group of polymorphisms
listed in Tables 7-11, and polymorphisms in linkage
disequilibrium therewith. Another aspect relates to a
kit comprising at least one reagent for determining
the presence in a human nucleic acid of at least one
at-risk allele of at least one marker in the TCF2
gene, the LD block C02, the LD block C17b, the LD
block COXa or the LD block C04a,wherein the presence
of the at least one at-risk allele correlates with an
increased prevalence of prostate cancer in humans. I n
one embodiment the at least one reagent comprises at
least one contiguous nucleotide sequence that is fully
complementary to a region of human nucleic acid that
comprises the at least one marker. I n another
embodiment, the kit comprises at least one
allele-specific nucleotide that differentially
hybridizes to single-stranded human nucleic acid
molecules that contain different alleles of the
marker, wherein the marker is selected from the group
of markers set forth in any of the Tables 7-11, and
wherein the allele-specific oligonucleotide is from
15-200 nucleotides in size. A further method of the
invention relates to detecting the presence of at
least one allele of at least one polymorphic marker
associated with prostate cancer, the method comprising
a step of contacting at least one oligonucleotide
probe that specifically hybridizes to an
oligonucleotide sequence comprising said polymorphic
marker with a test sample comprising genomic DNA from
a human individual, and determining whether the at
least one oligonucleotide probe hybridizes to the
genomic DNA from the test sample. I n one embodiment
of such a method, the oligonucleotide probe comprises
a label. I n one preferred embodiment, the label is a
fluorescent label. I n another embodiment, the
oligonucleotide probe further comprises a quencher. I
n another embodiment, the method comprises contacting
two oligonucleotide probes with the test sample,
wherein at least one of the oligonucleotide probes
contains a fluorescent label and a quencher. The
oligonucleotide probes are in preferred embodiments
from 15 to 100 nucleotides in size, such as from 18-50
nucleotides, such as 20-30 nucleotides in size. I n
certain methods, uses and kits of the invention, the
presence of the at least one allele or haplotype is
indicative of increased susceptibility to prostate
cancer. I n some embodiments, the increased
susceptibility is characterized by a relative risk of
at least 1.1, including a relative risk of at least
1.15, a relative risk of at least 1.2, a relative risk
of at least 1.25, a relative risk of at least 1.3, a
relative risk of at least 1.4, a relative risk of at
least 1.5, a relative risk of at least 1.6, a relative
risk of at least 1.7, and a relative risk of at least
2.0. I n other methods and kits, the presence of the
at least one allele or haplotype is indicative of
decreased susceptibility to prostate cancer. In some
embodiments, the decreased susceptibility is
characterized by a relative risk of less than 0.9,
including a relative risk of less than 0.85, a
relative risk of less than 0.8, a relative risk of
less than 0.75, a relative risk of less than 0.7, a
relative risk of less than 0.6, and a relative risk of
less than 0.5.The various aspects (i.e., uses,
methods, kits, media, and apparatus) of the invention
can, in a general sense, be reduced to practice using
any one or a plurality of the markers described herein
to be associated with a susceptibility of prostate
cancer. Thus in certain embodiments, the at least one
marker to be assessed is selected from the group of
markers listed in Tables 7-11, and markers in linkage
disequilibrium therewith. I n another embodiment, the
at least one marker is selected from the group of
markers listed in Tables 7-11. I n certain other
embodiments, the at least one marker is selected from
the markers set forth in SEQ ID NO: 1-362. I n other
embodiments, the at least one marker is selected from
the group of markers listed in Tables 1, 4a and 4b,
and markers in linkage disequilibrium therewith. I n
other embodiments, the at least one marker is selected
from marker rs3923603 (SEQ ID NO:1), rs4430796 (SEQ ID
NO:2), rs7501939 (SEQ ID NO:3), rsl859962 (SEQ ID
NO:4), D17S1350 (SEQ ID NO:5), rs5945572 (SEQ ID
NO:6), rs5945605 (SEQ ID NO:7), rs2710646 (SEQ ID
NO:8), rs3760511 (SEQ ID NO:56), rs7214479 (SEQ ID NO:
134), rs6501445 (SEQ ID NO: 146), rs983085 (SEQ ID NO:
150), rs5945605 (SEQ ID NO: 178) and rs721048 (SEQ ID
NO: 344), and markers in linkage disequilibrium
therewith. I n some embodiments, the at least one
polymorphic marker is selected from rs2710646 (SEQ ID
NO:8) and rs721048 (SEQ ID NO:344), and markers in
linkage disequilibrium therewith. I n particular
embodiment, the at least one polymorphic marker is
selected from the markers set forth in Table 11. I n
other particular embodiments, the at least one
polymorphic marker is rs3923603 (SEQ ID NO:1), or
markers in linkage disequilibrium therewith. I n
certain such embodiments, the at least one polymorphic
marker is selected from the markers set forth in Table
7. I n certain other embodiments, the at least one
polymorphic marker is rs7501939 (SEQ ID NO: 3), or
markers in linkage disequilibrium therewith. I n some
of such embodiments, the at least one polymorphic
marker is selected from the group of markers set forth
in Table 8. I n some further embodiments, the at least
one polymorphic marker is rsl859962 (SEQ ID NO:4), or
markers in linkage disequilibrium therewith. I n
certain such embodiments, the at least one polymorphic
marker is selected from the group of markers set forth
in Table 9. I n other embodiments, the at least one
polymorphic marker is rs5945572 (SEQ ID NO:6), or
markers in linkage disequilibrium therewith . I n
particular embodiments, the at least one polymorphic
marker is selected from the group of markers set forth
in Table 10. I n one embodiment, the at least one
marker is selected from the group of markers listed in
Table 7, and markers in linkage disequilibrium
therewith. I n other embodiments, the at least one
marker is selected from the group of markers listed in
Table 8, and markers in linkage disequilibrium
therewith. In other embodiments, the at least one
marker is selected from the group of markers listed in
Table 9, and markers in linkage disequilibrium
therewith. I n other embodiments, the at least one
marker is selected from the group of markers listed in
Table 10, and markers in linkage disequilibrium
therewith. In other embodiments, the at least one
marker is selected from the group of markers listed in
Table11, and markers in linkage disequilibrium
therewith. I n other embodiments, the at least one
marker is selected from markers associated with LD
block C02, LD block C04a, the TCF2 gene, LD block C17b
or LD block COXa, as described herein. I n certain
such embodiments, the at least marker is selected from
the group of markers located within LD block C04a, the
TCF2 gene, LD block C17b or LD block COXa. The
prostate cancer phenotype applicable for assessment by
the methods, uses and kits of the invention is in
certain embodiments aggressive prostate cancer, as
described further herein. I n other words, the markers
of the invention are in certain embodiments predictive
of aggressive prostate cancer, as defined herein, in
an individual. I n one embodiment, markers associated
with LD block C02 are predictive of aggressive
prostate cancer, such as markers selected from the
markers set forth in Table 11, or markers in linkage
disequilibrium therewith. I n certain embodiments, the
invention pertains individuals with specific age at
onset of disease. I n certain embodiments, age at
onset of disease is the age at which first diagnosis
of the disease is made. I n certain other embodiments,
age at onset is the age of first symptoms of the
disease, which may occur at an earlier age than the
actual disease diagnosis. In certain embodiments, age
at onset of prostate cancer is early - also sometimes
called young onset disease. I n particular
embodiments, age at onset is before age 70. I n other
embodiments, age at onset is before age 65. I n
certain other embodiments, age at onset is before age
60. I n other embodiments, age at onset of disease is
before age 55. I n certain embodiments of the
invention, linkage disequilibrium is characterized by
particular cutoff values of the linkage disequilibrium
measures r2 and/or |D'|, as discussed 



in more detail herein. I n one embodiment, linkage
disequilibrium is characterized by numerical values of
r of greater than 0.1. I n another embodiment, linkage
disequilibrium is characterized by values of r2 of
greater than 0.2. I n other embodiments, linkage
disequilibrium is characterized by values of I2 Of
greater than 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 0.95
or 0.99. I n other embodiments, linkage disequilibrium
is characterized by numerical values of |D'|of greater
than 0.5, such as values of greater than 0.6, values
greater than 0.7, values greater than 0.8, values
greater than 0.9, or values greater than 0.95. Other
non-integer cutoff values in the range of 0.01 - 1.0
for r2 or |D'| are also contemplated and are also
encompassed by the present invention. I n particular
embodiments, a cutoff of a particular value for r and
a cutoff of a particular value of |D'| are
characteristic of the linkage disequilibrium. I n one
such embodiment, linkage disequlibrium is
characterized by values of r2 of greater than 0.2
and/or |D'| of greater than 0.8. I t should be
appreciated that other combinations and permutations
of the cutoff values of r and |D'| are contemplated
and are also within the scope of the present
invention.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. FIG 1 shows the genomic structure of
the TCF2 gene. The gene is characterized by the
presence of several splice variants, varying in length
from about 5kb (2 exons) to almost 60kb (9 exons) of
genomic sequence. The positions of SNP markers
(dbSNP125, Illumina 300k chip, and HapMap Release 19)
are indicated by vertical bars. DETAILED DESCRIPTION
OF THE INVENTION A description of preferred
embodiments of the invention follows. The present
invention discloses polymorphic variants and
haplotypes that have been found to be associated with
prostate cancer. Particular alleles at polymorphic
markers (e.g., the markers of Tables 12-16, e.g., the
markers of Tables 7-11, e.g., markers rs3923603 (SEQ
ID NO:1), rs4430796 (SEQ ID NO: 2), rs7501939 (SEQ ID
NO: 3), rsl859962 (SEQ ID N0:4), D17S1350 (SEQ ID
NO:5), rs5945572 (SEQ ID NO:6), rs 5945605 (SEQ ID
NO:7), rs2710646 (SEQ ID NO:8), rs721048 (SEQ ID
NO:344) and markers in linkage disequilibrium
therewith) and haplotypes comprising such alleles have
been found to be associated with prostate cancer. Such
markers and haplotypes are useful for diagnostic
purposes, as described in further detail herein.
Further applications of the present invention includes
methods for assessing response to prostate cancer
therapeutic agents utilizing the polymorphic markers
of the invention, as well as kits for assessing
susceptibility of an individual to prostate cancer.
Definitions The following terms shall, in the present
context, have the meaning as indicated: A "polymorphic
marker", sometimes referred to as a "marker", as
described herein, refers to a genomic polymorphic
site. Each polymorphic marker has at least two
sequence variations characteristic of particular
alleles at the polymorphic site. Thus, genetic
association to a polymorphic marker implies that there
is association to at least onespecific allele of that
particular polymorphic marker. The marker can comprise
any allele of any variant type found in the genome,
including single nucleotide polymorphisms (SNPs),
microsatellites, insertions, deletions, duplications
and translocations. An "allele" refers to the
nucleotide sequence of a given locus (position) on a
chromosome. A polymorphic marker allele thus refers to
the composition {i.e., sequence) of the marker on a
chromosome. Genomic DNA from an individual contains
two alleles (e.g., allele-specific sequences) for any
given polymorphic marker, representative of each copy
of the marker on each chromosome. Sequence codes for
nucleotides used herein are: A = 1, C 2, G = 3, T = 4.
Sequence conucleotide ambiguity as described herein is
as proposed by IUPAC-IUB. These codes are compatible
with the codes used by the EMBL, GenBank, and PIR
databases. A nucleotide position at which more than
one sequence is possible in a population (either a
natural population or a synthetic population, e.g., a
library of synthetic molecules) is referred to herein
as a "polymorphic site". A "Single Nucleotide
Polymorphism" or "SNP" is a DNA sequence variation
occurring when a single nucleotide at a specific
location in the genome differs between members of a
species or between paired chromosomes in an
individual. Most SNP polymorphisms have two alleles.
Each individual is in this instance either homozygous
for one allele of the polymorphism {i.e. both
chromosomal copies of the individual have the same
nucleotide at the SNP location), or the individual is
heterozygous {i.e. the two sister chromosomes of the
individual contain different nucleotides). The SNP
nomenclature as reported herein refersto the official
Reference SNP (rs) ID identification tag as assigned
to each unique SNP by the National Center for
Biotechnological Information (NCBI). A "variant", as
described herein, refers to a segment of DNA that
differs from the reference DNA. A "marker" or a
"polymorphic marker", as defined herein, is a variant.
Alleles that differ from the reference are referred to
as "variant" alleles. A "microsatellite" is a
polymorphic marker that has multiple small repeats of
bases that are 2-8 nucleotides in length (such as CA
repeats) at a particular site, in which the number of
repeat lengths varies in the general population. An
"indel" is a common form of polymorphism comprising a
small insertion or deletion that is typically only a
few nucleotides long. A "haplotype," as described
herein, refers to a segment of genomic DNA within one
strand of DNA that is characterized by a specific
combination of alleles arranged along the segment. For
diploid organisms such as humans, a haplotype
comprises one member of the pair of alleles for each
polymorphic marker or locus. In a certain embodiment,
the haplotype can comprise two or more alleles, three
or more alleles, four or more alleles, or five or more
alleles. Haplotypes are described herein in the
context of the marker name and the allele of the
marker in that haplotype, e.g., "A rs3923603" refers
to the A allele of marker rs3923603 being in the
haplotype, and is equivalent to "rs3923603 allele A".
Furthermore, allelic codes in haplotypes are as for
individual markers, i.e. 1 = A, 2 = C, 3 = G and 4 =
T. The term "susceptibility", as described herein,
refers to an individual (or group of individuals)
being prone to developing a certain state {e.g., a
certain trait, phenotype or disease), or being less
able to resist a particular state than the average
individual. The term encompasses both increased
susceptibility and decreased susceptibility. Thus,
particular alleles at polymorphic markers and/or
haplotypes of the invention as described herein may be
characteristic of increased susceptibility (Ae.,
increased risk) of prostate cancer, as characterized
by a relative risk (RR) or odds ratio (OR) of greater
than one for the particular allele or haplotype.
Alternatively, the markers and/or haplotypes of the
invention are characteristic of decreased
susceptibility {i.e., decreased risk) of prostate
cancer, as characterized by a relative risk of less
than one. The term "and/or" shall in the present
context be understood to indicate that either or both
of the items connected by it are involved. I n other
words, the term herein shall be taken to mean "one or
the other or both".The term "look-up table", as
described herein, is a table that correlates one form
of data to another form, or one or more forms of data
to a predicted outcome to which the data is relevant,
such as phenotype or trait. For example, a look-up
table can comprise a correlation between allelic data
for at least one polymorphic marker and a particular
trait or phenotype, such as a particular disease
diagnosis, that an individual who comprises the
particular allelic data is likely to display, or is
more likely to display than individuals who do not
comprise the particular allelic data. Look-up tables
can be multidimensional, i.e. they can contain
information about multiple alleles for single markers
simultaneously, or the can contain information about
multiple markers, and they may also comprise other
factors, such as particulars about diseases diagnoses,
racial information, biomarkers, biochemical
measurements, therapeutic methods or drugs, etc. A
"computer-readable medium", is an information storage
medium that can be accessed by a computer using a
commercially available or custom-made interface.
Exemplary compute-readable media include memory (e.g.,
RAM, ROM, flash memory, etc.), optical storage media
(e.g., CD-ROM), magnetic storage media (e.g., computer
hard drives, floppy disks, etc.), punch cards, or
other commercially available media. Information may be
transferred between a system of interest and a medium,
between computers, or between computers and the
computer-readable medium for storage or acess of
stored information. Such transmission can be
electrical, or by other available methods, such as IR
links, wireless connections, etc. A "nucleic acid
sample" is a sample obtained from an individual that
contains nucleic acid (DNA or RNA). I n certain
embodiments, i.e. the detection of specific
polymorphic markers and/or haplotypes, the nucleic
acid sample comprises genomic DNA. Such a nucleic acid
sample can be obtained from any source that contains
genomic DNA, including as a blood sample, sample of
amniotic fluid, sample of cerebrospinal fluid, or
tissue sample from skin, muscle, buccal or
conjunctival mucosa, placenta, gastrointestinal tract
or other organs. The term "prostate cancer therapeutic
agent" refers to an agent that can be used to
ameliorate or prevent symptoms associated with
prostate cancer. The term "prostate cancer-associated
nucleic acid", as described herein, refers to a
nucleic acid that has been found to be associated to
prostate cancer. This includes, but is not limited to,
the markers and haplotypes described herein and
markers and haplotypes in strong linkage
disequilibrium (LD) therewith. I n one embodiment, a
prostate cancerassociated nucleic acid refers to an
LD-block found to be associated with prostate cancer
through at least one polymorphic marker located within
the LD block or associated with the LD
block."Aggressive prostate cancer", as described
herein, refers to prostate cancer with combined
Gleason grades of 7 or higher OR stage T3 or higher OR
node positive OR metastasis positive disease OR death
because of prostate cancer. Note that it is sufficient
to have one of these criteria to be determined
aggressive prostate cancer. These clinical parameters
are well known surrogates for increased aggressiveness
of the disease. The term "LD block C04a", as described
herein, refers to the Linkage Disequilibrium (LD)
block on Chromosome 4 between positions 145,601,002
and 145,805,005 of NCBI (National Center for
Biotechnology Information) Build 34. The position of
the LD block in NCBI Build 35 is between positions
145,380,980 and 145,584,983, and in NCBI Build 36, the
LD block is between positions 145,242,825 and
145,446,828. In all these sequence builds, the LD
block spans 204,004 bp. The term "LD block C17b", as
described herein, refers to the Linkage Disequilibrium
(LD) block on Chromosome 17 between positions
69,665,200 and 69,843,150 of NCBI (National Center for
Biotechnology Information) Build 34. The position of
the LD block in NCBI Build 35 and in NCBI Build 36 is
between positions 66,579,672 and 66,757,622. I n all
these sequence builds, the LD block spans 177,951 bp.
The term "LD block COXa, as described herein, refers
to the Linkage Disequilibrium (LD) block on Chromosome
X between positions 50,084,494 and 50,695,908 of NCBI
(National Center for Biotechnology Information) Build
34, spanning markers rs972635 and 



rs4986573. The LD Block is located between positions
51,000,724 and 51,612,138 in NCBI Build 35, while in
NCBI Build 36, the LD block is located between
positions 51,184,428 and 51,795,842. The block spans
611,414 bp in all these sequence builds. The term
"TCF2", or "TCF2 gene" as described herein, refers to
the human transcription factor 2 gene on chromosome
17ql2. Other names for this gene include Hepatocyte
nuclear factor 1-beta (HNF-lbeta or HNF-IB), Variant
hepatic nuclear factor 1 (VHNFl) and Homeoprotein
(LFB3)). The TCF2 gene is characterized by several
splice variants, the longest of which stretches across
a 64kb region, between positions 36,235,927 and
36,324,014 in NCBI Build 34, and between position
33,114,490 and 33,202,577 in NCBI Build 35. The term
"LD block C02", as described herein, refers to the
Linkage Disequilibrium (LD) block on Chromosome 2
between positions 62,767,002 and 63,881,002 of NCBI
(National Center for Biotechnology Information) Build
34. The position of the LD block in NCBI Build 35 is
between positions 62,704,119 and 63,818,119, and in
NCBI Build 36, the LD block spans positions 62,645,972
and 63,759,972. I n all these sequence builds, the LD
block spans 1,114,000 bp.Through association analysis
of a population of individuals diagnosed with prostate
cancer, it has been discovered that certain alleles at
certain polymorphic markers are associated with
prostate cancer. A genome-wide analysis for variants
associated with prostate cancer (e.g., aggressive
prostate cancer) revealed association of prostate
cancer to five regions of the genome, on chromosome 2
(2pl5), chromosome 4 (4q31.21), chromosome 17 (17ql2
and 17q24.3) and chromosome X (XpIl. 22). Particular
markers have been found to be associated with an
increased risk of prostate cancer in these four
regions, as shown herein. As indicated in Table 1, the
A allele of marker rs3923603 (SEQ ID NO:1) on
chromosome 4q31.21 (also called rs3923603 A allele)
was found to be associated with an increased risk of
prostate cancer. The marker is located in a linkage
disequilibrium region which we call LD block C04a
between positions 145,601,002 and 145,805,005 bp on
chromosome 4 (NCBI Build 34). On chromosome 17ql2,
markers rs7501939 2 allele (SEQ ID NO: 3) and
rs4430796 A allele (SEQ ID NO: 2), residing within the
TCF2 gene between positions 36,235,927 and 36,324,014
(NCBI Build 34) on chromosome 17 were found to be
associated with prostate cancer. Furthermore,
rsl859962 3 allele on chromosome 17q24.3 (SEQ ID N0:4)
was found to be associated with an increased risk of
prostate cancer. A haplotype defined by markers
D17S1350 (SEQ ID NO: 5; alleles 0 and 2 combined
together) and rsl859962 G allele (SEQ ID NO:4) refined
the association signal and increases the risk and
decreases the Pvalue. Both these markers are located
in what we call LD block C17b between positions
69,665,200 and 69,843,150 bp on chromosome 17 (NCBI
Build 34). The marker rs5945572 A allele (SEQ ID NO:6)
on chromosome XpIl. 22 has been found to be associated
with an increased risk of prostate cancer. The marker
is located in what we call LD block COXa between
positions 50,084,494 and 50,695,908 bp (NCBI Build 34)
on chromosome X. Marker rs2710646 A allele (SEQ ID NO:
8) on chromosome 2 has also been found to be
associated with increased risk of prostate cancer.
This marker is located within a region on chromosome 2
with extensive linkage disequilibrium, between
position 62,767,002 and 63,881,002 (NCBI Build 34),
which we denote LD block C02. These markers, and
markers that are correlated with these markers are
useful in the methods of the present invention. Thus,
there are many polymorphic markers at each locus
either within or close to the LD blocks defined herein
that are in strong LD with the SNP markers shown
herein to be associated with prostate cancer (e.g.,
aggressive prostate cancer). These correlated markers,
including known SNPs or other polymorphic markers such
as microsatellites or indels, as well as other
correlated SNPs or other polymorphic markers, could
therefore be used, alone or in combination, as
surrogate markers for detecting the association to
prostate cancer described herein.Given that a
significant percentage of prostate cancer is a
non-aggressive form that will not spread beyond the
prostate and cause morbidity or mortality, and
treatments of prostate cancer including prostatectomy,
radiation, and chemotherapy all have side effects and
significant cost, it would be valuable to have
diagnostic markers, such as those described herein,
that show greater risk for aggressive prostate cancer
as compared to the less aggressive form(s).
Replication analysis of the association of markers
within the five chromosomal regions (e.g., 2pl5,
4q31.21, 17ql2, 17q24.3 and XpIl. 23) with cancer
(e.g., prostate cancer (e.g., aggressive prostate
cancer)) shows that the results are applicable to
other populations. Several cohorts of Caucasian origin
from Nijmegen , the Netherlands, (Radboud University
Nijmegen Medical Centre (RUNMC )), Chicago, U.S.
(Northwestern University), and Zaragoza, Spain
(Zaragoza University Hospital) all showed association
of the variants described herein with prostate cancer,
with associated risk (measured as odds ratio, OR)
being similar or even higher than found in the
Icelandic population. Transcription Factor 2 Gene
(TCF2) Association with Prostate Cancer The present
invention in one aspect relates to identification of a
prostate cancerassociated gene encoding transcription
factor 2 (official gene symbol is TCF2, but other
names for this gene are: Hepatocyte nuclear factor
1-beta (HNF-lbeta) (HNF-IB), Variant hepatic nuclear
factor 1 (VHNFl) and Homeoprotein (LFB3)). Several
markers within intron 1 and 2 of TCF2, as well as
markers in front of exon 1, such as the SNP markers
rs4430796, rs7501939 and rs3760511, have been found to
be associated with prostate cancer. The original
observation, first found in an Icelandic cohort, of
the association of rs7501939 (P=6.8xlO s; Relative
risk =1.20; Population attributable risk =20.7%) and
of marker rs3760511 (P=2.5xlO 5; Relative risk =1.22;
Population attributable risk =20.7%) was subsequently
replicated in a Dutch prostate cancer cohort and a
United States Caucasian cohort. The TCF2 (HNFlbeta) is
the only known gene that maps to the region on
chromosome 17ql2 of the human genome within which an
association to prostate cancer has been found. The
underlying variation in markers or haplotypes
associated with region and cancer may affect
expression of the TCF2 gene. It is however also
possible that the expression and/or function of the
nearby genes, such as DDX52, APlGBPl, TBC1D3/TBC1D3B
(PRC17), are affected by the variants found to be
associated to prostate cancer, or variants in linkage
disequilibrium therewith. For example, such variation
mayaffect RNA or protein stability or may have
structural consequences, such that the region is more
prone to somatic rearrangement in haplotype/allele
carriers. Thus, the underlying variation could affect
uncharacterized genes directly linked to the markers
and/or haplotypes described herein, or could possibly
also influence neighbouring genes that are not
directly associated to the markers and/or haplotypes
described herein. As a result of the discoveries
disclosed herein, methods are now available for
diagnosis of an increased susceptibility to prostate
cancer, as well as for diagnosis of a decreased
susceptibility to prostate cancer and/or a protection
against prostate cancer. I n preferred embodiments of
the invention, diagnostic assays are used to identify
the presence of particular alleles at chromosomal
regions 2pl5, 4q31.21, 17ql2, 17q24.3 and XpIl. 23, in
particular the regions defined by LD block C02, LD
block C04a, the TCF2 gene, LD block C17b and LD block
COXa. I n additional embodiments of the invention,
other markers or SNPs, identified using the methods
described herein, can be used for diagnosis of an
increased susceptibility to prostate cancer, and also
for diagnosis of a decreased susceptibility to
prostate cancer or for identification of an allele
that is protective against prostate cancer. The
diagnostic assays presented below can be used to
identify the presence or absence of these particular
alleles. Assessment for markers and haplotypes The
genomic sequence within populations is not identical
when individuals are compared. Rather, the genome
exhibits sequence variability between individuals at
many locations in the genome. Such variations in
sequence are commonly referred to as polymorphisms,
and there are many such sites within each genome For
example, the human genome exhibits sequence variations
which occur on average every 500 base pairs. The most
common sequence variant consists of base variations at
a single base position in the genome, and such
sequence variants, or polymorphisms, are commonly
called Single Nucleotide Polymorphisms ("SNPs"). These
SNPs are believed to have occurred in a single
mutational event, and therefore there are usually two
possible alleles possible at each SNPsite; the
original allele and the mutated allele. Due to natural
genetic drift and possibly also selective pressure,
the original mutation has resulted in a polymorphism
characterized by a particular frequency of its alleles
in any given population. Many other types of sequence
variants are found in the human genome, including
microsatellites, insertions, deletions, inversions and
copy number variations. A polymorphic microsatellite
has multiple small repeats of bases (such as CA
repeats, TG on the complimentary strand) at a
particular site in which the number of repeat lengths
varies in the general population. In general terms,
each version of the sequence with respect to the
polymorphic siterepresents a specific allele of the
polymorphic site. These sequence variants can all be
referred to as polymorphisms, occurring at specific
polymorphic sites characteristic of the sequence
variant in question. I n general terms, polymorphisms
can comprise any number of specific alleles. Thus in
one embodiment of the invention, the polymorphism is
characterized by the presence of two or more alleles
in any given population. I n another embodiment, the
polymorphism is characterized by the presence of three
or more alleles. I n other embodiments, the
polymorphism is characterized by four or more alleles,
five or more alleles, six or more alleles, seven or
more alleles, nine or more alleles, or ten or more
alleles. All such polymorphisms can be utilized in the
methods and kits of the present invention, and are
thus within the scope of the invention. I n some
instances, reference is made to different alleles at a
polymorphic site without choosing a reference allele.
Alternatively, a reference sequence can be referred to
for a particular polymorphic site. The reference
allele is sometimes referred to as the "wild-type"
allele and it usually is chosen as either the first
sequenced allele or as the allele from a
"non-affected" individual (e.g., an individual that
does not display a disease or abnormal phenotype).
Alleles for SNP markers as referred to herein refer to
the bases A, C, G or T as they occur at the
polymorphic site in the SNP assay employed. The allele
codes for SNPs used herein are as follows: 1 = A, 2 =
C, 3 = G, 4 = T. The person skilled in the art will
however realise that by assaying or reading the
opposite DNA strand, the complementary allele can in
each case be measured. Thus, for a polymorphic site
(polymorphic marker) 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 double-stranded 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
(polymorphic markers) 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 represents a specific allele of the
polymorphic site. 



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 genomic DNA sequence from position
145,601,002 to position 145,805,005 bp on Chromosome 4
of NCBI Build 34 ("LD block C04a") represents a
reference sequence. Other reference sequences related
to the present invention include the genomic DNA
sequence from position 36,235,927 to position
36,324,014 bp on Chromosome 17 of NCBI Build 34("TCF2
gene"), the genomic DNA sequence from position
69,665,200 to position 69,843,150 bp on Chromosome 17
of NCBI Build 34 ("LD block C17b"), the genomic DNA
sequence from position 50,084,494 to position
50,695,908 bp on Chromosome X of NCBI Build 34 ("LD
block COXa"), and the genomic DNA sequence from
position 62,767,002 to 63,881,002 bp on Chromosome 2
of NCBI Build 34 ("LD block C02"). A variant sequence,
as used herein, refers to a sequence that differs from
the reference sequence but is otherwise substantially
similar. Alleles at the polymorphic genetic markers
that define the haplotypes described herein are
variants. Additional variants can include changes that
affect a polypeptide, e.g., a polypeptide encoded by
the sequences represented by LD block C02, LD block
C04a, the TCF2 gene sequence, LD block C17b, or and LD
block COXa. 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 several
nucleotides, resulting in-a deletion of one or more
amino acids encoded by the nucleotides; the insertion
of one or several nucleotides, such as by unequal
recombination or gene conversion, resulting in an
interruption of the coding sequence of a reading
frame; duplication of all or a part of a sequence;
transposition; or a rearrangement of a nucleotide
sequence, 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 prostate
cancer or a susceptibility to prostate 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. The polypeptide encoded by the
reference nucleotide sequence is the "reference"
polypeptide with a particular reference amino acid
sequence, and polypeptides encoded by variant alleles
are referred to as "variant" polypeptides with variant
amino acid sequences. A haplotype refers to a segment
of DNA that is characterized by a specific combination
of alleles arranged along the segment. For diploid
organisms such as humans, a haplotype comprises one
member of the pair of alleles for each polymorphic
marker or locus . In a certain embodiment, the
haplotype can comprise two or more alleles, three or
more alleles, four or more alleles, or five or more
alleles, each allele corresponding to a specific
polymorphic marker along the segment. Haplotypes
cancomprise a combination of various polymorphic
markers, e.g., SNPs and microsatellites, having
particular alleles at the polymorphic sites. The
haplotypes thus comprise a combination of alleles at
various genetic markers. Detecting specific
polymorphic markers and/or haplotypes can be
accomplished by methods known in the art for detecting
sequences at polymorphic sites. For example, standard
techniques for genotyping for the presence of SNPs
and/or microsatellite markers can be used, such as
fluorescence-based techniques (Chen, X. et al., Genome
Res. 9(5): 492-98 (1999); Kutyavin et al., Nucleic
Acid Res. 34:el28 (2006)), including PCR, LCR, Nested
PCR and other techniques for nucleic acid
amplification. Specific methodologies available for
SNP genotyping include, but are not limited to, TaqMan
genotyping assays and SNPIex platforms (Applied
Biosystems), mass spectrometry (e.g., MassARRAY system
from Sequenom), minisequencing methods, real-time PCR,
Bio-Plex system (BioRad), CEQ and SNPstream systems
(Beckman), Molecular Inversion Probe array technology
(e.g., Affymetrix GeneChip), and BeadArray
Technologies (e.g., Illumina GoldenGate and Infinium
assays). By these or other methods available to the
person skilled in the art, one or more alleles at
polymorphic markers, including microsatellites, SNPs
or other types of polymorphic markers, can be
identified. I n certain methods described herein, an
individual who is at an increased susceptibility
{i.e., at risk) for prostate cancer is an individual
in whom at least one specific allele at one or more
polymorphic marker or haplotype conferring increased
susceptibility for prostate cancer is identified
{i.e., at-risk marker alleles or haplotypes). I n one
aspect, the at-risk marker or haplotype is one that
confers a significant increased risk (or
susceptibility) of prostate cancer. I n one
embodiment, significance associated with a marker or
haplotype is measured by a relative risk (RR). I n
another embodiment, significance associated with a
marker or haplotype is measured by an odds ratio (OR).
I n a further embodiment, the significance is measured
by a percentage. In one embodiment, a significant
increased risk is measured as a risk (relative risk
and/or odds ratio) of at least 1.2, including but not
limited to: at least 1.2, at least 1.3, at least 1.4,
at least 1.5, at least 1.6, at least 1.7, 1.8, at
least 1.9, at least 2.0, at least 2.5, at least 3.0,
at least 4.0, and at least 5.0. I n a particular
embodiment, a risk (relative risk and/or odds ratio)
of at least 1.2 is significant. I n another particular
embodiment, a risk of at least 1.3 is significant. I n
yet another embodiment, a risk of at least 1.4 is
significant. I n a further embodiment, a risk of at
least 1.5 is significant. In another further
embodiment, a significant increase in risk is at least
1.7 is significant. However, other cutoffs are also
contemplated, e.g., at least 1.15, 1.25, 1.35, and so
on, and such cutoffs are also within scope of the
present invention. In other embodiments, a significant
increase 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%, 100%,
150%, 200%, 300%, and500%. I n one particular
embodiment, a significant increase in risk is at least
20%. I n other embodiments, a significant increase in
risk is at least 30%, at least 40%, at least 50%, at
least 60%, at least 70%, at least 80%, at least 90%
and at least 100%. Other cutoffs or ranges as deemed
suitable by the person skilled in the art to
characterize the invention are however also
contemplated, and those are also within scope of the
present invention. I n certain embodiments, a
significant increase in risk is characterized by a
pvalue, such as a p-value of less than 0.05, less than
0.01, less than 0.001, less than 0.0001, less than
0.00001, less than 0.000001, less than 0.0000001, less
than 0.00000001, or less than 0.000000001. An at-risk
polymorphic marker or haplotype of the present
invention is one where at least one allele of at least
one marker or haplotype is more frequently present in
an individual at risk for prostate cancer (affected),
compared to the frequency of its presence in a healthy
individual (control), and wherein the presence of the
marker or haplotype is indicative of increased
susceptibility to prostate cancer. The control group
may in one embodiment be a population sample, i.e. a
random sample from the general population. I n another
embodiment, the control group is represented by a
group of individuals who are disease-free, i.e.
individuals who have not been diagnosed with prostate
cancer. Such disease-free control may in one
embodiment be characterized by the absence of one or
more specific symptoms characteristic of prostate
cancer. I n another embodiment, the disease-free
control group is characterized by the absence of one
or more disease-specific risk factors. Such risk
factors are in one embodiment at least one
environmental risk factor. Representative
environmental factors are natural products, minerals
or other chemicals which are known to affect, or
contemplated to affect, the risk of developing the
specific disease or trait. Other environmental risk
factors are risk factors related to lifestyle,
including but not limited to food and drink habits,
geographical location of main habitat, and
occupational risk factors. I n another embodiment, the
risk factors comprise at least one additional genetic
risk factor. As an example of a simple test for
correlation would be a Fisher-exact test on a two by
two table. Given a cohort of chromosomes the two by
two table is constructed out of the number of
chromosomes that include both of the markers or
haplotypes, one of the markers or haplotypes but not
the other and neither of the markers or haplotypes.
Other statistical tests of association known to the
skilled person are also contemplated and are also
within scope of the invention. I n other embodiments
of the invention, an individual who is at a decreased
susceptibility {i.e., at a decreased risk) for
prostate cancer is an individual in whom at least one
specific allele at one or more polymorphic marker or
haplotype conferring decreased susceptibility for
prostate cancer is identified. The marker alleles
and/or haplotypes conferringdecreased risk are also
said to be protective. I n one aspect, the protective
marker or haplotype is one that confers a significant
decreased risk (or susceptibility) of prostate cancer.
I n one embodiment, significant decreased risk is
measured as a relative risk (or odds ratio) of less
than 0.9, less than 0.8, less than 0.7, less than 0.6,
less than 0.5, less than 0.4, less than 0.3, less than
0.2 and less than 0.1. I n one particular embodiment,
significant decreased risk is less than 0.7. In
another embodiment, significant decreased risk is less
than 0.5. I n yet another embodiment, significant
decreased risk is less than 0.3. I n another
embodiment, the decrease in risk (or susceptibility)
is at least 20%, including but not limited to at least
25%, at least 30%, at least 35%, at least 40%, at
least 45%, at least 50%, at least 55%, at least 60%,
at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95% and at
least 98%. I n one particular embodiment, a
significant decrease in risk is at least about 30%. I
n another embodiment, a significant decrease in risk
is at least about 50%. In another embodiment, the
decrease in risk is at least about 70%. Other cutoffs
or ranges as deemed suitable by the person skilled in
the art to characterize the invention are however also
contemplated, and those are also within scope of the
present invention. A genetic variant associated with a
disease or a trait (e.g. prostate cancer) can be used
alone to predict the risk of the disease for a given
genotype. For a biallelic marker, such as a SNP, there
are 3 possible genotypes: homozygote for the at risk
variant, heterozygote, and non carrier of the at risk
variant. Risk associated with variants at multiple
loci can be used to estimate overall risk. For
multiple SNP variants, there are k possible genotypes
k = 3" x 2"; where n is the number autosomal loci and
p the number of gonosomal (sex chromosomal) loci.
Overall risk assessment calculations usually assume
that the relative risks of different genetic variants
multiply, i.e. the overall risk (e.g., RR or OR)
associated with a particular genotype combination is
the product of the risk values for the genotype at
each locus. If the risk presented is the relative risk
for a person, or a specific genotype for a person,
compared to a reference population with matched gender
and ethnicity, then the combined risk - is the product
of the locus specific risk values - and which also
corresponds to an overall risk estimate compared with
the population. I f the risk for a person is based on
a comparison to non-carriers of the at risk allele,
then the combined risk corresponds to an estimate that
compares the person with a given combination of
genotypes at all loci to a group of individuals who do
not carry risk variants at any of those loci. The
group of non-carriers of any at risk variant has the
lowest 



estimated risk and has a combined risk, compared with
itself (i.e., non-carriers) of 1.0, but has an overall
risk, compare with the population, of less than 1.0. I
t should be noted that the group of non-carriers can
potentially be very small, especially for large number
of loci, and in that case, its relevance is
correspondingly small.The multiplicative model is a
parsimonious model that usually fits the data of
complex traits reasonably well. Deviations from
multiplicity have been rarely described in the context
of common variants for common diseases, and if
reported are usually only suggestive since very large
sample sizes are usually required to be able to
demonstrate statistical interactions between loci. By
way of an example, let us consider a total of eight
variants that have been described to associate with
prostate cancer (Gudmundsson, J., et al., Nat Genet
39:631-7 (2007), Gudmundsson, J., et al., Nat Genet
39:977-83 (2007); Yeager, M., et al, Nat Genet
39:645-49 (2007), Amundadottir, L., el al., Nat Genet
38:652-8 (2006); Haiman, CA. , et al., Nat Genet
39:638-44 (2007)) (see also Table 20 herein). Seven of
these loci are on autosomes, and the remaining locus
is on chromosome X. The total number of theoretical
genotypic combinations is then 37 x 21 = 4374. Some of
those genotypic classes are very rare, but are still
possible, and should be considered for overall risk
assessment, as illustrated by the data shown in Table
20 herein. It is likely that the multiplicative model
applied in the case of multiple genetic variant will
also be valid in conjugation with non-genetic risk
variants assuming that the genetic variant does not
clearly correlate with the "environmental" factor. I n
other words, genetic and non-genetic at-risk variants
can be assessed under the multiplicative model to
estimate combined risk, assuming that the non-genetic
and genetic risk factors do not interact. Linkage
Disequilibrium The natural phenomenon of
recombination, which occurs on average once for each
chromosomal pair during each meiotic event, represents
one way in which nature provides variations in
sequence (and biological function by consequence). It
has been discovered that recombination does not occur
randombly in the genome; rather, there are large
variations in the frequency of recombination rates,
resulting in small regions of high recombination
frequency (also called recombination hotspots) and
larger regions of low recombination frequency, which
are commonly referred to as Linkage Disequilibrium
(LD) blocks (Myers, S. et al., Biochem Soc Trans
34:526-530 (2006); Jeffreys, AJ., et al.,Nature Genet
29:217-222 (2001); May, C.A., et al., Nature Genet
31:272-275(2002)). Linkage Disequilibrium (LD) refers
to a non-random assortment of two genetic elements.
For example, if a particular genetic element (e.g.,
"alleles" of a polymorphic marker) occurs in a
population at a frequency of 0.50 (50%) and another
occurs at a frequency of 0.50 (50%), then the
predicted occurrance of a person's having bothelements
is 0.25 (25%), assuming a random distribution of the
elements. However, if it is discovered that the two
elements occur together at a frequency higher than
0.25, 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 or allelic
combinations for each genetic element (e.g., a marker,
haplotype 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. The
r2 measure 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 the LD 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 0.1 such as at least 0.1, 0.15,
0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65,
0.7, 0.75, 0.8, 0.85, 0.9, 0.91, 0.92, 0.93, 0.94,
0.95, 0.96, 0.97, 0.98, or at lesat 0.99. I n one
preferred embodiment, the significant r2 value can be
at least 0.2. Alternatively, linkage disequilibrium as
described herein, refers to linkagedisequilibrium
characterized by values of |D'| of at least 0.2, such
as 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.85, 0.9, 0.95,
0.96, 0.97, 0.98, or at least 0.99. Thus, linkage
disequilibrium 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). In certain embodiments, linkage
disequilibrium is defined in terms of values for both
the r2 and |D'| measures. I n one such embodiment, a
significant linkage disequilibrium is defined as r2 >
0.1 and |D'| >0.8. I n another embodiment, a
significant linkage disequilibrium is defined as r2 >
0.2 and |D'| >0.9. Other combinations and permutations
of values of r2 and |D'|for determining linkage
disequilibrium are also contemplated, and are also
within the scope of the invention. Linkage
disequilibrium can be determined in a single human
population, as defined herein, or it can be determined
in a collection of samples comprising individuals from
more than one human population. I n one embodiment of
the invention, LD is determined in a sample from one
or more of the HapMap populations (Caucasian, african,
Japanese, Chinese), as defined
(http://www.hapmap.org). I n one such embodiment, LD
is determined in the CEU population of the HapMap
samples. I n another embodiment, LD is determined in
the YRI population. I n yet another embodiment, LD is
determined in samples from the Icelandic population.
If all polymorphisms in the genome were independent at
the population level (i.e., no LD), then every single
one of them would need to be investigated in
association studies, to assess all the different
polymorphic states. However, due to linkage
disequilibrium between polymorphisms, tightly linked
polymorphisms are strongly correlated, which reduces
the number of polymorphisms that need to be
investigated in an association study to observe a
significant association. Another consequence of LD is
that many polymorphisms may give an association signal
due to the fact that these polymorphisms are strongly
correlated. Genomic LD maps have been generated across
the genome, and such LD maps have been proposed to
serve as framework for mapping disease-genes (Risch,
N. & Merkiangas, K, Science 273:1516-1517 (1996);
Maniatis, N., et al., Proc Natl Acad Sci USA
99:2228-2233 (2002); Reich, DE et al, Nature
411:199-204 (2001)). It is now established that many
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 provides 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
428:544-548 (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. et al., Nature Genet.
29:229-232 (2001); Patil, N. et al., Science 294:
1719-1723 (2001); Dawson, E. et al., Nature
418:544-548 (2002); Zhang, K. et al., Proc. Natl.
Acad. Sci. USA 99:7335-7339 (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. et al., Am. J. Hum.
Genet. 71:1227-1234 (2002); Stumpf, M.P., and
Goldstein, D.B., Curr. Biol. 13:1-8 (2003)). More
recently, a fine-scale map of recombination rates and
corresponding hotspots across the human genome has
been generated (Myers, S., et al., Science
310:321-32324 (2005); Myers, S. et al., Biochem Soc
Trans 34:526530 (2006)). The map reveals the enormous
variation in recombination across the genome, with
recombination rates as high as 10-60 cM/Mb in
hotspots, while closer to 0 in intervening regions,
which thus represent regions of limited haplotype
diversity and high LD. The map can therefore be used
to define haplotype blocks/LD blocks as regions
flanked by recombination hotspots. As used herein, the
terms "haplotype block" or "LD block" includes blocks
defined by any of the above described characteristics,
or other alternative methods used by the person
skilled in the art to define such regions. Haplotype
blocks (LD blocks) can be used to map associations
between phenotype and haplotype status, using single
markers or haplotypes comprising a plurality of
markers. 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 between
phenotype and haplotype. I f desired, neighboring
haplotype blocks can be assessed concurrently, as
there may also exist linkage disequilibrium among the
haplotype blocks. I t has thus become apparent that
for any given observed association to a polymorphic
marker in the genome, it is likely that additional
markers in the genome also show association. This is a
natural consequence of the uneven distribution of LD
across the genome, as observed by the large variation
in recombination rates. The markers used to detect
association thus in a sense represent "tags" for a
genomic region (i.e., a haplotype block or LD block)
that is associating with a given disease or trait, and
as such are useful for use in the methods and kits of
the present invention. One or more causative
(functional) variants or mutations may reside within
the region found to be associating tothe disease or
trait. Such variants may confer a higher relative risk
(RR) or odds ratio (OR) than observed for the tagging
markers used to detect the association. The present
invention thus refers to the markers used for
detecting association to the disease, as described
herein, as well as markers in linkage disequilibrium
with the markers. Thus, in certain embodiments of the
invention, markers that are in LD with the markers
and/or haplotypes of the invention, as described
herein, may be used as surrogate markers. The
surrogate markers have in one embodiment relative risk
(RR) and/or odds ratio (OR) 



values smaller than for the markers or haplotypes
initially found t o be associating with the disease,
as described herein. I n other embodiments, the
surrogate markers have RR or OR values greater than
those initially determined for the markers initially
found to be associating with the disease, as described
herein. An example of such an embodiment would be a
rare, or relatively rare (such as < 10% allelic
population frequency) variant in LD with a more common
variant (> 10% population frequency) initially found
to be associating with the disease, such as the
variants described herein. Identifying and using such
markers for detecting the association discovered by
the inventors as described herein can be performed by
routine methods well known to the person skilled in
the art, and are therefore within the scope of the
present invention. Determination of haplotype
frequency The frequencies of haplotypes in patient and
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
pvalue registered is determined. This randomization
scheme can be repeated, for example, over 100 times to
construct an empirical distribution of p-values. I n a
preferredembodiment, a p-value of <0.05 is indicative
of a significant marker and/or haplotype association.
Haplotype Analysis One general approach to haplotype
analysis involves using likelihood-based inference
applied to NEsted MOdels (Gretarsdottir S., et al.,
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. 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. For single marker association to
a disease, the Fisher exact test can be used to
calculate two-sided p-values for each individual
allele. Usually, 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 second-degree 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))
for sibships so that it can be applied to general
familial relationships, and present both adjusted and
unadjusted p-values 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
replicationsthat 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):227-33 (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, ft, and
hj , risk( ,)/risk(/j ) = (fi/Pi)/(fj/Pj), where fand
p denote, respectively, frequencies in the affected
population and in the control population. While there
is some power loss if the true model is not
multiplicative, the loss tends to be mild except for
extreme cases. Most importantly, pvalues 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. Risk
assessment and Diagnostics Within any given
population, there is an absolute risk of developing a
disease or trait, defined as the chance of a person
developing the specific disease or trait over a
specified time-period. For example, a woman's lifetime
absolute risk of breast cancer is one in nine. That is
to say, one woman in every nine will develop breast
cancer at some point in their lives. Risk is typically
measured by looking at very large numbers of
people,rather than at a particular individual. Risk is
often presented in terms of Absolute Risk (AR) and
Relative Risk (RR). Relative Risk is used to compare
risks associating with two variants or the risks of
two different groups of people. For example, it can be
used to compare a group of people with a certain
genotype with another group having a different
genotype. For a disease, a relative risk of 2 means
that one group has twice the chance of developing a
disease as the other group. The Risk presented is
usually the relative risk for a person, or a specific
genotype of a person, compared to the population with
matched gender and ethnicity. Risks of two individuals
of the same gender and ethnicity could be compared in
a simple manner. For example, if, compared to the
population, the first individual has relative risk 1.5
and the second has relative risk 0.5, then the risk of
the first individual compared to the second individual
is 1.5/0.5 = 3. As described herein, certain
polymorphic markers and haplotypes comprising such
markers are found to be useful for risk assessment of
prostate cancer. Risk assessment can involve the use
of the markers for diagnosing a susceptibility to
prostate cancer. Particular alleles of polymorphic
markers are found more frequently in individuals with
prostate cancer, than in individuals without diagnosis
of prostate cancer. Therefore, these marker alleles
have predictive value for detecting prostate cancer,
or a susceptibility to prostate cancer, in an
individual. Tagging markers within haplotype blocks or
LD blocks comprising at-risk markers, as described
herein, such as the markers of the present invention,
can be used as surrogates for other markers and/or
haplotypes within the haplotype block or LD block.
Markers with values of r2 equal to 1 are perfect
surrogates for the at-risk variants, i.e. genotypes
for one marker perfectly predicts genotypes for the
other. Markers with smaller values of r2 than 1 can
also be surrogates for the at-risk variant, or
alternatively represent variants with relative risk
values as high as or possibly even higher than the
at-risk variant. The at-risk variant identified may
not be the functional variant itself, but is in this
instance in linkage disequilibrium with the true
functional variant. The present invention encompasses
the assessment of such surrogate markers for the
markers as disclosed herein. Such markers are
annotated, mapped and listed in public databases, as
well known to the skilled person, or can alternatively
be readily identified by sequencing the region or a
part of the region identified by the markers of the
present invention in a group of individuals, and
identify polymorphisms in the resulting group of
sequences. As a consequence, the person skilled in the
art can readily and without undue experimentation
genotype surrogate markers in linkage disequilibrium
with the markers and/or haplotypes as described
herein. The tagging or surrogate markers in LD with
the at-risk variants detected, also have predictive
value for detecting association to prostate cancer, or
a susceptibility to prostate cancer, in an individual.
These tagging or surrogate markers that are in LD with
the markers of the presentinvention can also include
other markers that distinguish among haplotypes, as
these similarly have predictive value for detecting
susceptibility to prostate cancer. The present
invention can in certain embodiments be practiced by
assessing a sample comprising genomic DNA from an
individual for the presence of variants described
herein to be associated with prostate cancer. Such
assessment includes steps of detecting the presence or
absence of at least one allele of at least one
polymorphic marker, using methods well known to the
skilled person and further described herein, and based
on the outcome of such assessment, determine whether
the individual from whom the sample is derived is at
increased or decreased risk (increased or decreased
susceptibility) of prostate cancer. Alternatively, the
invention can be practiced utilizing a dataset
comprising information about the genotype status of at
least one polymorphic marker described herein to be
associated with prostate cancer (or markers in linkage
disequilibrium with at least one marker shown herein
to be associated with prostate cancer). I n other
words, a dataset containing information about such
genetic status, for example in the form of genotype
counts at a certain polymorphic marker, or a plurality
of markers {e.g., an indication of the presence or
absence of certain at-risk alleles), or actual
genotypes for one or more markers, can be queried for
the presence or absence of certain at-risk alleles at
certain polymorphic markers shown by the present
inventors to be associated with prostate cancer. A
positive result for a variant (e.g., marker allele)
associated with prostate cancer, as shown herein, is
indicative of the individual from which the dataset is
derived is at increased susceptibility (increased
risk) of prostate cancer. 



I n certain embodiments of the invention, a
polymorphic marker is correlated to prostate cancer by
referencing genotype data for the polymorphic marker
to a look-up table that comprises correlations between
at least one allele of the polymorphism and prostate
cancer. In some embodiments, the table comprises a
correlation for one polymorhpism. I n other
embodiments, the table comprises a correlation for a
plurality of polymorhpisms. I n both scenarios, by
referencing to a look-up table that gives an
indication of a correlation between a marker and
prostate cancer, a risk for prostate cancer, or a
susceptibility to prostate cancer, can be identified
in the individual from whom the sample is derived. I n
some embodiments, the correlation is reported as a
statistical measure. The statistical measure may be
reported as a risk measure, such as a relative risk
(RR), an absolute risk (AR) or an odds ratio (OR). The
markers and haplotypes of the invention, e.g., the
markers presented in Tables 7 - 11, may be useful for
risk assessment and diagnostic purposes, either alone
or in combination. Thus, even in cases where the
increase in risk by individual markers is relatively
modest, e.g. on the order of 10-30%, the association
may have significant implications. Thus, relatively
common variants may have significant contribution to
theoverall risk (Population Attributable Risk is
high), or combination of markers can be used to define
groups of individual who, based on the combined risk
of the markers, is at significant combined risk of
developing the disease Thus, in one embodiment of the
invention, a plurality of variants (genetic markers,
biomarkers and/or haplotypes) is used for overall risk
assessment. These variants are in one embodiment
selected from the variants as disclosed herein. Other
embodiments include the use of the variants of the
present invention in combination with other variants
known to be useful for diagnosing a susceptibility to
prostate cancer. I n such embodiments, the genotype
status of a plurality of markers and/or haplotypes is
determined in an individual, and the status of the
individual compared with the population frequency of
the associated variants, or the frequency of the
variants in clinically healthy subjects, such as
age-matched and sex-matched subjects. Methods known in
the art, such as combined or joint risk analyses, may
subsequently be used to determine the overall risk
conferred based on the genotype status at the multiple
loci. Assessment of risk based on such analysis may
subsequently be used in the methods, uses and kits of
the invention, as described herein. As described in
the above, the haplotype block structure of the human
genome has the effect that a large number of variants
(markers and/or haplotypes) in linkage disequilibrium
with the variant originally associated with a disease
or trait may be used as surrogate markers for
assessing association to the disease or trait. The
number of such surrogate markers will depend on
factors such as the historical recombination rate in
the region, the mutational frequency in the region
[i.e., the number of polymorphic sites or markers in
the region), and the extent of LD (size of the LD
block) in the region. These markers are usually
located within the physical boundaries of the LD block
or haplotype block in question as defined using the
methods described herein, or by other methods known to
the person skilled in the art. However, sometimes
marker and haplotype association is found to extend
beyond the physical boundaries of the haplotype block
as defined. Such markers and/or haplotypes may in
those cases be also used as surrogate markers and/or
haplotypes for the markers and/or haplotypes
physically residing within the haplotype block as
defined. As a consequence, markers and haplotypes in
LD (typically characterized by r2 greater than 0.1,
such as r2 greater than 0.2, including r2 greater than
0.3, also including r2 greater than 0.4) with the
markers and haplotypes of the present invention are
also within the scope of the invention, even if they
are physically located beyond the boundaries of the
haplotype block as defined herein. For the SNP markers
described herein, the opposite allele t o the allele
found to be in excess in patients (at-risk allele) is
found in decreased frequency in prostate cancer. These
markers and haplotypes in LD and/or comprising such
markers, are thus protectivefor prostate cancer, i.e.
they confer a decreased risk or susceptibility of
individuals carrying these markers and/or haplotypes
developing prostate cancer. Certain variants of the
present invention, including certain haplotypes,
comprise, in some cases, a combination of various
genetic markers, e.g., SNPs and microsatellites.
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. I n specific embodiments,
a marker allele or haplotype found to be associated
with prostate cancer, (e.g., marker alleles as listed
in Tables 7 - 11, e.g., marker alleles as listed in
tables 1-6) is one in which the marker allele or
haplotype is more frequently present in an individual
at risk for prostate cancer (affected), compared to
the frequency of its presence in a healthy individual
(control), wherein the presence of the marker allele
or haplotype is indicative of prostate cancer or a
susceptibility to prostate cancer. I n other
embodiments, at-risk markers in linkage disequilibrium
with one or more markers shown herein to be associated
with prostate cancer (e.g., marker alleles as listed
in Tables 7 - 11) are tagging markers that are more
frequently present in an individual at risk for
prostate cancer (affected), compared to the frequency
of their presence in a healthy individual (control),
wherein the presence of the tagging markers is
indicative of increased susceptibility t o prostate
cancer. I n a further embodiment, at-risk markers
alleles (i.e. conferring increased susceptibility) in
linkage disequilibrium with one or more markers found
to be associated with prostate cancer (e.g., marker
alleles as listed in Tables 7 - 11), are markers
comprising one or more allele that is more frequently
present in an individual at risk for prostate cancer,
compared to the frequency of their presence in a
healthy individual (control), wherein the presence of
the markers is indicative of increased susceptibility
to prostate cancer. Study population I n a general
sense, the methods and kits of the invention can be
utilized from samples containing genomic DNA from any
source, i.e. any individual. In preferred embodiments,
the individual is a human individual. The individual
can be an adult, child, or fetus. The nucleic acid
source may be any sample comprising nucleic acid
material, including biological samples, or a sample
comprising nucleic acid material derived therefrom.
The present invention also provides for assessing
markers and/or haplotypesin individuals who are
members of a target population. Such a target
population is in one embodiment a population or group
of individuals at risk of developing prostate cancer,
based on other genetic factors, biomarkers,
biophysical parameters (e.g., weight, BMD, blood
pressure), or general health and/or lifestyle
parameters {e.g., history of cancer, e.g., prostate
cancer, or related diseases, previous diagnosis of
prostate cancer, family history of prostate cancer).
The invention provides for embodiments that include
individuals from specific age subgroups, such as those
over the age of 40, over age of 45, or over age of 50,
55, 60, 65, 70, 75, 80, or 85. Other embodiments of
the invention pertain to other age groups, such as
individuals aged less than 85, such as less than age
80, less than age 75, or less than age 70, 65, 60, 55,
50, 45, 40, 35, or age 30. Other embodiments relate to
individuals with age at onset of the disease in any of
the age ranges described in the above. I n one such
embodiment, the invention pertains to individuals with
age at onset of prostate cancer of less than 65 years.
I n another such embodiment, the invention pertains to
individuals with age at onset of less than 60 years.
It is also contemplated that a range of ages may be
relevant in certain embodiments, such as age at onset
at more than age 45 but less than age 60. Other age
ranges are however also contemplated, including all
age ranges bracketed by the age values listed in the
above. The invention furthermore relates to
individuals of either sex, males or females. The
Icelandic population is a Caucasian population of
Northern European ancestry. A large number of studies
reporting results of genetic linkage and association
in the Icelandic population have been published in the
last few years. Many of those studies show replication
of variants, originally identified in the Icelandic
population as being associating with a particular
disease, in other populations (Stacey, S.N., et al.,
Nat Genet. May 27 2007 (Epub ahead of print;
Helgadottir, A., et al., Science 316:1491-93 (2007);
Steinthorsdottir, V., er a/., Nat Genet. 39:770-75
(2007); Gudmundsson, J., et al., Nat Genet. 39:631-37
(2007); Amundadottir, LT., et al., Nat Genet.
38:652-58 (2006); Grant, S.F., et al., Nat Genet.
38:320-23 (2006)). Thus, genetic findings in the
Icelandic population have in general been replicated
in other populations, including populations from
Africa and Asia. The markers of the present invention
found to be associated with prostate cancer are
believed to show similar association in other human
populations, as illustrated by the replication data
shown in the Examples herein (Tables 1, 4a and 4b).
Particular embodiments comprising individual human
populations are thus also contemplated and within the
scope of the invention. Such embodiments relate to
human subjects that are from one or more human
population including, but not limited to, Caucasian
populations, European populations, American
populations, Eurasian populations, Asian
populations,Central/South Asian populations, East
Asian populations, Middle Eastern populations, African
populations, Hispanic populations, and Oceanian
populations. European populations include, but are not
limited to, Swedish, Norwegian, Finnish, Russian,
Danish, Icelandic, Irish, Kelt, English, Scottish,
Dutch, Belgian, French, German, Spanish, Portugues,
Italian, Polish, Bulgarian, Slavic, Serbian, Bosnian,
Chech, Greek and Turkish populations. The invention
furthermore in other embodiments can be practiced in
specific human populations that include Bantu,
Mandenk, Yoruba, San, Mbuti Pygmy, Orcadian, Adygei,
Russian, Sardinian, Tuscan, Mozabite, Bedouin, Druze,
Palestinian, Balochi, Brahui, Makrani, Sindhi, Pathan,
Burusho, Hazara, Uygur, Kalash, Han, Dai, Daur,
Hezhen, Lahu, Miao, Oroqen, She, Tujia, Tu, Xibo, Yi,
Mongolan, Naxi, Cambodian, Japanese, Yakut,
Melanesian, Papuan, Karitianan, Surui, Colmbian, Maya
and Pima. I n one preferred embodiment, the invention
relates to populations that include black African
ancestry such as populations comprising persons of
African descent or lineage. Black African ancestry may
be determined by self reporting as African-Americans,
Afro-Americans, Black Americans, being a member of the
black race or being a member of the negro race. For
example, African Americans or Black Americans are
those persons living in North America and having
origins in any of the black racial groups of Africa. I
n another example, self-reported persons of black
African ancestry may have at least one parent of black
African ancestry or at least one grandparent of black
African ancestry. In another embodiment, the invention
relates to individuals of Caucasian origin. The racial
contribution in individual subjects may also be
determined by genetic analysis. Genetic analysis of
ancestry may be carried out using unlinked
microsatellite markers such as those set out in Smith
et al. {Am J Hum Genet 74, 1001-13 (2004)). In certain
embodiments, the invention relates to markers and/or
haplotypes identified in specific populations, as
described in the above. The person skilled in the art
will appreciate that measures of linkage
disequilibrium (LD) may give different results when
applied to different populations. This is due to
different population history of different human
populations as well as differential selective
pressures that may have led to 



differences in LD in specific genomic regions. It is
also well known to the person skilled in the art that
certain markers, e.g. SNP markers, are polymorphic in
one population but not in another. The person skilled
in the art will however apply the methods available
and as tought herein to practice the present invention
in any given human population. This may include
assessment of polymorphic markers in the LD region of
the present invention, so as to identify those markers
that give strongest association within the specific
population. Thus, the at-risk variants of the present
invention may reside on different haplotype background
and in different frequencies in various human
populations. However, utilizingmethods known in the
art and the markers of the present invention, the
invention can be practiced in any given human
population. Utility of Genetic Testing The person
skilled in the art will appreciate and understand that
the variants described herein in general do not, by
themselves, provide an absolute identification of
individuals who will a priori develop prostate cancer.
The variants described herein do however indicate
increased and/or decreased likelihood that individuals
carrying the at-risk or protective variants of the
invention will ultimately develop prostate cancer.
This information is however extremely valuable in
itself, as outlined in more detail in the below, as it
can be used to, for example, initiate preventive
measures at an early stage, perform regular physical
and/or mental exams to monitor the progress and/or
appearance of symptoms, or to schedule exams at a
regular interval to identify early symptoms, so as to
be able to apply treatment at an early stage. The
knowledge of 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 at-risk variant) and those with
decreased risk of developing the disease {i.e.
carriers of the protective variant, or non-carriers of
the at-risk 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. For
example, the application of a genetic test for
prostate cancer (including aggressive or high Gleason
grade prostate cancer, and less aggressive or low
Gleason grade prostate cancer)) can provide an
opportunity for the detection of the disease at an
earlier stage which may lead to the application of
therapeutic measures at an earlier stage, and thus can
minimize the deleterious effects of the symptoms and
serious health consequences conferred by cancer. Some
advantages of genetic tests for cancer include: 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
andspecificity 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, either benign 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). I n one embodiment, the method of the
invention is performed in combination with (either
prior to, concurrently or after) a PSA assay. I n 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. I n 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 morelikely that the cancer will grow beyond the
boundaries of the prostate gland, metastasize, escape
therapy and/or kill the host. I n one embodiment, the
presence of a marker or haplotype is indicative of a
predisposition to a somatic rearrangement [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
aggressiveness 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); and M indicates the presence
or absence of metastates (spread to a distant site).
METHODS Methods for risk assessment of prostate cancer
are described herein and are encompassed by the
invention. The invention also encompasses methods of
assessing an individual for probability of response to
a therapeutic agent for prostate cancer, methods for
predicting the effectiveness of a therapeutic agent
for prostate cancer, nucleic acids, polypeptides and
antibodies and computer-implemented functions. Kits
for assaying a sample from a subject to detect
susceptibility to prostate cancer are also encompassed
by the invention.Diagnostic and screening methods I n
certain embodiments, the present invention pertains to
methods of diagnosing, or aiding in the diagnosis of,
prostate cancer or a susceptibility to prostate
cancer, by detecting particular alleles at genetic
markers that appear more frequently in prostate cancer
subjects or subjects who are susceptible to prostate
cancer. I n a particular embodiment, the invention is
a method of diagnosing a susceptibility to prostate
cancer by detecting at least one allele of at least
one polymorphic marker (e.g., the markers described
herein). The present invention describes methods
whereby detection of particular alleles of particular
markers or haplotypes is indicative of a
susceptibility t o prostate cancer. Such prognostic or
predictive assays can also be used to determine
prophylactic treatment of a subject prior to the onset
of symptoms of prostate cancer. The present invention
pertains in some embodiments to methods of clinical
applications of diagnosis, e.g., diagnosis performed
by a medical professional. I n other embodiments, the
invention pertains to methods of diagnosis or
determination of a susceptibility performed by a
layman. Recent technological advances in genotyping
technologies, including highthroughput genotyping of
SNP markers, such as Molecular Inversion Probe array
technology {e.g., Affymetrix GeneChip), and BeadArray
Technologies (e.g., Illumina GoldenGate and Infinium
assays) have made it possible for individuals to have
their own genome assessed for up to one million SNPs
simultaneously, at relatively little cost. The
resulting genotype information, made available to the
individual can be compared to information from the
public litterature about disease or trait (e.g.,
prostate cancer) risk associated with various SNPs.
The diagnostic application of disease-associated
alleles as described herein, can thus be performed
either by the individual, through analysis of his/her
genotype data, or by a health professional based on
results of a clinical test. I n other words, the
diagnosis or assessment of a susceptibility based on
genetic risk can be made by health professionals,
genetic counselors or by the layman, based on
information about his/her genotype and publications on
various risk factors. In the present context, the term
"diagnosing", "diagnose a susceptibility" and
"determine a susceptibility" is meant to refer to any
available diagnostic method, including those mentioned
above. I n addition, in certain other embodiments, the
present invention pertains to methods of diagnosing,
or aiding in the diagnosis of, a decreased
susceptibility to prostate cancer, by detecting
particular genetic marker alleles or haplotypes that
appear less frequently in prostate cancer patients
than in individual not diagnosed with prostate cancer
or in the general population.As described and
exemplified herein, particular marker alleles or
haplotypes (e.g. markers located within LD block C02,
LD block C04a, TCF2, LD block C17b and LD block COXa,
the markers and haplotypes as listed in Tables 12-16,
and markers in linkage disequilibrium therewith, e.g.,
the markers as listed in Tables 7-11) are associated
with prostate cancer (e.g., aggressive prostate
cancer). I n one embodiment, the marker allele or
haplotype is one that confers a significant risk or
susceptibility to prostate cancer. I n another
embodiment, the invention relates to a method of
diagnosing a susceptibility to prostate cancer in a
human individual, the method comprising determining
the presence or absence of at least one allele of at
least one polymorphic marker in a nucleic acid sample
obtained from the individual, wherein the at least one
polymorphic marker is selected from the group
consisting of the polymorphic markers located within
LD block C02, LD block C04a, TCF2, LD block C17b and
LD block COXa, the markers as listed in Tables 7-11,
and markers in linkage disequilibrium therewith,
and/or the markers as listed in Tables 11-15. 



I n another embodiment, the invention pertains to
methods of diagnosing a susceptibility to prostate
cancer in a human individual, by screening for at
least one marker allele or haplotype, e.g. markers
located within LD block C02, LD block C04a, TCF2, LD
block C17b or LD block COXa, and markers in linkage
disequilibrium therewith. I n another embodiment, the
marker allele or haplotype is more frequently present
in a subject having, or who is susceptible to,
prostate cancer (affected), as compared to the
frequency of its presence in a healthy subject
(control, such as population controls). In another
embodiment, the invention relates to a method of
determining a susceptibility to prostate cancer in a
human individual, the method comprising determining
the presence or absence of at least one allele of at
least one polymorphic marker in a nucleic acid sample
obtained from the individual, wherein the at least one
polymorphic marker is selected from the group
consisting of markers rs3923603 (SEQ ID NO:1),
rs4430796 (SEQ ID NO: 2), rs7501939 (SEQ ID NO:3),
rsl859962 (SEQ ID NO:4), D17S1350 (SEQ ID NO:5),
rs5945572 (SEQ ID NO:6), rs5945605 (SEQ ID NO: 7),
rs2710646 (SEQ ID NO:8), rs3760511 (SEQ ID NO: 56),
rs7214479 (SEQ ID NO: 134), rs6501445 (SEQ ID NO:
146), rs983085 (SEQ ID NO: 150), rs5945605 (SEQ ID NO:
178) and rs721048 (SEQ ID NO: 344), and markers in
linkage disequilibrium therewith. I n certain
embodiments, the significance of association of the at
least one marker allele or haplotype is characterized
by a p value < 0.05. I n other embodiments, the
significance of association is characterized by
smaller pvalues, such as < 0.01, <0.001, <0.0001,
<0.00001, <0. 000001, <0. 0000001, <0.00000001 or <0.
000000001. I n these embodiments, the presence of the
at least one marker allele or haplotype is indicative
of a susceptibility to prostate cancer. These
diagnostic methods involve detecting the presence or
absence of at least one marker allele or haplotype
that is associated with prostate cancer. The
haplotypes described herein include combinations
ofalleles at various genetic markers (e.g., SNPs,
microsatellites). The detection of the particular
genetic marker alleles 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 by
other means known to the skilled in the art) or at the
amino acid level if the genetic marker affects the
coding sequence of a protein encoded by a prostate
cancer -associated nucleic acid (e.g., by protein
sequencing or by immunoassays using antibodies that
recognize such a protein). The marker alleles or
haplotypes of the present invention correspond to
fragments of a genomic DNA sequence associated with
prostate cancer. Such fragments encompass the DNA
sequence of the polymorphic marker or haplotype in
question, but may also include DNA segments in strong
LD (linkage disequilibrium) with the marker or
haplotype (for example, as determined by a value of
^greater than 0.2 and/or |D'| > 0.8). I n one
embodiment, diagnosis of a susceptibility to prostate
cancer 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 a/., 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 prostate 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 a specific marker allele can be indicated
by sequence-specific hybridization of a nucleic acid
probe specific for the particular allele. The presence
of more than specific marker allele or a specific
haplotype can be indicated by using several
sequence-specific nucleic acid probes, each being
specific for a particular allele. I n one embodiment,
a haplotype can be indicated by a single nucleic acid
probe that is specific for the specific haplotype
{i.e., hybridizes specifically to a DNA strand
comprising the specific marker alleles characteristic
of the haplotype). 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 prostate
cancer, a hybridization sample is formed by contacting
the test sample containing an prostate cancer
-associated nucleic acid, such asa genomic DNA sample,
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, the nucleic acid probe can comprise all or a
portion of the nucleotide sequence of LD block C02, LD
block C04a, TCF2, LD block C17b and LD block COXa, as
described herein, or all or a portion of the
nucleotide sequences set forth in SEQ ID NO:1 - 362
herein, optionally comprising at least one allele of a
marker described herein, or at least one haplotype
described herein (e.g., the markers and haplotypes as
listed in Tables 7-11, and markers in linkage
disequilibrium therewith), or the probe can be the
complementary sequence of such a sequence. I n a
particular embodiment, the nucleic acid probe is a
portion of the nucleotide sequence of LD block C02, LD
block C04a, TCF2, LD block C17b and LD block COXa, or
all or a portion of the nucleotide sequences set forth
in SEQ ID NO:1 - 362, as described herein, optionally
comprising at least one allele of a marker described
herein (e.g., the markers and haplotypes as listed in
Tables 7-11, and markers in linkage disequilibrium
therewith), or 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. Hybridization can
be performed by methods well known to the person
skilled in the art (see, e.g., Current Protocols in
Molecular Biology, Ausubel, F. etal., eds., John Wiley
& Sons, including all supplements). In one embodiment,
hybridization refers to specific hybridization, i.e.,
hybridization with no mismatches (exact
hybridization). I n one embodiment, the hybridization
conditions for specific hybridization are high
stringency. Specific hybridization, if present, is
detected using standard methods. If specific
hybridization occurs between the nucleic acid probe
and the prostate cancer-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 other markers of the present invention, or markers
that make up a haplotype of the present invention, or
multiple probes can be used concurrently to detect
more than one marker alleles at a time. It is also
possible to design a single probe containing more than
one marker alleles 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., a
haplotype) and therefore is susceptible to prostate
cancer.I n one preferred embodiment, a method
utilizing a detection oligonucleotide probe comprising
a fluorescent moiety or group at its 3' terminus and a
quencher at its 5' terminus, and an enhancer
oligonucleotide, is employed, as described by Kutyavin
et al. (Nucleic Acid Res. 34:el28 (2006)). The
fluorescent moiety can be Gig Harbor Green or Yakima
Yellow, or other suitable fluorescent moieties. The
detection probe is designed to hybridize to a short
nucleotide sequence that includes the SNP polymorphism
to be detected. Preferably, the SNP is anywhere from
the terminal residue to -6 residues from the 3' end of
the detection probe. The enhancer is a short
oligonucleotide probe which hybridizes to the DNA
template 3' relative to the detection probe. The
probes are designed such that a single nucleotide gap
exists between the detection probe and the enhancer
nucleotide probe when both are bound to the template.
The gap creates a synthetic abasic site that is
recognized by an endonuclease, such as Endonuclease
IV. The enzyme cleaves the dye off the fully
complementary detection probe, but cannot cleave a
detection probe containing a mismatch. Thus, by
measuring the fluorescence of the released fluorescent
moiety, assessment of the presence of a particular
allele defined by nucleotide sequence of the detection
probe can be performed. The detection probe can be of
any suitable size, although preferably the probe is
relatively short. I n one embodiment, the probe is
from 5-100 nucleotides in length. I n another
embodiment, the probe is from 10-50 nucleotides in
length, and in another embodiment, the probe is from
12-30 nucleotides in length. Other lengths of the
probe are possible and within scope of the skill of
the average person skilled in the art. In a preferred
embodiment, the DNA template containing the SNP
polymorphism is amplified by Polymerase Chain Reaction
(PCR) prior to detection. I n such an embodiment, the
amplified DNA serves as the template for the detection
probe and the enhancer probe. Certain embodiments of
the detection probe, the enhancer probe, and/or the
primers used for amplification of the template by PCR
include the use of modified bases, including modified
A and modified G. The use of modified bases can be
useful for adjusting the melting temperature of the
nucleotide molecule (probe and/or primer) to the
template DNA, for example for increasing the melting
temperature in regions containing a low percentage of
G or C bases, in which modified A with the capability
of forming three hydrogen bonds to its complementary T
can be used, or for decreasing the melting temperature
in regions containing a high percentage of G or C
bases, for example by using modified G bases that form
only two hydrogen bonds to their complementary C base
in a double stranded DNA molecule. I n a preferred
embodiment, modified bases are used in the design of
the detection nucleotide probe. Any modified base
known to the skilled person can be selected in these
methods, and the selection of suitable bases is well
withinthe scope of the skilled person based on the
teachings herein and known bases available from
commercial sources as known to the skilled person. I n
another hybridization method, Northern analysis (see
Current Protocols in Molecular Biology, Ausubel, F. et
a/., eds., John Wiley & Sons, supra) is used to
identify the presence of a polymorphism associated
with prostate cancer. 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 RIMA from the
subject is indicative of a particular allele
complementary to the probe. For representative
examples of use of nucleic acid probes, see, for
example, U.S. Patent Nos. 5,288,611 and 4,851,330
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 t o 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 marker alleles or 



haplotypes that are associated with prostate cancer.
Hybridization of the PNA probe is thus diagnostic for
prostate cancer or a susceptibility t o prostate
cancer. I n one embodiment of the invention, a test
sample containing genomic DNA obtained from the
subject is collected and the polymerase chain reaction
(PCR) is used to amplify a fragment comprising one ore
more markers or haplotypes of the present invention.
As described herein, identification of a particular
marker allele or haplotype associated with prostate
cancer 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.). I n 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), t o allow
the identification of polymorphisms and 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 a prostate
cancer-associated nucleic acid. Further, the
expression of the variant(s) can be quantified as
physically or functionally different. I n another
method of the invention, analysis by restriction
digestion can be used t o detect a particular allele
if the allele results in the creation or elimination
of a restriction site relative to a reference
sequence. 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 prostate cancer (e.g. the polymorphic
markers and haplotypes of Tables 7 - 11, and markers
in linkage disequilibrium therewith). Therefore, in
one embodiment, determination of the presence or
absence of a particular marker allelesor haplotypes
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 a prostate cancer-associated
nucleic acid, and the presence of a specific allele
can then be detected directly by sequencing the
polymorphic site (or multiple polymorphic sites) of
the genomic DNA in the sample. I n 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 prostate cancer-associated nucleic acid (e.g. the
polymorphic markers and haplotypes of Tables 7-11 and
markers in linkage disequilibrium therewith). 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
92/10092). 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 :767-773 (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. I n
another example, linear arrays can be utilized.
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 prostate cancer (e.g. the polymorphic markers and
haplotypes of Tables 7 - 11, and markers in linkage
disequilibrium therewith). Representative methods
include, for example, direct manual sequencing (Church
and Gilbert, Proc. Natl. Acad. Sci. USA, 81: 1991-1995
(1988); Sanger, F., et al., Proc. Natl.Acad. Sci. 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. Sci. USA,
86:232-236 (1989)), mobility shift analysis (Orita,
M., et al., Proc. Natl. Acad. Sci. USA, 86:2766-2770
(1989)), restriction enzyme analysis (Flavell, R., et
al., Cell, 15:25-41 (1978); Geever, R., et al., Proc.
Natl. Acad. Sci. USA, 78:5081-5085 (1981));
heteroduplex analysis; chemical mismatch cleavage
(CMC) (Cotton, R., et al., Proc. Natl. Acad. Sci. USA,
85:4397-4401 (1985)); RNase protection assays (Myers,
R., etal., Science, 230:1242-1246 (1985); use of
polypeptides that recognize nucleotide mismatches,
such as E. coli mutS protein; and allele-specific PCR.
I n another embodiment of the invention, diagnosis or
determination of prostate cancer or a susceptibility
to prostate cancer can be made by examining expression
and/or composition of a polypeptide encoded by
prostate cancer-associated nucleic acid in those
instances where the genetic marker(s) or haplotype(s)
of the present invention result in a change in the
composition or expression of the polypeptide. Thus,
diagnosis of a susceptibility to prostate cancer can
be made by examining expression and/or composition of
one of these polypeptides, or another polypeptide
encoded by a prostate cancerassociated nucleic acid,
in those instances where the genetic marker or
haplotype of the present invention results in a change
in the composition or expression of the polypeptide.
The haplotypes and markers of the present invention
that show association to prostate cancer may play a
role through their effect on one or more of these
nearby genes. Possible mechanisms affecting these
genes 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. Thus, in another embodiment, the
variants (markers or haplotypes) of the invention
showing association to prostate cancer affect the
expression of a nearby gene. It is well known that
regulatory element affecting gene expression may be
located far away, even as far as tenths or even
hundreds of kilobases away, from the promoter region
of a gene. By assaying for the presence or absence of
at least one allele of at least one polymorphic marker
of the present invention, it is thus possible to
assess the expression level of such nearby genes. I t
is thus contemplated that the detection of the markers
or haplotypes of the present invention can be used for
assessing expression for one or more of such genes. I
n one such embodiment, the gene is the TCF2 gene. A
variety of methods can be used to make such a
detection, including enzyme linked immunosorbent
assays (ELISA), Western blots, immunoprecipitations
andimmunofluorescence. 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 prostate cancer-associated
nucleic acid. An alteration in expression of a
polypeptide encoded by a prostate cancer-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 prostate
cancer-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 prostate cancer is made by detecting
a particular splicing variant encoded by a prostate
cancer-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 prostate cancer-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, prostate cancer (e.g., a subject
that does not possess a marker allele 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 prostate cancer. 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 prostate cancer-associated nucleic acid
can be used, including spectroscopy, colorimetry,
electrophoresis, isoelectric focusing, and
immunoassays (e.g., David et a/., U.S. Pat. No.
4,376,110) 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 prostate cancer-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-labeledsecondary antibody) and
end-labeling of a DNA probe with biotin such that it
can be detected with fluorescently-labeled
streptavidin. I n one embodiment of this method, the
level or amount of polypeptide encoded by a prostate
cancer-associated nucleic acid in a test sample is
compared with the level or amount of the polypeptide
encoded by a prostate cancer-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 prostate cancer-associated nucleic
acid, and is diagnostic for a particular allele or
haplotype responsible for causing the difference in
expression. Alternatively, the composition of the
polypeptide encoded by a prostate cancer-associated
nucleic acid in a test sample is compared with the
composition of the polypeptide encoded by a prostate
cancer-associated nucleic acid in a control sample. I
n 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. I n another
embodiment, the diagnosis of a susceptibility to
prostate cancer is made by detecting at least one
prostate cancer-associated marker allele or haplotype
(e.g., the polymorphic markers and haplotypes of
Tables 1-10 and markers in linkage disequilibrium
therewith) in combination with an additional
protein-based, RNA-based or DNA-based assay. 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).
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 RFLP analysis),
allele-specific oligonucleotides, antibodies that bind
t o an altered polypeptide encoded by prostate
cancer-associated nucleic acid (e.g., antibodies that
bind to a polypeptide encoded by a genomic segment
comprising at least one polymorphic marker and/or
haplotype of the present invention) or to a
non-altered (native) polypeptide encoded by a prostate
cancer-associated nucleic acid, means for
amplification of a prostate cancer-associated nucleic
acid, including amplification of markers associated
with prostate cancer, as described herein, means for
analyzing the nucleic acid sequence of prostate
cancer-associated nucleic acid, means for analyzing
the amino acid sequence of apolypeptide encoded by a
prostate cancer-associated nucleic acid, etc. The kits
can for example include necessary buffers, nucleic
acid primers for amplifying nucleic acids of the
invention (e.g., one or more of the polymorphic
markers as described herein), and reagents for
allele-specific detection of the fragments amplified
using such primers and necessary enzymes (e.g., DNA
polymerase). 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 prostate cancer diagnostic assays. I n one
embodiment, the invention is a kit for assaying a
sample from a subject to detect prostate cancer or a
susceptibility to prostate cancer in a subject,
wherein the kit comprises reagents necessary for
selectively detecting at least one allele of at least
one polymorphism of the present invention in the
genome of the individual. I n a particular embodiment,
the reagents comprise at least one contiguous
oligonucleotide that hybridizes to a fragment of the
genome of the individual comprising at least one
polymorphism of the present invention (e.g., the
polymorphic markers and haplotypes of Tables 7-11 and
markers in linkage disequilibrium therewith). I n
another embodiment, the reagents comprise at least one
pair of oligonucleotides that hybridize to opposite
strands of a genomic segment obtained from a subject,
wherein each oligonucleotide primer pair is designed
to selectively amplify a fragment of the genome of the
individual that includes one polymorphism, wherein the
polymorphism is selected from the group consisting of
the polymorphisms as defined in and polymorphic
markers in linkage disequilibrium therewith. I n yet
another embodiment the fragment is at least 20 base
pairs in size. Such oligonucleotides or nucleic acids
(e.g., oligonucleotide primers) can be designed using
portions of the nucleic acids flanking polymorphisms
(e.g., SNPs or microsatellites) that are indicative of
prostate cancer. I n another embodiment, the kit
comprises one or more labeled nucleic acids capable of
detecting one or more specific polymorphic markers or
haplotypes associated with prostate cancer, 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. I n particular
embodiments, the polymorphic 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 set
forth in any one of the Tables 7 - 15 herein. I n
another embodiment, the marker or haplotype to be
detected comprises at least one of the markers set
forth in any of the Tables 7 - 11 herein. I n another
embodiment, the marker or haplotype to be detected
comprises at least one of the markers rs3923603 (SEQ
ID NO:1), rs4430796 (SEQ ID NO:2), rs7501939 (SEQ ID
NO:3), rsl859962 (SEQ ID NO:4), D17S1350 (SEQ ID
NO:5), rs5945572 (SEQ ID NO:6), rs5945605 (SEQ ID
NO:7), rs2710646 (SEQ ID NO:8), rs3760511 (SEQ ID
NO:56), rs7214479 (SEQ ID NO: 134),rs6501445 (SEQ ID
NO: 146), rs983085 (SEQ ID NO: 150), rs5945605 (SEQ ID
NO: 178) and rs721048 (SEQ ID NO:344),or markers in
linkage disequilibrium therewith. The kit of the
invention in one embodiment comprises at least one
oligonucleotide probe that is from 5-100 nucleotides
in length and specifically hybridizes (under stringent
conditions) to all or a portion of the TCF2 gene, the
LD block C02, the LD block C17b, the LD block COXa or
the LD block C04a, and wherein at least one of said at
least one oligonucleotide probes comprises a
polymorphism selected from the group of polymorphisms
listed in Tables 7-11, and polymorphisms in linkage
disequilibrium therewith. I n one embodiment, the kit
further comprises at least one oligonucleotide pair
for amplifying a genomic fragment comprising at least
one polymorphism as set forth in SEQ ID NO: 1-362, the
segment being from 40-500 nucleotides in length. I n
another embodiment, the oligonucleotide probe
comprises a detectable label. In another embodiment,
the kit comprises two oligonucleotide probes, wherein
one of said probes comprises at least one detectable
label and a polymorphism as listed in any of the
Tables 7-11. I n another embodiment, one of said
probes comprises one detectable label, a quencher and
a polymorphism as listed in any of the Tables 7-11. I
n another embodiment, the invention relates to a kit
for assessing susceptibility to prostate cancer, the
kit comprising at least one oligonucleotide, from 15
to 200 nucleotides in length, that specifically
hybridizes to a nucleotide molecule comprising at
least one polymorphic marker as set forth in any of
the Tables 7-11, and polymorphic markers in linkage
disequilibrium therewith. I n one preferred
embodiment, the kit for detecting the markers of the
invention comprises a detection oligonucleotide probe,
that hybridizes to a segment of template DNA
containing a SNP polymorphisms to be detected, an
enhancer oligonucleotide probe and an endonuclease. As
explained in the above, the detection oligonucleotide
probe comprises a fluorescent moiety or group at its
3' terminus and a quencher at its 5' terminus, and an
enhancer oligonucleotide, is employed, as described by
Kutyavin et al. {Nucleic Acid Res. 34:el28 (2006)).
The fluorescent moiety can be Gig Harbor Green or
Yakima Yellow, or other suitable fluorescent moieties.
The detection probe is designed to hybridize to a
short nucleotide sequence that includes the SNP
polymorphism to be detected. Preferably, the SNP is
anywhere from the terminal residue to -6 residues from
the 3' end of the detection probe. The enhancer is a
short oligonucleotide probe which hybridizes to the
DNA template 3' relative to the detection probe. The
probes are designed such that a single nucleotide gap
exists between the detection probe and the enhancer
nucleotide probe when both are bound to the template.
The gap creates a synthetic abasic site that is
recognized by an endonuclease, such as Endonuclease
IV. The enzyme cleaves the dye off the fully
complementary detection probe, but cannot cleave a
detection probe containing amismatch. Thus, by
measuring the fluorescence of the released fluorescent
moiety, assessment of the presence of a particular
allele defined by nucleotide sequence of the detection
probe can be performed. The detection probe can be of
any suitable size, although preferably the probe is
relatively short. I n one embodiment, the probe is
from 5-100 nucleotides in length. In another
embodiment, the probe is from 10-50 nucleotides in
length, and in another embodiment, the probe is from
12-30 nucleotides in length. Other lengths of the
probe are possible and within scope of the skill of
the average person skilled in the art. I n a preferred
embodiment, the DNA template containing the SNP
polymorphism is amplified by Polymerase Chain Reaction
(PCR) prior to detection, and primers for such
amplification are included in the reagent kit. I n
such an embodiment, the amplified DNA serves as the
template for the detection probe and the enhancer
probe. In one embodiment, the DNA template is
amplified by means of Whole Genome Amplification (WGA)
methods, prior to assessment for the presence of
specific polymorphic markers as described herein.
Standard methods well known t o the skilled person for
performing WGA may be utilized, and are within scope
of the invention. I n one such embodiment, reagents
for performing WGA are included in the reagent kit.
Certain embodiments of the detection probe, the
enhancer probe, and/or the primers used for
amplification of the template by PCR include the use
of modified bases, including modified A and modified
G. The use of modified bases can be useful for
adjusting the melting temperature of the nucleotide
molecule (probe and/or primer) to the template DNA,
for example for increasing the melting temperature in
regions containing a low percentage of G or C bases,
in which modified A with the capability of forming
three hydrogen bonds to its complementary T can be
used, or for decreasing the melting temperature in
regions containing a high percentage of G or C bases,
for example by using modified G bases that form only
two hydrogen bonds to their complementary C base in a
double stranded DNA molecule. I n a preferred
embodiment, modified bases are used in the design of
the detection nucleotide probe. Any modified base
known to the skilled person can be selected in these
methods, and the selection of suitable bases is well
within the scope of the skilled person based on the
teachings herein and known bases available from
commercial sources as known to the skilled person. I n
one of such embodiments, the presence of the marker or
haplotype is indicative of a susceptibility (increased
susceptibility or decreased susceptibility) to
prostate cancer. In another embodiment, the presence
of the marker or haplotype is indicative of response
to a prostate cancer therapeutic agent. In another
embodiment, the presence of the marker or haplotype is
indicative of prognosis of prostate cancer. I n yet
anotherembodiment, the presence of the marker or
haplotype is indicative of progress of treatment of
prostate cancer. Such treatment may include
intervention by surgery, medication or by other means
(e.g., lifestyle changes). I n a further aspect of the
present invention, a pharmaceutical pack (kit) is
provided, the pack comprising a therapeutic agent and
a set of instructions for administration of the
therapeutic agent to humans diagnostically tested for
one or more variants of the present invention, as
disclosed herein. The therapeutic agent can be a small
molecule drug, an antibody, a peptide, an antisense or
RNAi molecule, or other therapeutic molecules. In one
embodiment, an individual identified as a carrier of
at least one variant of the present invention is
instructed t o take a prescribed dose of the
therapeutic agent. I n one such embodiment, an
individual identified as a homozygous carrier of at
least one variant of the present invention is
instructed to take a prescribed dose of the
therapeutic agent. I n another embodiment, an
individual identified as a noncarrier of at least one
variant of the present invention is instructed to take
a prescribed dose of the therapeutic agent. I n
certain embodiments, the kit further comprises a set
of instructions for using the reagents comprising the
kit. Therapeutic agents Variants of the present
invention {e.g., the markers and/or haplotypes of the
invention, e.g., the markers listed in Tables 7-11)
can also be used to identify novel therapeutic targets
for prostate cancer. For example, genes containing, or
in linkage disequilibrium with, variants (markers
and/or haplotypes) associated with prostate cancer
{e.g., TCF2), or their products, as well as genes or
their products that are directly or indirectly
regulated by or interact with these variant genes or
their products, can be targeted for the development of
therapeutic agents to treat prostate cancer, or
prevent or delay onset of symptoms associated with
prostate cancer. Therapeutic agents may comprise one
or more of, for example, small non-protein and
non-nucleic acid molecules, proteins, peptides,
protein fragments, nucleic acids (DNA, RNA), PNA
(peptide nucleic 



acids), or their derivatives or mimetics which can
modulate the function and/or levels of the target
genes or their gene products. The nucleic acids and/or
variants of the invention, or nucleic acids comprising
their complementary sequence, may be used as antisense
constructs to control gene expression in cells,
tissues or organs. The methodology associated with
antisense techniques is well known to the skilled
artisan, and is described and reviewed in Antisense
Drug Technology:Principles, Strategies, and
Applications, Crooke, ed., Marcel Dekker Inc., New
York (2001). In general, aptisense nucleic acid
molecules are designed to be complementary to a region
of mRNA expressed by a gene, so that the antisense
molecule hybridizes to the mRNA, thus blocking
translation of the mRNA into protein. Several classes
of antisense oligonucleotide are known to those
skilled in the art, including cleavers and blockers.
The former bind to target RNA sites, activate
intracellular nucleases {e.g., RnaseH or Rnase L),
that cleave the target RNA. Blockers bind to target
RNA, inhibit protein translation by steric hindrance
of the ribosomes. Examples of blockers include nucleic
acids, morpholino compounds, locked nucleic acids and
methylphosphonates (Thompson, Drug Discovery Today,
7:912-917 (2002)). Antisense oligonucleotides are
useful directly as therapeutic agents, and are also
useful for determining and validating gene function,
for example by gene knock-out or gene knock-down
experiments. Antisense technology is further described
in Lavery et al., Curr. Opin. Drug Discov. Devel.
6:561-569 (2003), Stephens et al., Curr. Opin. MoI.
Then 5:118-122 (2003), Kurreck, Eur. J. Biochem.
270:1628-44 (2003), Dias et al., MoI. Cancer Ter.
1:347-55 (2002), Chen, Methods MoI. Med. 75:621- 636
(2003), Wang et al., Curr. Cancer Drug Targets
1:177-96 (2001), and Bennett, Antisense Nucleic Acid
Drug.Dev. 12:215-24 (2002) The variants described
herein can be used for the selection and design of
antisense reagents that are specific for particular
variants. Using information about the variants
described herein, antisense oligonucleotides or other
antisense molecules that specifically target mRNA
molecules that contain one or more variants of the
invention can be designed. I n this manner, expression
of mRNA molecules that contain one or more variant of
the present invention (markers and/or haplotypes) can
be inhibited or blocked. I n one embodiment, the
antisense molecules are designed to specifically bind
a particular allelic form {i.e., one or several
variants (alleles and/or haplotypes)) of the target
nucleic acid, thereby inhibiting translation of a
product originating from this specific allele or
haplotype, but which do not bind other or alternate
variants at the specific polymorphic sites of the
target nucleic acid molecule. As antisense molecules
can be used to inactivate mRNA so as to inhibit gene
expression, and thus protein expression, the molecules
can be used to treat a disease or disorder, such as
prostate cancer. The methodology can involve cleavage
by means of ribozymes containing nucleotide sequences
complementary to one or more regions in the mRNA that
attenuate the ability of the mRNA to be translated.
Such mRNA regions include, for example, protein-coding
regions, in particular protein-coding regions
corresponding to catalytic activity, sustrate and/or
ligand binding sites, or other functional domains of a
protein.The phenomenon of RNA interference (RNAi) has
been actively studied for the last decade, since its
original discovery in C. elegans (Fire et al., Nature
391:806-11 (1998)), and in recent years its potential
use in treatment of human disease has been actively
pursued (reviewed in Kim & Rossi, Nature Rev. Genet.
8:173-204 (2007)). RNA interference (RNAi), also
called gene silencing, is based on using
double-stranded RNA molecules (dsRNA) to turn off
specific genes. I n the cell, cytoplasmic
double-stranded RNA molecules (dsRNA) are processed by
cellular complexes into small interfering RNA (siRNA).
The siRNA guide the targeting of a protein-RNA complex
to specific sites on a target mRNA, leading to
cleavage of the mRNA (Thompson, Drug Discovery Today,
7:912-917 (2002)). The siRNA molecules are typically
about 20, 21, 22 or 23 nucleotides in length. Thus,
one aspect of the invention relates to isolated
nucleic acid molecules, and the use of those molecules
for RNA interference, i.e. as small interfering RNA
molecules (siRNA). In one embodiment, the isolated
nucleic acid molecules are 18-26 nucleotides in
length, preferably 19-25 nucleotides in length, more
preferably 20-24 nucleotides in length, and more
preferably 21, 22 or 23 nucleotides in length. Another
pathway for RNAi-mediated gene silencing originates in
endogenously encoded primary microRNA (pri-miRNA)
transcripts, which are processed in the cell to
generate precursor miRNA (pre-miRNA). These miRNA
molecules are exported from the nucleus to the
cytoplasm, where they undergo processing to generate
mature miRNA molecules (miRNA), which direct
translational inhibition by recognizing target sites
in the 3' untranslated regions of mRNAs, and
subsequent mRNA degradation by processing Pbodies
(reviewed in Kim & Rossi, Nature Rev. Genet. 8:173-204
(2007)). Clinical applications of RNAi include the
incorporation of synthetic siRNA duplexes, which
preferably are approximately 20-23 nucleotides in
size, and preferably have 3' overlaps of 2
nucleotides. Knockdown of gene expression is
established by sequencespecific design for the target
mRNA. Several commercial sites for optimal design and
synthesis of such molecules are known to those skilled
in the art. Other applications provide longer siRNA
molecules (typically 25-30 nucleotides in length,
preferably about 27 nucleotides), as well as small
hairpin RNAs (shRNAs; typically about 29 nucleotides
in length). The latter are naturally expressed, as
described in Amarzguioui et al. (FEBS Lett.
579:5974-81 (2005)). Chemically synthetic siRNAs and
shRNAs are substrates for in vivo processing, and in
some cases provide more potent gene-silencing than
shorter designs (Kim et al., Nature Biotechnol.
23:222-226 (2005); Siolas et al., Nature Biotechnol.
23:227-231 (2005)). I n general siRNAs provide for
transient silencing of gene expression, because their
intracellular concentration is diluted by subsequent
cell divisions. By contrast, expressed shRNAs mediate
long-term, stable knockdown of target transcrips, for
as long as transcription of the shRNA takes
place(Marques et al., Nature Biotechnol. 23:559-565
(2006); Brummelkamp et al., Science 296: 550-553
(2002)). Since RNAi molecules, including siRNA, miRNA
and shRNA, act in a sequencedependent manner, the
variants of the present invention (e.g., the markers
and haplotypes set forth in Tables 7-11) can be used t
o design RNAi reagents that recognize specific nucleic
acid molecules comprising specific alleles and/or
haplotypes [e.g., the alleles and/or haplotypes of the
present invention), while not recognizing nucleic acid
molecules comprising other alleles or haplotypes.
These RNAi reagents can thus recognize and destroy the
target nucleic acid molecules. As with antisense
reagents, RNAi reagents can be useful as therapeutic
agents (i.e., for turning off disease-associated genes
or disease-associated gene variants), but may also be
useful for characterizing and validating gene function
(e.g., by gene knock-out or gene knock-down
experiments). Delivery of RNAi may be performed by a
range of methodologies known t o those skilled in the
art. Methods utilizing non-viral delivery include
cholesterol, stable nucleic acid-lipid particle
(SNALP), heavy-chain antibody fragment (Fab), aptamers
and nanoparticles. Viral delivery methods include use
of lentivirus, adenovirus and adenoassociated virus.
The siRNA molecules are in some embodiments chemically
modified t o increase their stability. This can
include modifications at the 2' position of the
ribose, including 2'-O-methylpurines and
2'-fluoropyrimidines, which provide resistance t o
Rnase activity. Other chemical modifications are
possible and known to those skilled in the art. The
following references provide a further summary of
RIMAi, and possibilities for targeting specific genes
using RNAi: Kim & Rossi, Nat. Rev. Genet. 8:173-184
(2007), Chen & Rajewsky, Nat. Rev. Genet. 8 : 93-103
(2007), Reynolds, et al., Nat. Biotechnol. 22:326-330
(2004), Chi et al., Proc. Natl. Acad. Sci. USA
100:6343-6346 (2003), Vickers et al., J. Biol. Chem.
278:7108-7118 (2003), Agami, Curr. Opin. Chem. Biol.
6:829-834 (2002), Lavery, et al., Curr. Opin. Drug
Discov. Devel. 6:561-569 (2003), Shi, Trends Genet.
19:9-12 (2003), Shuey et al., Drug Discov. Today
7:1040-46 (2002), McManus et al., Nat. Rev. Genet.
3:737-747 (2002), Xia et al., Nat. Biotechnol.
20:1006-10 (2002), Plasterk et al., curr. Opin. Genet.
Dev. 10:562-7 (2000), Bosher etal., Nat. Cell Biol.
2:E31-6 (2000), and Hunter, Curr. Biol. 9:R440-442
(1999). A genetic defect leading to increased
predisposition or risk for development of a disease,
including prostate cancer, or a defect causing the
disease, may be corrected permanently by administering
to a subject carrying the defect a nucleic acid
fragment that incorporates a repair sequence that
supplies the normal/wild-type nucleotide(s) at the
site of the genetic defect. Such site-specific repair
sequence may concompass an RNA/DNA oligonucleotide
that operates t o promote endogenous repair of a
subject's genomic DNA.The administration of the repair
sequence may be performed by an appropriate vehicle,
such as a complex with polyethelenimine, encapsulated
in anionic liposomes, a viral vector such as an
adenovirus vector, or other pharmaceutical
compositions suitable for promoting intracellular
uptake of the adminstered nucleic acid. The genetic
defect may then be overcome, since the chimeric
oligonucleotides induce the incorporation of the
normal sequence into the genome of the subject,
leading to expression of the normal/wild-type gene
product. The replacement is propagated, thus rendering
a permanent repair and alleviation of the symptoms
associated with the disease or condition. The present
invention provides methods for identifying compounds
or agents that can be used to treat prostate cancer.
Thus, the variants of the invention are useful as
targets for the identification and/or development of
therapeutic agents. Such methods may include assaying
the ability of an agent or compound to modulate the
activity and/or expression of a nucleic acid that
includes at least one of the variants (markers and/or
haplotypes) of the present invention, or the encoded
product of the nucleic acid. This in turn can be used
to identify agents or compounds that inhibit or alter
the undesired activity or expression of the encoded
nucleic acid product. Assays for performing such
experiments can be performed in cell-based systems or
in cell-free systems, as known to the skilled person.
Cell-based systems include cells naturally expressing
the nucleic acid molecules of interest, or recombinant
cells that have been genetically modified so as to
express a certain desired nucleic acid molecule.
Variant gene expression in a patient can be assessed
by expression of a variantcontaining nucleic acid
sequence (for example, a gene containing at least one
variant of the present invention, which can be
transcribed into RNA containing the at least one
variant, and in turn translated into protein), or by
altered expression of a normal/wild-type nucleic acid
sequence due to variants affecting the level or
pattern of expression of the normal transcripts, for
example variants in the regulatory or control region
of the gene. Assays for gene expression include direct
nucleic acid assays (mRNA), assays for expressed
protein levels, or assays of collateral compounds
involved in a pathway, for example a signal pathway.
Furthermore, the expression of genes that are up- or
downregulated in response to the signal pathway can
also be assayed. One embodiment includes operably
linking a reporter gene, such as luciferase, to the
regulatory region of the gene(s) of interest.
Modulators of gene expression can in one embodiment be
identified when a cell is contacted with a candidate
compound or agent, and the expression of mRNA is
determined. The expression level of mRNA in the
presence of the candidate compound or agent is
compared to the expression level in the absence of the
compound or agent. Based on this comparison, candidate
compounds or agents for treating prostate cancer canbe
identified as those modulating the gene expression of
the variant gene. When 



expression of mRNA or the encoded protein is
statistically significantly greater in the presence of
the candidate compound or agent than in its absence,
then the candidate compound or agent is identified as
a stimulator or up-regulator of expression of the
nucleic acid. When nucleic acid expression or protein
level is statistically significantly less in the
presence of the candidate compound or agent than in
its absence, then the candidate compound is identified
as an inhibitor or down-regulator of the nucleic acid
expression. The invention further provides methods of
treatment using a compound identified through drug
(compound and/or agent) screening as a gene modulator
{i.e. stimulator and/or inhibitor of gene expression).
Methods of assessing probabibility of response to
therapeutic agents, methods of monitoring progress of
treatment and methods of treatment As is known in the
art, individuals can have differential responses to a
particular therapy (e.g., a thereapeutic agent or
therapeutic method). Pharmacogenomics addresses the
issue of how genetic variations {e.g., the variants
(markers and/or haplotypes) of the present invention)
affect drug response, due to altered drug disposition
and/or abnormal or altered action of the drug . Thus,
the basis of the differential response may be
genetically determined in part. Clinical outcomes due
to genetic variations affecting drug response may
result in toxicity of the drug in certain individuals
(e.g., carriers or noncarriers of the genetic variants
of the present invention), or therapeutic failure of
the drug. Therefore, the variants of the present
invention may determine the manner in which a
therapeutic agent and/or method acts on the body, or
the way in which the body metabolizes the therapeutic
agent. The therapeutic agent is in a preferred
embodiment a therapeutic agent for prostate cancer. I
n certain embodiments, the therapeutic agent is an
agent for hormonal therapy, such as an antiandrogen
(e.g., flutamide, bicalutamide, nilutamide,
cyproterone acetate), an andrenal androgen blocker
such as ketoconazole or aminoglutethimide, a GnRH
antagonist such as abarelix, a GnRH agonist such as
leuprolide, goserelin, triptorelin, or buserelin, or
an agent for chemotherapy, such as docetaxel, or a
bisphosphonate such as zoledronic acid. Accordingly,
in one embodiment, the presence of a particular allele
at a polymorphic site or haplotype is indicative of a
different, e.g. a different response rate, to a
particular treatment modality. This means that a
patient diagnosed with prostate cancer, and carrying a
certain allele at a polymorphic or haplotype of the
present invention (e.g., the at-risk and protective
alleles and/or haplotypes of the invention) would
respond better to, or worse to, a specific
therapeutic, drug and/or other therapy used to treat
thedisease. Common treatment modalities for prostate
cancer include surgery (prostatectomy), radiation
therapy, cryosurgery, and high intensity focused
ultrasound (HIFU). Therefore, the presence or absence
of the marker allele or haplotype could aid in
deciding what treatment should be used for a the
patient. For example, for a newly diagnosed patient,
the presence of a marker or haplotype of the present
invention may be assessed {e.g., through testing DNA
derived from a blood sample, as described herein). If
the patient is positive for a marker allele or
haplotype at (that is, at least one specific allele of
the marker, or haplotype, is present), then the
physician recommends one particular therapy, while if
the patient is negative for the at least one allele of
a marker, or a haplotype, then a different course of
therapy may be recommended (which may include
recommending that no immediate therapy, other than
serial monitoring for progression of the disease, be
performed). Thus, the patient's carrier status could
be used to help determine whether a particular
treatment modality should be administered. The value
lies within the possibilities of being able to
diagnose the disease at an early stage, to select the
most appropriate treatment, and provide information to
the clinician about prognosis/aggressiveness of the
disease in order to be able to apply the most
appropriate treatment. The present invention also
relates to methods of monitoring progress or
effectiveness of a treatment for prostate cancer,
including medication, surgery (prostatectomy),
radiation therapy, cryosurgery, and high intensity
focused ultrasound (HIFU). This can be done based on
the genotype and/or haplotype status of the markers
and haplotypes of the present invention, i.e., by
assessing the absence or presence of at least one
allele of at least one polymorphic marker as disclosed
herein, or by monitoring expression of genes that are
associated with the variants (markers and haplotypes)
of the present invention. The risk gene mRNA or the
encoded polypeptide can be measured in a tissue sample
[e.g., a peripheral blood sample, or a biopsy sample).
Expression levels and/or mRNA levels can thus be
determined before and during treatment to monitor its
effectiveness. Alternatively, or concomitantly, the
genotype and/or haplotype status of at least one risk
variant for prostate cancer, as presented herein, is
determined before and during treatment to monitor its
effectiveness. Alternatively, biological networks or
metabolic pathways related to the markers and
haplotypes of the present invention can be monitored
by determining mRNA and/or polypeptide levels. This
can be done for example, by monitoring expression
levels or polypeptides for several genes belonging to
the network and/or pathway, in samples taken before
and during treatment. Alternatively, metabolites
belonging to the biological network or metabolic
pathway can be determined before and during treatment.
Effectiveness of the treatment is determined by
comparing observed changes in expression
levels/metabolite levels during treatment to
corresponding data from healthy subjects.In a further
aspect, the markers of the present invention can be
used to increase power and effectiveness of clinical
trials. Thus, individuals who are carriers of at least
one at-risk variant of the present invention, i.e.
individuals who are carriers of at least one allele of
at least one polymorphic marker conferring increased
risk of developing prostate cancer may be more likely
to respond to a particular treatment modality. In one
embodiment, individuals who carry at-risk variants for
gene(s) in a pathway and/or metabolic network for
which a particular treatment {e.g., small molecule
drug) is targeting, are more likely to be responders
to the treatment. In another embodiment, individuals
who carry at-risk variants for a gene, which
expression and/or function is altered by the at-risk
variant, are more likely to be responders to a
treatment modality targeting that gene, its expression
or its gene product. This application can improve the
safety of clinical trials, but can also enhance the
chance that a clinical trial will demonstrate
statistically significant efficacy, which may be
limited to a certain sub-group of the population.
Thus, one possible outcome of such a trial is that
carriers of certain genetic variants, e.g., the
markers and haplotypes of the present invention, are
statistically significantly likely to show positive
response to the therapeutic agent, i.e. experience
alleviation of symptoms associated with prostate
cancer when taking the therapeutic agent or drug as
prescribed. In a further aspect, the markers and
haplotypes of the present invention can be used for
targeting the selection of pharmaceutical agents for
specific individuals. Personalized selection of
treatment modalities, lifestyle changes or combination
of the two, can be realized by the utilization of the
at-risk variants of the present invention. Thus, the
knowledge of an individual's status for particular
markers of the present invention, can be useful for
selection of treatment options that target genes or
gene products affected by the at-risk variants of the
invention. Certain combinations of variants may be
suitable for one selection of treatment options, while
other gene variant combinations may target other
treatment options. Such combination of variant may
include one variant, two variants, three variants, or
four or more variants, as needed to determine with
clinically reliable accuracy the selection of
treatment module. Computer-implemented aspects The
present invention also relates to computer-implemented
functions using the polymorphic markers and haplotypes
described herein to be associated with prostate
cancer. Such functions can be useful for storing,
manipulating or otherwise analyzing genotype data that
is useful in the methods of the invention.One such
aspect relates to computer-readable media. I n general
terms, such medium has capabilities of storing (i)
identifer information for at least one polymorphic
marker or a haplotye; (U) an indicator of the
frequency of at least one allele of said at least one
marker, or the frequency of a haplotype, in
individuals with prostate cancer; and an indicator of
the frequency of at least one allele of said at least
one marker, or the frequency of a haplotype, in a
reference population. The reference population can be
a disease-free population of individuals.
Alternatively, the reference population is a random
sample from the general population, and is thus
representativ of the population at large. The
frequency indicator may be a calculated frequency, a
count of alleles and/or haplotype copies, or
normalized or otherwise manipulated values of the
actual frequencies that are suitable for the
particular medium. Additional information about the
individual can be stored on the medium, such as
ancestry information, information about sex, physical
attributes or characteristics (including height and
weight), biochemical measurements (such as blood
pressure, blood lipid levels, history of previous
disease diagnosis (such as cancer, e.g., prostate
cancer), family history of cancer, e.g., prostate
cancer), or other useful information that is desirable
to store or manipulate in the context of the genotype
status of a particular individual. The invention
furthermore relates to an apparatus that is suitable
for determination or manipulation of genetic data
useful for determining a susceptibility to prostate
cancer in a human individual. Such an apparatus can
include a computer-readable memory, a routine for
manipulating data stored on the computer-readable
memory, and a routine for generating an output that
includes a measure of the genetic data. Such measure
can include values such as allelic or haplotype
frequencies, genotype counts, sex, age, phenotype
information, values for odds ratio (OR) or relative
risk (RR), population attributable risk (PAR), or
other useful information that is either a direct
statistic of the original genotype data or based on
calculations based on the genetic data. The markers
and haplotypes shown herein to be associated with
increased susceptibility (e.g., increased risk) of
prostate cancer, are in certain embodiments useful for
interpretation and/or analysis of genotype data. Thus
in certain embodiments, an identification of an
at-risk allele for prostate cancer, as shown herein,
or an allele at a polymorphic marker in LD with any
one of the markers shown herein to be associated with
prostate cancer, is indicative of the individual from
whom the genotype data originates is at increased risk
of prostate cancer. I n one such embodiment, genotype
data is provided for at least one polymorphic marker
shown herein to be associated with prostate cancer, or
a marker in linkage disequilibrium therewith. The
genotype data is subsequently made available to the
individual from whom the data originates, for example
via a user interface accessable over the internet,
together with an interpretation of the genotype data,
e.g., inthe form of a risk measure (such as an
absolute risk (AR), risk ratio (RR) or odds ratio
(OR)) for the disease (e.g., prostate cancer), based
on the known association between the at least one
marker and prostate cancer, as shown herein. I n
another embodiment, atrisk markers identified in a
genotype dataset derived from an individual are
assessed and results from the assessment of the risk
conferred by the presence of such at-risk varians in
the dataset are made available to the individual, for
example via a secure web interface, or by other
communication means. The results of such risk
assessment can be reported in numeric form (e.g., by
risk values, such as absolute risk, relative risk,
and/or an odds ratio, or by a percentage increase in
risk compared with a reference), by graphical means, 



or by other means suitable to illustrate the risk to
the individual from whom the genotype data is derived.
In particular embodiments, the results of risk
assessment is made available to a third party, e.g., a
physician, other healthcare worker or genetic
counselor. Markers useful in various aspects of the
invention The above-described methods and applications
can all be practiced with the markers and haplotypes
of the invention that have in more detail been
described herein in general terms as being useful for
assessing susceptibility to prostate cancer. Thus,
these applications can in certain embodiments be
reduced to practice using any one, or a plurality of,
markers located within, or in linkage disequilibrium
with LD block C02, LD block C04a, the TCF2 gene, LD
block C17b and/or LD block COXa, as defined herein. I
n other embodiments, the at least one marker is
selected from the markers set forth in Tables 7-11,
and markers in linkage disequilibrium therewith. I n
other embodiments, the at least one marker is selected
from the markers set forth in tables 11 - 16. In other
embodiments, the at least one marker is selected from
marker rs3923603 (SEQ ID NO:1), rs4430796 (SEQ ID NO:
2), rs7501939 (SEQ ID NO: 3), rsl859962 (SEQ ID NO:4),
D17S1350 (SEQ ID NO:5), rs5945572 (SEQ ID NO:6),
rs5945605 (SEQ ID NO:7), rs2710646 (SEQ ID NO:8),
rs3760511 (SEQ ID NO:56), rs7214479 (SEQ ID NO: 134),
rs6501445 (SEQ ID NO: 146), rs983085 (SEQ ID NO: 150),
rs5945605 (SEQ ID NO: 178) and rs721048 (SEQ ID NO:
344), optionally including markers in linkage
disequilibrium therewith. I n one embodiment, the at
least one polymorphic marker is selected from
rs2710646 (SEQ ID NO:8) and rs721048 (SEQ ID NO:344),
and markers in linkage disequilibrium therewith. In
one such embodiment, the at least one marker is
selected from the markers set forth in Table 11. I n
another embodiment, the at least one polymorphic
marker is rs3923603 (SEQ ID NO:1), or markers in
linkage disequilibrium therewith. I n one embodiment,
the at least one polymorphic marker is selected from
the markers set forth in Table 7. I n another
embodiment, the at least one polymorphicmarker is
rs7501939 (SEQ ID NO:3), or markers in linkage
disequilibrium therewith. I n one such embodiment, the
at least one polymorphic marker is selected from the
group of markers set forth in Table 8. I n yet another
embodiment, the at least one polymorphic marker is
rsl859962 (SEQ ID N0:4), or markers in linkage
disequilibrium therewith. I n one such embodiment, the
at least one polymorphic marker is selected from the
group of markers set forth in Table 9. I n a further
embodiment, the at least one polymorphic marker is
rs5945572 (SEQ ID NO:6), or markers in linkage
disequilibrium therewith. I n one embodiment, the at
least one polymorphic marker is selected from the
group of markers set forth in Table 10. In yet another
embodiment the at least one polymorphic marker is
selected from markers associated with the TCF2 gene by
values of the linkage disequilibrium measure r2 of
greater than 0.2. I n one such embodiment, the at
least one polymorphic marker is selected from the
markers set forth in Table 13. I n one embodiment, the
presence of any one of allele A in marker rs3923603,
allele C in rs7501939, allele G in rsl859962, allele A
in rs5945572, allele A in rs2710646, allele C in
rs3760511, allele A in rs4430796, allele T in
rs7214479, allele A in rs6501455, allele C in
rs983085, allele T in rs5945605, or allele A in
rs721048 is indicative of increased susceptibility to
prostate cancer. Nucleic acids and polypeptides The
nucleic acids and polypeptides described herein can be
used in any methods or kits as described herein. 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. I n some
instances, the isolated material will form part of a
composition (for example, a crude extract containing
other substances), buffer system or reagent mix. I n
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 thanabout 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 nucleic acid 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). I n certain
embodiments, the invention includes variants that
hybridize under high stringency hybridization and wash
conditions (e.g., for selective hybridization) to a
nucleotide sequence that comprises the nucleotide
sequence of any one of SEQ ID NO:1- 362, as set forth
herein. I n other embodiments, the invention includes
variants that hybridize under high stringency
hybridization and wash conditions (e.g., for selective
hybridization) to a nucleotide sequence that comprises
the nucleotide sequence of LD block C02, LD block
C04a, the nucleotide sequence encoding the TCF2 gene
or a fragment thereof, LD block C17b, or LD block COXa
(or a nucleotide sequence comprising the complement of
any one of SEQ ID NO: 1-362, the nucleotide sequence
of LD block C02, LD block C04a, the nucleotide
sequence encoding the TCF2 gene or a fragment thereof,
LD block C17b, or LD block COXa). I n another
embodiment, the variant comprises a nucleotide
sequence containing at least one polymorphic marker or
haplotype of the present invention (e.g., the markers
and haplotypes disclosed in any one of Tables 7-11,
and markers in linkage disequilibrium therewith). Such
nucleic acid molecules can be detected and/or isolated
by allele- or sequencespecific 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
pages6.3.1-6.3.6 in Current Protocols in Molecular
Biology (Ausubel, F. et ah, "Current Protocols in
Molecular Biology", John Wiley & Sons, (1998)), and
Kraus, 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 (Ae., % identity = #
of identical positions/total # of positions x 100). I
n certain embodiments, 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. Sci. USA, 90:5873-5877
(1993). Such an algorithm is incorporated into the
NBLAST and XBLAST programs (version 2.0), as described
in Altschul, S. et a/., 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.
I n one embodiment, parameters for sequence comparison
can be set at score=100, wordlength=12, or can be
varied (e.g., W=5 or W=20). Other examples include the
algorithm of Myers and Miller, CABIOS (1989), 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. Sci. USA, 85: 2444-48 (1988). I n 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). 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, the nucleotide sequence of any one of
SEQ ID NO: 1-362, LD block C02, LD block C04a, the
nucleotide sequence encoding the TCF2 gene or a
fragment thereof, LD block C17b, or LD block COXa (or
a nucleotide sequence comprising the complement of the
nucleotide sequence of any one of SEQ ID NO: 1-362, LD
block C02, LD block C04a, the nucleotide sequence
encoding the TCF2 gene or a fragment thereof, LDblock
C17b, or LD block COXa), 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. etal., 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 any one of SEQ ID NO: 1-362,
LD block C02, LD block C04a, the nucleotide sequence
encoding the TCF2 gene or a fragment thereof, LD block
Cl 7b, or LD block COXa (or a nucleotide sequence
comprising the complement of the nucleotide sequence
of any one of SEQ ID NO: 1-362, LD block C02, LD block
C04a, the nucleotide sequence encoding the 



TCF2 gene or a fragment thereof, LD block C17b, or LD
block COXa) and may in one embodiment comprise at
least one allele contained in one or more markers and
haplotypes described herein (e.g., the markers and
haplotypes of Tables 7-11, or markers in linkage
disequilibrium therewith), and the complement thereof.
I n 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. I n 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.
I n 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 well known to the skilled person.
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 a 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
encodinga polypeptide of the appropriate molecular
weight. 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
prostate cancer or a susceptibility to prostate
cancer, 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.
Antibodies Polyclonal antibodies and/or monoclonal
antibodies that specifically bind one form of the gene
product of any gene associated with the variants shown
herein t o be associated with increased risk of
prostate cancer (e.g., TCF2), but not to the other
form of the gene product, are also provided.
Antibodies are also provided which bind a portion of
either the variant or the reference gene product that
contains the polymorphic site or sites. The term
"antibody" as used herein refers to immunoglobulin
molecules and immunologically active portions of
immunoglobulin molecules, i.e., molecules that contain
antigen-binding sites that specifically bind an
antigen. A molecule that specifically binds to a
polypeptide of the invention is a molecule that binds
t o that polypeptide or a fragment thereof, but does
not substantially bind other molecules in a sample,
e.g., a biological sample, which naturally contains
the polypeptide. Examples of immunologically active
portions of immunoglobulin molecules include F(ab) and
F(ab')2 fragments which can be generated by treating
the antibody with an enzyme such as pepsin. The
invention provides polyclonal and monoclonal
antibodies that bind to a polypeptide of the
invention. The term "monoclonal antibody" or
"monoclonal antibody composition", as used herein,
refers t o a population of antibody molecules that
contain only one species of an antigen binding site
capable of immunoreacting with a particular epitope of
a polypeptide of the invention. A monoclonal antibody
composition thus typically displays a single binding
affinity for a particular polypeptide of the invention
with which it immunoreacts. Polyclonal antibodies can
be prepared as described above by immunizing a
suitable subject with a desired immunogen, e.g.,
polypeptide of the invention or a fragment thereof.
The antibody titer in the immunized subject can be
monitored over time bystandard techniques, such as
with an enzyme linked immunosorbent assay (ELISA)
using immobilized polypeptide. I f desired, the
antibody molecules directed against the polypeptide
can be isolated from the mammal (e.g., from the blood)
and further purified by well-known techniques, such as
protein A chromatography to obtain the IgG fraction.
At an appropriate time after immunization, e.g., when
the antibody titers are highest, antibody-producing
cells can be obtained from the subject and used to
prepare monoclonal antibodies by standard techniques,
such as the hybridoma technique originally described
by Kohler and Milstein, Nature 256:495-497 (1975), the
human B cell hybridoma technique (Kozbor et al.,
Immunol. Today 4: 72 (1983)), the EBV-hybridoma
technique (Cole et ah, Monoclonal Antibodies and
Cancer Therapy, Alan R. Liss,1985, Inc., pp. 77- 96)
or trioma techniques. The technology for producing
hybridomas is well known (see generally Current
Protocols in Immunology (1994) Coligan et al., (eds.)
John Wiley & Sons, Inc., New York, NY). Briefly, an
immortal cell line (typically a myeloma) is fused to
lymphocytes (typically splenocytes) from a mammal
immunized with an immunogen as described above, and
the culture supernatants of the resulting hybridoma
cells are screened to identify a hybridoma producing a
monoclonal antibody that binds a polypeptide of the
invention. Any of the many well known protocols used
for fusing lymphocytes and immortalized cell lines can
be applied for the purpose of generating a monoclonal
antibody to a polypeptide of the invention (see, e.g.,
Current Protocols in Immunology, supra; Galfre et al.,
Nature 266:55052 (1977); R.H. Kenneth, in Monoclonal
Antibodies: A New Dimension I n Biological Analyses,
Plenum Publishing Corp., New York, New York (1980);
and Lerner, YaleJ. Biol. Med. 54:387-402 (1981)).
Moreover, the ordinarily skilled worker will
appreciate that there are many variations of such
methods that also would be useful. Alternative to
preparing monoclonal antibody-secreting hybridomas, a
monoclonal antibody to a polypeptide of the invention
can be identified and isolated by screening a
recombinant combinatorial immunoglobulin library
{e.g., an antibody phage display library) with the
polypeptide to thereby isolate immunoglobulin library
members that bind the polypeptide. Kits for generating
and screening phage display libraries are commercially
available (e.g., the Pharmacia Recombinant Phage
Antibody System, Catalog No. 27-9400- 01; and the
Stratagene S ZAP(tm) Phage Display Kit, Catalog No.
240612). Additionally, examples of methods and
reagents particularly amenable for use in generating
and screening antibody display library can be found
in, for example, U.S. Patent No. 5,223,409; PCT
Publication No. WO 92/18619; PCT Publication No. WO
91/17271; PCT Publication No. WO 92/20791; PCT
Publication No. WO 92/15679; PCT Publication No. WO
93/01288; PCT Publication No. WO 92/01047; PCT
Publication No. WO 92/09690; PCT Publication No. WO
90/02809; Fuchs et al., Bio/Technology 9: 1370-1372
(1991); Hay eta/.. Hum. Antibod. Hybridomas 3:81-85
(1992); Huse et al., Science 246: 1275-1281 (1989);
and Griffiths etal., EMBOJ. 12:725-734 (1993).
Additionally, recombinant antibodies, such as chimeric
and humanized monoclonal antibodies, comprising both
human and non-human portions, which can be made using
standard recombinant DNA techniques, are within the
scope of the invention. Such chimeric and humanized
monoclonal antibodies can be produced by recombinant
DNA techniques known in the art. I n general,
antibodies of the invention {e.g., a monoclonal
antibody) can be used to isolate a polypeptide of the
invention by standard techniques, such as affinity
chromatography or immunoprecipitation. A
polypeptide-specific antibody can facilitate the
purification of natural polypeptide from cells and of
recombinantly produced polypeptide expressed in host
cells. Moreover, an antibody specific for a
polypeptide of the invention can be used to detect the
polypeptide (e.g., in a cellular lysate, cell
supernatant, or tissue sample) in order to evaluate
the abundance and pattern of expression of the
polypeptide. Antibodies can be used diagnostically to
monitor protein levels in tissue as part of a clinical
testing procedure, e.g., to, for example, determine
the efficacy of a given treatment regimen. The
antibody can be coupled to a detectable substance to
facilitate its detection. Examples of detectable
substances include various enzymes, prosthetic groups,
fluorescent materials, luminescent materials,
bioluminescent materials, and radioactive materials.
Examples of suitable enzymes include horseradish
peroxidase, alkaline phosphatase, betagalactosidase,
or acetylcholinesterase; examples of suitable
prosthetic group complexes include streptavidin/biotin
and avidin/biotin; examples of suitable fluorescent
materials include umbelliferone, fluorescein,
fluorescein isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyl chloride or
phycoerythrin; an example of a luminescent material
includes luminol; examples of bioluminescent materials
include luciferase, luciferin, and aequorin, and
examples of suitable radioactive material include 125I
, 131I , 35S or 3H. Antibodies may also be useful in
pharmacogenomic analysis. I n such embodiments,
antibodies against variant proteins encoded by nucleic
acids according to the invention, such as variant
proteins that are encoded by nucleic acids that
contain at least one polymorpic marker of the
invention, can be used to identify individuals that
require modified treatment modalities. Antibodies can
furthermore be useful for assessing expression of
variant proteins in disease states, such as in active
stages of a disease, or in an individual with a
predisposition to a disease related to the function of
the protein, in particular prostate cancer. Antibodies
specific for a variant protein of the present
invention that is encodedby a nucleic acid that
comprises at least one polymorphic marker or haplotype
as described herein can be used to screen for the
presence of the variant protein, for example to screen
for a predisposition to prostate cancer as indicated
by the presence of the variant protein. Antibodies can
be used in other methods. Thus, antibodies are useful
as diagnostic tools for evaluating proteins, such as
variant proteins of the invention, in conjunction with
analysis by electrophoretic mobility, isoelectric
point, tryptic or other protease digest, or for use in
other physical assays known to those skilled in the
art. Antibodies may also be used in tissue typing. I n
one such embodiment, a specific variant protein has
been correlated with expression in a specific tissue
type, and antibodies specific for the variant protein
can then be used to identify the specific tissue type.
Subcellular localization of proteins, including
variant proteins, can also be determined using
antibodies, and can be applied t o assess aberrant
subcellular localization of the protein in cells in
various tissues. Such use can be applied in genetic
testing, but also in monitoring a particular treatment
modality. I n the case where treatment is aimed at
correcting the expression level or presence of the
variant protein or aberrrant tissue distribution or
developmental expression of the variant protein,
antibodies specific for the variant protein or
fragments thereof can be used to monitor therapeutic
efficacy. Antibodies are further useful for inhibiting
variant protein function, for example by blocking the
binding of a variant protein to a binding molecule or
partner. Such uses can also be applied in a
therapeutic context in which treatment involves
inhibiting a variant protein's function. An antibody
can be for example be used to block or competitively
inhibit binding, thereby modulating (i.e., agonizing
or antagonizing) the activity of the 



protein. I Antibodies can be prepared against specific
protein fragments containing sites required for
specific function or against an intact protein that is
associated with a cell or cell membrane. For
administration in vivo, an antibody may be linked with
an additional therapeutic payload, such as
radionuclide, an enzyme, an immunogenic epitope, or a
cytotoxic agent, including bacterial toxins (diphteria
or plant toxins, such as ricin). The in vivo half-life
of an antibody or a fragment thereof may be increased
by pegylation through conjugation to polyethylene
glycol. The present invention further relates to kits
for using antibodies in the methods described herein.
This includes, but is not limited to, kits for
detecting the presence of a variant protein in a test
sample. One preferred embodiment comprises antibodies
such as a labelled or labelable antibody and a
compound or agent for detecting variant proteins in a
biological sample, means for determining the amount or
the presence and/or absence ofvariant protein in the
sample, and means for comparing the amount of variant
protein in the sample with a standard, as well as
instructions for use of the kit. The present invention
will now be exemplified by the following non-limiting
examples.EXEMPLIFICATION EXAMPLE 1 IDENTIFICATION OF
MARKERS AND LD BLOCK REGIONS ASSOCIATED WITH PROSTATE
CANCER Patients involved in the genetics study A
population based list of all prostate cancer patients
that were diagnosed with prostate cancer in Iceland
from 1955 to 2005 form the basis for this study.
Patients have been invited to join the study since
2001 on an ongoing basis. As of October 2006, blood
samples from 1564 prostate cancer patients have been
collected. Genomic DNA from 1455 of those samples, as
well as samples from 7034 control individuals was
extracted and genotyped. Genotyping A genome-wide scan
of 1455 Icelandic individuals diagnosed with Prostate
Cancer and 7034 population controls was performed
using Infinium HumanHap300 SNP chips from Illumina for
assaying approximately 317,000 single nucleotide
polymorphisms (SNPs) on a single chip (Illumina, San
Diego, CA, USA). SNP genotyping for replication in
other casecontrol cohorts was carried using the
Centaurus platform (Nanogen). 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 SNPs
and haplotypes. Haplotype analyses were performed
using a computer program we developed at deCODE called
NEMO (NEsted MOdels) (Gretarsd ttir, etal., 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 ofthe 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 construct a proper
control sample for risk calculations. Ann. Hum. Genet.
51 ( Pt 3), 227-33 (1987)), together with the
population attributable risk (PAR). When controls are
considered unaffected (i.e., disease-free), the
relative risk is replaced by an estimate for the odds
ratio (OR) of the particular marker allele or
haplotype. I n 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. I n this way, it is
possible to test multiple haplotypes jointly for
association and t o 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 over the
whole genome 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
markersResults As described herein (Example 1 and
Example 2), we have identified five loci that confer
an increased risk for particular cancers (e.g.,
prostate cancer (e.g., aggressive prostate cancer)). I
n all cases, the loci were identified in a genomewide
scan in Icelandic prostate cancer material. Follow-up
genotyping was performed in other cohorts to verify
the signals. The five loci are located on three
different chromosomes: One locus is on chromosome 2
(2p 15), one locus is on chromosome 4 (4q31.21), two
loci are on chromosome 17 (17ql2 and 17q24.3) and one
locus is on chromosome X (XpIl. 22). Particular
markers and haplotypes, associated with an increased
risk of prostate cancer, from these five loci were
initially found to be associated with prostate cancer,
as depicted in the below. Allele codes for SNPs are as
follows: 1= A, 2=C, 3=G, 4=T, and X=any allele. Locus
C02 on chromosome 2pl5 Table 1 shows data for the
association of marker rs2710646 to prostate cancer.
The original finding in Icelandic cases (1,487 cases
and 11,208 controls) is characterized by an Odds Ratio
(OR) of 1.16 and a nominal p-value of 0.003 (Table 1).
This finding was replicated in cohorts from Holland,
Spain and in a cohort of European Americans from
Chicago. While the results from the replication
cohorts are not statistically significant by
themselves, the overall result for the combined
cohorts is highly significant (Table 1), illustrating
the significance of the finding of association to this
chromosomal region. The rs2710646 marker is located
within a region denoted herein as LD block C02,
between positions 62,767,002 and 63,881,002 on
chromosome 2. Locus C04a on chromosome 4q31.21 As
indicated in Table 1, the 1 allele of marker rs3923603
on chromosome 4q31.21 (also called rs3923603 1 allele)
was found to be associated with an increased risk of
prostate cancer. The marker is located in what we call
LD block C04a between positions 145601002 and
145805005 bp (NCBI Build 34); the location of the
marker is indicated in Table 2. The original finding
has been replicated in cohorts from Holland, Spain and
the US (European Americans from Chicago), thus
providing further support for the significance of the
association, with overall p-value of 1.3xlO s (Table
1).Locus COXa on chromosome Xp 11. 22 As indicated in
Table 1, markers S5945572 and rs5945605 on chromosome
XpIl. 22, have been found to be associated with an
increased risk of prostate cancer.. The markers are
located in what we call LD block COXa between
positions 50033978 and 50259000 bp (NCBI Build 34),
and location of the markers is indicated in Table 2.
The original finding has been replicated in cohorts
from Holland, Spain and the US (European Americans
from Chicago), thus providing further support for the
significance of the association, with overall p-value
of 1.3xlO 5 (Table 1). The opposite alleles to the
ones at risk of SNP markers rs5945572 1 allele show
significant protection to prostate cancer in
carriers.Table 31 .1. Combined association results for
the following loci: 2p15, 4q31.21, and Xp11.23 for
prostate cancer in Iceland, the Netherlands, Spain and
US Study population Frequency A ou (N cases/N
controls) Variant (allele) Cases Controls OR P value
Iceland (1,499/11,281) SG04S719 / rs3923603 (A) 0.461
0.432 1.12 0.0048 Holland (974/1450)
SG04S719/rs3923603(A) 0.430 0.400 1.13 0.040 Spain
(453/1,057) SG04S719/rs3923603 (A) 0.390 0.360 1.13
0.12 European Americans Chicago (526/503)
SG04S719/rs3923603 (A) 0.379 0.330 1.24 0.020
Combining all above SG04S719 / rs3923603 (A) . 0.381
1.14 1.3OxIO 5 Iceland (1,487/11,208) SG02S799 /
rs2710646 (A) 0.228 0.203 1.16 0.0031 Holland
(997/1459) SG02S799/rs2710646 (A) 0.206 0.186 1.14
0.082 in Spain (455/1,067) SG02S799 / rs2710646 (A)
0.232 0.206 1.17 0.1 1 European Americans Chicago
(663/529) SG02S799 / rs2710646 (A) 0.196 0.167 1.21
0.070 Combining all above SG02S799 / rs2710646 (A) -
0.190 1.16 3.13x10 5 lceland(1,499/11,280) SG0XS73 /
rs5945572 (A) 0.412 0.374 1.18 3.53x1 0-3 SG0XS83 /
rs5945605 (T) 0.389 0.345 1.21 1.76x10' 3 Holland
(999/1,462) SG0XS73 / rs5945572 (A) 0.39 0.348 1.21
0.024 



SG0XS83 / rs5945605 (T) 0.372 0.335 1.17 0.048 Spain
(456/1,077) SG0XS73 / rs5945572 (A) 0.421 0.368 1.28
0.023 SG0XS83 / rs5945605 (T) 0.404 0.353 1.29 0.024 .
Chicago (527/506) SG0XS73 / rs5945572 (A) 0.409 0.358
1.25 0.069 SG0XS83 / rs5945605 (T) 0.35 0.287 1.25
0.078 All excluding Iceland SG0XS73 / rs5945572 (A) -
0.358 1.23 2.62x1 -4 SG0XS83 / rs5945605 (T) - 0.325
1.22 6.59x1 0 4 All combined (3,481/14,325) SG0XS73 /
rs5945572 (A) - 0.362 1.21 3.34x1 0 6 SG0XS83 /
rs5945605 (T) - 0.33 1.22 3.75x1 0 6Table 2 shows the
genomic location of anchor SNP and microsatellite
markers from the five chromosomal regions (loci)
discussed herein (see SEQ ID NO: 1-7). Location of the
markers is given with respect to NCBI Build34 of the
human genome assembly. The relative position of the
markers in basepair position (Build 34 NCBI) is
indicated. Further discussion of Chromosome 17 loci
are found in Example 2 herein. Table 2. Genomic
position of anchor markers Position Locus Name (SEQ ID
NO) Build 34 Chromosome 4q31 .21 rs3923603 (SEQ ID
NO:1 ) 145688956 Chromosome 17q1 2 rs4430796 (SEQ ID
NO:2) 36293590 Chromosome 17q1 2 rs7501 939 (SEQ ID
NO:3) 36296706 Chromosome 17q24.3 rs1 859962 (SEQ ID
NO:4) 69705876 69685886- Chromosome 17q24.3 D17S1 350
(SEQ ID NO:5) 69686068 * Chromosome Xp11 .22 rs5945572
(SEQ ID NO:6) 50146489 Chromosome Xp11 .22 rs5945605
(SEQ ID NO:7) 50107288 Chromosome 2p15 rs271 0646 (SEQ
ID NO:8) 63109413 *The interval of an amplimer of the
microsatellite D17S1350 is givenEXAMPLE 2. TWO
SEQUENCE VARIANTS CONFERRING RISK OF PROSTATE CANCER
IDENTIFIED ON CHROMOSOME 17 AND ONE OF THEM, I N TCF2,
SHOWN TO BE PROTECTIVE AGAINST TYPE 2 DIABETES
Prostate cancer is the most common non-dermatological
cancer of males worldwide, and the second leading
cause of cancer-related death in men from western
industrialized countries 1. Firmly established risk
factors for this type of malignancy are age, ethnicity
and family history. In addition diet, lifestyle, and
circulating androgens may have impact on the risk.
Despite a large body of evidence for a genetic
component to the risk of prostate cancer, the variants
on 8q24 are the only common sequence variants reported
so far that account for substantial proportion of the
cases2 5. In the present study we began with a
genome-wide SNP association study to search for
sequence variants conferring risks of prostate cancer
using Icelandic cases and controls. We expanded the
data from a study previously reported 3, by increasing
the number of cases and controls from 1,453 to 1,501,
and 3,064 to 11,290, respectively. This corresponds to
an approximately 34% increase in effective sample
size. After quality filtering, 310,520 SNPs from the
Illumina Hap300 chip were tested for association to
prostate cancer (see Methods). The results were
adjusted for relatedness by applying the method of
genomic control 6. Apart from the variants on 8q24 2'3
and SNPs correlated with them, no other SNPs achieved
genome-wide significance. However, we assumed that a
properly designed follow-up strategy would lead to the
identification of additional susceptibility variants
for prostate cancer. Like others 7, we believe that
results from family-based linkage studies should be
taken into account when evaluating the association
results of a genome-wide study. However, instead of
using linkage scores to formally weight the
statistical significance of different SNPs 7, we used
them to prioritize follow-up studies. The long arm of
chromosome 17 has been reported in several linkage
studies of prostate cancer8 10 but no susceptibility
variants have yet been found 11 13. Hence we decided
to first focus our efforts on this region. Six SNPs on
chromosome 17q, having the lowest Pvalues (< 5xlO 4)
and ranking from 68 to 100 among the most
significantly associated SNPs in our genome-wide
analysis, were selected for further analysis (Fig. 1).
These SNPs mapped to two distinct regions on
chromosome 17q that are both within a region with LOD
scores rangingapproximately between 1 and 2 but
outside the proposed 10 cM candidate gene region
reported in a recent linkage analysis 10. One locus
was on 17ql2 (rs7501939 and rs3760511), encompassing
the 5' end of the TCF2 (HNFl b) gene, where the
linkage disequilibrium (LD) is weak (based on the Utah
CEPH (CEU) HapMap data set). The second locus is in a
gene poor area on 17q24.3 (rsl859962, rs7214479,
rs6501455 and rs983085) where all four SNPs fall
within a strong LD-block (based on the CEU HapMap data
set). The two loci are separated by approximately 33
Mb and no LD was observed between the two of them. We
genotyped 5 of the 6 SNPs in three prostate cancer
case-control groups of European ancestry from the
Netherlands, Spain and the United States (US) (Table
3). The assay for rs983085 on 17q24.3 failed in
genotyping but this SNP is almost perfectly correlated
with rs6501455 ( r2 = 0.99) and is therefore expected
to give comparable results. For each of the
replication study groups, the observed effect of 4 of
the 5 SNPs were in the same direction as in Iceland.
One SNP, rs6501455, showed an opposite effect in the
Chicago group. In general, the Dutch samples showed
the strongest effects, while the results for the
Spanish group were the weakest. When results from all
four casecontrol groups were combined, two SNPs
achieved genome-wide significance, rs7501939 allele C
(rs7501939 C) at 17ql2 (allele specific odds ratio
(OR) = 1.19, P = 4.7xlO 9) and rsl859962 allele G
(rsl859962 G) at 17q24.3 (OR = 1.20, P = 2.5xlO 10)
(Table 2). I n an effort to refine the signal at the
17ql2 locus, we selected three markers (rs4239217,
rs757210, rs4430796 ) that were in the same LD block
as rs7501939 and were substantially correlated with it
(r2 > 0.5) based on the Hapmap CEU data. After
genotyping these three refinement SNPs in the
different case and control groups, one of them,
rs4430796, showed an association to prostate cancer
that was even stronger than that of rs7501939.
Specifically, with all groups combined, allele A of
rs4430796 had an OR of 1.22 with a P of 1.4 xlO 11
(Table 4a). A joint analysis showed that the effects
of rs7501939 and rs3760511 were no longer significant
after adjusting for rs4430796 (P = 0.88 and 0.58
respectively), while rs4430796 remained significant
after adjusting for both rs7501939 and rs3760511 (P =
0.0042)._At 17q24.3, our attempt at refining the
signal did not result with any SNP that was more
significant than rsl859962. Among the Illumina SNPs,
rs71 14479 and rs6501455 were not significant P >
0.75) with adjustment for the effect of rsl859962,
whereas, rsl859962 remained significant after
adjusting for the other two SNPs (P = 7.4 xlO 4) .
Henceforth, our focus is mainly on rs4430796 at 17ql2
and rsl859962 at 17q24.3. However, at 17ql2, since
rs7501539 is the most significant among Illumina SNPs
and was a part of the original genome-wide scan, we
include it in the discussion when appropriate. We also
recommend that all replication effort should include
at least these three SNPs.For cases diagnosed at age
65 or younger, the observed OR from the combined
analysis was slightly higher, or 1.30 for rs4430796 A,
and 1.27 for rsl859962 G. For each copy of the at-risk
alleles, patients were diagnosed 2 and 5 months
earlier, for rs4430796 and rsl859962 respectively.
This observation however, was not statistically
significant (P = 0.40 and 0.06 for rs4430796 and
rsl859962 respectively) and therefore, its
confirmation requires further investigation. The
Cancer Genetic Markers of Susceptibility study group
(CGEMS), has made results from a genome-wide
association analysis of prostate cancer publicly
available (https://cgems. cancer.gov/). For rs4430796
A allele, the P values range between 4.0 x 10 4 and
1.7 x 10 3 depending on the type of analysis
performed, and for rsl859962 G the P values range
between 0.027 and 0.048. The OR was about 1.2 for both
variants which is comparable to the results we
find(Table 4). These results from an independent
investigation make our observation even more
compelling and provide further support for the notion
that similar effects could be expected in other
populations of European descent. No interaction was
observed between the risk variants on 17ql2 and
17q24.3; a multiplicative or log-additive model
provided an adequate fit for the joint risk of
rs4430796 and rsl859962. Genotype specific ORs were
estimated for each locus individually (Table 3). Based
on results from all four groups, a multiplicative
model for the genotype risk provided an adequate fit
for rs4430796 at 17ql2. For rsl859962 at the 17q24.3
locus however, the full model provided a significantly
better fit than the multiplicative model (P = 0.006),
a result mainly driven by the Icelandic samples.
Specifically, the estimated OR of 1.33 for a
heterozygous carrier of rsl859962 G was substantially
higher than the 1.20 estimate implied by a
multiplicative model. The corresponding PAR was also
higher, 21% instead of 16%. The SNPs rs7501939 and
rs4430796 on 17ql2 are located in the first and second
intron of the TCF2 gene, respectively, which encodes a
transcription factor playing an important role in
embryonic development of the kidney, pancreas and
liver. To the best of our knowledge, genetic variants
in TCF2 have not previously been implicated in the
risk of prostate cancer but germline mutations have
been identified in renal carcinoma 14 and epigenetic
inactivation by methylation has been found in ovarian
cancer and various cancer cell lines15. RNA expression
analysis demonstrated expression of TCF2 in both
normal and tumor prostate tissue (data not shown).
More than 50 different exonic TCF2 mutations have been
reported in individuals with renal cysts,
maturity-onset diabetes of the young, type 5 (MODY5),
pancreatic atrophy, and genital tract abnormalities
16'17 . We sequenced all 9 exons of TCF2 in 200
Icelandic prostate cancer cases and 200 controls
without detecting any mutations explaining our
association signal (data not shown).Evidence has been
reported for association of type 2 diabetes mellitus
(T2D) to common SNPs in five of the six known MODY
genes18'19, including TCF219-20 . Interestingly,
several epidemiological studies have demonstrated an
inverse relationship between T2D and the risk of
prostate cancer (see Kasper ef al. 21 and references
therein). A recent metaanalysis estimated the relative
risk of prostate cancer to be 0.84 (95% CI, 0.71-0.92)
among diabetes patients 21. We therefore, decided to
investigate a potential association between T2D and
the SNPs in TCF2 showing the strongest association to
prostate cancer in our data. The Illumina SNP
rs7501939 was typed in 1,380 T2D patients among whom
the males were not known to have prostate cancer
(according to a nation-wide list of prostate cancer
cases diagnosed from 1955 to 2006 held by the
Icelandic Cancer Registry). When compared to 9,940
controls neither known to have prostate cancer nor
T2D, rs7501939 C showed a protective effect against
T2D (OR = 0.88, P = 0.0045) in these samples. For the
same samples, allele A of the refinement SNP rs4430796
gave a comparable result (OR = 0.86, P = 0.0021). To
validate this association, we typed both rs7501939 and
rs4430796 in samples from seven additional T2D
case-control groups of European-, African-, and 



Asian ancestry. I n all seven case-control groups,
rs7501939 C and rs4430796 A showed a negative
association to the disease {i.e. OR < 1.0) even though
some of the estimated effects were very modest and
individually non-significant. Three case-control
groups (Denmark A, Philadelphia, and West Africans)
showed a significant association (P < 0.05) and one
other group (Hong Kong) gave a marginally significant
result (P between 0.05 and 0.10). Combining results
from all eight T2D case-control groups, including the
Icelandic, gave an OR of 0.91 (P = 9.2 x 10 7) for
rs7501939 C, and an OR of 0.91 (P = 2.7 x 10 7) for
rs4430796 A (Table 4). Our analysis of the data does
not indicate any differential association by gender of
rs7501939 or rs4430796 to T2D. I n a joint analysis,
the effect of rs7501939 was no longer significant
after adjusting for rs4430796 (P = 0.41), while
rs4430796 remained significant with adjustment for
rs7501939 (P = 0.016). I t is noted that the latter
was mainly driven by the data from West Africa where
the correlation between the two SNPs (r2 = 0.22 in
HapMap Yoruban samples), is substantially lower than
that in Caucasians (r2 = 0.77 in HapMap CEU samples).
Still these results are consistent with what was
observed for prostate cancer. For T2D, a very recent
report 20 describes similar findings (OR = 0.89, P = 5
xlO 6) for allele G of the SNP rs757210 that is
located in the second intron of TCF2 and is
substantially correlated with rs4430796 A (D' = 0.96;
r2 = 0.62; based on the CEU HapMap data set). This
reinforces the finding that one or more variants in
TCF2 that confer risk to prostate cancer are
protective for T2D. To eliminate the concern that the
associations of rs7501939 and rs4430796 to prostate
cancer were in part a by-product of an association to
T2D, we repeated the prostate cancer association
analysis after removing all known diabetics from the
Icelandic prostate cancer case-controlgroup. For the
resulting 1,444 cases and 9,917 controls, the
association for rs7501939 C and rs4430796 A was
practically unchanged; rs7501939 had an OR of 1.16 for
the Icelandic samples alone (P = 4.OxIO 4), and 1.19
(P = l.lxlO 8) when results of all four case-control
groups were combined; whereas rs4430796 had an OR of
1.18 (P = 1.9 10 4) in the Icelandic samples and an OR
of 1.21 (P = 2.IxIO 10) in the combined group. The
more distal SNP, rsl859962, on chromosome 17q24.3 is
in a 177.5 kb LD-block spanning from 66,579 Mb to
66,757 Mb, (NCBI Build 35), based on the CEU HapMap
group. One mRNA (BC039327) and several unspliced ESTs
have been localized to this region, but no known genes
(www.genome.ucsc.edu, May 2004 Assembly). RT-PCR
analysis of various cDNA libraries, including those
derived from the prostate, revealed detectable
expression of the BC039327 mRNA only in a testis
library (data not shown), which was in line with
previously reported results 22 . The closest telomeric
gene, located ~900 kb away from the LD-block, is SOX9
a SRY related (Sex determining Region Y) transcription
factor known to be important for sex determination 23.
SOX9 is expressed in normal prostate basal cells, and
is probably involved in regulating androgen receptor
expression in prostate cells24 . Various rearrangement
breakpoints have been described that affect the
expression of SOX9 and lead to a skeletal malformation
syndrome called campomelic dysplasia (CD)25. One such
translocation breakpoint has been described within the
LD-block containing the rsl859962 22. This
translocation is thought to remove a potential
c/s-acting regulatory element (SOX9crel) for SOX9
leading to altered expression of SOX926 .
Overexpression of SOX9 has been shown to suppress
growth and tumorigenicity of a prostate tumor cell
line 27, suggesting that SOX9 might act as a tumor
suppressor gene. I n summary, two common variants on
chromosome 17q, rs4430796 A and rsl859962 G, were
identified to contribute to the risk of prostate
cancer in four populations of European descent.
Together, based on the combined results, these two
variants have an estimated joint PAR of about 36%,
which is substantial from a public health point of
view. The large PAR is a consequence of the high
frequencies of these variants. However, as their
relative risks, as estimated by the ORs, are not high,
the sibling risk ratio accounted for by them is only
approximately 1.009 each and 1.018 jointly. As a
consequence, they could only explain a very small
fraction of the familial clustering of the disease and
could only generate very modest linkage scores. The
same is true for the identified variants in the 8q24
region 2 5. Hence, it is expected that many more
prostate cancer susceptibility variants in the genome
remain t o be discovered and some of these might also
reside in the chromosome 17 linkage region. The
vicinity of the TCF2 and SOX9 genes to the variants on
17q could implicate them in the pathogenesis of
prostatecancer. Perhaps the most intriguing finding in
this study is the discovery of a variant, rs4430796 A,
in TCF2 that is associated with increased risk of
prostate cancer, but reduced risk of T2D in
individuals of European, African and Asian descent.
The discovery of a genetic variant in the TCF2 gene,
which accounts for at least part of the inverse
relationship between these two diseases, provides a
step towards an understanding of the complex
biochemical checks and balances that result from the
pleiotropic impact of singular genetic variants.
Previous explanations of the well established inverse
relationship between prostate cancer and T2D have
centered on the impact of the metabolic and hormonal
environment of diabetic men. However, we note that the
protective effect of both the TCF2 SNPs against T2D is
too modest for its impact on prostate cancer risk to
be merely a by-product of its impact on T2D. Indeed,
we favor the notion that the primary functional impact
of rs4430796 (or a strongly correlated presently
unknown variant) is on one or more metabolic or
hormonal pathways important for the normal functioning
of individuals throughout their lives that
incidentally modulate the risk of developing prostate
cancer and T2D late in life. Further investigation of
the functional impact of the TCF2 variants, both in
normal individuals and those with prostate cancer and
T2D, may provide knowledge that can be used not only
for treatment of these diseases, but no less
importantly, for their prevention. METHODS Icelandic
study population. Men diagnosed with prostate cancer
were identified based on a nationwide list from the
Icelandic Cancer Registry (ICR) that contained all
3,886 Icelandic prostate cancer patients diagnosed
from January 1, 1955, to December 31, 2005. The
Icelandic prostate cancer sample collection included
1,615 patients (diagnosed from December 1974 to
December 2005) who were recruited from November 2000
until June 2006 out of the 1,968 affected individuals
who were alive during the study period (a
participation rate of about 82%). A total of 1,541
patients were included in a genome wide SNP genotyping
effort, using the Infinium I I assay method and the
Sentrix HumanHap300 BeadChip (Illumina, San Diego, CA,
USA). Thereof, 1,501 (97%) were successfully genotyped
according to our quality control criteria and used in
the present case-control association analysis. The
mean age at diagnosis for the consenting patients was
71 years (median 7 1 years) and the range was from 40
to 96 years, while the mean age at diagnosis was 73
years for all prostate cancer patients in the ICR. The
median time from diagnosis to blood sampling was 2
years (range 0 to 26 years). The 11,290 controls
(5,010 males and 6,280 females) used in this study
consisted of 758 controls randomly selected from the
Icelandicgenealogical database and 10,532 individuals
from other ongoing genome-wide association studies at
deCODE. Specifically, around 1,400 from studies on
T2D; about 1,600 from studies on breast cancer; 1,800
from studies on myocardial infarction, and studies on
colon cancer, anxiety, addiction, schizophrenia and
infectious diseases provided around 700 - 1,000
controls each. The controls had a mean age of 66 years
(median 67) and the range was from 22 to 102 years
(see Amundadottir ef a/. 2 for a more detailed
description of the Icelandic study population). The
male controls were absent from the nationwide list of
prostate cancer patients according to the ICR. The
study was approved by the Data Protection Commission
of Iceland and the National Bioethics Committee of
Iceland. Written informed consent was obtained from
all patients, relatives and controls. Personal
identifiers associated with medical information and
blood samples were encrypted with a third-party
encryption system as previously described28 . Dutch,
Spanish, and U.S. study populations. The total number
of Dutch prostate cancer cases in this study was 1,013
of which 999 (98%) were successfully genotyped. The
Dutch study population was comprised of two
recruitment-sets of prostate cancer cases; Group-A was
comprised of 390 hospital-based cases recruited from
January 1999 to June 2006 at the Urology Outpatient
Clinic of the Radboud University Nijmegen Medical
Centre (RUNMC); Group-B consisted of 623 cases
recruited from June 2006 to December 2006 through a
population-based cancer registry held by the
Comprehensive Cancer Centre IKO. Both groups were of
self-reported European descent. The average age at
diagnosis for patients in Group-A was 63 years (median
63 years) and the range was from 43 to 83 years. The
average age at diagnosis for patients in Group-B was
65 years (median 66 years) and the range was from 43
to 75 years. The 1,466 control individuals were cancer
free and were matched for age with the cases. They
were recruited within a project entitled "The Nijmegen
Biomedical Study", in the Netherlands. This is a
population-based survey conducted by the Department of
Epidemiology and Biostatistics and the Department of
Clinical Chemistry of the RUNMC, in which 9,371
individuals participated from a total of 22,500 age
and sex stratified, randomly selected inhabitants of
Nijmegen. Control individuals from the Nijmegen
Biomedical Study were invited to participate in a
study on gene-environment interactions in
multifactorial diseases, such as cancer. All the 1,466
participants in the present study are of self-reported
European descent and were fully informed about the
goals and the procedures of the study. The study
protocol was approved by the Institutional Review
Board of Radboud University and all study subjects
gave written informed consent.The Spanish study
population consisted of 464 prostate cancer cases of
which 456 (98%) were successfully genotyped. The cases
were recruited from the Oncology Department of
Zaragoza Hospital in Zaragoza, Spain, from June 2005
to September 2006. All patients were of self-reported
European descent. Clinical information including age
at onset, grade and stage was obtained from medical
records. The average age at diagnosis for the patients
was 69 years (median 70 years) and the range was from
44 to 83 years. The 1,078 Spanish control individuals
were approached at the University Hospital in
Zaragoza, Spain, and were confirmed to be prostate
cancer free before they were included in the study.
Study protocols were approved by the Institutional
Review Board of Zaragoza University Hospital. All
subjects gave written informed consent. The Chicago
study population consisted of 557 prostate cancer
cases of which 537 (96%) were successfully genotyped.
The cases were recruited from the Pathology Core of
Northwestern University's Prostate Cancer Specialized
Program of Research Excellence (SPORE) from May 2002
to September 2006. The average age at diagnosis for
the patients was 60 years (median 59 years) and the
range was from 39 to 87 years. The 514 European
American controls were recruited as healthy control
subjects for genetic studies at the University of
Chicago and Northwestern University Medical School,
Chicago, US. Study protocols were approved by the
Institutional Review Boards of Northwestern University
and the University of Chicago. All subjects gave
written informed consent. Statistical Analysis
Association analysis. All Icelandic case- and
control-samples were assayed with the Infinium
HumanHap300 SNP chip (Illumina, SanDiego, CA, USA).
This chip contains 317,503 SNPs and provides about 75%
genomic coverage in the Utah CEPH (CEU) HapMap samples
for 



common SNPs at r2 >D0.8. For the association analysis,
310,520 SNPs were used since, 6,983 SNPs were deemed
unusable due to reasons that include being
monomorphic, having low yield (<95%) and failure of
Hardy-Weinberg equilibrium (HWE). Samples with a call
rate below 98% were excluded from the analysis. Single
SNP genotyping for the five SNPs reported here and the
four case-control groups was carried out by deCODE
Genetics in Reykjavik, Iceland applying the Centaurus
(Nanogen) platform to all populations studied. The
concordance rate of genotypes from the Illumina
platform compared to the Centaurus platform, for the 5
SNPs genotyped by both methods in 1,501 cases and 758
controls form Iceland, turned out to be >99.5%.For
SNPs that were in strong LD, whenever the genotype of
one SNP was missing for an individual, the genotypes
of the correlated SNP were used to provide partial
information through a likelihood approach as we have
done before 2. This ensured that results presented
herein were always based on the same number of
individuals, allowing meaningful comparisons of
results for highly correlated SNPs. A likelihood
procedure described in a previous publication 29 and
implemented in the NEMO software was used for the
association analyses. An attempt was made to genotype
all individuals and all SNPs reported herein (Tables
4-5). For each of the SNPs, the yield was higher than
95% in every group. The only exception was in the case
of the refinement marker rs4430796 which was not a
part of the Human Hap 300 chip. There, using a single
SNP assay to genotype, attempts were made for 1,883 of
the 11,290 Icelandic controls (yielding 1,860), and in
all Icelandic cases and all individuals from the
replication groups. Most importantly, for the 17ql2
locus, we note that when we evaluated the significance
of one SNP (e.g. rs4430796, rs7501939 or rs3760511)
with adjustment for one or two other SNPs, whether we
used all 11,289 Icelandic controls that had genotypes
for at least one of the three markers in Table 4a and
handled the missing data by applying a likelihood
approach as mentioned above, or by applying logistic
regression to only individuals that had genotypes for
all three markers, the resulting P values are very
similar. We tested the association of an allele to
prostate cancer using a standard likelihood ratio
statistic that, if the subjects were unrelated, would
have asymptotically a chi-square distribution with one
degree of freedom under the null hypothesis.
Allele-specific ORs and associated P values were
calculated assuming a multiplicative model for the two
chromosomes of an individual 30 . For each of the four
case-control groups there was no significant deviation
from HWE in the controls (P > 0.01). When estimating
genotype specific OR (Table 5) genotype frequencies in
the population were estimated assuming HWE. We feel
that this estimate is more stable than an estimate
calculated using the observed genotype counts in
controls directly. I t is however noted that these two
approaches gave very similar estimates in this
instance. Results from multiple case-control groups
were combined using a Mantel-Haenszel model31 in which
the groups were allowed to have different population
frequencies for alleles, haplotypes and genotypes but
were assumed to have common relative risks. All four
of the European sample groups include both male and
female controls. No significant difference between
male and female controls was detected for SNPs
presented in Table 2 and 3 for each of the groups
after correction for the number of tests performed. We
note that for all the three significant variants
(rs7501939, rs4430796 and rsl859962) reported in Table
2, no significant differences in frequencies were
detected among the disease groups (see description of
Icelandic study population) that make up the Icelandic
genome wide control sets (P = 0.30, 0.55 and 0.88
respectively). The T2D individuals were removed when
this test was performed for rs7501939 and rs4430796. A
linear regression was used to estimate the
relationship between age at onset for prostate cancer
and number of copiesof at-risk alleles, for rs7501939
and rsl859962, carried by cases and using group as an
indicator. To investigate potential interaction
between rs7501939 C and rsl859962 G located at 17ql2
and 17q24.3, respectively, we performed two analyses.
First we checked for the absence of significant
correlation between those alleles among cases.
Secondly, by using a logistic regression we
demonstrated that the interaction term is not
significant (P = 0.57). We note that for the SNP
rs757210, Winckler etal 20 report the results for
allele A. However, in the main text we provide their
corresponding results for the other one (allele G of
rs757210) because that allele was the one positively
correlated to allele C of rs7501939 reported by us.
Correction for relatedness and Genomic Control. Some
of the individuals in the Icelandic case-control
groups were related to each other, causing the
aforementioned chi-square test statistic to have a
mean > 1 and median > (0.675) 2. We estimated the
inflation factor in 2 ways: (i) using a previously
described procedure where we simulated genotypes
through the genealogy of 708,683 Icelanders32 and (ii)
by calculating the average of the 310,520 chi-square
statistics, which was a method of genomic control 6 to
adjust for both relatedness and potential population
stratification. The inflation factors, estimated by
(i) and (ii), were 1.084 and 1.098, respectively. The
differences among these 2 estimates were not
statistically significant. Results presented are based
on adjusting the chi-square statistics by dividing
each of them by 1.098.Table 3. Characteristics of
prostate cancer cases and controls from four sources
Aaaressive" Mean a e a t Age at Study Population Cases
Controls i%\ diagnosis diagnosis <65 _ (range) years
(%) Iceland 1,501 11,290 50 70.8 (40-96) 22 Nijmegen,
the Netherlands 999 1,466 47 64.2 (43-83) 52 Zaragoza,
Spain 456 1,078 37 69.3 (44-83) 19 Chicago, U.S. 537
514 48 59.6 (39-87) 70 Total: 3,493 14,348 a
Aggressive is determined here as cancers with Gleason
scores of 7 or higher AND/OR Stage of T3 or higher
AND/OR node positive disease AND/OR metastatic
disease.t:a Table 4a. Association results for SNPs on
17q and prostate cancer in Iceland, the Netherlands,
Spain and the US Study population Frequency (N cases/N
controls) d Variant (allele) Cases Controls OR (95%
Cl) P value Iceland (1,501/11,289) rs7501939 (C) 0.615
0.578 1.17 ( 1.08-1 .27) 1.8x1O rs376051 1 (C) 0.384
0.348 1.17 ( 1.08-1.27) 1.6 10 rs4430796 (A) 0.558
0.512 1.20 ( 1.1 1-1 .31 ) 1.4X10 5 The Netherlands
(997/1,464) rs7501939 (C) 0.648 0.589 1.29 ( 1.15-1
.45) 2.4X10 5 rs376051 1 (C) 0.362 0.338 1.11 (0.99-1
.25) 0.086 rs4430796 (A) 0.568 0.508 1.28 ( 1.14-1
.43) 3.1x1 0 5 Spain (456/1,078) rs750 1939 (C) 0.583
0.566 1.07 (0.92-1 .26) 0.37 rs376051 1 (C) 0.277
0.257 1.11 (0.93-1 .32) 0.25 CS rs4430796 (A) 0.469
0.454 1.06 (0.91-1.24) 0.45 Chicago (536/514)
rs7501939 (C) 0.637 0.588 1.15 ( 1.03-1.47) 0.021
rs376051 1 (C) 0.347 0.294 1.28 (1.06-1 .54) 9.4x1 0 3
rs4430796 (A) 0.563 0.477 1.41 ( 1.19-1 .67) 9.4x1 0 5
All excluding Iceland (1,989/3,056)' rs7501939 (C) -
0.581 1.21 ( 1.12-1 .32) 5.6x1 0"6 rs376051 1 (C) -
0.296 1.15 ( 1.05-1.25) 2.4X10 3 rs4430796 (A) - 0.480
1.24 ( 1.14-1 .35) 2.02x1 0 7 All combined
(3,490/14,345)" rs7501939 (C) - 0.580 1.19 (1.12-1
.26) 4.7x1 0 9 rs376051 1 (C) - 0.309 1.16 ( 1.09-1
.23) 1.4X10"6 rs4430796 (A) 0.488 1.22 ( 1.15-1.30)
1.4x1 -11 All P values shown are two-sided. Shown are
the corresponding numbers of cases and controls (N),
allelic frequencies of variants in affected and
control individuals, the allelic odds-ratio (OR) with
95% confidence interval (Cl 95%) and P values based on
the multiplicative model. a For the combined study
populations, the reported control frequency was the
average, unweighted control frequency of the
individual populations, while the OR and the P value
were estimated using the Mantel-Haenszel model.fonac.
Table 4b. Association results for SNPs on 17q and
prostate cancer in Iceland, the Netherlands, Spain and
the US Study population Frequency (N cases/N controls)
Cases Controls OR (95% Cl) P value Variant (allele)
Iceland (1,501/11,290) rs1859962 (G) 0.489 0.453 1.16
( 1.07-1 .26) 3.1 X10-4 rs7214479 (T) 0.451 0.415 1.16
( 1.07-1 .26) 3.3x1 0 4 rs6501455 (A) 0.538 0.501 1.16
( 1 .07-1 .26) 3.Ox10 4 rs983085 (C) b 0.542 0.504
1.16 ( 1.07-1 .26) 2.0x10 The Netherlands (999/1,466)
rs1 859962 (G) 0.522 0.456 1.30 ( 1.16-1 .46) 6.8X10 6
rs72 14479 (T) 0.474 0.428 1.20 ( 1.07-1 .35) 1.5X1 0
3 rs6501455 (A) 0.544 0.488 1.25 ( 1.12-1.40) 1. 1x 10
Spain (456/1,078) rs1 859962 (G) 0.512 0.476 1.15
(0.99-1.35) 0.071 rs7214479 (T) 0.455 0.426 1.13
(0.96-1 .32) 0.14 rs6501455 (A) 0.581 0.552 1.13
(0.97-1.32) 0.13 Chicago (537/510) rs1 859962 (G)
0.513 0.456 1.25 (1.06-1 .49) 9.8x1 0"3 rs721 4479 (T)
0.460 0.416 1.20 ( 1.01-1.42) 0.041 rs6501455 (A)
0.549 0.586 0.86 (0.72-1 .02) 0.083 All excluding
Iceland (1,992/3,054)" rs1 859962 (G) - 0.463 1.25 (
1.15-1 .35) 8.3X10 8 rs721 4479 (T) - 0.423 1.18 (
1.09-1 .28) 7.Ox 10 5 rs6501455 (A) - 0.542 1.12 (
1.05-1 .20) 6.2x1 0 3 All combined (3,493/14,344)" rs1
859962 (G) - 0.460 1.20 ( 1.14-1 .27) 2.5x1 0 10 rs72
14479 (T) - 0.421 1.17 ( 1.10-1.24) 8.1 X10 8
rs6501455 (A) - 0.532 1.14 ( 1.08-1 .21 ) 6.9x1 0 6
All P values shown are two-sided. Shown are the
corresponding numbers of cases and controls (N),
allelic frequencies of variants in affected and
control individuals, the allelic odds-ratio (OR) with
95% confidence interval (95% Cl) and P values based on
the multiplicative model. 



a For the combined study populations, the reported
control frequency was the average, unweighted control
frequency of the individual populations, while the OR
and the P value were estimated using the
Mantel-Haenszel model. b The SNPs, rs983085 and
rs6501455 were almost perfectly correlated (r2 = 0.99)
but rs983085 failed in genotyping in the non-Icelandic
groups.Table 5 . Model-free estimates of the genotype
odds ratio of rs4430796 (A) a t 17q12 and rs1 859962
(G) at 17q24.3. Study group Genotype odds ratio
Allelic Variant P valueb OR 00 OX (95% Cl) XX (95% Cl)
P value PAR (allele) Iceland rs4430796 (A) 1 .20 1 1
.12 (0.97-1 .29) 1 .40 ( 1 . 19-1 .64) 0.31 8.3x1 0 5
0.14 rs1859962 (G) 1. 16 1 1.35 ( 1.18-1 .54) 1.33 ( 1
.13-1 .57) 3.4x1 0 "3 2.3x1 0 5 0.19 All except
Iceland rs4430796 (A) 1 .24 1 1.34 ( 1 .18-1.52) 1.56
( 1 .32-1 .84) 0.12 4.5x1 0 7 0.23 rs1 859962 (G) 1
.25 1 1 .32 ( 1 .17-1 .49) 1 .57 ( 1 .33-1 .84) 0.24
2.9x1 0 0.22 All combined rs4430796 (A) 1 .22 1 1.24 (
1 .13-1 .36) 1 .48 ( 1 .32-1.66) 0.57 2.0x1 0 10 0.19
rs1 859962 (G) 1 .20 1 1 .33 ( 1 .21-1 .44) 1 .45 ( 1
.29-1.62) 6.0x1 0 "3 5.1x10 0.21 Genotype odds ratios
for heterozygous- (OX) and homozygous carriers (XX)
compared with non-carriers (00). TTeesstt off tthhee
mmuullttiipplliiccaattiivvee mmooddeell ((tthhee
nnuullll hhyyppootthheessiiss)) vveerrssuuss tthhee
ffuull model, one degree o f freedom. c TTeesstt off
nnoo eeffffeecctt ((tthhee nnuullll
hhyyppootthheessiiss)) vveerrssuuss tthhee ffuullll
mmooddeell,, ttwwoo degrees o f freedom. PAR,
population attributable risk, OR, odds ratio, C l 95%,
95% confidence interval.t:a Table 6. Association
results for SNPs in the TCF2 gene on 17q12 and type 2
diabetes O Study population Frequency (N cases/N
controls) Variant (allele) Cases Controls OR (95% Cl)
P value Iceland3(1,380/9,940) rs7501939 (C) 0.549
0.582 0.88 (0.80-0.96) 0.0045 rs4430796 (A) 0.482
0.521 0.86 (0.78-0.95) ,0.0021 Denmark A (264/596)
rs7501939 (C) 0.525 0.593 0.76 (0.62-0.93) 0.0088
rs4430796 (A) 0.452 0.530 0.73 (0.60-0.90) 0.0032
Denmark B (1,365/4,843) rs7501939 (C) 0.579 0.596 0.93
(0.85-1 .02) 0.1 1 rs4430796 (A) 0.507 0.528 0.92
(0.85-1 .00) 0.062 Philadelphia, US (457/967)
rs7501939 (C) 0.569 0.613 0.83 (0.71-0.98) 0.028
rs4430796 (A) 0.477 0.527 0.82 (0.70-0.96) 0.013
Scotland (3,741/3,718) rs7501939 (C) 0.607 0.615 0.97
(0.91-1 .03) 0.31 CM rs4430796 (A) 0.51 7 0.526 0.97
(0.91-1 .03) 0.29 The Netherlands (367/915) rs7501939
(C) 0.563 0.579 0.94 (0.79-1 . 11) 0.46 rs4430796 (A)
0.494 0.506 0.95 (0.79-1 .14) 0.58 Hong Kong
(1,495/993) rs7501939 (C) 0.768 0.791 0.87 (0.76-1
.00) 0.054 rs4430796 (A) 0.731 0.754 0.89 (0.78-1 .01
) 0.073 West Africa" (867/1,115) rs7501939 (C) 0.400
0.437 0.87 (0.77-0.99) 0.042 rs4430796 (A) 0.271 0.313
0.80 (0.69-0.92) 0.0024 All groups combined exclud.
Iceland rs7501939 (C) - - 0.91 (0.87-0.95) 3.4x1 0 5
rs4430796 (A) - - 0.92 (0.88-0.95) 1.8X10 5 All groups
combined (9,936/23,087) rs7501939 (C) - - 0.91
(0.87-0.94) 9.2x1 0'7 rs4430796 (A) - - 0.91
(0.87-0.94) 2.7x1 0 7 All P values shown are
two-sided. Shown are the corresponding numbers of
cases and controls (N), allelic frequencies of
variants in affected and control individuals, the
allelic odds-ratio (OR) with 95% confidence interval
(95% Cl) and P values based on the multiplicative
model. a Known prostate cancer patients have been
excluded from the Icelandic T2D cases and controls b
Results for the 5 West African tribes have been
combined using a Mantel-Haenszel method. The frequency
of the variant in West African cases and controls is
the weighted average over the 5 tribes.References 1.
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2006 Jan 15 (2006).EXAMPLE 3 . SURROGATE MARKERS I N
REGIONS SHOWING ASSOCIATION TO PROSTATE CANCER. There
are several SNP markers at each locus, either within o
r close by the LD block in which the anchor SNP is
located, that are in strong LD with the SNP markers
listed in the above. The following therefore contains
tables and markers lists that are within the scope of
the invention. The tables thus list markers that are
in LD, as determined by values of r 2 in the HapMap
CEU population, of greater than 0.2. The tables
furthermore list all markers 



within the LD blocks defined by the present invention.
The markers that have been genotyped and assessed by
the HapMap d o not represent a full coverage of all
relevant markers in the regions defined by the
invention a s being associating with Prostate Cancer.
I t is thus possible that other markers, such a s the
markers listed in the below, can be suitably used t o
assess susceptibility t o Prostate Cancer, as
described herein. Table 7. SNPs from Chromosome 4q31
.21 (within +/- 500kb of marker rs3923603 in NCBI
Build 3355)),, ccoorrrreellaatteedd wwiitthh
rrss33992233660033 bbyy R2 > 00..22.. TThhee SSNNPPss
were identified in the Caucasian CEU HapMap Release 22
dataset (http://www.hapmap.org).Table 8. SNPs from
Chromosome 17q12 (within +/- 500kb of marker rs7501939
in NCBI Build 35), ccoorrrreellaatteedd wwiitthh
rrss77550011993399 bbyy R2 > 00..22.. TThhee ShNPs
were identified in the Caucasian CEU HapMap Release 2
2 dataset (http://www.hapmap.org).Table 9. SNPs from
Chromosome 17q24.3 within +/- 500kb of marker rs1
859962 in NCBI Build 35), correlated with rs1 859962
by R2 > 0.2. The SNPs were identified in the Caucasian
CEU HapMap Release 22 dataset
(http://www.hapmap.org).AN OVERVOLTAGE AND/OR
UNDERVOLTAGE PROTECTION DEVICE BACKGROUND OF THE
INVENTION An overvoltage condition in an electrical
installation occurs when the voltage in the particular
electrical installation zone rises above its upper
design limit. When this condition happens, the voltage
supply to the electronic and electrical devices
connected to that electrical installation zone are all
exposed to an overvoltage condition. As electronic and
electrical devices are designed to operate at a
certain rated voltage, considerable damage can be
caused by voltage that is higher than that for which
the devices are rated. An undervoltage condition may
also cause damages on electronic and electrical
devices connected to the electrical installation zone.
Electric motor will be heated up quickly under a low
voltage condition because if the applied voltage to
the motor is dropped, the torque and the speed of the
motor will correspondingly be reduced hence causing an
increase in motor current which will heat up the motor
quickly. This excess heat built-up inside the motor is
harmful to the motor. It is therefore desirable to
protect electrical installation zones against
overvoltage and/or undervoltage condition to minimise
risk of damage to devices connected to the electrical
installation zones. Overvoltage and/or undervoltage
protection devices of prior art comprises a voltage
sensor that measures the voltage of the electrical
installation zone and provides the voltage measured to
a decision logic. The decision logic compares the
measured voltage with a predefined overvoltage and/or
undervoltage condition. When a predefined overvoltage
or undervoltage condition is detected, the design
logic delivers a trip command to energise the
electromechanical tripping coil of the circuit breaker
which in turn actuates the tripping mechanism of the
circuit breaker. The tripping coil or shunt coil is
usually an optional component of the circuit breaker.
Smaller circuit breakers, particularly the single
phase circuit breakers do not have the option for the
addition of a shunt coil. Additional installation and
wiring is needed when a tripping mechanism is added to
such circuit breakers. Such modification or addition
is best left only to qualified electrical service
personnel to avoid undesirable fatal electrocution and
to ensure correct wiring for proper working of the
added shunt coil and tripping mechanism.
Additionalcosts are therefore involved, with possible
inconvenience caused by disruption to continuous
electricity supply during the installation. It is
therefore desirable to have an overvoltage and/or
undervoltage protection device that can protect an
electrical installation against overvoltage and/or
undervoltage without having to undertake any
additional electrical wiring to the electrical
installation zone and therefore would not incur
additional costs or causes discontinuity of
electricity supply in the implementation. SUMMARY OF
INVENTION It is an object of the present invention to
provide an overvoltage and/or undervoltage protection
device that works cooperatively with the earth leakage
protection device installed to protect an electrical
installation zone and devices, apparatus and equipment
connected thereto against earth leakage fault. When an
overvoltage or undervoltage is detected, the
overvoltage and/or undervoltage protection device of
this invention simulates an earth leakage current to
earth, thereby causing the earth leakage circuit
protection device to trip. This obviates the
requirement for the addition of any shunt tripping
coil and tripping mechanism to the existing circuit
breaker of an electrical installation zone, if such
addition could be plausible. It is another object of
the present invention to provide an overvoltage and/or
undervoltage protection device that is portable and
convenient to use; for instance packaging the
overvoltage and/or undervoltage protection device as a
three-prong plug that can be easily and conveniently
plugged into any matching socket in the electrical
installation zone to be protected or as a switch like
device in the electrical installation zone to be
protected or, in the case of a three phase
installation zone, as a panel mounted device such as
DIN rail mounted device as per DIN 46277 and DIN EN
50022 suitable for mounting on the distribution board
of the three phase installation zone to be protected.
It is another objective of this invention to provide
an overvoltage and/or undervoltage protection device
that enables the user to readily test the integrity of
the overvoltage protection device, the earth leakage
protection device and the wiring connection to the
overvoltage and/or undervoltage protection device.It
is yet another objective of the present invention to
provide an overvoltage and/or undervoltage protection
device that provides indication that the tripping is
caused by overvoltage or undervoltage condition. By
this the user would be able to infer that the tripping
of the earth leakage protection device is a result of
overvoltage or undervoltage instead of earth leakage
fault. The use of the overvoltage and/or undervoltage
protection device of the present invention therefore
has the advantage of avoiding possible disruption to
the continuity of electricity supply to the protected
electrical installation zone when a shunt coil or
tripping mechanism need to be added to the existing
circuit breaker. BRIEF DESCRIPTION OF THE DRAWINGS The
features and usefulness of the invention will be more
readily appreciated from the following detailed
description when read in conjunction with the
accompanying drawing, in which: Fig. 1 is a block
diagram of the overvoltage and/or undervoltage
protection device of this invention. Fig. 2 is a block
diagram of a three phase overvoltage and/or
undervoltage protection device adapted for application
on a three-phase electrical installation zone.
DETAILED DESCRIPTION OF THE INVENTION The invention
will now be described with reference to the
accompanying drawings, wherein like reference numerals
designate corresponding or identical elements
throughout the drawings. Since the earth leakage
protection device (41, 42) is not a component of the
overvoltage and/or undervoltage protection device (1,
2) of this invention and since an earth leakage
protection device is a commercially available
component, its operation is well known to those
skilled in the art and is not described here. In Fig.
1, the reference numeral (1) may designate an
overvoltage protection device, an undervoltage
protection device or an overvoltage and undervoltage
protection device. In the descriptions below, the
phrase "overvoltage and/or undervoltage protection
device" is taken to mean that the device may be an
overvoltage protection device, an undervoltage
protection device or an overvoltage and undervoltage
protection device asis fit for the situation. As will
be clear in the description below, the configuration
for an overvoltage protection device, an undervoltage
protection device or an overvoltage and undervoltage
protection device of this invention is the same except
for the decision logic which may be settable to
selectively detects only overvoltage or only
undervoltage or both overvoltage and undervoltage
conditions. In accordance with the present invention,
it is provided an overvoltage and/or undervoltage
protection device (1) for use cooperatively together
with an earth leakage protection device (41) such as a
RCD (residual current device) or GFCI (ground fault
circuit interrupter) or ELCB (earth leakage circuit
breaker) to trip power supply to a protected
electrical installation zone in the event of
overvoltage or undervoltage condition being detected.
Referring to Fig.l, the overvoltage and/or
undervoltage protection device (1) comprises a voltage
sensor (10), a tripping initiation circuit (11), a
decision logic (12), means for connecting the
overvoltage and/or undervoltage protection device (1)
to the Live, Neutral and Earth wires of the protected
electrical installation zone and means for receiving
and applying power supply (16) to the overvoltage
and/or undervoltage protection device (1). The voltage
sensor (10) is electrically connected across terminals
(A) and (N) as shown in Fig. 1. When connected to the
electrical installation zone to be protected, the
voltage sensor (10) continuously measures the voltage
between the Live and Neutral wires of the protected
electrical installation zone. The output of the
voltage sensor (10) is connected to one of the input
ports of the decision logic (12) to enable the
decision logic (12) to monitor voltage values as
measured by the voltage sensor (10). Two of the
preferred embodiments of the voltage sensor (10) are
step down transformer and voltage divider. The trip
initiation circuit ( 11) is electrically connected
across terminals (A) and (E) as shown in Fig. 1. The
trip initiation circuit (11) comprises a current
limiting resistor (21) and a switch (22). The
preferred embodiments for the switch (22) are either
an electronic switch or an electromechanical switch.
The switching on and off of the switch (22) is
controlled by the decision logic (12). The
switching-on command from the decision logic (12)
causes the switch (22) to close, allowing an earth
leakage current to flow through the current limiting
resistor (21) to earth. The earth leakage current
willcause the earth leakage protection device (41) to
trip and cut off the electricity supply to the
electrical installation zone protected by the earth
leakage protection device (41). As will be explained
later, the switching-on command is delivered by the
decision logic (12) to the switch (22) of the trip
initiation circuit ( 1 1) when the decision logic (12)
detects an overvoltage or undervoltage condition, as
is appropriate. In the case of an electronic switch,
the preferred embodiment for the electronic switch is
either a triac or a solid state relay. In the case of
an electromechanical switch, the switch (22) is a pair
of normally open contacts of an electromechanical
relay. In the case of electronic switch such as triac
or solid state relay, on receiving a switching-on
command from the decision logic (12), the electronic
switch closes, causing earth leakage current to flow
through the current limiting resistor (21) to earth.
The earth leakage current in turn causes the earth
leakage protection device (41) to trip. In the case of
electromechanical switch such as electromechanical
relay, the pair of normally open contacts closes when
the electromechanical relay is energized on receiving
a switching-on command from the decision logic (12),
the closing of the pair of contacts results in earth
leakage current flowing through the current limiting
resistor (21) to earth. The earth leakage in turn
causes the earth leakage protection device (41) to
trip and interrupt electricity supply to the protected
electrical installation zone. The decision logic (12)
has at least one input port and at least one output
port 



with an input port electrically connected to receive
the output of the voltage sensor (10) and with an
output port electrically connected to the tripping
initiation circuit (11) to enable the decision logic
(12) to control the tripping initiation circuit (11).
The decision logic (12) is adapted to monitor and
compare the voltage as measured by the voltage sensor
(10) against a defined overvoltage or undervoltage
condition. When the decision logic (12) detects an
overvoltage or an undervoltage condition, the decision
logic (12) is adapted to generate and deliver a
switching-on command to close the switch (22) of the
tripping initiation circuit ( 1 1), allowing earth
leakage current to flow through the current limiting
resistor (21) to earth. The earth leakage current
causes the earth leakage protection device (41) to
trip and this cut off power supply to the electrical
installation zone protected by the overvoltage and/or
undervoltage protection device (1). The decision logic
(12) can be a discrete digital circuit, a discrete
analogue circuit, a discrete analogue and digital
circuit, a digital microprocessor or a digital
microcontroller. Thedecision logic (12) includes a
comparator to compare the voltage as measured by the
voltage sensor (10) to a predefined overvoltage and/or
undervoltage condition designed or preprogrammed into
the decision logic (12). For instance, the predefined
overvoltage condition is said to occur when the
voltage of the electrical installation zone exceeds a
predefined voltage for a predefined duration of time.
Similarly, the predefined undervoltage condition is
said to occur when the voltage of the electrical
installation zone fell below a predefined voltage for
a predefined duration of time. The above is an example
of definite time protection. The decision logic (12)
is understood to include a timer or software
controlled timer for such definite time tripping
characteristic feature. It is also possible to have an
inverse time characteristic built into the decision
logic (12) or to allow for selectable settings for the
predefined overvoltage or undervoltage condition. In
situation where memory is required, as will be
described later, the decision logic (12) can be
provided with a memory if the decision logic (12) is a
discrete digital circuit and/or a discrete analogue
circuit. If the decision logic (12) is a digital
microprocessor or a digital microcontroller, the
decision logic (12) can have a software controlled
memory included therein. The overvoltage and/or
undervoltage protection device (1) is provided with a
source of power supply for its proper functioning. The
power supply unit (16) can be in the form of an AC/DC
converter that is connected to the live and neutral
wires of the protected electrical installation zone
when the overvoltage and/or undervoltage protection
device is connected to the protected installation zone
during use. The power supply unit (16) can
alternatively be an external source (shown in dotted
line in Fig. 1) such as a battery. When the power
supply unit (16) is a battery, it is desirable to open
the switch (22) of the tripping initiation circuit (
11) after the lapse of the trip response time of the
earth leakage protection device (41). For this
purpose, the decision logic (12) delivers a switch-off
command to open the switch (22) of the tripping
initiation circuit ( 1 1). In the case of an
electronic switch, the triac or solid state relay will
be switched off. In the case of electromechanical
switch, the electromechanical relay will be
de-energised by the switching-off command of the
decision logic (12) and the electromechanical switch
will revert back to its normally open position. The
overvoltage and/or undervoltage protection device (1)
can be further provided with an annunciator (17)
connected to one of the output pons of the
decisionlogic (12). " IIe-I the decision logic (12)
detects a predefined overvoltage or undervoltage
condition, the decision logic (12) sends a
switching-on command to the switch (22) of the
tripping initiation circuit (11) and simultaneously
sends a command to turn on the annunciator (17). The
purpose of turning on the annunciator (17) is to
indicate that the tripping of the earth leakage
protection device (41) is triggered by a defined
overvoltage or undervoltage condition so as to
differentiate between a tripping caused by an
overvoltage or undervoltage condition from one caused
by earth leakage. The annunciator (17) can be
electrical type or mechanical type. The preferred
annunciator (17) is light emitting electrical type
such as indicator lamp, light-emitting diodes or LCD.
When annunciator (17) is of electrical type and the
power supply (16) is of AC/DC converter, the tripping
of the earth leakage protection device (41) will cut
off power supply to the light-emitting type of
annunciator. In this particular embodiment, the
decision logic (12) will need to be provided with a
memory to register the tripping event. The electrical
type annunciator (17) will turns on when the power
supply resumes. If the annunciator (17) is of
mechanical type such as a flag or if the overvoltage
and/or undervoltage protection device is powered by
battery, the annunciation works without the
requirement of a memory to store the trip event in the
decision logic (12). The overvoltage and/or
undervoltage protection device (1) can be further
provided with a test button (18) connected to one of
the input ports of the decision logic (12) to test the
integrity of the overvoltage and/or undervoltage
protection device (1), the earth leakage protection
device (41) and the wiring connection to the
overvoltage and/or undervoltage protection device (1).
When the test button (18) is actuated, the decision
logic (12) of the overvoltage and/or undervoltage
protection device (1) sends a switching on command to
close the switch (22) of the tripping initiation
circuit ( 11) to simulate an earth leakage condition.
The tripping of the earth leakage protection device
(41) affirms the proper functioning of the overvoltage
and/or undervoltage protection device (1), the earth
leakage protection device (41) and the correctness of
the wiring connections to the overvoltage and/or
undervoltage protection device (1). If the earth
leakage protection device (41) fails to trip when the
test button (18) is actuated, attention is needed to
troubleshoot the cause of the non-tripping. The
overvoltage and/or undervoltage protection device (1)
is preferably packaged as a portable three-prong plug
that can be plugged into any socket within the
electricalinstallation zone protected by the earth
leakage protection device (41). For this purpose, the
terminals (A), (N) and (E) of the overvoltage and/or
undervoltage protection device (1) are connected
respectively to the Live, Neutral and Earth prongs of
a three-prong plug. When the overvoltage and/or
undervoltage protection device (1) packaged in the
form of a three-prong plug is plugged into any socket
within the protected electrical installation zone,
terminals (A) (N) and (E) of the overvoltage and/or
undervoltage protection device (1) will be connected
respectively to the Live, Neutral and Earth wires of
the electrical installation zone to be protected. The
annunciator (17) and test button (18) can be
positioned on the opposing face to the prongs of the
three prong plug. Sockets are generally readily
available at different locations within an electrical
installation zone to be protected. Thus, the
implementation of the overvoltage and/or undervoltage
protection of this invention can be readily and easily
accomplished by merely plugging in the overvoltage
and/or undervoltage protection device (1) packaged as
a three-prong plug into any available socket within
the electrical installation zone to be protected. Even
in electrical installation zone where the sockets are
fully utilized by various appliances, an extension
cord or a socket adaptor can be used to provide the
spare socket needed for the insertion the overvoltage
and/or undervoltage protection device (1) packaged as
a three-prong plug. In the case where the power supply
(16) of the overvoltage and/or undervoltage protection
device (1) is an external battery, the three prong
plug can be designed to have a chamber to accommodate
the battery. The overvoltage and/or undervoltage
protection device (1) can be used for the protection
of a three phase electrical installation zone. This is
accomplished by identifying at least one socket that
is associated with each of the three phases of the
electrical installation zone and plugging one
overvoltage and/or undervoltage protection device (1)
packaged in the form of a three-prong plug into each
socket associated with each of the three phases. Fig.
2 is the block diagram of a three phase overvoltage
and/or undervoltage protection device (2) provided as
an integral unit for use cooperatively together with a
three phase earth leakage protection device (42) such
as a RCD (residual current device) or GFCI (ground
fault circuit interrupter) or ELCB (earth leakage
circuit breaker) to trip power supply to a protected
three phase electrical installation zone in the event
of anovervoltage and/or undervoltage condition being
detected on any of the phase of the protected three
phase electrical installation zone. In Fig. 2, the
reference numeral (2) may designate a three phase
overvoltage protection device, a three phase
undervoltage protection device or a three phase
overvoltage and undervoltage protection device. In the
descriptions below, the phrase "three phase
overvoltage and/or undervoltage protection device" is
taken to mean the device may be a three phase
overvoltage protection device, a three phase
undervoltage protection device or a three phase
overvoltage and undervoltage protection device as is
fit for the situation. As will be clear in the
description below, the configuration for a three phase
overvoltage protection device, a three phase
undervoltage protection device or a three phase
overvoltage and undervoltage protection device are the
same except for the decision logic which may be
settable to selectively detects only overvoltage or
only undervoltage or both overvoltage and
undervoltage. As shown in Fig.2, the three phase
overvoltage and/or undervoltage protection device (2)
comprises a voltage sensor group (10"") comprising at
least two voltage sensors but preferably three voltage
sensors q\ 10", 10"') a tripping initiation circuit (
1 1), a decision logic (12), means for connecting the
overvoltage and/or undervoltage protection device (2)
to the Live wires of each phase of the protected three
phase electrical installation zone and to the Neutral
and Earth wires of the protected three phase
electrical installation zone and means for receiving
and applying power supply (16) to the overvoltage
and/or undervoltage protection device (2). Each of the
voltage sensors (10', 10", 10'") is connected in use
across one phase of the three phase electrical
installation zone. One end of each of the voltage
sensors (10', 10", 10'") are respectively electrically
connected to terminals (A), (B) and (C) of the three
phase overvoltage and/or undervoltage device (2) and
the other end of each voltage sensors (10', 10", 10'")
is connected to terminal (N) of the three phase
overvoltage and/or undervoltage protection device (2).
When connected to the three phase electrical
installation zone to be protected, the voltage sensors
(10', 10", 10"') continuously measure the voltage
across the respective Live wires of each phase of the
protected three phase electrical installation zone.
Each of the outputs of the voltage sensors (10', 10",
10'") is connected to an input port of the decision
logic (12) to enable the decision logic (12) to
monitor voltage values as measured by the voltage
sensors (10', 10", 10'").Alternatively, the voltage
measurement can be made on any two of the three phases
of the protected three phase electrical installation
zone, with the voltage of the third phase computed by
the decision logic (12). In this configuration, a
voltage sensor group (10"") with just two voltage
sensors would be adequate to perform the requisite
task. Two of the preferred embodiments of the voltage
sensors (101, 10", 10"') are a three phase step down
transformer and voltage divider. Alternatively, the
voltage sensors (10', 10", 10'") can be substituted
with a three phase voltage sensors (not shown) The
trip initiation circuit ( 11) comprises at least one
current limiting resistor (21', 21" or 21'") connected
in series with a switch (22). In an embodiment where
three current limiting devices (21', 21", 21'") are
used, one end of the current limiting resistors (21',
21", 21'") is respectively connected to terminals (A),
(B) and (C) of the three phase overvoltage and/or
undervoltage protection device (42) and the other end
to the switch 



(22), while the other end of the switch is connected
to terminal (E). The preferred embodiments for the
switch (22) are either an electronic switch or an
electromechanical switch. The switching on and off of
the switch (22) is controlled by the decision logic
(12). The switching-on command from the decision logic
(12) causes the switch (22) to close, allowing an
earth leakage current to flow through the current
limiting resistors (21', 21", 21'") to earth. The
earth leakage current will cause the three phase earth
leakage protection device (42) to trip and cut off the
electricity supply to the electrical installation zone
protected by the three phase earth leakage protection
device (42). As will be explained later, the
switching-on command is delivered by the decision
logic (12) to the switch (22) of the trip initiation
circuit (11) when the decision logic (12) detects an
overvoltage or undervoltage condition, as is
appropriate, on any of the three phases of the
protected three phase electrical installation zone. In
the case of an electronic switch, the preferred
embodiment for the electronic switch is either a triac
or a solid state relay. In the case of an
electromechanical switch, the switch (22) is a pair of
normally open contacts of an electromechanical relay.
In the case of electronic switch such as triac or
solid state relay, on receiving a switching-on command
from the decision logic (12), the electronic switch
closes, causing earth leakage current to flow through
the current limiting resistors (2 11, 21", 21'") to
earth. The earth leakage current in turn causes the
three phase earth leakage protection device (42) to
trip.In the case of electromechanical switch such as
electromechanical relay, the pair of normally open
contacts closes when the electromechanical relay is
energized on receiving a switching-on command from the
decision logic (12), the closing of the pair of
normally open contacts results in earth leakage
current flowing through the current limiting resistors
(21', 21", 21"') to earth. The earth leakage current
in turn causes the three phase earth leakage
protection device (42) to trip and interrupt
electricity supply to the protected three phase
electrical installation zone. The decision logic (12)
has at least three input ports and at least one output
port with one input port each electrically connected
to receive the output of each of the voltage sensors
(10', 10", 10") and with an output port electrically
connected to the tripping initiation circuit (11) to
enable the decision logic (12) to deliver command to
the tripping initiation circuit (11). The decision
logic (12) is adapted to monitor and compare the
voltage as measured by. each of the voltage sensors
(10', 10", 10'") against a defined overvoltage or
undervoltage condition. When the decision logic (12)
detects an overvoltage or an undervoltage condition,
the decision logic (12) is adapted to generate and
deliver a switching-on command to close the switch
(22) of the tripping initiation circuit (11), allowing
earth leakage current to flow through the current
limiting resistors (21', 21", 21'") to earth. The
earth leakage current causes the three phase earth
leakage protection device (42) to trip and this cut
off power supply to the three phase electrical
installation zone protected by the three phase
overvoltage and/or undervoltage protection device (2).
The decision logic (12) can be a discrete digital
circuit, a discrete analogue circuit, a discrete
digital and analogue circuit, a digital microprocessor
or a digital microcontroller. The decision logic (12)
includes a comparator to compare the voltage as
measured by each of the voltage sensors (10', 10",
10'") to a predefined overvoltage and/or undervoltage
condition designed or preprogrammed into the decision
logic (12). For instance, the predefined overvoltage
condition is said to occur when the voltage on any
phase of the three phase electrical installation zone
exceeds a predefined voltage for a predefined duration
of time. Similarly, the predefined undervoltage
condition is said to occur when the voltage on any
phase of the three phase electrical installation zone
fell below a predefined voltage for a predefined
duration of time. The above is an example of definite
time protection. The decision logic (12) is understood
to include a timer or software controlled timer for
such definite time tripping characteristic feature. It
is alsopossible to have an inverse time characteristic
built into the decision logic (12) or to allow for
selectable settings for the predefined overvoltage or
undervoltage condition. In situation where memory is
required, as will be described later,' the decision
logic (12) can be provided with a memory if the
decision logic (12) is a discrete digital circuit
and/or a discrete analogue circuit. If the decision
logic (12) is a digital microprocessor or a digital
microcontroller, the decision logic (12) can have a
software controlled memory included therein. The three
phase overvoltage and/or undervoltage protection
device (2) is provided with a source of power supply
for its proper functioning. The power supply (16) can
be in the form of an AC to DC converter that is
connected to any or all of the phases of the protected
three phase electrical installation zone when the
three phase overvoltage and/or undervoltage protection
device (42) is connected to the protected installation
zone during use. The power supply (16) can
alternatively be an external source (shown in dotted
line in Fig. 2) such as a battery. When the power
supply (16) is a battery, it is desirable to open the
switch (22) of the tripping initiation circuit (11)
after the lapse of the trip response time of the three
phase earth leakage protection device (42). For this
purpose, the decision logic (12) delivers a switch-off
command to open the switch (22) of the tripping
initiation circuit ( 11). In the case of an electronic
switch, the triac or solid state relay will be
switched off. In the case of electromechanical switch,
the electromechanical relay will be de-energised by
the switching-off command of the decision logic (12)
and the electromechanical switch will revert back to
its normally open position. The three phase
overvoltage and/or undervoltage protection device (2)
can be further provided with an annunciator (17)
connected to one of the output ports of the decision
logic (12). When the decision logic (12) detects a
predefined overvoltage or undervoltage condition, the
decision logic (12) sends a switching-on command to
the switch (22) of the tripping initiation circuit (
11) and simultaneously sends a command to turn on the
annunciator (17). The purpose of turning on the
annunciator (17) is to indicate that the tripping of
the three phase earth leakage protection device (42)
is triggered by a defined overvoltage or undervoltage
condition so as to differentiate between a tripping
caused by an overvoltage or undervoltage condition
from one caused by earth leakage. The annunciator (17)
can be electrical type or mechanical type.
Thepreferred annunciator (17) is light emitting
electrical type such as indicator lamp, lightemitting
diodes or LCD. When annunciator (17) is of electrical
type and the power supply (16) is of AC/DC converter,
the tripping of the three phase earth leakage
protection device (42) will cut off power supply to
the light-emitting type of annunciator. In this
particular embodiment, the decision logic (12) will
need to be provided with a memory to register the
tripping event. The electrical type annunciator (17)
will turns on when the power supply resumes. If the
annunciator (17) is of mechanical type such as a flag
or if the overvoltage and/or undervoltage protection
device is powered by battery, the annunciation works
without the requirement of a memory to store the trip
event in the decision logic (12). The three phase
overvoltage and/or undervoltage protection device (2)
can be further provided with a test button (18)
connected to one of the input ports of the decision
logic (12) to test the integrity of the three phase
overvoltage and/or undervoltage protection device (2),
the three phase earth leakage protection device (42)
and the wiring connection to the three phase
overvoltage and/or undervoltage protection device (2).
When the test button (18) is actuated, the decision
logic (12) of the three phase overvoltage and/or
undervoltage protection device (2) sends a switching
on command to close the switch (22) of the tripping
initiation circuit ( 11) to simulate an earth leakage
condition. The tripping of the three phase earth
leakage protection device (42) affirms the proper
functioning of the three phase overvoltage and/or
undervoltage protection device (2), the three phase
earth leakage protection device (42) and the
correctness of the wiring connections to the three
phase overvoltage and/or undervoltage protection
device (2). If the three phase earth leakage
protection device (42) fails to trip when the test
button (18) is actuated, attention is needed to
troubleshoot the cause of the non-tripping. The three
phase overvoltage and/or undervoltage device (2) can
be packaged as a single DIN mounted device suitable
for mounting on the distribution board of the three
phase installation zone to be protected. In this
packaging configuration, when in use, terminals (A),
(B) and (C) are connected to the load side of the
respective phase of the three-phase earth leakage
protection device (42) and terminal (N) to load side
of the neutral of the protected three phase electrical
installation zone. Although some wirings are required
to put the three phase overvoltage and/or undervoltage
device (Z) inoperation, the user still obviates the
need of adding shunt coil or trip mechanism to the
breaker, which as mentioned earlier, may not be
provided in smaller circuit breaker at the time of
initial installation. In the above description, the
terminologies used in the description such as
receptacle, Live wire, Earth wire, Earth wire, prong
may differ in different countries. For example, socket
may alternatively be known as receptacle, Live wire as
Hot Lead, Earth wire as Ground wire, prong as blade or
pin etc and these are taken interchangeably to mean
the same without departing from the spirit of this
invention. The invention can be implemented as an
overvoltage protection device, an undervoltage
protection device or an overvoltage and undervoltage
protection device. The components for these three
embodiments are the same except for the decision logic
(12) which can appropriately be designed or programmed
to detect either a predefined overvoltage,
undervoltage or both overvoltage and undervoltage
condition. Although the present invention have been
described in detail above with certain preferred
embodiments, those skilled in the art will readily
appreciate that many modifications are possible in the
exemplary embodiments above without materially
departing from the novel teachings of this invention.
Accordingly, all such modifications are intended to be
included within the scope of this invention as defined
in the following claims or equivalent thereof.CLAIMS
1. An overvoltage protection device (1) to protect a
particular electrical installation zone against
overvoltage, the overvoltage protection device
comprising: a voltage sensor (10); means for
connecting the voltage sensor (10) to the live and
neutral wires of the electrical installation zone to
be protected; a tripping initiation circuit ( 1 1)
comprising a current limiting resistor (21) and a
switch (22) connected in series; means for connecting
the tripping initiation circuit ( 11) to the live and
earth wires of the electrical installation zone to be
protected; a decision logic (12) having at least one
input port and at least one output port, with an input
port electrically connected to receive the output of
the voltage sensor (10) and with an output port
electrically connected to the tripping initiation
circuit ( 1 1) to enable the decision logic (12) to
deliver command to the tripping initiation circuit (
11) and wherein the decision logic (12) is adapted to
monitor and compare the voltage so measured by the
voltage sensor (10) to a defined overvoltage
condition; and means for receiving and applying power
supply to the overvoltage protection 



device (1); wherein the overvoltage protection device
(1) is used cooperatively with an earth leakage
protection device (41) installed to protect the
electrical installation zone, wherein in the event of
the detection of a defined overvoltage condition by
the decision logic (12), the decision logic (12) is
adapted to generate and deliver an output switching on
command to close the switch (22) of the tripping
initiation circuit ( 11) to enable an earth leakage
current to flow through the current limiting resistor
(21) to earth, thereby tripping the earth leakage
protection device and the electricity supply to the
protected electrical installation zone. 2. An
overvoltage protection device (1) to protect a
particular electrical installation zone against
overvoltage as in claim 1 wherein the overvoltage
protection device (1) is packaged as a portable
three-prong plug that can be plugged into any matching
socket within the protected electrical installation
zone and wherein the meansfor connecting the voltage
sensor (10) to the live and neutral wires of the
protected electrical installation zone and the means
for connecting the tripping initiation circuit ( 11)
to the live and earth wires of the protected
electrical installation zone are the Live, Neutral and
Earth prongs of the three-prong plug appropriately
wired to the overvoltage protection device (1). 3. An
overvoltage protection device (1) to protect a
particular electrical installation zone against
overvoltage as in claim 1 or 2 wherein the switch (22)
in the tripping initiation circuit ( 11) is an
electronic switch and wherein the electronic switch is
switched on upon receiving a switching-on command from
the decision logic (12). 4. An overvoltage protection
device (1) to protect a particular electrical
installation zone against overvoltage as in claim 1 or
2 wherein the switch (22) in the tripping initiation
circuit (11) is an electromechanical switch. 5. An
overvoltage protection device (1) to protect a
particular electrical installation zone against
overvoltage as in claim 4 wherein the
electromechanical switch is a pair of normally open
contacts of an electromechanical relay and wherein the
electromechanical relay is energised to close the pair
of normally open contacts upon receiving a
switching-on command from the decision logic (12). 6.
An overvoltage protection device (1) to protect a
particular electrical installation zone against
overvoitage as in claim 1 or 2 wherein the decision
logic (12) is a discrete digital and/or analogue
circuit. 7. An overvoltage protection device (1) to
protect a particular electrical installation zone
against overvoltage as in claim 1 or 2 wherein the
decision logic (12) is a digital microprocessor or
microcontroller. 8. An overvoltage protection device
(1) to protect a particular electrical installation
zone against overvoltage as in claim 1 or 2 wherein
the means for receiving and applying power supply to
the overvoltage protection device (1) is an AC to DC
converter connected to the electrical installation
zone. 9. An overvoltage protection device (1) to
protect a particular electrical installation zone
against overvoltage as in claim 1 or 2 wherein the
means for receiving and applying power supply to the
overvoltage protection device (1) is an external
battery. 10. An overvoltage protection device (1) to
protect a particular electrical installation zone
against overvoltage as in claim 1 or 2 wherein the
overvoltageprotection device (1) is further provided
with at least one annunciator (17) connected to an
output port of the decision logic (12) to indicate
that the tripping of the earth leakage protection
device (41) is triggered by an overvoltage in the
protected installation zone. 11. An overvoltage
protection device (1) to protect a particular
electrical installation zone against overvoltage as in
claim 10 wherein the annunciator (17) is a light
emitting device. 12. An overvoltage protection device
(1) to protect a particular electrical installation
zone against overvoltage as in claim 1 or 2 wherein
the overvoltage protection device (1) is further
provided with a test button (18) connected to an input
port of the decision logic (12) to test the integrity
of the overvoltage protection device (1), the earth
leakage protection device (41) and the wiring
connections to the overvoltage protection device. 13.
An overvoltage protection device (1) to protect a
particular electrical installation zone against
overvoltage as in claim 1 or 2 wherein the overvoltage
protection device (1) is further provided with at
least one annunciator (17) connected to an output pj
Drt of the decision logic (12) and a test button (18)
connected to an input port of the decision logic (12).
14. A three phase overvoltage protection device (2) to
protect a particular three phase electrical
installation zone against overvoltage comprising: a
voltage sensor group (10""); means for connecting the
voltage sensor group (10"") to at least two of the
live wires, Ll, L2, L3 and to the neutral wire N of
the three phase electrical installation zone to
measure the voltage on at least two of the three
phases of the protected electrical installation zone;
a tripping initiation circuit ( 11) comprising: at
least one current limiting resistor (21', 21" or
21'"); means for connecting one end of the or each
current limiting resistor (2 11, 21" or 21"')
respectively to one or each live wire Ll, L2, L3 of
the protected three phase electrical installation
zone; a switch (22); means for connecting one end of
the switch (22) to the earth wire E of the protected
three phase electrical installation zone;wherein the
other end of the or each current limiting resistor
(21', 21" or 21"') is electrically connected to the
other end of the switch (22); a decision logic (12)
having at least three input ports and at least one
output port, with three of the input ports
electrically connected to receive the outputs of the
voltage sensor group (10"") and with an output port
electrically connected to the tripping initiation
circuit ( 11) to enable the decision logic (12) to
deliver command to the tripping initiation circuit
(11) and wherein the decision logic (12) is adapted to
test the voltages so measured by the voltage sensor
group(10"") against a defined overvoltage condition;
and means for receiving and applying power supply to
the three phase overvoltage protection device (2),
wherein the three phase overvoltage protection device
(2) is used cooperatively with a three phase earth
leakage protection device (42) installed to protect
the three phase electrical installation zone, wherein
in the event of the detection, by measurement or by
computation, of a defined overvoltage condition on any
phase by the decision logic (12), the decision logic
(12) is adapted to generate and deliver an output
switching on command to close the switch (22) of the
tripping initiation circuit ( 1 1) to enable an earth
leakage current to flow through the or each current
limiting resistor (21', 21" or 21'") to earth, thereby
tripping the three phase earth leakage protection
device (42) and the electricity supply to the
protected three phase electrical installation zone.
15. A three phase overvoltage protection device (2) to
protect a particular three phase electrical
installation zone against overvoltage as in claim 14
wherein the three phase overvoltage protection device
(2) is packaged as a DIN rail mounted device as per
DIN 46277 and DIN EN 50022 suitable for mounting on
the distribution board of the thres phase installation
zone to be protected; and wherein means for connecting
each of the voltage sensors (10', 10", 10"') in the
voltage sensor group (10"") to the respective live
wires, Ll, L2, L3 and neutral wire N of the three
phase installation zone to be protected and means for
connecting the tripping initiation circuit ( 11) to
the respective live wires, Ll, L2, L3 and the wire E
of the three phase installation zone to be protected
are the terminals provided on the DIN rail mounted
device and appropriately wired thereto.16. A three
phase overvoltage protection device (2) to protect a
particular three phase electrical installation zone
against overvoltage as in claim 14 wherein the voltage
sensor group (10"") comprises three voltage sensors
(10', 10", 10'") each respectively connected to one of
the live wires of each phase of the three phase
electrical installation zone and with each output
electrically connected to one input port each of the
decision logic (12). 17. A three phase overvoltage
protection device (2) to protect a particular three
phase electrical installation zone against overvoltage
as in claim 14 wherein the voltage sensor group (10"")
comprises a three phase voltage sensor connected
respectively to the live wires of each phase of the
three phase electrical installation zone and with each
output electrically connected to one input port each
of the decision logic (12). 18. A three phase
overvoltage protection device (2) to protect a
particular three phase electrical installation zone
against overvoltage as in claim 14 wherein the means
for receiving and applying power supply to the three
phase overvoltage protection device (2) is an AC to DC
converter connected to the three phase electrical
installation zone and/or an external battery. 19. A
three phase overvoltage protection device (2) to
protect a particular three phase electrical
installation zone against overvoltage as in claim 14
wherein the three phase overvoltage protection device
(2) is further provided with at least one annunciator
(17) and/or a test button (18). 20. An undervoltage
protection device (1) to protect a particular
electrical installation zone against undervoltage, the
undervoltage protection device comprising: a voltage
sensor (10); means for connecting the voltage sensor
(10) to the live and neutral wires of the electrical
installation zone to be protected; a tripping
initiation circuit ( 1 1); means for connecting the
tripping initiation circuit ( 11) to the live and
earth wires of the electrical installation zone to be
protected; a decision logic (12) having at least one
input port and at least one output port, with an input
port electrically connected to receive the output of
the voltage sensor (10) and with an output port
electrically connected to the trippinginitiation
circuit ( 11) to enable the decision logic (12) to
deliver command to the tripping initiation circuit
(11) and wherein the decision logic (12) is adapted to
test the voltage so measured by the voltage sensor
(10) against a defined undervoltage condition; and
means for receiving and applying power supply to the
undervoltage protection device (1); wherein the
tripping initiation circuit ( 11) comprises a current
limiting resistor (21) and a switch (22) connected in
series; and wherein the undervoltage protection device
(1) is used cooperatively with an earth leakage
protection device (41) installed to protect the
electrical installation zone, wherein in the event of
the detection of a defined undervoltage condition by
the decision logic (12), the decision logic (12) is
adapted to generate and deliver an output switching 



on command to close the switch (22) of the tripping
initiation circuit ( 11) to enable an earth leakage
current to flow through the current limiting resistor
(21) to earth, thereby tripping the earth leakage
protection device (41) and the electricity supply to
the protected electrical installation zone. 21. An
undervoltage protection device (1) to protect a
particular electrical installation zone against
undervoltage as in claim 20 wherein the undervoltage
protection device (1) is packaged as a portable
three-prong plug that can be plugged into any matching
socket within the protected electrical installation
zone and wherein the means for connecting the voltage
sensor (10) to the live and neutral wires of the
protected electrical installation zone and the means
for connecting the tripping initiation circuit ( 11)
to the live and earth wires of the protected
electrical installation zone are the Live, Neutral and
Earth prongs of the three-prong plug appropriately
wired to the undervoltage protection device (1). 22.
An undervoltage protection device (1) to protect a
particular electrical installation zone against
undervoltage as in claim 20 or 2 1 wherein the switch
(22) of the tripping initiation circuit ( 11) is an
electronic switch and wherein the electronic switch is
switched on upon receiving a switching-on command from
the decision logic (12). 23. An undervoltage
protection device (1) to protect a particular
electrical installation zone against undervoltage as
in claim 20 or 2 1 wherein the switch (22) of the
tripping initiation circuit ( 1 1) is an
electromechanical switch.24. An undervoltage
protection device (1) to protect a particular
electrical installation zone against undervoltage as
in claim 23 wherein the electromechanical switch is a
pair of contacts of an electromechanical relay and
wherein the electromechanical relay is energised to
close the pair of contacts upon receiving a
switching-on command from the decision logic (12). 25.
An undervoltage protection device (1) to protect a
particular electrical installation zone against
undervoltage as in claim 20 or 2 1 wherein the
decision logic (12) is a discrete digital and/or
analogue circuit. 26. An undervoltage protection
device (1) to protect a particular electrical
installation zone against undervoltage as in claim 20
or 2 1 wherein the decision logic (12) is a digital
microprocessor or microcontroller. 27. An undervoltage
protection device (1) to protect a particular
electrical installation zone against undervoltage as
in claim 20 or 2 1 wherein the means for receiving and
applying power supply to the undervoltage protection
device (1) is an AC to DC converter connected to the
electrical installation zone. 28. An undervoltage
protection device (1) to protect a particular
electrical installation zone against undervoltage as
in claim 20 or 2 1 wherein the means for receiving and
applying power supply to the undervoltage protection
device is an external battery. 29. An undervoltage
protection device (1) to protect a particular
electrical installation zone against undervoltage as
in claim 20 or 2 1 wherein the undervoltage protection
device (1) is further provided with at least one
annunciator (17) connected to an output port of the
decision logic (12) to indicate that the tripping of
the earth leakage protection device (41) is triggered
by an undervoltage in the protected installation zone.
30. An undervoltage protection device (1) to protect a
particular electrical installation zone against
undervoltage as in claim 29 wherein the annunciator
(17) is a light emitting device. 31. An undervoltage
protection device (1) to protect a particular
electrical installation zone against undervoltage as
in claim 20 or 2 1 wherein the undervoltage protection
device (1) is further provided with a test button (18)
connected to an input port of the decision logic (12)
to test the integrity of the undervoltage protection
device (1),the earth leakage protection device (41)
and the wiring connections to the undervoltage
protection device (1). 32. An undervoltage protection
device (1) to protect a particular electrical
installation zone against undervoltage as in claim 20
or 2 1 wherein the undervoltage protection device (1)
is further provided with at least one annunciator (17)
connected to an output port of the decision logic (12)
and a test button (18) connected to an input port of
the decision logic (12). 33. A three phase
undervoltage protection device (2) to protect a
particular three phase electrical installation zone
against undervoltage comprising: a voltage sensor
group (10""); means for connecting the voltage sensor
group (10"") to at least two of the live wires, Ll,
L2, L3 and to the neutral wire N of the three phase
electrical installation zone to measure the voltage on
at least two of the three phases of the protected
electrical installation zone; a tripping initiation
circuit ( 11) comprising: at least one current
limiting resistor (21', 21" or 21'"); means for
connecting one end of the or each current limiting
resistor (21', 21" or 21"') respectively to one or
each Live wire Ll, L2, L3 of the protected three phase
electrical installation zone; a switch (22); means for
connecting one end of the switch (22) to the earth
wire E of the protected three phase electrical
installation zone; wherein the other end of the or
each current limiting resistor (2V, 21" or 21'") is
electrically connected to the other end of the switch
(22); a decision logic (12) having at least three
input ports and at least one output port, with three
of the input ports electrically connected to receive
the outputs of the voltage sensor group (10"") and
with an output port electrically connected to the
tripping initiation circuit ( 11) to enable the
decision logic (12) to deliver command to the tripping
initiation circuit ( 11) and wherein the decision
logic (1 1) is adapted to test the voltages so
measured by the voltage sensor group (10"") against a
defined undervoltage condition; andmeans for receiving
and applying power supply to the three phase
undervoltage protection device (2), wherein the three
phase underrvoltage protection device (2) is used
cooperatively with a three phase earth leakage
protection device (42) installed to protect the three
phase electrical installation zone, wherein in the
event of the detection, by measurement or by
computation, of a defined undervoltage condition on
any phase by the decision logic (12), the decision
logic (12) is adapted to generate and deliver an
output switching on command to close the switch (22)
of the tripping initiation circuit ( 1 1) to enable an
earth leakage current to flow through the or each
current limiting resistor (21', 21" or 21"') to earth,
thereby tripping the three phase earth leakage
protection device (42) and the electricity supply to
the protected three phase electrical installation
zone.. 34. A three phase undervoltage protection
device (2) to protect a particular three phase
electrical installation zone against undervoltage
wherein the three phase undervoltage protection device
(2) is packaged as a single packaged as a DIN rail
mounted device as per DIN 46277 and DIN EN 50022
suitable for mounting on the distribution board of the
three phase installation zone to be protected; and
wherein means for connecting each voltage sensor (10',
10", 10'") of the voltage sensor group (10"") to the
respective live wires, Ll, L2, L3 and neutral wire N
of the three phase installation zone to be protected
and means for connecting the tripping initiation
circuit (11) to the respective live wires, Ll, L2, L3
and the wire E of the three phase installation zone to
be protected are the terminals provided on the DIN
rail mounted device and appropriately wired thereto.
35. A three phase undervoltage protection device (2)
to protect a particular three phase electrical
installation zone against undervoltage as in claim 34
wherein the voltage sensor group (10"") comprises
three voltage sensors (10', 10", 10'") each
respectively connected to one of the live wires of
each phase of the three phase electrical installation
zone and with each output electrically connected to
one input port each of the decision logic (12). 36. A
three phase undervoltage protection device (2) to
protect a particular three phase electrical
installation zone against undervoltage as in claim 34
wherein the voltage sensor group (10"") comprises a
three phase voltage sensor connected respectively to
the live wires of each phase of the three phase
electrical installation zoneand with each output
electrically connected to one input port each of the
decision logic (12). 37. A three phase undervoltage
protection device (2) to protect a particular three
phase electrical installation zone against
undervoltage as in claim 34 wherein the means for
receiving and applying power supply to the three phase
undervoltage protection device is an AC to DC
converter connected to the three phase electrical
installation zone and/or an external battery. 38. A
three phase undervoltage protection device (2) to
protect a particular three phase electrical
installation zone against undervoltage as in claim 34
wherein the three phase undervoltage protection device
(2) is further provided with at least one annunciator
(17) and/or a test button (18). 39. An overvoltage and
undervoltage protection device (1) to protect a
particular electrical installation zone against
overvoltage or undervoltage, the overvoltage and
undervoltage protection device (1) comprising: a
voltage sensor (10); means for connecting the voltage
sensor (10) to the live and neutral wires of the
electrical installation zone to be protected; a
tripping initiation circuit (11); means for connecting
the tripping initiation circuit ( 11) to the live and
earth wires of the electrical installation zone to be
protected; a decision logic (12) having at least one
input port and at least one output port, with an input
port electrically connected to receive the output of
the voltage sensor (10) and with an output port
electrically connected to the tripping initiation
circuit ( 11) to enable the decision logic (12) to
deliver command to the tripping initiation circuit
(11) and wherein the decision logic (12) is adapted to
test the voltage so measured by the voltage sensor
(10) against a defined overvoltage or undervoltage
condition; and means for receiving and applying power
supply to the overvoltage and undervoltage protection
device (1); wherein the tripping initiation circuit
(11) comprises a current limiting resistor (21) and a
switch (22) connected in series; andwherein the
overvoltage and undervoltage protection device (2) is
used cooperatively with an earth leakage protection
device (41) installed to protect the electrical
installation zone, wherein in the event of the
detection of a defined overvoltage or undervoltage
condition by the decision logic (12), the decision
logic (12) is adapted to generate and deliver an
output switching on command to close the switch (22)
of the tripping initiation circuit (11) to enable an
earth leakage current to flow through the current
limiting resistor (21) to earth, thereby tripping the
earth leakage protection device (41) and the
electricity supply to the protected electrical
installation zone. 



40. An overvoltage and undervoltage protection device
(1) to protect a particular electrical installation
zone against overvoltage or undervoltage as in claim
39 wherein the overvoltage and undervoltage protection
device (1) is packaged as a portable three-prong plug
that can be plugged into any matching socket within
the protected electrical installation zone and wherein
the means for connecting the voltage sensor (10) to
the live and neutral wires of the protected electrical
installation zone and the means for connecting the
tripping initiation circuit ( 11) to the live and
earth wires of the protected electrical installation
zone are the Live, Neutral and Earth prongs of the
three-prong plug appropriately wired to the
overvoltage and undervoltage protection device (1).
41. An overvoltage and undervoltage protection device
(1) to protect a particular electrical installation
zone against overvoltage or undervoltage as in claim
39 or 40 wherein the switch (22) of the tripping
initiation circuit ( 11) is an electronic switch and
wherein the electronic switch is switched on upon
receiving a switching-on command from the decision
logic (12). 42. An overvoltage and undervoltage
protection device (1) to protect a particular
electrical installation zone against overvoltage or
undervoltage as in claim 39 or 40 wherein the switch
(22) of the tripping initiation circuit ( 11) is an
electromechanical switch. 43. An overvoltage and
undervoltage protection device (1) to protect a
particular electrical installation zone against
overvoltage or undervoltage as in claim 42 wherein the
electromechanical switch is a pair of contacts of an
electromechanical relay and wherein the
electromechanical relay is energised to close the pair
of contacts upon receiving a switching-on command from
the decision logic (12).44. An overvoltage and
undervoltage protection device (1) to protect a
particular electrical installation zone against
overvoltage or undervoltage as in claim 39 or 40
wherein the decision logic (12) is a discrete digital
and/or analogue circuit. 45. An overvoltage and
undervoltage protection device (1) to protect a
particular electrical installation zone against
overvoltage or undervoltage as in claim 39 or 40
wherein the decision logic (12) is a digital
microprocessor or microcontroller. 46. An overvoltage
and undervoltage protection device (1) to protect a
particular electrical installation zone against
overvoltage or undervoltage as in claim 39 or 40
wherein the means for receiving and applying power
supply to the overvoltage and undervoltage protection
device (1) is an AC to DC converter connected to the
electrical installation zone. 47. An overvoltage and
undervoltage protection device (1) to protect a
particular electrical installation zone against
overvoltage or undervoltage as in claim 39 or 40
wherein the means for receiving and applying power
supply to the overvoltage and undervoltage protection
device (1) is an external battery. 48. An overvoltage
and, undervoltage protection device (1) to protect a
particular electrical installation zone against
overvoltage or undervoltage as in claim 39 or 40
wherein the overvoltage and undervoltage protection
device (1) is further provided with at least one
annunciator (17) connected to an output port of the
decision logic (12) to indicate that the tripping of
the earth leakage protection device (41) is triggered
by an overvoltage or undervoltage in the protected
installation zone. 49. An overvoltage and undervoltage
protection device (1) to protect a particular
electrical installation zone against overvoltage or
undervoltage as in claim 48 wherein the annunciator
(17) is a light emitting device. 50. An overvoltage
and undervoltage protection device (1) to protect a
particular electrical installation zone against
overvoltage or undervoltage as in claim 39 or 40
wherein the overvoltage and undervoltage protection
device (1) is further provided with a test button (18)
connected to an input port of the decision logic (12)
to test the integrity of the overvoltage and
undervoltage protection device (1), the earth leakage
protection device (41) and the wiring connections to
the overvoltage and undervoltage protection device
(1).51. An overvoltage and undervoltage protection
device (1) to protect a particular electrical
installation zone against overvoltage or undervoltage
as in claim 39 or 40 wherein the overvoltage and
undervoltage protection device (1) is further provided
with at least one annunciator (17) connected to an
output port of the decision logic (12) and a test
button (18) connected to an input port of the decision
logic (12). 52. A three phase overvoltage and
undervoltage protection device (2) to protect a
particular three phase electrical installation zone
against overvoltage or undervoltage comprising: a
voltage sensor group (10""); means for connecting the
voltage sensor group (10"") to at least two of the
live wires, Ll, L2, L3 and to the neutral wire N of
the three phase electrical installation zone to
measure the voltage on at least two of the three
phases of the protected electrical installation zone;
a tripping initiation circuit ( 11) comprising: at
least one current limiting resistor (21', 21" or
21'"); means for connecting one end of the or each
current limiting resistor (21 21" or 21'")
respectively to one or each Live wire Ll, L2, L3 of
the protected three phase electrical installation
zone; a switch (22); means for connecting one end of
the switch (22) to the earth wire E of the protected
three phase electrical installation zone; wherein the
other end of the or each current limiting resistor
(21', 21" or 21"') is electrically connected to the
other end of the switch (22); a decision logic (12)
having at least three input ports and at least one
output port, with three of the input ports
electrically connected to receive the outputs of the
voltage sensor group (10"") and with an output port
electrically connected to the tripping initiation
circuit (1 1) to enable the decision logic (12) to
deliver command to the tripping initiation circuit (
11) and wherein the decision logic (12) is adapted to
test the voltages so measured by the voltage sensor
group (10"") against a defined overvoltage or
undervoltage condition; andmeans for receiving and
applying power supply to the three phase overvoltage
and undervoltage protection device (2), wherein the
three phase overvoltage and undervoltage protection
device (2) is used cooperatively with a three phase
earth leakage protection device (42) installed to
protect the three phase electrical installation zone,
wherein in the event of the detection, by measurement
or by computation, of a defined overvoltage or
undervoltage condition on any phase by the decision
logic (12), the decision logic (12) is adapted to
generate and deliver an output switching on command to
close the switch (22) of the tripping initiation
circuit ( 11) to enable an earth leakage current to
flow through the or each current limiting resistor
(21', 21" or 21'") to earth, thereby tripping the
three phase earth leakage protection device (42) and
the electricity supply to the protected three phase
electrical installation zone.. 53. A three phase
overvoltage and undervoltage protection device (2) to
protect a particular three phase electrical
installation zone against overvoltage or undervoltage
as in claim 52 wherein the three phase overvoltage and
undervoltage protection device (2) is packaged as a
single packaged as a DIN rail mounted device as per
DIN 46277 and DIN EN 50022 suitable for mounting on
the distribution board of the three phase installation
zone to be protected; and wherein means for connecting
each voltage sensors (10', 10", 10"') of the voltage
sensor group (10"") to the respective live wires, Ll,
L2, L3 and neutral wire N of the three phase
installation zone to be protected and means for
connecting the tripping initiation circuit ( 11) to
the respective live wires, Ll, L2, L3 and the wire E
of the three phase installation zone to be protected
are the terminals provided on the DIN rail mounted
device and appropriately wired thereto. 54. A three
phase overvoltage and undervoltage protection device
(2) to protect a particular three phase electrical
installation zone against overvoltage or undervoltage
as in claim 52 wherein the voltage sensor group (10"")
comprises three voltage sensors (10', 10", 10'") each
respectively connected to one of the live wires of
each phase of the three phase electrical installation
zone and with each output electrically connected to
one input port each of the decision logic (12). 55. A
three phase overvoltage and undervoltage protection
device (2) to protect a particular three phase
electrical installation zone against overvoltage or
undervoltage as in claim 52 wherein the voltage sensor
group (10"") comprises a threephase voltage sensor
connected respectively to the live wires of each phase
of the three phase electrical installation zone and
with each output electrically connected to one input
port each of the decision logic (12). 56. A three
phase overvoltage and undervoltage protection device
(2) to protect a particular three phase electrical
installation zone against overvoltage or undervoltage
as in claim 52 wherein the means for receiving and
applying power supply to the three phase overvoltage
and undervoltage protection device (2) is an AC to DC
converter connected to the three phase electrical
installation zone and/or an external battery. 57. A
three phase overvoltage and undervoltage protection
device (2) to protect a particular three phase
electrical installation zone against overvoltage or
undervoltage as in claim 52 wherein the three phase
overvoltage and undervoltage protection device (2) is
further provided with at least one annunciator (17)
and/or a test button (18). 


