
Genetic variants as markers for use in Urinary Bladder Cancer Risk
Assessment, Diagnosis, Prognosis and Treatment INTRODUCTION Cancer, the
uncontrofied growth of malignant cells, Is a major hearth problem of the
modern medical era and Is one of the leading causes of death in developed
countries. In the United States, one in four deaths is caused by cancer,
Urinary bladder cancer is the 6th most common type or cancer In the United
States with approximately 67,000 new cases and 14,000 deaths from the
disease in 2007, Urinary bladder cancer (UBC) tends to occur most commonly
in individuals over 60 years of age, Exposure to certain Industrially used
chemicals (derivatives of compounds calied arylamines) strong risk factor
for the development of bladder cancers. Tobacco use (specifically cigarette
smoking) is thought to cause 50% of bladder cancers discovered in male
patients and 30% of those found In female patients. Thirty percent of
bladder tumors probably result from occupational exposure in the workplace
to carcinogens such as benzidine, Occupations at risk are metal industry
workers, rubber Industry workers, workers In the textile industry and
people who work in printing. Certain drugs such as cyclophospharnIde and
phenacetin are known to predispose to bladder cancer. Chronic bladder
irritation (infection, bladder stones, catheters, and bilharzia)
predisposes to squamous cell carcinoma of the bladder. Familial clustering
of UBC cases suggests that there Is a genetic component to the risk of the
disease (Abort, K.K. etal. "Familial aggregation of urothellal cell
carcinoma". mY Cancer 98, 274-8 (2002); Amundadottir, LT. et al. 'Cancer as
a Complex Phenotype: Pattern of Cancer Distribution within and beyond the
Nuclear Familly."PLcS Med 1, e65 Epub 2004 Dec 28 (2004); Murta-Nasclmento,
C. et al. "Risk of bladder cancer associated with family history of cancer:
do low-penetrance polymorphisms account for the increase in risk?" Cancer
Epidemic" Blornarkers Prey 16, 1595-600 (2007)). Genetic segregation
analyses have suggested that this component Is multlfactorial with many
genes conferring small risks (Aben, K.K, et al, Segregation anaiysis of'
urothelial cell cardnoma." EurJ Cancer 42, 1428-33 (2006)). Many
epidemiological studies have evaluated potential associations between
sequence variants in candidate genes and bladder cancer, but the most
consistent risk association to the disease Is found for variations in the
NAT2 gene. (Sanderson, 5, et al., "Joint effects of the N-acetyltransferase
1 and 2 (NAT1 and NIAT2) genes and smoking on biacIde,r carcinocienesis: a
ilterature-based systematic HuGE review and evidence synthesis."Arn .1
Epidemic' 166, 741-51 (2007)).  2 Majority (>90%) of bladder cancers are
transitional cell carcinomas (TCC) and arise from the urothellum. Other
bladder cancer types include squarnous cell carcinoma, adenocarclnoma,
sarcoma, small cell carcinoma and seconder/ deposits from cancers elsewhere
In the body.  TCCs are often multifocal, v./1th 30-40% of patients having a
more than one tumor at diagnosis. The pattern of growth of TCCs can be
papillary, sessile (fiat) or carcinorna-in-situ (CIS). Superficial tumors
are defined as tumors that either do not invade, or those that invade but
stay superficial to the deep muscle wall of the bladder, At initial
diagnosis, 70% of patients with bladder cancers have superficial disease.
Tumors that are clinically superficial are composed of three distinctive
pathologic types. The majority of superficial urothelial carcinomas present
as noninvasive, papillary tumors (pathologic stage pTa). 70% of these
superficial papillary tumors will recur over a prolonged clinical course,
causing significant morbidity. In addition, 5-10% of these papillary
lesions will eventually progress to invasive carcinomas. These tumors are
pathologically graded as either low malignant potential, low grade or high
grade. High grade tumors have a higher risk of progression. Flat urothelial
carcinoma in situ (CIS) are highly aggressive lesions and progress more
rapidly than the papillary tumors. A minority of tumors invade only
superficially into the lamina propria. These tumors recur 80% of the time,
and eventually Invade the detrusor muscle In 30% of cases. Approximately
30% of urothellal 'carcinomas Invade the detrusor muscle at presentation.
These cancers are highly aggressive. Those Invasive tumors may spread by
way of the lymph and blood systems to Invade hone, liver, and lungs and
have high morbidity (Kaufman, D.S. Ann Oncol 17, v106-112 (2006)). The
treatment of transitional cell or urothellal carcinoma is different for
superficial tumors and muscle invasive tumors. Superficial bladder cancers
can be managed without cystectorny (removing the bladder). The standard
Initial treatment of superficial tumors includes cystoscopy with
trans-urethral resection of the tumor (TUR). The cystoscope allows
visualization and entire removal of a bladder tumor. Adjuvant intravesical
drug therapy after TUR Is commonly prescribed for patients with tumors that
are large, multiple, high grade or superficially Invasive, Intravesical
therapy consists of drugs placed directly into the bladder through a
urethral catheter, In an attempt to minimize the risk of tumor recurrence
and progression. About 50-70% pr patients with superficial bladder cancer
have a very good response to Intraveslcal therapy. The current standard of
care consists of urethro-cystoscopy and urine cytology every 3-4 months for
the first two years and at a longer Interval in subsequent years.
Cystectomy Is indicated when bladder cancer Is Invasive into the muscle
wall of the bladder or When patients with superficial tumors have frequent
recurrences that are not responsive to intravesical therapy. The benefits
of surgically removing the bladder are disease control, eradication of
symptoms associated with bladder cancer, and long-term survival. For
advanced bladder cancer that has extended beyond the bladder wall,
radiation and chemotherapy are treatment options. Local lymph nodes are
frequently radiated as part of the therapy to treat the  



Microscopic cancer ceils which may have spread to the nodes. Current
treatment of advanced bladder cancer can Involve a combination of radiation
and chemotherapy. Early detection can Improve prognosis, treatment options
as well as quality of life of the patient. if screening methods could
detect bladder cancers destined to become muscle Invading while they are
stili superficial it is likely that a significant reduction In morbidity
and mortality would result. Cystoscoplc examination is costly and causes
substantial discomfort for the patient. Urine Cytology has poor sensitivity
In detecting low-grade disease and its accuracy can vary between Pathology
labs. Many urine-based tumor markers have been developed for detection and
surveillance of the disease and some of these are used in routine patient
care (Lekeshwar, et al, Urology 66, 35-63 (2005); Friedrich, M,G, et al.
B)Li Int 92, 389-92 (7003); Ramakumar, S. et at 3 Ural 161, 388-94 (1999);
Sozen, 5, et ai. Eur Urol 36, 225-9 (1999); Helcappell, R. at el. tiro: Int
65, 181-4 (2000)), However, no blomarker reported to date has shown
sufficient sensitivity and specificity for detecting all types of bladder
cancers in the clinic. It should be remembered that efficiency of Screening
increases with the disease's prevalence In the screened population.
Therefore, the efficiency of the test could be increased by limiting the
screening program to people at high risk. For bladder cancer, this may mean
restricting participation to people with occupational exposure to known
bladder carcinogens or individuals with known cancer predisposing variants,
There Is clearly a need for improved diagnostic procedures that would
facilitate early-staae !bladder 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 bladder cancer from those patients
that are diagnosed with the superficial disease. This would help to avoid
Invasive and costly procedures for patients not at significant risk,
Genetic risk is conferred by subtle differences in the genoine among
individuals In a population. Variations In the human genorne are most
frequently due to shale nucleotide polymorphisms (SNPs), although other
variations are also important. SNPs are located on average every 1000 base
pairs In the human genome, Accordingly, a typical human gene containing
750,000 base Pairs may contain 250 different SNPs, only a minor number of
SNPs are located in exons and alter the amino acid sequence of the protein
encoded by the gene. Most SNPs may have little or no effect on gene
function, while others may alter transcription, splicing, translation, or
stability of the mRNA encoded by the gene. Additional genetic poiymorphisms
in the human genorne are caused by insertions, deletions, transiocations or
Inversion of either short or long stretches of PNA. Genetic polyrnorphisms
conferring disease risk may direct)/ alter the amino acid sequence  4 of
proteins, may increase the amount of protein produced from the gene, or may
decrease the amount of protein produced by the gene. As genetic
polyrnorphisms conferring risk of common diseases are uncovered, genetic
testing for Such risk factors is becoming Increasingly Important for
clinical medicine, Examples are pollpoproteln E testing to Identify genetic
carriers of the apoE4 polymorphism in dementia Patients for the
differential diagnosis of Alzheimer's disease, and of Factor V Leiden
testing for predisposition to deep venous thrombosis. More Importantly, In
the treatment of cancer, diagnosis of genetic variants in tumor cells Is
used for the selection of the most appropriate treatment regime for the
individual patient. In breast cancer, genetic variation in estrogen
receptor expression or heregulin type 2 (Her2) receptor tyrosine klnase
expression determine If anti-estrogenic drugs (tamoxifen) or antl-Her2
antibody (Flerceptin) will be incorporated into the treatment plan. In
chronic myeloid leukemia (CML) diagnosis of the Philadelphia chromosome
genetic translocatIon fusing the genes encoding the Bcr and Abl receptor
tyrosine kinases indicates that Gieevec (5TI571), a specific Inhibitor of
the Bcr-Abl kinase should be used for treatment of the cancer. For CML
patients with such a genetic alteration, Inhibition of the Bo-- fib! kinase
leads to rapid elimination of the tumor cells and remission from leukemia.
Furthermore, genetic testing services are now available, providing
individuals with information about their disease risk based on the
discovery that certain SNPs have been associated with risk of many of the
common diseases. Loci Associated with Bladder Cancer The genetic
polymorphIsms in a number of metabolic enzymes and other genes have been
found as the modulators of bladder cancer risk. The most studied
polymorphisms in connection with bladder cancer risk are polymorphIsms in
genes for some important enzymes, especially Nacetyitransferases (NATs),
giutathione S-transferases (GSTs), DNA repair enzymes, and many Others, An
improved understanding of the molecular biology of tirothellal malignancies
Is helping to define more clearly the role of new prognostic Indices and
multidisciplinary treatment for this disease. It has been suggested that
some of the NAT variants modify individual susceptibility to cancer. Slow
NAT2 acetylatIon capacity has been suggested as conferring an Increased
risk of bladder, breast, liver and lung cancers, and a decreased risk of
colon cancer, whereas a prominent 'Change in the NATI gene, putatively
associated with Increased NATI activity, has been Suggested as increasing
the risk of bladder and colon cancer, and decreasing that of lung cancer
(A, Filrvonen, ?ARC Sci Pub! 146 (1999), pp. 251-270). NATl polymorphisrns
may affect the individual bladder cancer risk by interacting with
environmental factors and interacting with the NAT2 gene (Cescorbi I, et
ai. Cancer Res 61:5051-6). 



S plutathlone S-transferases (GST) comprise a major group of enzymes that
play a key role in detoxification of carcinogenic compounds. At least five
GST families have been identified, and the effects of polymorphisms in
these genes have been studied in bladder cancer. The results from 'hese
studies are contradictory but association between GSTM1 null genotype and
bladder cancer is fairly constant (Wu, X. etal. Front Blosd 12, 192-213
(2007)). Polymorphisms In genes coding for other metabolic enzymes such as
NQ01, MPO or the CYR enzyme superfarnily have also in some studies been
found to be associated with bladder cancer but the results are
controversial (Wu, X. et at. supra). Since bladder cancer has strong
environmental risk factors, poiymorphisms In DNA repair genes have been
studied In bladder 'cancer patients. These include genes for Xerocierma
pigmentosurn (XP) and X-ray repair cross-Complementing (XRCC) genes. Many
different pelymorphisms have been tested but larger sample size and better
matching between cases and controls is needed to conclude the effects of
these variants on bladder cancer risks. In short, despite the effort of
many groups around the world, the genes that account for a substantial
fraction of bladder cancer risk have not been identified. Although studies
have implied that genetic factors are likely to be prominent In bladder
cancer, only few genes have been identified as being associated with an
Increased risk for the disease. Thus, It is clear that he majority of
genetic risk factors for bladder cancer remain to be found. It is likely
that these benettc 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 bladder
cancer, and their Identification, therefore, a great benefit for public
health, 'clearly, identification of markers and genes that are responsible
for susceptibility to particular forms of cancer (e.g., prostate cancer,
breast cancer, lung cancer, melanoma, colon cancer,     icuier cancer) Is
one of the major challenges facing oncology today. Sonic of the pathways
underlying cancer are shared In different forms or cancer. As a
consequence, genetic risk factors identified for one particular form of
cancer may also represent a risk factor for other cancer types. Diagnostic
and therapeutic methods utilizing these risk factors may therefore have a
iommon utility. Accordingly, therapeutic measures developed to target such
risk factors may lave Implications for cancer in general, and not
necessarily only the cancer for which the risk factor is originally
Identified. There is a need to Identify means for the early detection of
individuals that have a genetic susceptibility to cancer so that more
aggressive screening and intervention regimens may be Instituted for the
early detection and treatment of cancer. Cancer penes may also reveal key
molecular pathways that may be manipulated (e.g., using small or large
molecule weight drugs) and may lead to more effective treatments regardless
of the cancer stage when a particular cancer is first diagnosed.  SUMMARY
OF THE INVENTION A genome wide SNP association study of urinary bladder
cancer (UBC) was conducted. The Inventors were able to Identify common
sequence variants that associate with UBC In populations Of European
ancestry. The present invention relates to methods of risk assessment of
urinary bladder cancer (UCB). This Includes methods of determining an
increased susceptibility to UBC In an individual, as well as methods of
determining a decreased susceptibility to UBC: or diagnosing a protection
against U3C, in an Individual, by evaluating certain markers or haplotypes
that have been found to be associated with UBC, as described further
herein. In a first general aspect, the invention provides a method for
determining a susceptibility to Urinary bladder cancer In a human
individual, the method comprising determining the presence br absence of at
least one allele of at least one polymorphic marker In a nucleic add sample
Obtained from the individual or In a genotype dataset derived from the
Individual, wherein 'determination of the presence of the at least one
allele is indicative of a susceptibility to urinary bladder cancer for the
individual. This Implies that determination of the absence of said at least
One allele is indicative that the susceptibility due to the allele is not
present in the individual. Said at least one polymorphic marker Is suitably
selected from the polymorphic markers set forth n Table I, Table 4, and
Table 5, and markers in linkage disequIllbrium therewith, and the at east
one polymorphic marker preferably Is a polymorphic marker as shown in
anyone of SEQ ID INO;1-10, or a marker In linkage disequilibrIum with any
of said markers. The at least one polymorphic marker may also be selected
from the group consisting of rs9642880, rs710`321, Irs12982672, rs12584999,
ts233716, rs233722, rs10240737, es17418689 and rs4733677, and narkers in
linkage disequillbrium therewith. More preferably, the at least one
polymorphic Marker is selected from the group consisting of rs9642880 as
set forth in SEQ ID NO:1, rs710521 as set forth in SEQ ID NO:2, and markers
in linkage disequillbriurn therewith. Further pseful polymorphic markers
include rs12547643 (SEQ ID NO; 11), and rs17186926 (SEQ ID NO: 12). In
another embodiment, the at least one polymorphic marker Is selected from
rs710521 (SEQ ID NO; 2), and markers in linkage disegullibrium therewith,
In one embodiment, markers In linkage disequilibrium with rs710521 are
selected from the group consisting of the markers listed In Table 3 (SEQ ID
NO: 13-52). In another embodiment, the at least one polymorphic marker is
selected from the group consisting of rs4733677 and markers in linkage
disequilibrium therewith, In certain embodiments, markers associated with
risk of urinary bladder cancer are located Within a linkage ciisequilibrium
(LD) block. In certain embodiments, markers predictive of risk of OrInery
bladder cancer on chromosome 8q24 (e.g., rs9642880, and markers in linkage
'alsequIlibrium therewith) are located within LD block C08, as set forth in
SEQ ID NO:54. In ertain other embodiments, markers predictive of risk of
urinary bladder cancer on chromosome  



7 3q28 (e4z, rs710521, and markers in linkage clisequilit: re ith) are
located within LD block CO3, as set forth In SEQ ID NO:53 herein. In
another aspect, the invention provides a method of din eterming a
susceptibility to urinal,/ , bladder cancer in a human individual, the
method comprising obtaining nucleic acid sequence data about a human
individual identifying at least one allele of at least one polymorphic
marker selected from the group consisting of rs9642880, rs710521,
rs12982672, rs12584999, cs233716, rs233722, rs10240737, rs17418689 and
rs4733677, and markers In linkage dIsequillbrIum therewith, wherein
different alleles of the at least one polymorphic marker are associated
with different susceptibilities to urinary bladder cancer In humans, and
determining a Susceptibility to urinary bladder cancer from the nucleic
acid sequence data. In a general sense, genetic markers lead to alternate
sequences at the nucleic acid level. If the nucleic acid marker changes the
codon of a polypeptide encoded by the nucleic add, then the 'marker will
also result in alternate sequence at the amino acid level of the encoded
polypeptide (polypeptide markers). Oeterrnination of the identity of
particular alleles at polymorphic markers In a nucleic acid or 'particular
alleles at polypeptIde markers comprises whether particular alleles are
present at a eitain position In the sequence. Sequence data identifying a
particular allele at a marker C. omprises sufficient sequence to detect the
particular allele, For single nucleotide polymorphism (SNPs) or amino acid
polymorphlsms described herein, sequence data can comprise sequence at a
single position, i.e. the Identity of a nucleotide or amino acid at a
single position within a sequence, In certain embodiments, It may be useful
to determine the nucleic add sequence for at least two polymorphic markers.
In other embodiments, the nucleic acid sequence for at least three, at
least four or at least five or more polymorphic markers is determined.
Haplotype information 'can be derived from an analysis of two or more
polymorphic markers. Thus, in certain embodiments, a further step Is
performed, whereby haplotype Information Is delved based an sequence data
for at least two polymorphic markers. In some embodiments, the
susceptibility determined by the method which Is conferred by the presence
of the at least one allele or haplotype is Increased susceptibility. The
Invention also provides a method of determining a susceptibility to urinary
bladder cancer (UBC) in a human individual, the method comprising obtaining
nucleic acid sequence data about a human Individual identifying both
alleles of at least two polymorphic markers associated with [JBC, determine
the identity of at least one hapiotype based on the sequence data, and
determining a susceptibility to Lli3C from the haplotype data.  In certain
embodiments, determination of a susceptibility comprises comparing the
nucleic acid Sequence data to a database containing correlation data
between polymorphic markers from those described herein (e.g., markers as
shown in Tables 1, 4 and 5) and/or those in linkage disequilibrium
therewith and susceptibility to ti8C. The sequence database can for example
be provided as a look-up table that contains data that Indicates the
susceptibility of USG for any 



a plurality of, particular polymorphisms. The database may also contain
data that indicates the susceptibility for a particular haplotype that
comprises at least two polymorphic Markers, In some embodiments of the
method, presence of allele T in rs9642880, allele A in rs710521, ilele G in
rs12982672, allele A In rs12584999, allele A In rs233716,i allele Tin
rs233722, allele A in rs10240737, allele G in rs17418689 and allele Tin
rs4733677 Is indicative of increased susceptibility to urinary bladder
cancer. As described In more detail herein, the presence of the at least
one allele or haplotype Is in some embodiments Indicative of increased
susceptibility to urinary bladder cancer with a relative risk (RR) or odds
ratio (OR) of at least 1,20. In some other embodiments, the susceptibility
conferred by the presence of the at least one allele or haplotype is
decreased susceptibility. It will be appreciated that the method can in
some embodiments further comprise analyzing non-genetic Information to make
risk assessment, diagnosis, or prognosis of the individual. Such
non-genetic information may Include but Is not limited to one or more of
ace, gender, ethnicity,      economic status, previous disease diagnosis,
medical history of subject, family history of urinary bladder cancer,
history of occupational exposure to chemicals, biochemical measurements,
and clinical measurements. As discussed further herein, information
concerning tobacco smoking habits and/or tobacco smoking history of said
Individual may be paiticuiariy 'useful in connection with the genetic
assessment of the Invention. in a further aspect, a kit is provided for
assessing susceptibility to urinary bladder cancer in a human individual.
The kit may comprise reagents 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 rs9642880, rs710521, rs12982672, rs12584999, rs233716, rs233722,
rs10240737, rs17418689 and rs4733677, and markers In linkage disequilibrium
therewith, and collection of data comprising correlation data between the
at least one polymorphism and susceptibility to urinary bladder cancer.
Preferably, the at least one polymorphic marker is one or more of the above
mentioned, including but not limited to rs9642880 (SEQ ID NO:1) or rs710521
(SFQ ID NO:2).  9 In some embodiments of the kit, the reagents comprise at
/east one contiguous oligonucleotide that hybridizes to a fragment of the
denome of the individual comprising the at least one polymorphic marker, a
buffer and a detectable label. In certain embodiments, the reagents In said
kit comprise at least one pair of ollgonuclecitides that hybridize to
opposite strands of a genomic nucleic acid segment obtained from the
subject, Wherein each oligonUoleotide primer pair b designed to selectively
amplify a fragment of the gamma of the Individual that includes one
polymorphic marker, wherein the fragment is preferably at least 30 base
pairs In size,   certain embodiments of the kit of the Invention, the at
least one oligonucleotide is completely Complementary to the genonne of the
individual, The kit may in some embodiments comprise: a detection
oiigonucleotide probe that is from 5- 100 nucleotides In length; an
enhancer oligonucleotide probe that Is from 5-100 nucleotides in length;
and an endonudease enzyme; vtterein the detection ollgonucleonde probe
specifically hybridizes to a first segment of the nucleic add whose
nucleotide sequence is set forth in Table 1 (SEQ ID NO: 1-10), Table 4 (SEQ
ID NO 11-12) or Table 5 (SEQ ID NO: 13-52), and wherein the detection
oligonucieotide 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 bucleotides in length and is complementary to a second segment
of the nucleotide sequence that Is 5' relative to the olicionucleotide
probe, such that the enhancer oligonudeotide is located 3' ti-elative to
the detection oilgonucleotide probe when both oligonucleoticles are
hybridized to the budeic acid; wherein a single base gap exists between the
first segment and the second Segrnent, such that when the olicionucleotide
probe and the enhancer oilgonucleotide probe are both hybridized to the
nucleic acid, a single base gap exists between the ollgonucleotides; and
Wherein treating the nucleic add with the endonuclease will cleave the
detectable label from the 



terminus of the detection probe to release free detectable label when the
detection probe is hybridized to the nucleic acid. Dbtalnino nucleic acid
sequence data can in certain ernbodimen comprise obtaining a biological
Sample from the human individual and analyzing sequence of the at least one
polymorphic marker In nucleic add In the sample. Analyzing sequence can
comprise determiningthe presence or absence of at least one allele of the
at least one poiymorphlc marker, Determination Of the presence of a
particular susceptibility allele (e.g., an at-risk allele) Is indicative of
Susceptibility to the condition in the human Individual. Determination of
the absence of a particular susceptibility allele is indicative that the
particular susceptibility is not present in the  10 In some embodiments,
obtaining nucleic add sequence data comprises obtaining nucleic acid
sequence information from a pre-existing record. The pre-existing record
can for example be a Oomputer file or database containing sequence data,
such as genotype data, for the human individual, for at least one
polymorphic marker.   L.isceptibility determined by the diagnostic methods
of the invention can be reported to a particular entity. In some
embodiments, the at least one entity Is selected from the group Consisting
of the individual, a guardian of the individual, a genetic service
provider, a physician,   medical organization, and a medical insurer. In
another aspect, the invention relates to a method of diagnosing a
susceptibility to urinary bladder 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 ie polymorphic marker Is associated UBC,
and wherein the presence of the at least one allele is - rive of a
susceptibility to UBC. In particular, said at least one polymorphic marker
Is from     group of markers in Tables I, 4 and 5 and those in linkage
disequilibritim therewith, The method may also include determination of the
presence or absence of the at least one allele of at least one polymorphic
marker in a genotype dataset from the Individual.    yet a further aspect,
a method is provided for genotyping a nucleic acid sample obtained from p
human individual at risk for, or diagnosed with, urinary bladder 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 rs9642880, rs710521, rs12982672,
rs12584999, rs233716, rs233722, rs10240737, rs17418689 and rs4733677, and
Markers in linkage dIsequIlibrium therewith, and wherein the presence or
absence of the at least pne allele of the at least one polymorphic marker
is indicative of a susceptibility of urinary bladder cancer. The at least
one marker is preferably selected from rs9542880 (SEQ ID NO: 1) Pnd
rs710521 (SEQ ID NO:2), The genotypIng method comprises In some embodiments
amplifying a segment of a nucleic acid that comprises the at least one
polymorphic marker by Polymerase Chain Reaction (PCR), using P nucleotide
primer pair flanking the at least one polymorphic marker. The genotypIng
can be performed but Is not limited to using a process such as
allele-specific probe hybridization, allele-specific primer extension,
allele-specific amplification, nucleic acid sequencing, 5'-exonuclease
digestion, molecular beacon assay, ollgonucleotide ligation assay, size
analysis, and single-stranded conformation analysis. In some embodiments
the genotyping method comprises: 



11 .7 contacting copies of the nucleic acid with a detection
oligonucleotide probe and an enhancer Oligonucleoticie probe under
conditions for specific hybridization of the oilgonucleotide probe with the
nucleic acid; wherein - the detection oligonucleotide probe is from 5-100
nucleotides in length and specifically hybridizes to a first segment of a
nucleic acid whose nucleotide sequence Is comprised In any of SEQ ID NO:1,
SEQ ID NO:2, or SEQ ID;11-52;   the detection oligonucleotkle probe
comprises a detectable label at its 3" terminus and a quenching moiety at
Its 5' terminus; - the enhancer ollgonucleotIde 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
ollgonucleotIde probe when both ollgonucleotides are hybridized to the
nucleic acid; and - a single base gap exists between the first segment and
the second segment, such that when the oligonucleotIde probe and the
enhancer oligonucleoticie probe are both hybridized to the nucleic acid, a
single base gap exists between the oligonuclectIdes; treating the nucleic
acld with an endonuciease that will cleave the detectable label from the 3'
1, terminus of the detection probe to release free detectable label when
the detection probe Is hybridized to the nucleic acid; and  measuring free
detectable label, wherein the presence of the free detectable label
indicates that the detection probe specifically hybridizes to the first
segment of the nucleic acid, and Indicates the sequence of the polymorphic
site as the complement of the detection probe. In another aspect of the
invention a method Is provided for selecting candidates for screening
programs for urinary bladder cancer, comprising: assessing with the methods
described herein Susceptibility to urinary bladder cancer In a group of
individuais, wherein individuals who are determined to have increased
susceptibility to urinary bladder cancer are selected as candidates for a
screening program for urinary bladder cancer. Said screening program can
preferably be selected from a urine dipstick test for hematurla, cytoscopy
and urine cytology. 



A further aspect of the Invention provides a method of assessing an
individual for probability of response to a urinary bladder cancer
therapeutic agent, 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    up consisting of rs9642880, rs710521,
rs12982672, rs12534999, rs233716, rs233722, l:s10240737, rs17418689 and
rs4733677, 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, The invention provides in yet another aspect a method of predicting
prognosis of an individual diagnosed with urinary bladder 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 rs9642880, rs710521, rs12982672,
rs12584999, rs233716, rs233722, rs10240737" rs17418689 and rs4733677, and
markers in linkage dIsequilibrium therewith, Wherein the presence of the at
least one allele Is indicative of a worse prognosis of the urinary bladder
cancer in the individual, Mother aspect of the Invention provides a method
of monitoring progress of treatment of an individual undergoing treatment
for urinary bladder 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  i_litably selected from the group consisting of
rs9642880, rs710521, rs12982672, rs12584999, m233716, rs233722, rs10240737,
rs17418689 and rs4733677, and markers in linkage dIsequillbriurn therewith,
wherein the presence of the at least one allele Is Indicative of the
treatment outcome of the Individual. The at least one polymorphic marker
can be selected in Certain embodiments from rs9642880 (SEQ 10 NO:1),
rs710521 (SEQ ID NO;2) and markers In nkage disequilibrium therewith. Still
another aspect of the Invention provides for the use of an ollgonucleotide
probe in the tnanufacture of a reagent for diagnosing and/or assessing
susceptibility to urinary bladder cancer tn a human individual, wherein the
probe hybridizes to a segment of a nucleic acid whose tilucleotide sequence
is set forth In SEQ ID NO: 1, SEQ ID NO:2 or SEQ ID NO: 11-52, wherein
S'ald probe can be 15-500 nucleotides In length. The invention provides in
yet a further aspect a computer-readable medium having computer pxecutable
instructions, for determining susceptibility to urinary bladder cancer in
an Individual, the computer readable medium comprising: data indicative of
at least one polymorphic marker; and 



17 a routine stored on the computer readable medium and adapted to be
executed by a processor    determine risk of developing urinary bladder
cancer for the least one polymorphic marker, wherein the at least one
polymorphic marker is selected from the group consisting of rs9642880,
Is710521, rs12982672, rs12584999, rs233716, rs233722, rs10240737,
rs17418689 and r54733677, and markers in linkage disequliibrium therewith.
13 Said data representing at least one polymorphic marker can In some
embodiments comprise parameters indicative of susceptibility to urinary
bladder linked to said at least one polymorphic marker. In certain
embodiments said data may comprise data indicative of allelic status of
said at least one allelic marker in said individual. paid routine can in
some embodiments be adapted to receive Input data Indicative of allelic:
Status of said at: least one allelic marker in said individual,
appreciated, said at least one polymorphic marker is preferably selected
from the markers described herein, including those listed in Table 1 (SEQ
ID NC: 1-10), Table 4 (SEQ ID NO: 11-12) and Table 5 (SEQ ID NO: 13-52),
and markers In linkage dIsequIllbrium therewith, In a related aspect, an
apparatus is provided_for determining a aerie& indicator for urinary
bladder cancer In a human individual, comprising: a processor, -a computer
readable memory having computer executable Instructions adapted to be
executed On the processor to analyze marker and/or haplotype information
for at !east one human individual with respect to at least one polymorphic
marker selected from the group consisting of rs9642880, rs710521,
rs12982672, rs12584999, rs233716, rs233722, rs10240737, rs17418689 f and
rs4733677, and markers in linkage disequIllbrium therewith, and generate an
output based  On the marker or haplotype information, wherein the output
comprises a risk measure of the at least one marker or haplotype as a
genetic indicator of urinary bladder cancer for the human The computer
readable memory of said apparatus comprises in some embodiments data
Indicative of the frequency of at least one allele of at least one
polymorphic marker or at least brie haplotype In a plurality of Individuals
diagnosed with, or presenting symptoms associated With, urinary bladder
cancer, and data Indicative of the frequency of at the least one allele of
at least one polymorphic marker or at least one haplotype In a plurality of
reference Individuals, &Id wherein a risk measure is based on a comparison
of the at least one marker and/or finpietype status for the human
Individual to the data indicative of the frequency of the at least pne
marker and/or hapiotype Information for the plurality of individuals
diagnosed with urinary bladder cancer: 



In one embodiment, the computer readable memory further comprises data
InclicatIve_of the frequency of at least one allele of at least one
polymorphic marker or at least one haplotype In a plurality of individuals
diagnosed with the condition, and data indicative of the frequency of at
the least one allele of at least one polymorphic marker or at least one ha
plotype in a plurality of freference Individuals, and wherein the risk
measure of developing the condition is based on a comparison of the
frequency of the at least one allele or haplotype in Individuals diagnosed
with the condition and reference individuals.  Determination of the
presence or absence of an allele implies the determination of the presence
Or absence of a particular allele, or alternatively multiple alleles.
Determination of the presence Er absence of one particular allele of a
bialielic marker (for which there are only two alleles possible) Indirectly
provides Information about the presence or absence of the alternate allele.
For example, for a C/T SNP polymorphism, determination of the absence of a
C at the SNP in a particular genome implies that the genome contains two
copies of the alternate allele (the T $11ele). Determination of the
presence of one copy of the C allele likewise Indicates the presence Of one
copy of the alternate T allele. For polymorphIsrns that have more than two
possible blieles, such as mIcrosateilltes, the determination of the
presence or absence of an allele does hot provide by Itself provide
information about the presence or absence of other alleles of the marker.
In certain embodiments, the Identity of particular alleles Is performed,
i.e. the nucleotide sequence at the particular allelic site is determined.
Such embodiments provide a 'direct indication of the presence or absence of
particular alleles. In certain embodiments of the invention, linkage
disequilibrium Is characterized by particular numerical values of the
linkage disequilibrIum measures eand ID'I. In certain embodiments, linkage
disequilibrIum between genetic elements (e.g., markers) Is defined as e >
0.1 (e greater than 0.1). In other words, for genetic markers with a
correlation coefficient r2 of greater than     are considered bo be In
linkage dIsequillbrium. In some embodiments, linkage disequillbrium is
defined as 1-2 > 0.2. Other embodiments can Include other definitions of
linkage disequilibrium, such as r2 > 0.25, r2 > 0.3,12 > 0,35, e > 0,4, r2
> 0.45, r2 > 0,5, r2 > 0,55, r   0.6, rz > 0.65, r2 > 0,7,r2 >0.75, r2>
0,8, P> 0.85, r2 >0.9, r2> 0.95, r2 > 0.96, r2 > 0,97, r2 > 0.98, or I-2 >
0,99, Linkage disequilibrium can In certain embodiments also be defined ID'
I >0.2, or as ID'I >0,3, I> 0.4, ID' i >0.5, ID'I > 0,6, ID'I > 0.7, ID'I
>0.3, ID'I > 0.9, ID'I > 0,95, IDE' > 0,98 or 11011 > 0,99. In certain
embodiments, linkage disequilibriurn is a pefined as fulfilling two
criteria of ri2 and ID% such as r2 >0.2 and ID'I >0.8. Other 'combinations
of values for r2and ID'I are also possible and within scope of the present
invention, Including but not limited to the values for these parameters set
forth In the above.  F 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. 



A) The pair-wise correlation structure In an 800 kb Interval (128.1 - 1283
Mb, NCB]: B35) on chromosome 8q24. The upper plot shows pair-wise D' for
959 common SNPs (with MAP > 5%) From the HapMap (v21) CEU dataset. The
lower plot shows the corresponding ra values, B) Estimated recombination
rates (saRR) in cM I Mb from the HapMap (v21) Phase II data. C) Location of
known genes in the region.  ) Schematic view of the association with
bladder cancer for all SNIPE tested In the region for the Initial scan
(Iceland and the Netherlands). Also Indicated (red arrows) are the
locations of previously identified associations to prostate cancer (PrCa),
breast cancer (BrCa) and colorectal er (CoCa). FIG 2: Schematic view of an
exemplary computer system for implementing the invention, DETAILED
DESCRIPTION Pefinitions Unless otherwise indicated, nucleic acid sequences
are written left to right in a 5' to 3' 'orlentatIon, Numeric ranges
recited within the specification are inclusive of the numbers defining the
range and Include each Integer or any non-integer fraction within the
defined range. Unless defined otherwise, all technical and scientific:
terms used herein have the same meaning as F.o manly understood by the
ordinary person skilled in the art to which the invention pertains. khe
following terms shall, in the present context, have the meaning as
indicated:   "polymorphic marker", sometime referred to as a "marker", as
described herein, refers to a beriornIc polymorphic site. Each polymorphic
marker has at least two sequence variations Characteristic of particular
alleles at the polymorphic site. Thus, genetic association to a polymorphic
marker Implies that there Is association to at least one specific allele of
that . particular polymorphic marker. The marker can comprise any allele of
any variant type found In the genome, Including SNPs, mini- or
microsatellites, transiocations and copy number variations   nsertions,
deletions, duplications). Polymorphic markers can be of any measurable
frequency fn the population. For mapping of disease genes, polymorphic
markers with population frequency higher than 5-10% are in general most
useful, However, polymorphic markers may also have lower population
frequencies, such as 1-5% frequency, or even lower frequency, in particular
copy number variations (CNVs). The term shall, In the present context, be
taken to Include polymorphic markers with any population frequency. 



"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. Genornic 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. For microsateillte alleles, the CEPH sample (Centre ci'Etudes
du PolymorphIsrne Flumain, genornics repository, CEPH sample 1347-02) Is
used as a reference, the shorter allele of each      satellite In this
sample is set as 0 and all other alleles In other samples are numbered In
telatIon to this reference. Thus, e.g., allele 1 Is I bp longer than the
shorter allele In the CEPH Sample, allele 2 Is 2 hp longer than the shorter
allele in the CEPH sample, allele 3 is 3 bp longer than the lower allele In
the CEPH sample, etc., and allele -1 Is 1 bp shorter than the shorter a/We
In the CEPH sample, allele -2 is 2 bp shorter than the shorter allele In
the CEPH sample, etc. Sequence cortucleotide ambiguity as described hereln
Is as proposed by IliPAC-IUB. These codes ere compatible with the codes
used by the EMBL, GenBank, and FIR databases. A nucleotide position at
which more than one sequence is possible In a population (either a ilatural
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 5 chromosomal copies of the individual have the same nucleotide at the
SNP location), or the Individual Is heterozygous (lie. the two sister
chromosomes of the individual contain different u lectIdes). The SNP
nomenclature as reported herein refers to the official Reference SNP (rs)
17 D Identification tag as assigned to each unique SNP by t' e Nadonal
Center for BiotechnoIocal Tnformation (NCE1). A "variant", as described
herein, refers to a segment of DNA that differs from the reference DNA,
Consequently, a "marker" or a "polymorphic marker", as defined herein, Is
the location of a ,.earlant. 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-S 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 ompris$ng 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 that
is characterized by a specific combination of alleles arranged along the
segment. For diploid organisms such as humans, a hapiotype comprises one
member of the pair of alleles for each polymorphic marker or locus along
the segment, In a certain embodiment, the hapiotype 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., "4 rs9642880" refers
to the 4 allele of marker rs9642880 being In the haplotype, and is
equivalent to "rs9642880 allele 4". Furthermore, allelic codes In
haplotypes are as for nclividual markers, i.e, 1 = A, 2 = C, 3 = G and 4 =
T, The term "susceptibility", as described herein, refers to the proneness
of an individual towards 1 the development of a certain state (e.g., a
certain trait, phenotype or disease), or towards 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 (I.e.,
increased risk) of urinary bladder cancer (UBC), as characterized by p
relative risk (RR) or odds ratio (OR) of greater than one for the
particular allele or hapiotype. Alternatively, the markers and/or
haplotypes of the Invention are characteristic of decreased  usceptIblilty
(1.e', decreased risk) of UBC, as characterized by a relative risk of less
than one. The terms Urinary bladder cancer, UBC and bladder cancer are
synonymously used in this text. 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, In other words, the term herein shall be
taken to mean one or the other or both".  18 such as phenotype or trait.
For example, a look-up table can comprise a correlation between   elic data
for at least one polymorphic marker and a particular trait or phenotype,
such as a 'particular disease diadnosls, 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, 1,e, they can contain information
about multiple alleles for single markers simultaneously, or they can
contain information about multiple 'markers, and they may also comprise
other factors, such as particulars about diseases diagnoses, racial
information, blomarkers, 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 computer-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 bards, 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 access
of stored information. Such transmission can be electrical, or by other
available methods, such as IR links, wireless connections, etc.    nucleic
acid sample" as described herein, refers to a sample obtained from an
individual that contains nucleic acid (DNA or RNA), In certain embodiments,
i.e. the detection of specific polymorphic markers and/or haplotypes, the
nucleic add sample comprises genomic DNA. Such a nucleic acid sample can be
obtained from any source that contains genornic DNA, including 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 "UGC therapeutic agent"
refers to an agent that can be used to ameliorate or prevent symptoms
associated with urinary bladder cancer. 



The term "UBC-associated nucleic acid", as described herein, refers to a
nucleic acid that has been found to be associated to urinary bladder
cancer, This Includes, but is not limited to, the markers and haplotypes
described herein and markers and hapiotypes in strong linkage
alsequillbrium (LD) therewith The term "nucleic acid sequence date in the
context of this application refers to generally any data Indicating the
sequence of a nucleic acid containing one or more nucleotide. The data may
also comprise Information about the location of said sequence within the
genome and/or within a gene, gene segment or otherwise defined location of
a sequence, Consequently, such data can  refer to only one nucleotide, e.g.
the allelic status of a known polymorph c site, in which case the data
would generally also indicate a position reference or other definition of
the nucleotide site. Nucleic acid sequence data can be represented in any
format, such as for example as text ?..itrings, in digital or paper format
and as representations of gels and chips, etc. Genome wide association
studies have repeatedly reported cancer associated variants on 8q24,
200-700 kb proximal to rs9642880 and c-Myc, c-Myc is the only known gene
close to rs9642880, 6ut a predicted gene, 8C042052, Is also In the same
region. C-Myc is a known oncogene, however, as described In the
accompanying Results section, genotypIng for known miss-sense mutations in
the c-Myc gene (G175Cirs4645960 and N26531rs4645959) found no association
wit OBC, We and others have previously found SNPs at 8q24.21 to be strongly
associated with cancer of the prostate (rs1447295, rs0983267 and
rs16901979) (Gudrnundsson, 3., et al. Nat Genet 89(5):631-7 (2007), Eeies,
R.A., et al, Nat Genet 2008;40(3):316-21 (2008); Arnundadottil1-.T., et al,
Nat Genet 77 (2006); Thomas, G., Nat Genet 2008;40(3)i310-5 (2008)).
Subsequently, rs6983267 was also shown to associate with colorectal cancer
(Tomlinson, I. et al. Nat Genet 39, 984-8 (2007); Heiman, C). at al, Nat
Genet 39, 954-6 (2007); Zanke, B.W. et al. Nat Genet 39, 989-94 (2007)) and
most recently rs13281615 with breast cancer ( Easton, O.F. et al. Nature
447, 1087-93 (2007)). These 4 variants are dispersed over a 500kb region
(Figure 1) and are in weak LD with each other and with rs9642880 (Table 3).
We found no association between these 4 SINPs and UBC In the combined study
groups (Table 7). Moreover, we found no association between rs9642880 and
prostate, breast or colorectal cancer In Icelandic case control Samples
(Table 8). Association of markers on chromosome 3 (rs710521 arid surrogate
markers thereof) to LIBC was also Identified. Methods of determining
susceptibility to disease The present invention provides methods of
determining a susceptibility to disease in a human 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  



20 genome. Such variations in sequence are commonly referred to as
polymorphisms, and there are many such sites within each genome For
example, the human genorne 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 genorne, and such sequence
variants, or polymorphIsms, are commonly called Single Nucleotide
PolymorphIsms ("SNIPs"). These SNPs are believed to have occurred in a
single mutational event, and therefore there are usually two 'possible
alleles possible at each SNP site; 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 genorne, Including
hicrosatellites, 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, polymorphisrns can comprise any number of specific
alleles within the Population, although each human individual has two
alleles at each polymorphic site - one rnaternal and one paternal allele.
Thus in one embodiment of the Invention, the polymorphism Is   erecter:zed
by the presence of two or more alleles In any given population. In another
embodiment, the polymorphism Is characterized by the presence of three or
more alleles In a Population. In another embodiment, the polymorphism is
characterized by the presence of three br more alleles. In other
embodiments, the polymorphism Is characterized by four or more alleles,
five or more alleles, slx or more alleles, seven or more alleles, nine or
more alleles, or ten or more alieles. All such polymorphIsms can be
utilized In the methods and kits of the present Invention, and are thus
within the scope of the invention.  Ir abundance, SNPs account for a
majority of sequence var Over 6 million human SNPs have been validated to
date  .ncbi,n1rmnittgov/projects/SNP/sno_s.ummary.cg1). However, CNVs (copy
number variants Or copy number polymorphisms) are receiving Increased
attention, These large-scale polymorphisms (typically lkb or larger)
account for polymorphic variation affecting a substantial proportion of the
assembled human genome; known CNVs cover,' over 15% of the human penorne
sequence (EstivIll, X,, Armengol, L., PloS Genetics 3:1787-99 (2007);
http://projects.tcag.ca/variation/). Most of these polymorphisms are
however very rare, and on average affect only a fraction of the genornic
sequence of each individUal. CNVs are known to effect gene expression,
phenotypic variation and adaptation by disrupting gene dosage, and are also
known to cause disease (microdeletIon and microduplicetion disorders) and
confer risk of pommon complex diseases, including HIV-1 Infection and
glomerulonephritis (Redon, R., et at Nature 23:444-454 (2006)). It Is thus
possible that either previously described or unknown CNVs represent
causative variants in linkage disequIllbrlurn with the markers described
herein to be associated vvIth LIBC. Methods for detecting CNVs include
comparative genomic hybridization  (CGH) and genotypic:9, including use of
genotypIng arrays, as described by Carter (Nature  21 genetics 39:516-521
(2007)). The Database of GenornIc Variants
htto://projects,trag,ca/varlation/) contains updated information about the
location, type and size of described C:NVs. The database currently contains
data for over 21,000 CNVs. In some instances, reference Is made to
different alleles at a polymorphic site without choosingz reference allele.
Alternatively, a reference sequence can be referred to for a particular
polymorphic site. The reference allele is sometimes referred to as the
"wild-type" allele and it Usually is chosen as either the first sequenced
allele or as the allele from a "non-affected" individual (e.g., an
individual that does not display a trait or disease phenotype). 



Alleles for SNP markers as referred to herein refer to the bases A, C, G or
T as they occur at the lao,lymorphic site, The allele codes for SNPs used
herein are as follows: 1= A, 2.--C, 3=G, 4=T. Since human DNA is
double-stranded, the person skilled in the art will realise that by
assaying or reading the opposite DNA strand, the complementary allele can
in each case be measured. Thus, for a polymorphic site (polymorphic marker)
characterized by an A/G polymorphism, the Methodology employed to detect
the marker may be designed to specifically detect the presence of one or
both of the two bases possible, i.e. A and G, Alternatively, by designing
an assay that designed to detect the complimentary strand on the DNA
template, the presence of the      plementary bases T and C can be
measured,. Quantitatively (for example, in terms of relative risk),
Identical results would be obtained from measurement of either DNA strand
(4- strand or - strand). lTypically, a reference sequence Is referred to
for a particular sequence. Alleles that differ from the reference are
sometimes referred to as "variant" alleles. A variant sequence, as used
herein, to a sequence that differs from the reference sequence but is
otherwise substantially ImIlar. Alleles at the polymorphic genetic markers
described herein are variants. Variants can include changes that affect a
polypeptlde. Sequence differences, when compared to a reference ilucleotIde
sequence, can Include the Insertion or deletion of a single nucleotide, or
of more than bne nucleotide, resulting In a frame shift; the change of at
least one nucleotide, resulting In a C.hange In the encoded amino acid; the
change of at least one nucleotide, result/no 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 hucleotides, such as by unequal recombinatIon
or gene conversion, resulting in an interruption of he coding sequence of a
reading frame; duplication of all or a part of a sequence; transposition;
;Ora rearrangement of a nucleotide sequence, Such sequence changes can
alter the polypeptide encoded by the nucleic add. For example, If the
change In the nucleic add 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
poiypeptide. Alternatively, a polymorphism can be a synonymous change In
one or more nucleotides (i.e., a thange that does not result in a change in
the amino acid sequence). Such a polymorphism can,  22 for example, after
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 The polypeptlde 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,   haplotype refers to a single stranded segment of
DNA that Is characterized by a specific bombination 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 inarker along
the segment. Haplotypes can comprise a combination of various polymorphic
'markers, e.g., SNPs and microsatellites, having particular alleles at the
polymorphic sites. The haplotypes thus comprise a combination of alleles at
various genetic markers, petecting specific polym rphlc 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 microsateillte markers can be
used, Such as fluorescence-based techniques (e.g., Chen, X. et al., Genome
Res. 9(5): 492-98 (1999); rutyaYln et at., Nucleic Acid Res, 34:e128
(2006)), utilizing PCR, LCR, Nested PCR and other Eechniques for nucleic
acid amplification. Specific commercial methodologies available for SNP
genotypIng Include, but are not limited to, TagMan genctypIng assays and
SNPlex platforms 'cApplled Biosysterns), gel electrophoresis (Applied
Blosystems), mass spectrometry (e.g., 14assARRAY system from Sequenom),
minisecuencing methods, real-time PCR, Bio-Plex system iBioRad), CEQ and
SNPstream systems (Beckman), array hybridization technology (e.g.,
rAffymetrix GeneChip; Perlegen), BeadArray Technologies (e.g., Illumine
GoldenGate and infinium assays) , array tag technology (e.g., Parallele),
and endonuclease-based fluorescence iiybridization technology (Invader;
Third Wave). Some of the available array platforms, including Affymetrix
SNP Array 6.0 and Illumine CNV370-Duo and 1M BeadChips, Include SNPs Ohat
tag certain CNVs. This allows detection of CNVs via surrogate SNPs included
In these ( platforms. Thus, by use of these or other methods available to
the person skilled In the art, one pr more alleles at polymorphic markers,
Including microsatellites, SNPs or other types of polymorphic markers, can
be Identified. am n embodiments, polymorphic markers are detected by
sequencing technologies, pbtalning sequence information about an Individual
identifies particular nucleotides in the context of a sequence. For SNPs,
sequence Information about a single unique sequence site is sufficient to
Identify alleles at that particular SNP. For markers comprising more than
one 'nucleotide, sequence Information about the nucleotides of the
individual that contain the  23 



Polymorphic site identifies the alleles of the individual for the
particular site. The sequence information can be obtained from a sample
from the individual, In certain embodiments, the ?ample Is a nucleic acid
sample. In certain other embodiments, the sample is a protein sample,
Yarious methods for obtaining nucleic add sequence are known to the skilled
person, and all such methods are useful for practicing the Invention.
Sanger sequencing is a well-known Method for generating nucleic acid
sequence Information, Recent methods for obtaining large ?mounts of
sequence data have been developed, and such methods are also contemplated
to be useful for obtaining sequence information, These Include
pyrosequencing technology (Ronaghi, Ni. etal. Anal Bloctiem 267:65-71
(1999); Ronaghi,al. Blotechniques 25876-878 (1998)), e.g. 454
pyrosequencing (Myren, R., eta!, Anal Biochern 208:171-175 (1993)),
illumina/Solexa sequencing technology (http://www.iiiumina.com; see also
Strausberg, RL, eta! Drug Disc Today 13:559-577 (2008)), and Supported
Diigonucieoticie Ligation and Detection Platform (SOLID) technology
(Applied Blosystems, http://www,appiledblosysterns,corn); Strausberg, RL,
eta/Drug Disc Today 13:569-577 (2008), Ii: is possible to impute or predict
genotypes for un-genotyped relatives of genotyped Individuals. 'For every
un-genotyped case, It Is possible to calculate the probability of the
genotypes of Its elatives given its four possible phased genotypes. in
practice it may he preferable to Include only the genotypes of the case's
parents, chiidren, siblings, half-siblings (and the half-sibling's
harents), grand-parents, grand-children (and the grand-children's parents)
and spouses. It will be assumed that the individuals in the small
sub-pedigrees created around each case are not 'elated through any path not
included in the pedigree. It Is also assumed that alieies that are not
transmitted to the case have the same frequency - the population allele
frequency. Let us onsIder a SNP marker with the alleles A and G. The
probability of the genotypes of the case's j7elatives can then be computed
by: F 1Pr(genotypes of re!atives;G) ---:: Pr(h;O)Pr(genotypes of relatives
h) 4 40,GA,GO1  Where e denotes the A allele's frequency in the cases.
Assuming the genotypes of each set of relatives are independent, this
allows us to write down a likelihood function for 9: z---.11Pr(gcnotypesof
relativesof easei',8).(*) This assumption of independence Is usually not
correct, Accounting for the dependence between individuals Is a difficult
and potentially prohibitively expensive computational task. The likelihood
function In (*) may be thought of as a pseudoilkeilhood approximation of
the full likelihood function for 0 which properly accounts for all
dependencies. In general, the genotyped cases and 



24 Controls in a case-control association study are not independent and
applying the case-control Method to related cases and controls is an
analogous approximation. The method of genomic ceontrol (Devlin, B. et al.,
Nat Genet 36, 1129-30; author reply 1131 (2004)) has proven to be
Successful at adjusting case-control test statistics for relatedness, We
therefore apply the method of genomic control to account for the dependence
between the terms In our Pseudolikelihood and produce a valid test
statistic. Fisher's information can be used to estimate the effective
sample size of the part of the pseudolikellhood due to un-genotyped cases.
Breaking the total Fisher Information, I, Into the part due to cenotyped
cases, 4, and the part due to ungenotyped cases, 1", I= 4 + I and denoting
the number of genotyped cases with N, the effective sample size due to the
un- genotyped cases Is estimated by --aary , -e In the present context, an
Indlvidual who Is at an increased susceptibility (Le., increased risk) for
a disease (e.g., urinary bladder cancer), Is an individual in whom at least
one specific allele at One or more polymorphic marker or haplotype
conferring Increased susceptibility (increased risk) for U6C Is identified
(i.e., at-risk marker alleles or haplotypes). The at-rlsk marker or
haplotype is one that confers an Increased risk (Increased susceptibility)
of the disease. In one embodiment, significance associated with a marker or
hapiotype is measured by a relative risk (RR). In another embodiment,
significance associated with a marker or haplotye is measured by an odds
ratio (OR). In 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 1.1, Including but not
limited to at least 1.12, at least 1,13, at least 1.14, at least 1.15, at
leas: 1,16, at least 1,17, at least 1.18, at least 1.19, at least 1.20, at
least 1.21, at 1.22, at least 1.23, at least 1.25, at least 1.30, at least
1.40, and at least 1.50. In a icular embodiment, a risk (relative risk
and/or odds ratio) of at least 1,10 is significant. In ther particular
embodiment, a risk of at least 1.20 is significant. In yet another
embodiment, a risk of at least 1.21 Is significant. In a further
embodiment, a relative risk of at least 1.40 is Significant. In another
further embodiment, a significant increase In risk is at least 1.45 is
Significant. However, other cutoffs are also contemplated, Including any
numerical values bridging the numbers above, and such cutoffs are also
within scope of the present Invention, In Other embodiments, a significant
Increase In risk Is at least about 10%, including but not limited to about
11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%,
about 0. 8 0/0 , about 19%, about 20%, about 21%, about 25%, about 30%,
about 35%, about 40%, and about 45%. In one particular embodiment, a
significant Increase In risk is at least 20%. Other Cutoffs or ranges as
deemed suitable by the person skilled In the art to characterize the
invention pre however also contemplated, and those are also within scope of
the present Invention. In 'certain embodiments, a significant Increase in
rls.k is characterized by a p-value, such as a p-  25 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 hapiotype 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 the disease or trait
(affected), or diagnosed with the disease or trait, compared to the
frequency bf Its presence in a comparison group (control), such that the
presence of the marker or haplotype is indicative of susceptibility to the
disease or trait, which in this case is urinary bladder cancer (UBC). The
control group may In one embodiment be a population sample, i.e. a 'random
sample from the general population. In another embodiment, the control
group is l'epresented by a group of Individuals who are disease-free. Such
disease-free control may in bne embodiment be characterized by the absence
of one or more specific disease-assoclated 'Symptoms. In 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 feast 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. In another embodiment, the risk factors comprise at least
tine additional genetic risk factor.    an example of a simple test for
correlation would be a Fisher-exact test on a two-by-two table, Olven 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 hot the other and neither of the markers
or hapiotypes. Other statistical tests of association known to the skilled
person are also contemplated and are also within scope of the invention.
The person    led In the art will appreciate that for markers with two
alleles present in the population being Studied (such as SNPs), and wherein
one allele Is found In increased frequency In a group of individuals with a
trait or disease In the population, compared with controls, the other
allele of the marker will be found in decreased frequency In the group of
Individuals with the trait or disease, 'compared with controls. In such a
case, one allele of the marker (the one found In Increased frequency In
Individuals with the trait or disease) will be the at-risk allele, while
the other allele will be a protective allele. Thus In other embodiments of
the Invention, an individual who Is at a decreased susceptibility (I.e., at
a decreased risk) for a disease or trait Is an Individual In whom at least
one specific allele 5' at one or more polymorphic marker or haplotype
conferring decreased susceptibility for the   !sea se or trait is
Identified. The marker alleles and/Or haplotypes conferring decreased risk
are also said to be protective. In one aspect, the protective marker or
haplotype is one that confers p significant decreased risk (or
susceptibility) of the disease or trait. In one embodiment,  26 significant
decreased risk is measured as a relative risk (or odds ratio) of less than
OS, including but not Oinked to 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. In one particular embodiment,   igniflcant decreased
risk is less than 0.7, In another embodiment, significant decreased risk Is
less than 0,5, In yet another embodiment, significant decreased risk is
less than 0.3. In 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
feast 55%, at least 60%, at /east 65%, at least 70%, at least 75%, at least
80%, at least 850/0, et least 90%, at least 95% and at least 98%. In one
particular embodiment, a significant decrease in risk is at least about
30%. In 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. fk genetic variant
associated with a disease or trait (e.g. urinary bladder cancer) can be
used alone to predict the risk of the disease for a given genotype. For a
biallellc marker, such as a $NP, there are 3 possible genotypes: homozygote
for the at-rlsk variant, heterozygote, and non farrier of the at-risk
variant. Risk associated with variants at multiple loci can be used to
petImate overall risk, For multiple SNP variants, there are k possible
genotypes k2P; Where n is the number autesornal loci and p the number of
gonosomal (sex chromosomal) lad. pverall risk assessment calculations
usually assume that the relative risks of different genetic yarlants
multiply, i.e. the overall risk (e.g., RR or OR) associated with a
particular genotype Fornbination 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.. If the risk for
a person is based on a comparison to non-carriers 'pr the at risk allele,
then the combined risk corresponds to an estimate that compares the person
with a given combination of genotypes at all lad 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 Jess than 1.0. It 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 !,arge sample sizes are
usually required to be able to demonstrate statistical interactions between
27 py way of an example, let us consider the case where a total of eight
variants flat have been associated with a disease. One such example is
provided by eight loci associated with prostate cancer (Gudmundsson, 1, et
at, Nat Genet 39:631-7 (2007), Gudmundsson, J., et at, Nat Genet 39:977-63
(2007); Yeager, M., et at Nat Genet 39:645-49 (2007), Amundadottir, 1,, e/
4r., Nat Genet 38:652-6 (2006); Heiman, CA., et at, Nat Genet 39635-44
(2007)), Seven of these lad are on autosornes, 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.
kely 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, In other words,,genetIc and non-genetic at-Hsi<
variants can be assessed under the multiplicative model to estimate
combined risk, 'assuming that the non-genetic and genetic risk factors do
not interact. Using the same quantitative approach, the combined or overall
risk associated with any plurality of variants associated with urinary
bladder cancer may be assessed. Linkage Disequillbrium 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
randomly In the genorne; rather, there are large variations in the
frequency of recombination rates, resulting in small regions of high
recombination frequency (also called ?ecomblnatlon hotshots) and larger
regions of low recombination frequency, which are commonly 'referred to as
Linkage DIsegullibrium (LD) blocks (Myers, S. et al., Blochem Sec Trans
34:526530 (2006); Jeffreys, A.J., et al.,Nature Genet 29:217-222 (2001);
May, C.A., et at, 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., an allele of a polymorphic
marker, or a hapiotype) Occurs in a population at a frequency of 0,50 (50%)
and another element occurs at a frequency of 0.50 (50%), then the predicted
occurrence of a person's having both elements 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 disequiilbrium, since they tend to be
Inherited together at a higher rate than what their independent frequencies
of occurrence (e.g., allele or haplotype frequencies) would predict.
Roughly speaking, LD Is generally correlated with the frequency of
recombination events veen the two elements. Allele or haplotype frequencies
can be determined In a population by  78  genotyping individuals in a
population and determining the frequency of the occurence of each allele or
haplotype 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 diseouinbriurn (LD; reviewed In Devlin, B. & Risch, N., GenomIcs
29:311-22 (1995))), Most capture the Strength of association between pairs
of blailelic sites. Two important pairwise measures of LO are r2 (sometimes
denoted il2) and 1011 (Lewontln, R., Genetics 49:49-67 (1964); Hill, W.G. &
ttobertsort, A. Theor, Apo!. Genet, 22:226-231 (1968)). Both measures range
from 0 (no 



sequIlibrlurn) to 1 ('complete' disequilibrium), but their interpretation
Is slightly different, ID'l is defined In such a way that It Is equal to 1
If just two or three of the possible hapiotypes for two markers are
present, and It is <1 If all four possible haplotypes are present.
Therefore, a value Of ICY! that is <1 indicates that historical
recombination may have occurred between two sites (recurrent mutation can
also cause ID' l to be <1, but for single nucleotide poiymorphisms (SNPs)
this Is usually regarded as being less likely than recombination), The
measure la tepresents the statistical correlation between two sites, and
takes the value of 1 if only two hapiotypes are present, The r2 measure is
arguably the most relevant measure for association mapping, because there
is a simple Inverse relationship between rz and the sample size required to
detect association between susceptibility loci and SNPs, These measures are
defined for pairs of sites, but for some rplIcations a determination of how
strong LO 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). Roughly
speaking, r measures how much recombination would be Fequireci 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 between markers Indicative of the markers beln in
linkage disequillbrium can be at least 0.1, such as at least 0.15, 0.20,
0,25, 0,30, 0.35, 0.40, 0.45, 0.50, 0,55, 0.60, 0.65, 0.70, 0,75, 0:80,
0,85, 0,90, 0,91, 0.92, 0,93, 0,94, 0,95, p.96, 0.97, 0.98, or at least
0.99, in one preferred embodiment, the significant r2 value can be Of.
least 0.2, Alternatively, markers In linkage disequilibrium are
characterized by values of ID') 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, fr, certain embodiments, linkage disegullibrlum Is defined in
terms of-values for both the r2 and JD'l measures, In one such embodiment,
a significant linkage dIsequilibrium Is defined as r2> p1 and ID'! >0.8,
and markers fulfilling these criteria are said to be In linkage
diseguilibrium. In another embodiment, a significant linkage dIsequilibrium
is defined as r2> 0.2 and ID'i >0,9.  Other combinations and permutations
of values of n'and ID'Ifor determining linkage disequillbrium are also
contemplated, and are also within the scope of the Invention. Linkage
disequillbrIum 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. In one embodiment of the
Invention, LD is determined In a sample from one or more of the HapMap
populations (Caucasian, African (Yuroban), Japanese, Chinese), as defined
(http://www.hapmap,org). In one such embodiment, LID is determined in the
CEU population of the HapMap samples (Utah residents with ancestry from
northern and western Europe). In another embodiment, LD is determined In
the YRI population of the ilapMap samples (Yumba In Ibadan, Nigeria). . In
another embodiment, LD Is determined In the CHB population of the HapMap
samples (Han Chinese from Beijing, China). In another embodiment, LD Is
determined in the JPT population of the HapMap samples (Japanese from
Tokyo, japan). In yet another embodiment, LD is determined In samples from
the Icelandic population. If all poiymorphisms in the geriatric 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 disequillbriurn
between poiymorphisms, tightly linked polyrnorphisms are strongly
correlated, which reduces the number of faelymorphIsms 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  due to the fact that these polymorphisms are strongly
correlated. 1Genomic 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, fic Merkiangas, K, Science 273:1516-1517 (1996);
Maniatis, N., eta!,, Proc Nat! Aced Sc! USA 99:2228-2233 (2002); Ft elch,
DE eta!, 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., ID, and Pritchard, 3.14,, Nature Reviews
Genetics 4:587-597 (2003); Daly, M. et at, Nature Genet. 29:229-232 (2001);
Gabriel, SM. et al., Science 296:2225-2229 (2002); Path, N. at at, Science
294;1719-1723 (2001); Dawson, E. at at, Nature 418;544-548 (2002);
Phillips, M.S. et at, Nature Genet. 33;382-387 (2003)), There are two main
methods for defining these hapiotype blocks: blocks can be defined as
Iregions of DNA that have limited hapiotype diversity (see, e.g., Daly, M.
etal., Nature Genet, 29:229-232 (2001); Pad', N. at at, Science 294;
1719-1723 (2001); Dawson, E. etal., Nature 418:544-548 (2002); Zhang, K. et
at, Proc. Natl. Acad. Scl. USA 99:7335-7339 (2002)), or as regions between
transition zones having extensive historical recombination, identified
using  



30 linkage disequIllbrium (see, e.g., Gabriel, 5.8, et al., Science
296:2225-2229 (2002); Phlilips, M,S, et al., Nature Genet, 33:382387
(2003); Wang, N. et at, Am. J. Hum. Genet, 71:1227-   234 (2002); Stumpf,
MP., and Goldstein, D,13., Cum Bic', 13:1-8 (2003)), More recently, a
ine-scale map of recombination rates and corresponding hotspots across the
human genorne has been generated (Myers, S" et at, Science 310:321-32324
(2005); Myers, S. et at, Bloch 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 U
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 i-ecombinatIon hotspots. As used
herein, the terms "haplotype block" or "LD block" includes liocks 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 istatus, 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. If desired, neighboring haplotype blocks
can be assessed concurrently, as there may also exist linkage
disequillbrIum among the haplotype blocks, it 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 aenome also show association.
This Is a hatural consequence of the uneven distribution of LD across the
genorne, as observed by the large variation In recombination rates. The
markers used to detect association thus in a sense riepresent "tags" for a
genomic region (i.e., a haplotype block or in block) that Is associating
with a given disease or trait, and as such are useful for use in the
methods and kits of the i)resent Invention, One or more causative
(functional) variants or mutations may reside within the region found to be
associating to the disease or trait. The functional variant may be another
SNP, a tandem repeat polymorphism (such as a mlnIsatellite or a
mien:satellite), a transposable element, or a copy number variation, such
as an Inversion, deletion or insertion. Such variants in LO with the
variants described herein 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
kers In linkage dIsequillbrium with the markers.Thos, In certain
embodiments of the Invention, markers that are In LID with the markers
originally used to detect an association may be used as surrogate markers.
The surrogate markers have In one embodiment relative risk `(RR) and/or
odds ratio (OR) values smaller than originally detected. In other
embodiments, the surrogate markers have RR or OR values greater than those
initially determined for the markers  31 initially found to be associating
with the disease. 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. Identifying and using such surrogate
markers for detecting the association can be performed by 'routine methods
well known to the person skilled In the art, and are therefore within the
scope of he present Invention. Haplotype Analysis pne general approach to
hapiotype 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 mlcrosatellltes, The method arid 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  re aiculated 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 doe to the Information being incomplete. The information measure
for hapiotype '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 tension of
information measures defined for linkage analysis, and Is Implemented in
NEMO. oclation analysis For single marker association to a disease, the
Fisher exact test can be used to calculate two- : 'sided p-values for each
individual allele. Correcting for relatedness among patients can be done by
extending a variance adjustment procedure previously described (Risch, N. &
Teng, Genorne Res., 8;1273-1288 (1998)) for slbships so that it can be
applied to general familial relationships. The method of genomic controls
(Devlin, B. & Roeder, K. Biometrics 55;997 (1909)) can also be used to
adjust for the relatedness of the Individuals and possible stratification.
For both single-marker and haplotype analyses, relative risk (RR) and the
'population attributable risk (PAR) can be calculated assuming a
multiplicative mod& (hapiotype elative risk model) (Terwilliger, 3.D. &
Ott, J., Hum, Herecie 42:337-46 (1992) and Falk, C.T, Rubinstein, P, Ann.
Hum. Genet 51 (Pt 3):227-33 (1987)),I,e., that the risks of the two
-alieles/haplotypes a person carries multiply. For example, if RR is the
risk of A relative to a, then the risk of a person homozyeote AA will be RR
times that of a heterozygote 'Ac' and RR2  times that of a homozygote 'ea',
The multiplicative model has a nice property that simplifies analysis and
computations - hapiotypes are Independent, Lee in Hardy-Weinberg
equilibrium, Within the affected population as well as within the control
population. As a consequence,   apietype counts of the affecteds and
controls each have multInornial distributions, but with different haplotype
frequencies under the alternative hypothesis, Specifically, for two
haplotypes, hi and h, risk(h,)/risk(fti)(0,91)1(typ;), where f and p
denote, respectively, frequencies in the affected population and in the
control population. While there Is some power loss if the true model is not
multiplicative, the loss tends to be mild except for extreme cases. Most
Importantly, p-values are always valid since they are computed with respect
to null hypothesis. tm association signal detected In one association study
may be replicated In a second cohort, ideally from a different population
(e.g., different region of same country, or a different country) pf the
same or different ethnicity, The advantage of replication studies Is that
the number of tests performed in the replication study is usually quite
small, and hence the less stringent the Statistical measure that needs to
be applied. For example, for a genome-wide search for Susceptibility
variants for a particular disease or trait using 300,000 SNPs, a correction
for the 300,000 tests performed (one for each SNP) can be performed, Since
many SNPs on the arrays typically used are correlated (La, In L13), they
are not Independent. Thus, the correction Is conservative. Nevertheless,
applying this correction factor requires an observed P-value of less than
0.05/300,000 = 1.7 x 10i7 for the signal to be considered significant
applying this conservative test on results from a sincie study cohort,
Obviously, signals found in a genomewide association study with P-values
less than this conservative threshold (i.e., more significant) are a
measure of a true genetic effect, and replication In additional cohorts is
not necessarily from a statistical point of view, Importantly, however,
signals with P-values that are greater than this threshold may also be due
to a true genetic effect. The sample size in the first study May not have
been sufficiently large to provide an observed P-value that meets the
conservative threshold for genome-wide significance, or the first study may
not have reached genome-wide significance due to inherent fluctuations due
to sampling* Since the correction factor depends on the number of
statistical tests performed, if one signal (one SNP) from an Initial study
is 'replicated in a second case-control cohort, the appropriate statistical
test for significance is that for a single statistical test, i.e., P-value
less than 0,05, Replication studies in one or even several additional
case-control cohorts have the added advantage of providing assessment of
the ssociation signal in additional populations, thus simultaneously
confirming the Initial finding and lirov!dIng an assessment of the overall
significance of the genetic variant(s) being tested In (human populations
in general* 



The results from several case-control cohorts can also be combined to
provide an overall assessment of the underlying effect. The methodology
commonly used to combine results from multiple genetic association studies
is the Mantet-Haenszel model (Mantel and Heenszel, 3 Natl  33 Cancer inst
22;719-48 (1959)). The model is designed to deal with the situation where
association results from different populations, with each possibly having a
different population frequency of the genetic variant, are combined. The
model combines the results assuming that the effect of the variant on the
risk of the disease, a measured by the OR or RR, is the same in all
populations, while the frequency of the variant may differ between the
populations. Combining the results from several populations has the added
advantage that the overall power to detect a real underlying association
signal Is increased, due to the increased statistical power provided by the
combined cohorts. Furthermore, any deficiencies in individual studies, for
example due to unequal matching of cases and controls or population
stratification will tend to balance out when results from multiple cohorts
are combined, again providing a better estimate of the true underlying
genetic effect. Risk assessment and Diagnostics Risk Calculations The
creationmodel to calculate the overall genetic risk involves two steps: i)
conversion of odds-ratios for a single genetic variant Into relative risk
and II) combination of risk from multiple variants In different genetic
loci into a single relative risk value. Deriving risk from dd atios Most
gene discovery studies for complex diseases that have been published to
date In authoritative Journals have employed a case-control design because
of their retrospective setup! These studies sample and genotype a selected
set of cases (people who have the specified disease condition) and control
Individuals. The Interest is in genetic variants (alleles) which 'frequency
in cases and controls differ significantly. The results are typically
reported in odds ratios, that s the ratio between the fraction
(probability) with the risk variant (carriers) versus the non-risk variant
(non-carriers) In the proups of affected versus the controls, i.e.
expressed In terms of probabilities conditional on the bffection status: OR
= (Pr(cIA)/Pr(nclA)) / (Pr(cle)/Pr(nciC)) Sometimes It is however the
absolute risk for the disease that we are Interested in, i.e. the fraction
of those Individuals carrying the risk variant who get the disease or in
other words the probability of getting the disease. This number cannot be
directly measured In case-control Studies, In part, because the ratio of
cases versus controls is typically not the same as that In the  34 



general population. However, under certain assumption, we can estimate the
risk From the odds ratio. It is well known that under the rare disease
assumption, the relative risk of a disease can be approximated by the odds
ratio. This assumption may however not hold for many common diseases.
Still, It turns out that the risk of one genotype variant relative to
another can be estimated from the odds ratio expressed above. The
calculation is particularly simple under the assumption of random
population controls where the controls are random samples from the same
population as the cases, Including affected people rather than being
strictly unaffected individuals. To increase sample size and power, many of
the large genome-wide association and replication studies use controls that
were neither age-matched with the eases, nor were they earefulry
scrutinized to ensure that they did not have the disease at the time of the
study. Hence, while not exactly, they often approximate a random sample
from the general population, It Is noted that this assumption Is rarely
expected to be satisfied exactly, but the risk estimates are usually robust
to moderate deviations from this assumption. Calculations show that for the
dominant and the recessive models, where we have a risk variant carrier,
"c", and a non -carrier, "nc", the odds ratio of Individuals is the same as
the risk ratio between these variants: Ort = Pr(A I c)/Pr(Al nc) 'And
likewise for the multiplicative model, where the risk Is the product of the
risk associated with the two allele copies, the allelic odds ratio equals
the risk factor: 'OR = Pr(tdaa)/Pr(Alab) Pr(Alab)/Pr(Albb) =r Here "a"
denotes the risk allele and "b" the non-risk allele. The factor "r" is
therefore the relative risk between the allele types, For many of the
studies published in the last few years, reporting common variants
associated with complex diseases, the multiplicative model has been found
to summarize the effect adequately and most often provide a fit to the data
superior to alternative models such as the dominant and recessive models.
The risk relative toh ve population risk  35 with the baseline population
risk. For example, in the muitiplicative model we can calculate the
relative population risk for variant "aa" as: RR(aa)Pr(Alaa)/Pr(A) =
(Pr(Alaa)/Pr(Aibb))/(Pr(A)/Pr(Aibb)) - r2/(Pr(aa)r + Pr(ab 'Pr(bb))r2/(p2 r
4- 2pq r +r2/P: 



Here "p" and "q" are the allele frequencies of "a" and "b"eespectively.
Likewise, we get that RR(ab) = r/P, and RR(bb) = 1/R, The allele frequency
estimates may be obtained from the publications that report the odds-ratios
and from the IlapMap database, Note that in the case Where we do not know
the genotypes of an Individual, the relative genetic risk for that test or
marker Is simply equal to one. By way of an example, for UBC risk, allele T
of the disease associated marker rs9642860 in has pn allelic OR of 1.21 and
a frequency (p) around 0,48 In white populations. The genotype Felative
risk compared to genotype GG are estimated based on the multiplicative
model, For TT It Is 1.21x1,21 = 1.46; for TG it Is simply the OR 1.21, and
br GG it Is 1,0 by definition. The frequency of allele G Is q = 1 - p = 1 -
0,48 = 0,52, Population frequency of each of the three possible genotypes
at this marker is: Pr(17) p2 0,23, Pr(TG) = 2pq -- 0.50, and Pr(GG) q2 0.27
The average population risk relative to genotype GG (which is defined to
have a risk of one) is: R 0.23x1,46 + 0.50x1.21 0.27x1 =- Therefore, the
risk relative to the general papule n (RR) for individuals who have one of
the following genotypes at this marker Is: R.R(TT)1,46/1==1.21, RR(TG) :a.'
1.21/1.21,0, Rit(GG) = 1/1,20,83, combining the risk from multiple markers
When genotypes of many SNP variants are used to estimate the risk for an
individual a 'multiplicative model for risk can generally be assumed. This
means that the combined genetic risk relative to the population is
calculated as the product of the corresponding estimates for individual
markers, e.g. for two markers el and g2:  36 



RR(g1,92) RR(g1)RR(g2) The underlying assumption is that the risk factors
occur and behave independently, Le. that the joint conditional
probabilities can be represented as products:
Pr(Alg1,g2)Pr(Algl)Pr(Alg2)/Pr(A) and Pr(gl,g2) = Pr(g1)Pr(g2) pbvious
violations to this assumption are markers that are closely spaced on the
genorne, lie. In linkage disequilibrium, such that the concurrence of two
or more risk alleles Is correlated. In Such cases, we can use so called
haplotype modeling where the odds-ratios are defined for all allele
combination:3 of the correlated SfJPs. As Is In most situations where a
statistical model Is utilized, the model applied is not expected to be
exactly true since it is not based on an underlying No-physical model.
However, the multiplicative model has so tar been found to fit the data
adequately, I.e, no significant deviations are detected for many common
diseases for which many risk variants have been discovered, As an example,
an Individual who has the following genotypes at 4 hypothetical markers
associated with a particular disease along with the risk relative to the
population at each marker: Marker Genotype Calculated risk , M1CC-----    4



Adjusted life-time risk The lifetime risk of an individual Is derived by
multiplying the overall genetic risk relative to the population with the
average life-time rlsk of the disease In the general population of the same
ethnicity and gender and In the region of the Individual's geographical
origin. As there are usually several epidemiologic studies to choose from
when defining the general population risk, we 111 pick studies that are
well-powered for the disease definition that has been used for the genetic
variants.  37 For example, for a particular disease, if the overall genetic
risk relative to the population is 1.6, and if the average life-time risk
of the disease for individuals of the same demographic Is 20%, then the
adjusted lifetime risk for the individual Is 20% x 1.8 ee. 36%. Note that
since the average RR for a population is one, this multiplication model
provides the Same average adjusted life-time risk of the disease.
Furthermore, since the actual life-time risk Cannot exceed 100%, there must
be an upper limit to the genetic Rfe. Risk assessment for urinary bladder
cancer As described herein, certain polymorphic markers and haplotypes
comprising such markers are 'found to be useful for risk assessment of
urinary bladder cancer (UBC), Risk assessment can involve the use of the
markers for diagnosing a susceptibility to UBC. Particular alleles of
certain polymorphic markers are found more frequently In individuals with
UBC, than in Individuals Without diagnosis of UBC. Therefore, these marker
alleles have predictive value for detecting or a susceptibility to UBC, in
an individual, tagging markers in linkage disequilibrIum with at-risk
variants (or protective variants) described herein can be used as
surrogates for these markers (and/or haplotypes). Such surrogate Markers
can be located within a particular haplotype block or LO block. Such
surrogate markers can also sometimes be located outside the physical
boundaries of such a haplotype block or LD block, either In close vicinity
of the LO blocWhaplotype block, but possibly also located In a more distant
genomic location. Long-distance LD can for example arise if particular
genomic regions (e.g., genes) are In a functional relationship. For
example, if two genes encode proteins that play a role In a shared
metabolic pathway, then particular variants in one gene may have a direct
impact on observed variants for the other gene, Let us consider the case
where a variant in one gene leads to Increased expression of the gene
product. To counteract this effect and preserve overall flux of the
particular pathway, this variant may have led to selection of one (or more)
variants at a second gene that confers decreased expression levels of that
gene. These two genes may be located in different genornlc locations,
possibly on different chromosomes, but variants within the genes are in
apparent LD, not because of their shared physical location within a region
of high LD, but rather due to evolutionary forces. Such LO is also
contemplated and within scope of the present invention. The skilled person
will appreciate that many other scenarios of functional 'gene-gene
Interaction are possible, and the particular example discussed here
represents only One such possible scenario.  



38 'smaller values of 4-2 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. In certain
preferred embodiments, markers with values of r2 to the at-risk anchor
variant are useful surrogate markers. The at-risk variant identified may
not be the functional        t itself, but Is in this Instance in linkage
cilsegulilbrium with the true functional variant. The functional variant
may be a SNP, but may also for example be a tandem repeat, such as a
mlnisatellite or a microsateinte, a transposable element (e,g,, an Alu
element), or a structural alteration, such as a deletion, insertion or
Inversion (sometimes also called copy number variations, or CNVs). 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
Individuais, and Identify poiymorphisms In the resulting group of
'sequences. As a consequence, the person skilled In the art can readily and
without undue experimentation Identify and genotype surrogate markers In
linkage dIsequilibrIum with the markers and/or haplotypes as described
herein. The tagging or surrogate markera In LD with the at-risk variants
detected also have predictive value since they capture the effect observed
by the at-risk variants (e.g., rs9642680, rs710521). The present Invention
can In certain embodiments be practiced by assessing a sample comprising
genomIc DNA from an Individual for the presence of certain variants
described herein to be associated with UBC. 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 (f.e.increased or decreased susceptibility) of
UBC. Detecting particular alleles of polymorphic Markers can In certain
embodiments be done by obtaining nucleic acid sequence data about a
particular human Individual that identifies at least one allele of at least
one polymorphic marker. Different alleles of the at least one marker are
associated with different susceptibility to the disease In humans,
Obtaining nucleic acid sequence data can comprise nucleic acid sequence at
a single nucleotide position, which is sufficient to Identify alleles at
SNPs. The nucleic add Sequence data can also comprise sequence at any other
number of nucleotide positions, in particular for genetic markers that
comprise multiple nucleotide positions, and can be anywhere            o
hundreds of thousands, possibly even millions, of nucleotides (in
particular, in the case of copy number variations (CNVs)). In certain
embodiments, the invention can be practiced utilizing a dataset comprising
information about the genotype status of at least one polymorphic marker
associated with a disease (or markers In linkage disequilibriurn with at
least one marker 'associated with the disease). In 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 (eq., an indication of the presence or absence of certain at-risk
alleles), or  39 actual genotypes for one or more markers, can be queried
for the presence or absence of certain et-risk alleles at certain
polymorphic markers shown by the present inventors to be associated with
the disease. A positive result for a variant (e.g., marker allele)
associated with the disease, is indicative of the individual from which the
dataset Is derived is at Increased susceptibility (increased risk) of UBC,
In certain embodiments of the invention, a polymorphic marker Is correlated
to UBC by referencing genotype data for the polymorphic marker to a
database, such as a look-up table that comprises correlations dates between
at least one allele of the polymorphism and UBC, In Some embodiments, the
table comprises a correlation for one polymorphism. In other 'embodiments,
the table comprises a correlation for a plurality of polymorphisms. In both
Scenarios, by referencing to a look-up table that gives an indication of a
correlation between a Marker and UBC, a risk for UBC, or a susceptibifity
to UBC, can be identified In the individual from whom the sample Is
derived. In 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). Risk
markers may be useful for risk assessment and diagnostic purposes, elther
alone or in combination. Results of disease risk assessment based on the
markers described herein can also be combined with data for other genetic
markers or risk factors for the disease, to establish Overall risk, Thus,
even In cases where the increase in risk by Individual markers Is
relatively Modest, e.g. on the order of 1030%, the association may have
significant Implications when combined with other risk markets, Thus,
relatively common variants may have significant 'contribution to the
overall risk (Population Attributable Risk is high), or combination of
markers  an be used to define groups of Individual who, based on the
combined rlsk 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, blomarIcers and/or hapiotypes) 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 UBC. In such embodiments, the genotype
status of a plurality of Markers and/or hapiotypes 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 rnultivarlate analyses or joint risk
analyses, such as those described herein, or other methods known to the
skilled person, 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.  40 Study population In a
general sense, the methods and kits described herein can be utilized from
samples containing nucleic acid material (DNA or RNA) from any source and
from any Individual, or from genotype or sequence data derived from such
samples. 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 hapiotypes
in 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 the disease, based on factors, e.g., other genetic
factors, blornarkers, biophysical parameters, history of UBC, previous
diagnosis of UBC, family history of UBC. The Invention provides for
embodiments that include Ind vlduals fromcid& 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 tess 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 UBCIn any of the age
ranges described in the above. 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
gender, rnales or females, The Icelandic population Is a Caucasian
population of Northern European ancestry. A large hunter 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 pther
populations (Sulam, P., et al. Nat Genet May 17 2009 (Epub ahead of print);
Rafnar, T., et at Nat Genet 41:221-7 (2009), Gretarsdottir, 5,, et al. Ann
Neural 64:402-9 (2008); Stacey, S.N., etal. Nat Genet 40:1313-18 (2008);
Gucklartsson, D.P., et- al. Nat Genet 40:886-91 (2008); Styrkarsdottir, U.,
et al. N Engl .1 Med 358:2355-65 (2008); Thorgeirsson, T., etal. Nature
452:638-42 (2008); Gudmundsson, 3,, et at Nat Genet, 40;281-3 (2008);
Stacey, S.N,, et al., Not Genet. 39:865-69 (2007); Heigadottir, A., et at,
Science 316:1491-93 (2007); Steinthorsdottlr, V., eta!,, Nat Genet.
39:770-75 (2007); Gudmundsson,1,, et al,, Nat Genet. ?9:631-37 (2007);
Frayling, TM, Nature Reviews Genet 8.:657-662 (2007); Annundadottir, LT,,
et at, Nat Genet. 38:652-58 (2006); Grant, S.F., et at, 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.  41 It is thus believed that the markers described herein
to be associated with risk of UBC will show similar association in other
human populations, 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   astern populations, African populations, Hispanic populations, and
Oceanian populations, European populations include, but are not limited to,
Swedish, Nonveglan, Finnish, Russian, Danish, Icelandic, Irish, Kelt,
English, Scottish, Dutch, Belgian, French, German, Spanish, Portuguese,
Italian, Polish, Bulgarian, Slavic, Serbian, Bosnian, Czech, Greek and
Turkish Populations. In certain embodiments, 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 eta!, (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
skiiied 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 genornIc regions. t is also well known to the person
skilled In the art that certain markers, e.g. SNP markers, have Clfferent
population frequency in different populations, or are polymorphic in one
population but pot In another. The person skilled in the art will however
apply the methods available and as thought 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-rlsk variants of the present invention may reside
on different haplotype background and in different frequencies in various
human populations. However, utilizing methods known in the art and the
markers of the present Invention, the invention can be practiced In any
given human Population. 



biility 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
develop urinary bladder cancer. The variants described herein do however
Indicate Increased and/or decreased likelihood that individuals carrying
the at-rlsk or protective variants of the invention Will develop UBC, or
symptoms associated with UBC, This information is however extremely
crafuable 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 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. Bladder
cancer .5 a disease with a high prevalence and potential for Improved
survival with early detection, Understanding of the genetic factors
contributing to the residual genetic risk for bladder cancer Is very
limited. No universally successful method for the prevention or treatment
of bladder cancer is currently available. Management of the disease
currently relies on a combination of early diaonosis, appropriate
treatments and secondary prevention. There are Clear clinical imperatives
for integrating genetic testing Into all aspects of these management areas.
Identification of cancer susceptibility genes may also reveal key molecular
pathways that may be manipulated (e.g., using small or large molecular
weight drugs) and may lead to more rective treatments, A screening program
that would result in detection of bladder cancer at an earlier stage, prior
to muscle invasion or metastasis, could render a significant improvement in
patient morbidity and overall survival. In order for bladder cancer
screening to become a reality, first a high incidence 'population has to be
identified and secondly a cost-effective marker with good performance
Characteristics has to be available. Individuals with many environmental
risk factors, such as Older male smokers and who have the high-risk genetic
profile may benefit from periodic screening. Clinical screening for bladder
cancer Is mainly performed by urine cytology, cystoscopy or Hematuria
tests. Home urine dipstick to asses  for hernaturla is convenient,
Inexpensive, and noninvasive. however, utility of widespread screening with
hematuria testing Is limited due to the low positive redictive value (PPV)
of the test. The PPV for hematuria dipstick for screening ranges between 5
and 8.3% resulting in many unnecessary workups with their attendant patient
anxiety and cost. Due to the relatively low sensitivity and low PPV of the
reagent strip for hemoglobin as well as    ology, multiple urine-based
bladder markers have been developed to try to assist in detecting bladder
cancer non-invasively (Lotan Y, Roehrborn CG (2003) Urology 61(1):109-118).
These Include the NMP22 BladderChek Test (Matritech Inc., Newton, MA, USA)
and UroVysion (Vysls l)owner's Grove, IL, USA) (Grossman, NB et al. JANA
293:810-816, 2005). accordance with the present Invention, (ndividuais that
are homozygous for both the 3g and bladder cancer variants may In
particular benefit from screening for the disease, especially If ihey are
also smokers. A simple urine test such as the NMP-22 assay may be useful
for early r 'diagnosis In this group. Genetic variants described herein can
be used alone or In combination, as well as in combination other factors,
Including other genetic risk factors or blomarkers, for risk assessment of
an Individual for UBC. Many factors known to affect the predisposition of
an Individual towards  43 



developing risk of developing UBC are known to the person skilled In the
art and can be utilized in such assessment, These include, but are. not
limited to, age, gender, smoking status and/or smoking history, family
history of cancer, and of UBC in particular. Methods known in the art can
be used for such assessment, including multivariate analyses or logistic
regression. METHODS     hods for disease risk assessment and risk
management 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 agents, methods for predicting the
'effectiveness of a therapeutic agents, nucleic acids', polypeptides and
antibodies and computer-implemented functions. Kits for use in the various
methods presented herein are also encompassed by the invention, Diagnostic
and screening methods am n embodiments, the present Invention pertains to
methods of diagnosing, or aiding in the diagnosis of UBC or a
susceptibility to Uf3C, by detecting particular alleles at genetic markers
that appear more frequently in UBC subjects or subjects who are susceptible
to UBC. In particular embocilmenb, the invention is a method of determining
a susceptibility to UBC by detecting at least one allele of at least one
polymorphic; marker (e.g., the markers described n). In other embodiments,
the Invention relates to a method of diagnosing a susceptibility by
detecting at least one allele of at least one polymorphic marker. The
present invention describes methods whereby detection of particular alleles
of particular markers or haplotypes Is Indicative of a susceptibility to
UBC, Such prognostic or predictive assays can also be used to determine
prophylactic treatment of a subject prior to the onset of symptoms of UBC,
The present invention pertains In some embodiments to methods of clinical
applications of ilagnosls, e.g., diagnosis performed by a medical
professional. In other embodiments, the invention pertains to methods of
diagnosis or determination of a susceptibility performed by a Cayman, The
layman can be the customer of a genotyping service. The layman may also be
a genotype service provider, who performs genotype analysis on a DNA sample
from an individual, in order to provide service related to genetic risk
factors for particular traits or diseases, based On the genotype status of
the individual (he,, the customer). Recent technological advances in
genotypung technologies, including high-throughput genotyping of SNP
markers, such as Molecular Inversion Probe array technology (e.g.,
Affymetrix GeneChip), and BeadArray TechnologiesIllumine GoldenGate and
InfInium assays) have made it possible for individuals to have their own
genome assessed for up to one million SNPs simultaneously, at   latively
little cost. The resulting genotype information, which can be made
available to the individual, can be compared to Information about disease
or trait risk associated with various  44 



SNPs, Including information from public literature and scientific
publications, The diagnostic application of disease-associated alleles as
described herein, can thus for example be performed by the Individual,
through analysis as described herein of his/her genotype data, by a health
professional based on results of a clinical test, or by a third party,
including the genotype service provider. The third party may also be
service provider who interprets genotype information from the customer to
provide service related to specific genetic risk factors, including the
genetic Markers described herein. In other words, the diagnosis or
determination of a susceptibility of genetic risk can be made by health
professionals, genetic counselors, third parties providing benotyping
service or by the layman (e.g., the individual), based on information about
the . genotype status of an Individual and knowledge about the risk
conferred by particular genetic risk factors (e.g., particular SNPs). 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, In certain embodiments, a sample
containing genotnIc DNA from an Individual is collected. Such sample can
for example be a buccal swab, a saliva sample, a blood sample, or other
suitable Samples containing genomIc DNA, as described further herein. The
genornic DNA Is then analyzed using any common technique available to the
skilled person, such as high-throughput   ray technologies. Results from
such genotyping are stored In a convenient data storage unit, uch as a data
carrier, including computer databases, data storage disks, or by other
convenient data storage means. In certain embodiments, the computer
database Is an object database, a relational database or a post-relational
database. The genotype data is subsequently analyzed for the presence of
certain variants known to be susceptibility variants for particular human
tonditions, such as the genetic variants described herein. Genotype data
can be retrieved from he data storage unit using any convenient data query
method. Calculating risk conferred by a particular genotype for the
individual can be based on comparing the genotype of the Individual to
previously determined risk (expressed as a relative risk (RR) or and odds
ratio (OR), for 'xample) for the genotype, for example for an heterozygous
carrier of an at-risk variant for a particular disease or trait The
calculated risk for the individual can be the relative risk for a person,
or for a specific genotype of a person, compared to the average population
with matched bender and ethnicity. The average population risk can be
expressed as a weighted average of the risks of different genotypes, using
results from a reference population, and the appropriate calculations to
calculate the risk of a genotype group relative to the population can then
be performed. Alternatively, the risk for an individual is based on a
comparison of particular genotypes, for example heterozygous carriers of an
at-risk allele of a marker compared with non-carriers of the at-risk
allele, Using the population average may In certain embodiments be more
convenient, since It provides a measure which is easy to interpret for the
user, i.e. a measure that gives the risk for the Individual, based on
his/her genotype, compared with the dverage in the population. The
calculated risk estimated can be made available to the customer :elaa
vvebsite, preferably a secure website.  In certain embodiments, a service
provider will include in the provided service all of the steps of isolating
genornic DNA from a sample provided by the customer, performing genotyping
of the isolated DNA, calculating genetic risk based on the genotype data,
and report the risk to the customer, In some other embodiments, the service
provider will Include In the service the l,nterpretatIon of genotype data
for the individual, I.e., risk estimates for particular genetic variants
based on the genotype data for the individual. In some other embodiments,
the service Provider may include service that Includes genotypIng service
and Interpretation of the genotype data, starting from a sample of isolated
DNA from the individual (the customer). Overall risk for multiple risk
variants can be performed using standard methodology. For example, assuming
a multiplicative model, ta assuming that the risk of Individual risk
variants rmetiply to establish the overall effect, allows for a
straight-forvvard calculation of the overall risk for multiple markers. In
addition, in certain other embodiments, the present Invention pertains to
methods of diagnosing, or aiding in the diagnosis of, a decreased
susceptibility to UBC, by detecting particular genetic marker alleles or
haplotypes that appear less frequently In UBC patients than In individual
not diagnosed with UBC or In the general population. ks described and
exemplified herein, particular marker alleles or haplotypes (e.e the ma
listed in Table 1 and markers In linkage clisequelbrIum therewith,
Including those listed In Tables   and 5) are associated with UBC. In one
embodiment, the marker allele or haplotype is one that confers a
significant risk or susceptibility to UBC. In another embodiment, the
invention relates to a method of diagnosing a susceptibility to UBC In a
human Individual, the method Comprising determining the presence or absence
of at least one allele of at least one polymorphic   arker In a nucleic
acid sample obtained from the individual, wherein the at least one
Polymorphic marker is selected from the group consisting of the polymorphic
markers listed In Table I, and markers In linkage disequilibreen (defined
as r2 > 0,2) therewith, such as those listed In Tables 4 and 5. In another
embodiment, the invention pertains to methods of diagnosing a
susceptibility to UBC in a human individual, by screening for at least one
marker allele as Fisted In Table 1 or markers In linkage dIsequillbrium
therewith, such as those listed In Tables 4 and 5. In another pinbodenent,
the marker allele or haplotype is more frequently present In a subject
having, or who Is susceptible to, UBC (affected), as compared to the
frequency of its presence In a healthy Subject (control, such as population
controls). In certain embodiments, the significance of 'association of the
at least one marker allele or hapiotype Is characterized by a p value <
0.05, In other embodiments, the significance of association Is
characterized by smaller p-values, such  ss 0.01, <0.001, <0,0001,
<0.00001, <0.000001, <0.0000001, <0,00000001 or k0,000000001,  



46 In these embodiments, determination of the presence of the at least one
marker allele or hapiotype is Indicative of a susceptibility to UBC These
diagnostic methods involve detecting the presence or absence of at least
one marker allele or hapiotype that Is associated with uBC. The detection
of the particular genetic marker alleles that make up 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 uBC-associated
nucleic acid (e.g., by protein sequencing or by immunoassays using
antibodies that recognize such a protein), The Marker alleles or haplotypes
correspond to fragments of a genornic DNA sequence associated With UBC,
Such fragments encompass the DNA sequence of the polymorphic marker or
hapfotype In question, but may also include DNA segments In strong ID
(linkage dIsequilibrium) with the marker or hapiotype. In one embodiment,
such segments comprises segments in LD with the marker or haplotype as
determined by a value of r2 greater than 0,1 and/or> 0.8).     ne
embodiment, diagnosis of a susceptibility to UBC can he accomplished using
hybridization methods, (see Current Protocols In Molecular Biology,
Ausubel, F. et al., eds., John Wiley & Sons, including al! supplements).
The presence of a specific marker allele can be Indicated by
sequence-specific hybridization of a nucleic add probe specific for the
particular allele. The presence of more than one 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. In pne
embodiment, a haplotype can be Indicated by a single nucleic add probe that
is specific for he 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
genornic 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 genornIc sequence from a test sample. The invention can also
be reduced to practice using any convenient genotypIng method, Including
commercially available technolooles and methods for genotypIng particular
polymorphic markers, To determine a susceptibility to UBC, a hybridization
sample can be formed by contacting the test sample, such as a genornic DNA
sample, with at least one nucleic acid probe. A non-limiting example of a
probe for detecting mRNA or genornic DNA Is a labeled nucleic acid probe
that is Capable of hybridizing to mRNA or genornle DNA sequences described
herein, The nucleic acid probe can be, for example, a full-length nucleic
acid molecule, or a porticm thereof, such as an pligonudeotide 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. In certain embodiments, the oilgonucleotide is from about 15
to about 100 nucleotides in length, In ertaln other embodiments, the
ollgonucleotide is from about 20 to about 50 nucleotides In  47 length, For
example, the nucleic acid probe can comprise all or a portion of the
nucleotide sequence of any the sequences of SEQ ID NO:1-52, In particular
all or portion of SEQ ID NC):1 or SEQ ID NO2, as described herein,
optionally comprising at least one allele of a marker described herein, or
at ieast one hapiotype 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, et al.,
John Wiley & Sons, including all supplements). In one embodiment,
hybridization refers to apecific hybridization, i.e" hybridization with no
mismatches (exact hybridization). In 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 nucleic add in
the test sample, then the sample contains the allele that is complementary
to the nucleotide that Is present in the nucleic add r probe. The process
can be repeated for any markers of the present invention, or markers that
Make up a hapiotype 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 haplotwe (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
haplcitype (e.g" a hap/otype) and therefore is susceptible to MC. In 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 pligonucleotider is employed, as described by
Kutyavin et al. (Nucleic Acid Res, 34e128 (2005)). 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 -5 residues
from the 3' end of the detection probe. The enhancer is a short
bligonucleotide 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 iind the enhancer nucleotide probe
when both are bound to the template, The gap creates a  ynrhetic 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 fitiorescence of the released Vuorescent moiety, assessment of the
presence of a particular allele defined by nucleotide sequence of the
detection probe can be performed.  48 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.    a preferred embodiment,
the DNA template containing the SNP polymorphism Is amplified by
'polyrrierase Chain Reaction (PCR) prior to detection, In 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    pliflcation of the
template by PCR include the use of modified bases, including modified A and
impaled G. The use of modified bases can be useful for adjusting the
melting temperature of he nucleotide molecule (probe and/or primer) to the
template DNA, for example for Increasing he 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
Lised, 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, In 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.   ltern.ativeiy, 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 h
peptide-like, inorganic backbone, such as N-(2-amlnoethyl)glycine units,
with an organic base     G, C, 1* or U) attached to the glycine nitrogen
via a methylene carbonyl linker (see, for example, Nielsen, P.,
etBioconjug. 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 inarker alleles or haplotypes that are associated with
UBC. In one embodiment of the Invention, a test sample containing genornic
DNA obtained From the subject is collected and the polymerase Chain
reaction (PCR) is used to amplify a fragment. comprising one or more
markers or haplotypes of the present invention, As described herein,
Identification of a particular marker 'allele or haplotype associated with
UBC, can be accomplished using a variety of methods (e.g., Sequence
analysis, analysis by restriction digestion, specific hybridization, single
stranded Conformation polymorphism assays (SSCP), electrophoretic analysis,
etc.), In another crnbodiment, diagnosis Is accomplished by expression
analysis, for example by using quantitative PCR (kinetic thermal cycling),
This technique can, for example, utilize commercially available
technologies, such as TagMan(r) (Applied Blosystems, Foster City, CA), The
technique Can assess the presence of an alteration in the expression or
composition of a polypeptide or  49 



Splicing varlant(s) that is encoded by a nucteic acid associated with UBC.
Further, the expre&sloi of the variant(s) can be quantified as physically
or functionally different, In another embodiment of the methods of the
invention, analysis by restriction digestion can be used to detect a
particular allele if the allele results in the creation or elimination of 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.  equence analysis can also be used to
detect specific alleles or hapiotypes associated with UBC (e.g. a
combination of any of the polymorphic markers of Table 1 and/or markers In
linkage disequilibrium therewith). Therefore, In one embodiment,
determination of the presence or absence of a particular marker alleles or
haplotypes comprises sequence analysis of a test ample of DNA or RNA
obtained from a subject or individual. PCR or other appropriate methods an
be used to amplify a portion of a nucleic acid associated with UBC, and the
presence of a Specific allele can then be detected directly by sequencing
the polymorphic site (or multiple polymorphic sites In a haplotype) of the
genernic DNA in the sample, In another embodiment, arrays of
ollgonucleotide probes that are complementary to target nucleic acid
sequence segments from a subject, can be used to identify polyrnorphisms in
a nucleic acid associated with UBC (e.g. the polymorphic markers of Table 1
and markers in tinkage diseoullibrium therewith), For example, an
ollgonocieetide array can be used. Oligonucleoticie arrays typically
comprise a plurality of different ollgonucleotide probes coupled to a
surface of a substrate in different known locations, These arrays can
generally be Prociuced using mechanical synthesis methods or light directed
synthesis methods that incorporate a combination of photolithographic
methods and solid phase oligonucleotide synthesis methods, or by other
methods known to the person skilled In the art (see, e.g., Bier, F.F., et
at Adv Biochern Eng Blotechnot 109:433-53 (2008); Hoheisel, 3,D., Nat Rev
Genet 7:200-10 (2006); Fan, LB., et al, Methods Enzyrnof 410:57-73 (2006);
Racioussis, 3, ftt Elvldge, O., Expert Rev Mor Diagn 6:145-52 (2006);
Mockler, T.C" at a/ Genornios 85:1-15 (2005), and 'references cited
therein, the entire teachings of each of which are Incorporated by
reference herein). Many additional descriptions of the preparation and use
of ollgonucleotide arrays for CletectIon of pelymorphisms can be found, for
example, In US 6,858,394, US 6,429,027, US 5,445,934, US 5,700,637, US
5,744,305, US 5,945,334, US 6,054,270, US 6,300,063, US 5,733,977, US
7,364,858, EP 619 321, and EP 373 203, the entire teachings of which are
incorporated by reference herein. Other methods of nucleic add analysis
that are available to those skilled In the art can be used !-.0 detect a
particular allele at a polymorphic site. Representative methods include,
for example,  direct manual sequencing (Church and Gilbert, Proc. Natl.
Acad. Sc!. USA, 81 1991-1995 (1988); Sanger, F., at al., Proc. Watt Acad.
Scl, USA. 74:5463-5467 (1977); Beavls, etal., U.S. Patent No. 5,288,644);
automated fluorescent sequencing; single-stranded conformation polymorphism
assays (SSCP); damped denaturing gel electrophoresis (CDGE); denaturing
nt gel electrophoresis (DGGE) (Sheffield, V., et al., Proc. Natl, Aced,
Sc!. USA, 86:232-236 (1989)), mobility shift analysis (Orita, M., at at,
Proc. Natl. Acad. Sol, USA, 86;2766-2770 (1989)), restriction enzyme
analysis (Pleven, R., etal., Cell, 15:25-41 (1978); Geever, R., et at,
'Proc. Watt Acad, Sci. USA, 78.5081-5085 (1981)); heteroduplex analysis;
chemical mismatch cleavage (CMG) (Cotton, R., at al,, Proc. Nett Aced Sc!.
USA, 85:4397-4401 (1985)); RNase :protection assays (Myers, R., et al. ,
Science, 230:1242-1246(1985); use of polypeptides that 1,-ecognIze
nucleotide mismatches, such as E, coil mutS protein; and allele-specific
PCR. In another embodiment of the invention, diagnosis of UBC or a
susceptibility to UBC can be made by examining expression and/or
composition of a polypeptEde encoded by a nucleic add associated with UBC
In those instances where the genetic marker(s) or haolotype(s) of the
present Invention result In a change in the composition or expression of
the polypeptide. Thus, diagnosis of a susceptibility to UBC can be made by
examining expression and/or composition of one of these polypeptides, or
another polypeptide encoded by a nucleic acid associated with 1.IBC,. 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 markers described herein that show association to 1)8C may
also affect expression of nearby genes, e.g. other genes on Chromosomes 8
or 3, in the vicinity of the marker rs9642880 (SEQ ID NO; 1) or rs710521
(SEQ ID NO: 2), respectively. Surprisingly, though, as mentioned above, the
first mentioned marker (rs9642880) appears not to be associated with known
miss-sense mutations In the oncogene clyc, It is well known that regulatory
element affecting gene expression may be located far Say, even as far as
tenths or hundreds of knobases away, from the promoter region of a.gene.
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, 'Possible mechanisms affecting
these genes Include, e.g., effects on transcription, effects on RNA
pplicing, 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, A
variety of methods can be used for detecting protein expression levels,
Including enzyme linked Irnmunosorbent assays (ELISA), Western blots,
immunoprecIpltatIons and Immunofluorescence. A test sample from a subject
is assessed for the presence of an alteration In the expression and/or an
alteration in composition of the polypeptide encoded by a nucleic 'acid
associated with UBC. An alteration In expression of a polypeptIde encoded
by a nucleic acid associated with UBC can be, for example, an alteration in
the quantitative porypeptide expression 11.e., the amount of polypeptide
produced). An alteration in the composition of a polypeptide  



51 'encoded by a nucleic acid associated with uBC 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 UBC Is made by detecting a particular
splicing ariant encoded by a nucleic acid associated with UBC, or a
particular pattern of splicing Variants. Both such alterations
(quantitative and qualitative) can also be present. An "aiteratIon" 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 the polypeptide in e 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     sceptibility to, UBC. In one embodiment, the
control sample is from a subject that does not bossess a marker allele or
haplotype associated with UBC, as described herein, Similarly, the presence
of one or more different splicing variants In the test sample, or the
presence of    nificantly different amounts of different splicing variants
In the test sample, as compared with the control sample, can be indicative
of a susceptibility to UBC, An alteration In the expression 6r 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 bolypeptide
encoded by a nucleic acid are known to the person skilled In the art and
can be Used, Including spectroscopy, colorlatetry, electrophoresis,
isoelectric focusing, and immunoassays (e.g., David et al., U.S. Pat. No.
4,376,110) such as Imrnunoblotting (see, e.g., :Current Protocols In
Molecular Biology, particularly chapter 10, supra),  or example, In one
embodiment, an antibody (e.g., an antibody with a detectable label) that Is
capable of binding to a polypeptlde encoded by a nucleic acid associated
with UBC can be used. Antibodies can be polyclonal or monoclonal, An Intact
antibody, or a fragment thereof (e.g.:FY, 'Fab, Fab', F(ati')) 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 br antibody by reactivity with
another reagent that Is directly labeled. Examples of indirect labeling
include detection of a primary antibody using a labeled secondary antibody
(e.g., a fluorescently-labeled secondary antibody) and end-labeling of a
DNA probe with biotin such that it can be detected with
fluorescently-labeled streptavidin, in one embodiment of this method, the
level or amount of polypeptide encoded by a nucleic acid associated with
uric in a test sample Is compared with the level or amount of the
polypeptide 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 nucleic acid, and is
diagnostic for a particular a/1de or haplotype responsible for causing the
difference in expression. Alternatively, the composition of the polypeptide
in a test sample is   rnpared with the composition of the polypeptide in a
control sample. In another embodiment, both the level or amount and the
composition of the polypeptide can be assessed in the test sample and In
the control sample, In another embodiment, the diagnosis of a
susceptibility to UBC is made by detecting at least one. marker or
haplotypes of the, present invention (e.g., associated alleles of the
markers listed M Table I, and markers In linkage disegulifbrium therewith),
In combination with an additional protein-based, RNA-based or DNA-based
assay, 'Kits Kits useful In the methods of the Invention comprise
components useful In any of the methods described herein, including for
example, pruners for nucleic acid amplification, hybridization 'probes,
restriction enzymes (e.g" for RFLP analysis), allele-specific
oligonucleotides, antibodies that bind to an altered polypeptide encoded by
a nucleic add of the invention as described herein (e.g., 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 nucleic
acid of the Invention as described herein, means for amplification of a
nucleic acid associated with UBC, means for analyzing the nucleic acid
sequence of a nucleic add associated with USG, means for analyzing the
amino acid sequence of a polypeptide encoded by a nucleic acid associated
with UBC , etc, The kits can for example include necessary buffers, nucleic
acid primers for amplifying nucleic adds of the invention (e.g., a nucleic
acid segment comprising one or more of the polymorphic markers ad 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 USC diagnostic assays.   one embodiment, the invention
pertains to a kit for assaying a sample from a subject to detect the
presence of UBC, symptoms associated with UBC, or a susceptibility to UBC
In a Subject, wherein the kit comprises reagents necessary for selectively
detecting at least one allele 



t least one polymorphism of the present Invention in the genorne of the
indivicival. In one    hocliment, the kit further correlation data between
the at least one polymorphism and risk of pBc. In a particular embodiment,
the reagents comprise at least one contiguous ollgonucleotide that
hybridizes to a fragment of the genome of the Individual comprising at
least one polymorphism of the present invelition. In another embodiment,
the reagents comprise at least One pair of ollgonucleotides that hybridize
to opposite strands of a genornIc segment obtained from a subject, wherein
each oligonucleotide primer pair Is designed to selectively amplify a ent
of the genome of the individual that includes at least one polymorphism,
wherein the  53 'polymorphism is selected from the group consisting of the
polymorphisms as listed In Table 1, and polymorphic markers in linkage
diseguilibrium therewith, Including those in Tables 4 and 5. In 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 add Sequence flanking polymorphisms
(e.g., SNPs or microsatellites) that are indicative of UBC. another
embodiment, the kit comprises one or more labeled nucleic adds capable of
allele-Specific detection of one or more specific polymorphic markers or
haplotypes associated with UGC, 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
epltope label. In particular embodiments, the polymorphic marker or
hapiotype 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 Table I, 4 and 5. In another embodiment, the marker or
haplotype to be detected comprises at least one marker from the group of
markers in strong linkage disegulilbrium, as defined by values of r greater
than 0.2, to at least one of the group of markers listed In Table I,
including those listed In Tables 4 and 5. In another embodiment, the marker
or haptotype to be detected Is selected from rs9642880 and rs710521. In 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. In such an
embodiment, the amplified DNA serves as the template he 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    scribed herein. Standard
methods well known to the skilled person for performing WGA may !se
utilized, and are within scope of the Invention. In one such embodiment,
reagents for performing WA are included In the reagent kit.     ertaln
embodiments,the presence of a particular marker allele or haplotype is
Indicative of a susceptibility (Increased susceptibility or decreased
susceptibility) to urinary bladder cancer (UBC). In another embodiment, the
presence or the marker allele or haplotype is indicative of response to a
UBC therapeutic agent. In another embodiment, the presence of the marker
allele or haplotype is Indicative of UBC prognosis, In yet another
embodiment, the presence of the Marker or haplotype Is Indicative of
progress of UBC treatment. Such treatment may include intervention by
surgery, medication or by other means (e.g., lifestyle changes),  54 



In 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 smaii molecule drug, an
antibody, a peptide,    antisense or RNAI molecule, or other therapeutic
moiecules. In one embodiment, an individual identified as a carder of at
least one variant of the present invention Is instructed to take a
prescribed dose of the therapeutic agent. In one such embodiment, an
Individual identified as a homozygous carder of at least one variant of the
present Invention Is Instructed to take a prescribed dose of the
therapeutic agent. In another embodiment, an individual identified as a
non-carrier of at least one variant of the present invention is instructed
to take a prescribed dose of the therapeutic agent. in embodiments, the kit
further comprises a set of instructions for using the reagents thmprislng
the kit. 1i&apeutic agents The variants (markers and/or haplotypes )
disclosed herein to confer increased risk of UBC can be useful In the
Identification of novel therapeutic targets for UBC. For example, genes
Containing, or In linkage disequillbrium with, variants (markers and/or
haplotypes) associated Nith UBC, 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 UBC, or prevent or delay onset
of symptoms associated with UBC. Therapeutic agents may comprise one or
more of, for example, small non protein and non-nucleic acid molecules,
proteins, peptides, protein fragments, nucleic acids tDNA, RNA), PNA
(peptide nucleic acids), or their derivatives or mirnetic.s 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      plementary sequence, may be used as antlsense
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 AntisenseDrug Technology;
Principles, Strategies, and Applications, Crooke, ed., Marcel Dekker Inc,,
New York (2001). In general, antlsense agents (an! sense ollgonucleotIdes)
are comprised of single stranded pllgonucleoticies (RNA or DNA) that are
capable of binding to a complimentary nucleotide segment. By binding the
appropriate target sequence, an RNA-RNA, DNA-DNA or RNA-DNA duplex Is
formed, The antlsense oligonucleotides are complementary to the sense or
coding strand of a gene, It is also possible to form a triple helix, where
the antlsense oligonucleotide binds to duplex DNA.  55 Several classes of
antisense oligonucleotide are known to those skilled in the art, including
Cleavers and hiockers. The former bind to target RNA sites, activate
intracellular nucleases (e.g" Rhase1-1 or Rnase L), that cleave the target
RNA, Blockers bind to target RNA, Inhibit protein      latIon by steric
hindrance of the ribosornes. Examples of blockers Include nucleic acids,
rnorpholino 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 at Curr. Opind Drug Discov. Devet, 6:561-569 (2003),
Stephens et at, Curr, Opin, Mot Then 5:118-122(2003), Kurreck, Eur. .7.
Biochem. 270;1628-44 (2003), Dias etal., Maid 'Cancer Ter. 1:347-55 (2002),
Chen, Methods Mot, Med. 75621-636 (2003), Wang eta!,, Cum Cancer Drug
Targets 1:177-96 (2001), and Bennett, Antisense Nucleic Acid Drug.Dev.
12:215- 4 (2002). the variants described herein can also be used for the
selection and design of antisense reagents that are specific for particular
variants. Using Information about the variants described herein, antlsense
oligonucleotIdes or other antisense molecules that specifically target mRNA
molecules 



ontaln one or more variants of the Invention can be designed. In this
manner, expression pf mRNA molecules that contain one or more variant of
the present Invention (i.e. certain marker alleles and/or haplotypes) can
be Inhibited or blocked, In one embodiment, the antlsense 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 brigInating 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
antls.ense molecules can be used to inactivate mRNA so as to inhibit gene
expression, and thus protein !expression, the molecules can be used for
disease treatment. The methodology can Involve Cleavage by means of
rlbozymes containing nucleotide sequences complementary to one or more
hegions In the mRNA that attenuate the ability of the riRNA to be
translated. Such mRNA regions include, for example, protein-coding regions,
in particular protein-coding regions corresponding to catalytic activity,
substrate and/or Ilgand binding sites, or other functional domains of a
protein. The phenomenon of RNA interference (RNA!) has been actively
studied for the last decade, since l'ts original discovery in C. eteg,ans
(Fire et at,Nature 391;806-11 (1998)), and in recent years its          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
(dsEtNA) to turn off specific genes. In the cell, cytoplasmic
double-stranded RNA molecules (ds.RNA) are processed by cellular complexes
into Small Interfering RNA (s1RNA). The siRNA guide the targeting of a
proteln-RNA complex to specific sites on a target mRNA, leading to cleavage
or the mRNA (Thompson, Drug Discovery  56 'roday, 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
19-25inucleotIdes 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
rrilcroRNA (pri-miRNA) transcripts, which are processed In the cell to
generate precursor rniRNA (pre-rniRNA). 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' untransiated regions of
rnRNAs, and subsequent mRNA degradation by processing P-bodies (reviewed ln
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 sequence-specific design for the target mRNA. Several commercial sites
for optimal design and synthesis of such molecules are f known to those
skilled in the art.      r applications provide longer sIRNA molecules
(typIcally 25-30 nucleotides in length, preferablv about 27 nucleotides),
as well as small hairpin Riebes (shRNAs; typically about 29 nucleotides In
length). The latter are naturally expressed, as described in Amarzguloul at
al. (FEBS Lett. 579:5974-81 (2005)). Chemically synthetic si8NAs and
sleRNAs are substrates for /n Vivo processing, and in some cases provide
more potent gene-silencing than shorter designs (Kim etal., Nature
Biotechnot 23:222-226 (2005); Slates et al., Nature Biotechnole 23:227-231
(2005)). In general sIRNAs provlde for transient silencing of gene
expression, because their intracellular concentration is diluted by
subsequent cell divlsions. By contrast, expressed shRNAs mediate long-term,
stable knockdown of target transcripts, for as long as transcription of the
shRNA takes place argues at at, Nature Blotechnot 23:559-565 (2006);
Brummelkamp at dance 296: 550-553 (2002)). Since RNAI molecules, including
siRNA, mIRNA and shRNA, act In a sequence-dependent manner, the variants
presented herein can be used to 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
paplotypes. 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., 



1 for turning off dIsease-associated genes or disease-associated gene
variants), but may also be  57 useful for characterizing and validating
gene function (e.g., by gene knock-out or gene knockdown experiments).
livery of RNAi may be performed by a range of methodologies known to those
skilled in the art. Methods utilizing non-viral delivery Include
cholesterol, stable nucleic acid-lipid particle SI.NIALID), heavy-chain
antibody fragment (Fab), aptarners and nanoparticies. Viral delivery
methods Include use of !antivirus, adenovirus and aderio-associated virus.
The sIRNA molecules are in some embodiments chemically modified to increase
their stability. This can Include Modifications at the 2' position of the
ribose, including 2'O-methylpurines and 2'- ifluoropyrImidines, which
provide resistance to Rnase activity. Other chemical modifications are
possible and known to those skilled in the art. The following references
provide a further summary of RNAI, and possibilities for targeting Specific
genes using RNAI: Kim & Rossi, Nat. Rev, Genet. 8;173-184 (2007), Chen &
Rajewsk  Nat. Rev. Genet. 8; 93-103 (2007), Reynolds, at at, Nat.
Biotechnol. 22:326-330 (2004), Chl at at, Prot', Nall, Acad. Sc!. USA 100;
6343-6346 (2003), Vickers at at,). Blot Chem, 278:7108- 7118 (2003), April,
Cum Op/n. Chem, Blot 6:829-834 (2002), Lavery, at at, Cum, Op/n. Drug
Plscov, Dave!. 6:561-569 (2003), Shl, Trends Genet. 19:9-12 (2003), Shiley
at at, Drug Discos/. Today 7:1040-46 (2002), McManus et at, Nat, Rev,
Genet. 3:737-747 (2002), Xia et at, Nat. Blotechnot 20:1005-10(2002),
Plasterk eta.., Curt- Opin Genet Dev 10:562-7 (2000), Bother 'St at, Net,
cell Blot 2:E31-6 (2000), and Hunter, Curr, Blot 9:R440-442 (1999),
genetic defect leading to Increased predisposition or risk for development
of a disease, including UBC, 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 pupplies the
normal/wild-type nucleotide(s) at the site of the genetic defect, Such
site-specific repair sequence may encompass an RNA/DNA ollgortucleotIde
that operates to promote endogenous repair of a subject's genornic 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 genorne of the subject, leading to expression of the
normal/wild-type gene product. The replacement is propagated, thus
rendering a permanent 5 'cepair 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 UBC, Thus, the
variants of the invention are useful as targets for the Identification
and/or development of therapeutic agents. In certain embodiments, such
methods Include assaying the ability of an agent or compound to modulate
the activity and/or expression of a nucleic acid that  58 Includes at least
one of the variants (markers and/or haplotypes) of the present Invention,
or the 



coded product of the nucleic add sequences comprising the variants or
located in the vicinity Of the variants. 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 variant-containing '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 .tarlants 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 pf genes
that are up- or down-regulated in response to the signal pathway can also
be assayed, pne 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 UGC can be 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 Pf 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 add expression,
t. The invention further provides methods of treatment using a compound
'den tiled through drug (compound and/or agent) screening as a gene
modulator (i.e. stimulator and/or inhibitor of gene expression),  59
Methods of assessing probability 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 therapeutic agent or therapeutic method). Pharmacogenomics
addresses the issue of how genetic variations (e.g., the variants (markers
and/or haplotypes) of the present invention) Offect drug response, due to
altered drug disposition and/or abnormal or altered action of the brug.
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 bertaln individuals (e.g., carriers
or non-carriers 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 metabdizes the
therapeutic agent. Accordingly, in one embodiment, the presence of a
particular allele at a polymorphic site or baplotype is Indicative of a
different response, e.g. a different response rate, to a particular
6-eatrnent friodaiity. This means that a patient diagnosed with UBC, 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 the disease.
Therefore, the presence or absence of the harker allele or haplotype could
aid in deciding what treatment should be used for a patient, For example,
for a newly diagnosed patient, the presence of a marker or haplotype of the
present nventlon may be assessed (e.g,, through testing DNA derived from a
blood sample, as described   ereln), If the patient Is positive for a
marker allele or haplotype (that is, at least one specific allele of the
marker, or hapiotype, is present), then the physician recommends one
particular therapy, whlie 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  o 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 ki be
able to apply the most appropriate treatment, To strengthen these
applications of the inventions, further genetic sampling is useful, of
defined groups, e.g., patients who have responded favourably or not
favourably to specific treatment, and to analyse the statistical
distribution/allelic status of the markers of the Invention within these
groups. Thereby, indlviduals can be classified with greater certainty to
such pre-defined groups.  



60 muscle wall of the bladder. Treatment options also include radiation
therapy, for which a proportion of patients experience adverse symptoms.
The markers of the invention, as described herein, may be used to assess
response to these therapeutic options, or to predict the progress of
therapy using any one of these treatment options, Thus, genetic profiling
can be used to select the appropriate treatment strategy based on the
genetic status of the individual, br it may be used to predict the outcome
of the particular treatment option, and thus be useful in the strategic
selection of treatment options or a combination of available treatment
options. Again, such profiling and classification of Individuals Is
supported further by first analysing known groups of patients for marker
and/or hapictype status, as described further herein. The present Invention
also relates to methods of monitoring progress or effectiveness of a
treatment for a UBC, which Is extremely valuable In general for all types
of cancer treatment. This can be done based on the genotype and/or
hapiotype 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
ne 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 tuRNA 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 mRHA 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 UBC as presented herein is Stermineci 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 r:omparing 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 carders 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 USCrnay be more likely to respond
to   particular treatment modality. In one embodiment, individuals who
carry at-risk variants for oene(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 altered by the at-risk variant, are more likely to be responders
to a treatment modality  61 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 i:o the therapeutic agent, i.e. experience alleviation of
symptoms associated with UBC when aking the therapeutic agent or drug as
prescribed. In a further aspect, the markers and haplotypes of the present
Invention can be used for f.argeting 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
killzation 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. This becomes readily apparent upon analysis of known
groups, who have undergone said treatments and been FlassIfied according to
the results. 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 As understood by those of ordinary skill In
the art, the methods and Information described herein may be implemented,
In all or in part, as computer executable instructions on known computer
Feadable media. For example, the methods described herein may be
Implemented In hardware. Riternatively, the method may be Implemented In
software stored In, for example, one or more Memories or other computer
readable medium and implemented on one or more processors, As fe known, the
processors may be associated with one or more controllers, calculation
units 6nd/or other units of a computer system, or implanted In firmware as
desired. If implemented in 



oftware, the routines may be stored In any computer readable memory such as
in RAM, ROM, flash memory, a magnetic disk, a laser disk, or other storage
medium, as is also known. likewise, this software may be delivered to a
computing device via any known delivery method including, for example, over
a communication channel such as a telephone line, the Internet, a wireless
connection, etc., or via a transportable medium, such as a computer
readable disk, flash drive, etc.   ore generally, and as understood by
those of ordinary skill in the art, the various steps described above may
be implemented as various blocks, operations, tools, modules and techniques
which, In turn, may be implemented in hardware, firmware, software, or any
62 combination of hardware, firmware, and/or software. When implemented in
hardware, some or all of the blocks, operations, techniques, etc. may be
implemented In, for example, a custom integrated circuit (IC), an
application specific integrated circuit (ASIC), a field programmable
(FPGA), a programmable logic array (PLA), etc, When implemented In
software, the software may be stored in any known computer readable medium
such as on a magnetic disk, an optical disk, or other storage medium, In a
RAM or ROM Or flash memory of a computer, processor, hard disk drive,
optical disk drive, tape drive, etc. Likewrse, the software may be
delivered to a user or a computing sysl:ern via any known delivery method
including, for example, on a computer readable disk or other transportable
computer storage mechanism, Mg. 2 illustrates an example of a suitable
computing system environment 100 on which a system Mr the steps of the
claimed method and apparatus may be Implemented, The computing system
environment 100 is only one example of a suitable computing environment and
is not intended  o suggest any limitation as to the scope of use or
functionality of the method or apparatus of the claims, Neither should the
computing environment 100 be interpreted as having any dependency or
requirement relating to any one or combination of components illustrated In
the exemplary operating environment 100. The steps of the claimed method
and system are operational with numerous other general 'purpose or special
purpose computing system environments or configurations. Examples of well
known computing systems, environments, and/or configurations that may be
suitable for use :with the methods or system of the claims include, but are
not limited to, personal computers, Server computers, hand-held or laptop
devices, multiprocessor systems, microprocessor-based Systems, set top
boxes, programmable consumer electronics, network PCs, minicomputers,
Mainframe computers, distributed computing environments that Include any of
the above systems or devices, and the like. The steps of the claimed method
and system may be described in the general context of Computer-executable
instructions, such as program modules, being executed by a computer.
'cenerally, program modules include routines, programs, objects,
components, data structures, etc. that perform particular tasks or
Implement particular abstract data types. The methods and apparatus may
also be practiced In distributed computing environments where tasks are
performed by remote processing devices that are linked through a
communications network. In both Integrated and distributed computing
environments, prom-am modules may be located In both local and remote
computer storage media including memory storage devices  63 



Components of computer 110 may include, but are not limited to, a
processing unit 120, a System memory 130, and a system bus 121 that couples
various system components including the system memory to the processing
unit 120. The system bus 121 may be any of several types of bus structures
Including a memory bus or memory controller, a peripheral bus, and a local
bus using any of a variety of bus architectures. By way of example, and not
limitation, such architectures include Industry Standard Architecture (ISA)
bus, Micro Channel Architecture KNICA) bus, Enhanced ISA (EISA) bus, Video
Electronics Standards Association (VESA) local bus, 'and Peripheral
Component Interconnect (PCI) bus also known as Mezzanine bus, Computer 110
typically Includes a variety of computer readable media. Computer readable
Media can be any available media that can be accessed by computer 110 and
Includes both volatile and nonvolatile media, removable and non-removable
media. By way of example, and not limitation, computer readable media may
comprise computer storage media and Communication media. Computer storage
media Includes both voratile and nonvolatile, emovable and non-removable
media implemented In any method or technology for storage of Information
such as computer readable instructions, data structures, program modules or
other data, Computer storage media inciudes, but Is not limited to, RAM,
ROM, EEPROM, flash memory or other memory technology, CD-ROM, digital
versatile disks (DVD) or other optical dlsk Storage, magnetic cassettes,
magnetic tape, magnetic disk storage or other magnetic storage devices, or
any other medium which can be used to store the desired information and
which can pccessed by computer 110. Communication media typically embodies
computer readable   structions, data structures, program modules or other
data in a modulated data signal such as ;a carder wave or other transport
mechanism and Includes any Information delivery media. The term "modulated
data signal" means a signal that has one or more of Its characteristics set
or iged in such a manner as to encode information In the signal. By way of
example, and not communication media includes wired media such as a wired
network or direct-wired connection, and wireless media such as acoustic,
RE, infrared and other wireless media. 'Combinations of the any of the
above should also be Included within the scope of computer readable media.
The system memory 130 Includes computer storage media In the form of
volatile and/or 'nonvolatile memory such as read only memory (ROM) 131 and
random access memory (RAM) ,132, A basic input/output system 133 (BIDS),
containing the basic routines that help to transfer information between
elements within computer 110, such as during start-up, Is typically stored
jcl ROM 131. RAM 132 typically contains data and/or program modules that
are immediately.    essible to and/or presently being operated on by
processing unit 120. By way of example, and not limitation, Flo. 2
illustrates operating system 134, application programs 135, other program
modules 136, and program data 137.  64 The computer 110 may also include
other removable/non-removable, volatile/nonvolatile Computer storage media,
By way of example only, Fig. 2 illustrates a hard disk drive 140 that reads
from or writes to non-removable, nonvolatile magnetic media, a magnetic
disk drive 151 that reads from or writes to a removable, nonvolatile
magnetic disk 152, and an optical disk drive 155 that reads from or writes
to a removable, nonvolatile optical disk 156 such as a CD ROM or other
optical media. Other removable/non-removable, volatile/nonvolatile computer
Storage media that can be used In the exemplary operating environment
include, but are not limited to, magnetic tape cassettes, flash memory
cards, digital versatile disks, digital video tape, solid state RAM, solid
state ROM, and the like. The hard disk drive 141 is typically connected to
the system bus 121 through a non-removable memory interface such as
interface 140, and magnetic disk drive 151 and optical disk drive 155 are
typically connected to the r, system bus 121 by a removable memory
interface, such as interface 150, The drives and their associated computer
storage media discussed above and illustrated in Fig. 2, provide storage of
computer readable instructions, data structures, program modules and other
data for the computer 110. In Fig. 2, for example, hard disk drive 141 is
illustrated as storing operating system 144, application programs 145,
other program modules 146, and program data 147. Note that these components
can either be the same as or different from pperating system 134,
application programs 135, other program modules 136, and program data 137.
Operating system 144, application programs 145, other program modules 146,
and program data 147 are given different numbers here to Illustrate that,
at a minimum, they are different copies. A user may enter commands and
Information into the computer 20 through Input devices such as a keyboard
162 and pointing device 161, commonly referred to as a 



e, trackball or touch pad. Other input devices (not shown) may Include a
microphone, Joystick, game pad, satellite dish, scanner, or the like. These
and other input devices are often eonnected to the processing unit 120
through a user Input interface 160 that Is coupled to the System bus, but
may be connected by other Interface and bus structures, such as a parallel
port, aame port or a universal serial bus (USB). A monitor 191 or other
type of display device Is also connected to the system bus 121 via an
Interface, such as a video Interface 190. In addition to the monitor,
computers may also include other peripheral output devices such as speakers
197 and printer 196, which may be connected through an output peripheral
interface 190. The computer 110 may operate In a networked environment
using logical connections to one or 'more remote computers, such as a
remote computer 180, The remote computer 180 may be a personal computer, a
server, a router, a network PC, a peer device or other common network
'node, and typically Includes many or all of the elements described above
relative to the Computer 110, although only a memory storage device 181 has
been Illustrated In Fig. 2, The Nicer connections depicted In Fig. 2
include a local area network (LAN) 171 and a wide area network (WAN) 173,
but may also include other networks, Such networking environments are
commonplace In offices, enterprise-wide computer networks, intranets and
the Internet.  65 When used In a LAN networking environment, the computer
110 Is connected to the LAN 171 through a network Interface or adapter 170,
When used In a WAN networking environment, the computer 110 typically
Includes a modem 172 or other means for establishing communications   er
the WAN 173, such as the Internet. The modem 172, which may be internal or
external" may be connected to the system bus 121 via the user Input
interface 160, or other appropriate mechanism. In a networked environment,
program modules depicted relative to the computer      or portions thereof,
may be stored In the remote memory storage device. By way of example, and
not limitation, Fig. 2 Illustrates remote application programs 185 as
residing on memory device 181. it will be appreciated that the network
connections shown are exemplary and other means of establishing a
communications link between the computers may be used. Although the
forgoing text sets forth a detailed description of numerous different
embodiments Of the Invention, it should be understood that the scope of the
Invention is defined by the words 4 the claims set forth at the end of this
patent. The detailed description Is to be construed as exemplary only and
does not describe every possibly embodiment of the invention because
describing every possible embodiment would be impractical, If not
Impossible. Numerous alternative embodiments could be implemented, using
either current technology or technology developed after the Ming date of
this patent, which would still fall within the scope of the claims defining
the Invention. While the risk evaluation system and method, and other
elements, have been described as preferably being implemented in software,
they may be Implemented In hardware, firmware, etc., and may be implemented
by any other processor. Thus, the elements described hereln may be
Implemented In a standard multi-purpose CPIJ or on specifically designed
hardware or hrmware such as an application-specific integrated circuit
(ASIC) or other hard-wired device as desired, Including, but not limited
to, the computer 110 of Fig. 2, When implemented In Software, the software
routine may be stored In any computer readable memory such as on a magnetic
disk, a laser disk, or other storage medium, in a RAM or ROM of a computer
or processor, in any database, etc. Likewise, this software may be
delivered to a user or a diagnostic system via any known or desired
delivery method including, for example, on a computer readable disk or
other transportable computer storage mechanism or over a         n1 ation
channel such as a telephone line, the Internet, wireless communication,
etc. (which are viewed as being the same as or interchangeable with
providing such software via a transportable storage medium). Thus, many
modifications and variations may be made In the techniques and structures
described and illustrated herein without departing from the spirit and
scope of the present nventIon, Thus, It should be understood that the
methods and apparatus described herein are liustrative only and are not
limiting upon the scope of the invention.  66 Accordingly, the invention
relates to computer-implemented applications of the polymorphic Markers and
hapiotypes described herein to be associated with urinary bladder cancer
(UBC), pooh applications can be useful for storing, manipulating or
otherwise analyzing genotype data that Is useful In the methods of the
invention, One example pertains to storing genotype Information derived
from an Individual on readable media, so as to be able to provide the
genotype information to a third party (e.g., the individual, a health care
provider or genetic enalysis service provider), or for deriving Information
from the genotype data, e.g., by Comparing the genotype data to information
about genetic risk factors contributing to increased 'susceptibility to
UBC, and reporting results based on such comparison. 



In general terms, computer-readable media has capabilities of storing (I)
Identifier information for at least one polymorphic marker or a haplotype,
preferably one or more of those listed in Tables 1, 4 or 5; (11) an
indicator of the frequency of at least one allele of said at least one
marker, or the frequency of a hapiotype, In Individuals with UBC; and an
Indicator of the frequency of at least one allele of said at least one
marker, or the frequency of a hapiotype, 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 representative 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 yolues of
the actual frequencies that are suitable for the particular medium, The
media may further Include genotype data for one or more individuals, In a
suitable format, such as genotype identity, genotype counts of particular
alleles at particular markers, sequence data that include parlaculat
polymorphic positions, etc. Data stored on computer-readable media may thus
be iised to determine risk of UBC for particular markers and particular
Individuals, The markers and haplotypes described herein to be associated
with Increased susceptibility "(Increased risk) of urinary bladder cancer
(UBC), are In certain embodiments useful for interpretation and/or analysis
of genotype data,Thus In certain embodlmenbs, determination of the presence
of an at-risk allele for UBC, as shown herein, or determination of the
presence of an allele at a polymorphic marker In LD with any such risk
allele, Is indicative of the individual from whom the genotype data
originates is at Increased risk of urinary bladder cancer. In one Such
embodiment, genotype data Is generated for at least one polymorphic marker
shown herein to be associated with UBC, or a marker in linkage
disequillbrlum therewith. The genotype data Is subsequently made available
to a third party, such as the Individual from whom the data priginates,
his/her guardian or representative, a physician or health care worker,
genetic 'i?ounseller, or Insurance agent, for example via a user Interface
accessible over the Internet, together with an Interpretation of the
genotype data, e.g., In the form of a risk measure (such as an absolute
risk (AR), risk ratio (RR) or odds ratio (OR)) for the disease. In another
embodiment, at-risk 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  67 variants in the dataset are
made available to the third party, for example via a secure web Interface,
or by other communication means. The results of such risk assessment can be
1-eported 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. leic acids and poly eptides The nucleic adds and polypepticles
described herein can be used In methods and kits of the resent Invention,
An "isolated" nucleic acid molecule, as used herein, is one that Is
separated prom nucleic acids that normally flank the gene or nucleotide
sequence (as In generale Sequences) and/or has been completely or partially
purified from other transcribed sequences (e.g., as In an P.M library). For
example, an isolated nucleic acid of the Invention can be substantially
isolated with respect to the complex cellular milieu In which It naturally
occurs, or 'culture medium when produced by recombinant techniques, or
chemical precursors or other Chemicals when chemically synthesized. In some
Instances, the isolated mated al will form part Of a composition (for
example, a crude extract contalning other substances), buffer system or
reagent mix. In other circumstances, the material can be purified to
essential homogeneity, for example as determined by polyacrylairicie gel
electrophoresis (PAGE) or column chromatography (e.g., HPLC), An isolated
nucleic acid molecule of the invention can comprise at least about       at
least about 80% or at least about 90% (on a molar basis) of all
macromolecular species Present. With regard to genomle DNA, the term
"isolated" also can refer to nucleic acid Piolecuies that are separated
from the chromosome with which the genorrilc DNA Is naturally associated.
For example, the Isolated nucleic acid molecule can contain less than about
250 kb, 60 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 rhIch the nucleic add
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
1.!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 pubstantially purified DNA molecules in
solution. "Isolated" nucleic acid molecules also pncompass Ire 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 pcilypeptide" as Probes for
isolating homologous sequences (e.g., from other mammalian species), for
gene apping (e.g., by in situ hybridization with chromosomes), or for
detecting expression of the  68 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
tontalreno a polymorphic site associated with a marker or haplotype
described herein). Such hucleic add molecules can be detected and/or
Isolated by allele- or sequence-specific hybridization (e.g., under high
stringency conditions). Stringency conditions and methods for 'nucleic acid
hybridizations are well known to the skilled person (see, e.g., Current
Protocols In      alai- Biology, Ausubel, F. eta!, John Wiley & Sons,
(1998), and Kraus, Ni. 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 add 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 comparecle
and the percent Identity between the two sequences is a function of the
number of Identical positions shared by the sequences (1.e., 1)/e Identity#
of identical positions/total 4 of positions x 100). In certain embodiments,
the length of a sequence aligned for comparison purposes is at feast 30%,
at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at
least 90%, east 95%, of the length of the reference sequence. The actual
comparison of the two uences can be accomplished by well-known methods, for
example, using a mathematical elgorithm. A non-limiting example of such a
mathematical algorithm Is described In Karlin, S. and Altschul, S., Proc.
Natl. Acad. Scl. 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     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 fhe website on the
world wide web at ncbf.rem.nlh.gov. In one embodiment, parameters for
Sequence comparison can be set at scoree:100, wordlength=12, or can be
varied (e.g., W-e5 or +it4:1120). Another example of an algorithm Is BLAT
(Kent, W.J. Genoine Res. 12656-64 (2002)). DI:her examples Include the
algorithm of Myers and Miller, CABIOS (1989), ADVANCE and ADAM as described
In Torelits, A. and Rebottle C,, Comput Appl, Blasci. 10:3-5 (1994); and
FASTA described In Pearson, W. and Lipman, D., Proc. Natl. Acad. Sci, USA,
85;2444-48 (1986). In another embodiment, the percent Identity between two
amino acid sequences can be accomplished using the GAP program In the GCG
software package (Accelrys, Cambridge, UK).  69 The nucleic acid fragments
of the invention are used as probes or primers in assays such as those
described herein, "Probes" or "primers" are ollgonucleotides 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
polypeptlde nucleic acids (PNA), as described In Nielsen, P. et al.,
Science 254:1497-1500 (1991). A probe or primer comprises a region of
nucleotide Sequence that hybridizes to at least about 15, typically about
2025,-and In certain embodiments about 40, 50 or 75, consecutive
nucleotides of a nucleic acid molecule. In one embodiment, the probe or
primer comprises at !east one allele of at least one polymorphic marker or
at least one haplotype described herein, or the complement thereof. In
particular embodiments, a probe or primer can comprise 100 or fewer
nucleotides; for example, in certain embodiments from 6 to SO nucleotides,
or, for example, from 12 to 30 nucleotides, In other embodiments, the probe
or primer is at least 70% identical, at least 80% identical, at least 85%
Identical, at least 90% identical, or at least 95% identical, to the
contiguous nucleotide sequence or to the complement Of the contiguous
nucleotide sequence. In another embodiment, the probe or primer Is capable'
pf 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 epltope 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., radlolabeled, fluorescently labeled)
and used as a probe for 



creening a cONA library derived from human ce,lis, The cDNA can be derived
from mRNA and contained in a suitable vector, Corresponding clones can be
Isolated, DNA obtained following In Vivo excision, and the cloned Insert
can he sequenced In either or both orientations by artpecognIzed methods to
Identify the correct reading frame encoding a polypeptIde of the
appropriate molecular weight. Using these or similar methods, the
polypeptlde and the DNA encoding the polypeptIde can be isolated, sequenced
and further characterized. ;fintlbodies polyclonal antibodies and/or
monoclonal antibodies that specifically bind one form of the gene product
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 irnmunogiobulin e Molecules and
Immunologically active portions of immunoglobuiln molecules, i.e.,
molecules that 'ontairi antigen-binding sites that specifically bind an
antigen. A molecule that specifically binds ,a polypeptide of the Invention
Is a molecule that binds to that poiypeptide or a fragment thereof, but
does not substantially bind other molecules in a sample, e.g., a biological
sample,  70 which naturally contains the polypeptide. Examples of
immunologically active portions of     iunoglobulin molecules include F(ab)
and F(ab'); 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 to a population of antibody molecules that contain only one
species of an antigen binding site capable of hiirnunoreacting 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, F
Polycional antibodies can be prepared as described above by Immunizing a
suitable subject with a desired Immunogen,polypeptIde of the invention or a
fragment thereof. The antibody titer In the immunized subject can be
monitored over time by standard techniques, such as with On enzyme linked
immunosorbent assay (ELISA) using Immobilized polypeptide, if desired, the
bntibody molecules directed against the polypeptlde 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
hybrldoma technique originally described by Kohler and Milstein, Nature
255:495-497 (1975), the human B     hybridorna technique (Kozbor eta?.,
Immunoh Today 4; 72 (1983)), the EBV-hybrldorna echnique (Cole etMonoclonal
Antibodies and Cancer Therapy, Alan R. LIss,1985, Inc., pp. 



P-96) or trloma techniques. The technology for producing hybrIdornas Is
well known (see generally Current Protocols in Immunology (1994) Coligan
eta!,, (eds.) John Wiley & Sons, Inc., Slew York, NY), Briefly, an Immortal
cell line (typically a rnyeloma) Is fused to lymphocytes typically
splenocytes) from a mammal immunized with an Immunogen as described above,
and he uiture supernatants of the resulting hybrldoma 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 ':an be applied for the
purpose of generating a monoclonal antibody to a polypeptide of the
invention (see, e,g., Current Protocols in hnmunology, supra; Gaifre at at,
Nature 266;55057 (1977); RM. Kenneth, in Monoclonal Antibodies: A New
Dimension In Biological Analyses, plenum Publishing Corp., New York, New
York (1980); and Lerner, Yale). 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 hybriciomas, 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
immunogiobuiln library members that bind the polypeptide. Kits for
generating and screening phage display libraries are commercially available
(e.g., the pharmacia Recombinant Phagc.3 Antibody System, Catalog No.
27-9400-01; and the Stratagene 6urAPTM Phage Display Kit, Catalog No.
240612), Additionally, examples of methods and 'reagents perticularly
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; PO' publication No. WO 92/09690; Pa
Publication No. WO 90/02809; Fuchs et al., EllolTe.ch.nology 0: 1370-1372
(1991); Hay et al., Hum. Antiboct Hybridomas 3:81-65 (1992); Huse et at,
8clence 246: 1275-1281 (1989); and Griffiths et at, EA/80 J, 12:725-734
(1993), Additionally, recombinant antibodies, such as chimeric and
humanized monoclonal antibodies, comprising both human arid 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.
In 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
bolypeptide from cells and of reciornbinently produced polypeptide
expressed in host cells, roreover, an antibody specific for a polypeptIde
of the invention can be used to detect the poiypeptide (e.g., In a cellular
ysate, cell supernatant, or tissue sample) In order to evaluate the
ilbundarice and pattern of expression of the polypeptide. Antibodies can be
used diagnostically    monitor protein levels In tissue as part of a
clinical testing procedure, e.g., to, for example, determine the efficacy
of a given treatment reolmen. The antibody can be coupled to a detectable
substance to facilitate its detection. Examples of detectable substances
include vat-loos enzymes, prosthetic groups, fluorescent materials,
luminescent materials, bioluminescent materials, and radioactive materials,
Examples of suitable enzymes Include horseradish peroxidase, alkaline
phosphetase, beta-oaiactosidase, or acetylchollnesterase; examples of
suitable prosthetic group complexes include streptavidin/biotIn and
avIdln/blotin; 'examples of suitable fluorescent materials Include
urnbelliferone, fluorescein, fluorescein isothioc.yanate, rhociamine,
dichiorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; en
example of a luminescent material Includes luminol; examples of
bioluminescent materials Include luciferase, luclferin, and aequorlri, and
examples of suitable radioactive material include 131j, 35S or H.  it r,
proteins that are encoded by nucleic acids that contain at feast one
polymorphic 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 urinary
bladder cancer (UBC). Antibodies specific for a variant protein of the
present Invention that Is encoded by a nucleic acid that comprises at /east
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 UBC 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,
Isoelectrfc point, tryptic or other protease diciest, or for use in other
'physical assays known to those skilled in the art. Antibodies may also be
used in tissue typing. in 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.     cellular localization of proteins, Including
variant proteins, can also be determined using antibodies, and can be
applied to assess aberrant subcellular localization of the protein in cells
In Yarlous tissues. Such use can be applied In genetic testing, but also in
monitoring a particular treatment modality. In the case where treatment Is
aimed at correcting the expression level or 'presence of the variant
protein or aberrant 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   era pe utic context in which treatment Involves
inhibiting a variant protein's function. An Ontlbody can be for example be
used to block or competitively Inhibit binding, thereby nodulating (I.e.,
agonizing or antagonizing) the activity of the protein. Antibodies can be
Prepared against specific protein fragments containing sites required for
specific function or gainst an Intact protein that is associated with a
cell or cell membrane. For administration in Vivo, an antibody may be
linked with an addition& therapeutic payload, such as radionuclide, an
enzyme, an Immunogenic epitope, or a cytotoxic agent, Including bacterial
toxins (diphtheria or plant toxins, such as rIcln). The in vivo half-life
of an antibody or a fragment thereof may be increased by pegylation through
conlugation 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 iabelable 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 of variant 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
example. EXAMPLE iziatient and Contra! Selection: Collection of blood
samples and medical information was 6nducted with informed consent and
ethical review board approval in accordance with the Declaration of
Helsinki. Collection of blood samples and medical information was conducted
with informed consent and &Heal review board approval In accordance with
the Declaration of Helsinki.   udy populations: Seven study populations
were used In this work, two discovery populations (Iceland and the
Netherlands) and 5 follow up sample sets. The Icelandic sample set consists
of 525 patients and 32,504 controls and the Dutch sample set consists of
1,278 cases and 1,832 Pcintrols. Follow unenotyping was performed In sample
sets from Leeds, UK (724 cases and S30 controls), Torino, Italy (329 cases
and 389 controls), Brescia, Italy (182 cases and 192 ontrols), Leuven,
Belgium (195 cases and 382 controls) and an Eastern European sample set
:obtained from the German Cancer Research Center (DKFZ) In Heidelberg (213
cases and 521 controls),        Icelandic study population. Records of all
urinary bladder cancer diagnoses were .6btained from the Icelandic Cancer
Registry (ICR) (http://www.krabbarneinsskra,ls). The ICR 'contains all
cancer diagnoses In Iceland from January 1, 1955. The ICR contained records
of i,642 Icelandic UBC patients diagnosed until December 31, 2006, and all
prevalent cases were eligible to participate. The mean participation rate
for newly diagnosed cases was 65%. Patients Were recruited by trained
nurses on behalf of the patients' treating physicians, through special
recruitment clinics, Participants In the study donated a blood sample and
answered a lifestyle   estionnalre, A total of 545 patients (76% males;
diagnosed from December 1974 to June 2006) were Included in a genorne-wide
SNP genotyping effort, using the Infinlum II assay  



74 Method and either the Sentrix HumanHap 300 or HurnanCNV370-duo BeadC ip
Illumine). A total of 525 individuals (96%) were successfully genotyped.
The median age at diagnosis for all consenting cases was 67 years (range
22-94 years) as compared to 68,5 years for all UBC patients In the ICR. The
32,504 controls (41% males; mean age 61 years; SD = 21) used in this Study
consisted of Individuals from other ongoing ger,ome-wide association
studies at deCODE. The controls were absent from the nationwide list of UBC
patients according to the ICR. Samples from prostate, breast and colorectal
cancer patients as well as Individuals used for the analysis of Smoking
variables come from other ongoing project at deCODE Genetics (1-3). The
study was approved by the Data Protection Authority of Iceland and the
National Bloethics Committee. 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 in which the Data Protection Authority maintains the
code. Genealogical Database: deCODE Genetics maintains a computerized
database of the genealogy of Icelanders, The records Include almost all
Individuals born in Iceland in the last two Centuries and for that period
around 95% of the parental connections are known (Sigurdardottir, .6t at,
Am.) Hum Genet, 66, 1599-609 (2000)). In addition, a county of residence
identifier Is tiecorcled for most individuals, based on census and parish
records, The information is stored in a celational database with encrypted
personal Identifiers that match those used on the biological Samples and
ICR records, allowing cross-referencing of the genotypes and phenotypes of
the Study participants with their genealogies. 2.Nijmegen Bladder Cancer
Study, the Netherlands (PI: Dr. Lambertus Klemeney), The Dutch patients
were recruited for the Nijmegen Bladder Cancer Study (see
kttp://dceg.cancer.govolcbc/rnentership.html). The Nijmegen Bladder Cancer
Study identified patients through the population-based regional cancer
registry held by the Comprehensive Lancer Centre East, Nijmegen that serves
a region of 1.3 million Inhabitants in the eastern part Of the Netherlands
(www.lkenet,n1). Patients diagnosed between 1995 and 2006 under the age of
)5 years were selected and theft vital status and current addresses updated
through the hospital Lnformation systems of the? community hospitals and 1
university hospital (Radboud University Nijmegen Medical Center, RUNMC)
that are covered by the cancer registry. All patients stili alive On August
1, 2007 were invited to the study by the Comprehensive Cancer Center on
behalf of the patients' treating physicians. In case of consent, patients
were sent a lifestyle questionnaire  o flii out and blood samples were
collected by Thrombosis Service centers which hold offices In ;Oil the
communities In the region, 1,651 patients were invited to participate. Of
all the Invitees, ti3O82 gave informed consent (66%); 992 filled out the
questionnaire (60%) and 1016 (62%) provided a blood sample. The number of
participating patients was Increased with a non!' overlapping series of 376
bladder cancer patients who were recruited previously for a study on
gene-environment Interactions in three hospitals (RUNMC, Canislus
Wilhelmina Hospital, Nijmegen, and Streekzlekenhuls ivildden-Twente,
Hengelo, the Netherlands). Ultimately,  75 Completed questionnaires and
blood samples were available for 1,276 and 1,392 patients, respectively.
Ali the patients that were selected for the analyses (N=1,278) were of
self-reported European descent. The median age at diagnosis was 62 (range
25-93) years. 82% or the participants were males. Data on tumor stage and
grade were obtained through the cancer registry. The 1,832 control
Individuals (46% males) were cancer free and frequency-matched for age with
the cases, They were recruited within a project entitled "Nijmegen
Biomedical Study". The details 6f this study were reported previously
(Wetzels, J.F., etal. Kidney Int 72(5);632-7.(2007)), Briefly, this Is a
population-based survey conducted by the Department of Epidemiology and
Blostatistics and the Department of Clinical Chemistry of the Radboud
University Nijmegen Medical Center (RUNMC), In which 9,371 Individuals
participated from a total of 22,500 age and stratified,ex 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 1,832
participants In the present study are of self-reported European descent and
were fully Informed about the goals and the procedures of the 8tudy. The
study protocols of the Nijmegen Bladder Cancer Study and the Nijmegen
Biomedical Study were approved by the Institutional Review Board of the
RUNMC and all study subjects nave written informed consent.         Leeds
Bladder Cancer Study, United Kingdom (Pis: Dr. Anne Kittle and Dr. Timothy
Bishop). Details of the Leeds Bladder Cancer Study have been reported
previously ( Sak, S.C., et al. an 1 Cancer 92(12):2762-5 (2005)). In brief,
patients from the urology department of St James's University Hospital,
Leeds were recruited from August 2002 to March 2006. All those patients
attendino for cystoscopy or transurethral resection of a bladder tumor
(TURBT) who had previously been found, or were subsequently shown, to have
urothellal cell Frelnoma of the bladder were included. Exclusion criteria
were significant mental impairment, or frblood transfusion In the past
month. All non-Caucasians were excluded from the study leaving 764
patients. Genotyping was successful In 724 patients or 95%. The median age
at diagnosis of 'Oe patients was 73 years (range 30-101). 71% of the
patients were male and 61% of all the patients had a low risk tumor
(pTaG1/2). The controls were recruited from the otolaryngology putpatients
and ophthalmology Inpatient and outpatient departments at St James's
Hospital, 'Leeds, from August 2002 to March 2006, All controls of
appropriate age for frequency matching ;(4/1th the cases were approached
and recruited If they gave their Informed consent. As for the Oases,
exclusion criteria for the controls were significant mental impairment, or
a blood transruslon In the past month. Also, controls were excluded If they
had symptoms suggestive of bladder cancer, such as haernaturla, 2,8% of the
controls were non-Caucasian leaving 545 Caucasian controls for the study.
71% of the controls were male, Data were collected by a health
puestionnalre on smoking habits and smoking history (non- ex- or current
smoker, smoking dose In pack-years), occupational exposure history (to
plastics, rubber, laboratories, printing, dyes  and paints, diesel fumes),
family history of bradder cancer, ethnicity and place of birth, and Places
of birth of parents. The response rate of cases was approximately 99%, that
among the 'controls approximately 80%. Ethical approval for the study was
obtained from Leeds (East) Local Research Ethics Committee, project number
02/192. 4.Torino Bladder Cancer Case Control Study, Italy (PIs: Dr.
Giuseppe Matullo and Dr. Paolo Mats). The source of cases for the Torino
bladder cancer study are two urology departments of the main hospital In
Torino, the San Giovanni Batista Hospital ( Matulio G, e Cancer Epldemiol
&markers Prey 14(11 Pt 1):2569-78(2005)), Cases are all Caucasian men,
egeci 40 to 75 years (median 63 years) and living in the Torino
metropolitan area. They were newly diagnosed between 1994 and 2006 with a
histologically confirmed, Invasive or In situ,  ladder cancer. Of all the
patients with Information on stage and grade, 56% were low risk (pTaG1/2).
The source of controls are urology, medical and surgical departments of the
same hospital In Torino. An controls are Caucasian men resident In the
Torino metropolitan area, They Were diagnosed and treated between 1994 and
2006 for benign diseases (such as prostatIc hyperplasia, cystitis, hernias,
heart failure, asthma, and benign ear diseases), Controls with Lancer,
liver or renal diseases and smoking related conditions were excluded. The
median age of the controls was 57 years (range 40 to 74). Data were
collected by a professional Interviewer Who used a structured questionnaire
to Interview both cases and controls face-to-face, Data Were collected on
demographics (age, sex, ethnicity, region and education), active and
passive Smoking (Including brand and tobacco type), occupational exposures,
drug use, family history, intake of fruit and vegetables, tea and coffee
intake, and fluid intake, For cases, additional data Were collected on
tumor histology, tumor site, Si?E!, stage, grade, and treatment of the
primary tumor. The response rates were 90% for cases and 75% for controls
resulting In 333 cases and 392 controls. Ethical approval for the study was
obtained from Comitato Etico Interazlendale, A.,O.U. San Giovanni Batista -
A.). C.T.0,/ Marla Adelaide,         The Brescia bladder cancer study,
Italy (PI: Dr. Stefano Porn?). The Brescia bladder cancer study Is a
hospital-based case-control study. The study was reported In detail
previously (Shen, Ni, et al. Cancer Epidemic! &markers Prey 12(11 Pt
1):1234-40.(2003)). In Itort, the catchment area of the cases and controls
was the Province of Brescia, a highly Industrialized area In Northern Italy
(mainly metal and mechanical Industry, construction, transport, textiles)
but also with relevant agricultural areas. Cases and controls were enrolled
In .; 1997 to 2000 from the two main city hospitals. The total number of
eligible subjec was 216 cases and 220 controls, The response rate
(enrolled/ellgIble) was 93% (N=201) for cases and 97% (N=214) for controls.
Only males were Included. All cases and controls had Italian nationality
and were of Caucasian ethnicity, All cases had to be residents of the
Province of Brescia, aged between 20 and 80, and newly diagnosed with
histologically confirmed bladder cancer. The median age of the patients was
63 years (range 22-80), 29% of all the patients with Known stage and grade
had a low risk tumor (pTaG1/2). Controls were patients admitted for
various urological non-neopiastic diseases and were Frequency matched to
cases on age, hospltai and period of admission, The study was Formally
approved by the ethical committee of the hospital where the majority of
subjects were recruited, A written Informed consent was obtained From all
participants. Data were collected from clinical charts (tumor histology,
site, grade, stage, treatments, etc.) and by means of face-to-Face
Interviews during hospital admission, using a standardized semi-structured
questionnaire. The questionnaire included data on demographics 'cage,
ethnicity, region, education, residence, etc.), occupation (lifetime;
Industrial activity, job title and Individual activities, specific
evaluation for PAH and aromatic amines), smoking (lifetime, active and
passive for non and ex-smokers), diet (food frequency, with emphasis on
fruit, vegetables and PAH containing foods), liquid consumption (alcohol,
water, soft drinks, Coffee, tea), diuresis, certain environmental exposures
(lifetime residential history, PPM, water Chlorination byproducts), leisure
time activities. ISCO and ISIC codes and expert assessments Were used for
occupational coding, Blood samples were collected from cases and controls
for genotyping and DNA adducts analyses. 6.The Belgian Case Control Study
of Bladder Cancer (Pis: Drs Frank t3untinx and Dr. Maurice Zeegers), The
Belgian study has been reported In detail ( Kellen, E, etal. Int J Cancer
118(10);2572-8.(2006)). In brief, cases were selected from the Limburg
Cancer Registry iLIKAR) and were approached through urologists and general
practitioners. All cases were diagnosed with histologically confirmed
urothelial cell carcinoma of the bladder between 1999 



and 2004, and were Caucasian Inhabitants of the Belgian province of
Limburg. Exclusion criteria r, Were mental sickness or Incapacity to
comprehend the questions or unable to understand or ppeak Dutch, The median
age of the patients was 68 years. 86% of all the patients were males, For
the recruitment of controls, a request was made to the "Kruispuntbankff of
the social security tor simple random sampling, stratified by municipality
and socio-economic status, among all Citizens above 50 years of age of the
province. Subsequently, an invitation letter was sent to the Selected
subjects through the "Kruispuntbank". Exclusion criteria for the controls
were similar as those for the cases. The median age of the controls was 64
years; 59% of the controls were males. Three trained interviewers visited
cases and controls at home. Information was collected ;hrough a structured
Interview and a standardized food frequency questionnaire. In addition,
biological samples were collected. Preference was given to blood samples,
However, If this was refused by the participant, buccal swabs were
collected (less than <5% of all participants). GenomIc DNA was extracted
from peripheral blood lymphocytes or buccal swabs using standard methods.
Data were collected on medical history, lifetime smoking history, family
history of bladder cancer, 20-year residential history, and a lifetime
occupational history, Based on the lifetime occupational history,
occupational exposure to PAHs and aromatic amines were blindly Coded by two
experienced occupational physicians. A standardized food frequency
questionnaire, derived from the IMMIDIET study (Iacoviello, L., etal. Nutr
Metab Cardlovase Dis 11(4 Suppl);122-6 (2001)), was used to register
nutritional characteristics. Finally, blood levels of 'selenium and cadmium
were measured. An exact response rate of the cases is not known  because
the participating clinicians did not register the non-responders, The
response rate of the 'controls was "i 30%, Informed consent was obtained
from all participants and the study was approved by the ethical review
board of the Medical School of the Catholic University of Leuven, Belgium,
7.The Eastern Europe study population CPIs; Dr. Reny Kumar and Dr. Tony
Fletcher). The details of this study have been described previously (
Thlrumaran, R.K., etal. parcinogenesis 27(8);1676-81 (2006)). Cases and
controls were recruited as part of a study designed to evaluate the risk of
various cancers due to environmental arsenic exposure in Hungary, Romania
and Slovakia between 2002 and 2004. The recruitment was carded out In the
counties of Sacs, Bakes, Csongrad and Jasz-Nagykun-Szoinok in Hungary;
Bihar and Arad in VI Romania; and Banska BytrIca and Nitra In Slovakia. The
cases (N--,212) and controls (N=532) Selected were of Hungarian, Romanian
and Slovak nationalities. Bladder cancer patients were invited on the basis
of histopathological examinations by pathologists. Hospital-based controls
er Were Included in the study, subject to fulfillment of a set of criteria.
All general hospitals in the Study areas were involved in the process of
control recruitment. A rotation scheme was used in order to achieve
appropriate geographical distribution. The controls were frequency matched
with cases for age, gender, country of residence and ethnicity. Controls
included general surgery, f, Orthopedic and trauma patients aged 30-79
years with conditions like appendicitis, abdominal hernias, duodenal
ulcers, cholelithia-sis and fractures. Patients with malignant tumors,
diabetes and cardiovascular diseases were excluded as controls. The median
age for the bladder cancer Patients was 65 years (range 36-90), 33% of the
patients were males. The median age for the 'loontrols was 61 years (range
28-83). 51% of the controls were males. The response rates 



mono cases and controls were "i70%. Of all the patients with known stage
and grade information, 28% had a low risk tumor (pTaG1/2). Clinicians took
venous blood and other biological samples from cases and controls after
consent forms had been signed. Cases and 'Controis recruited to the study
were Interviewed by trained personnel and completed a general lifestyle
questionnaire. Ethnic background for cases and controls was recorded along
with other Characteristics of the study population, Local ethical boards
approved the study plan and design. ClassIfkation of "low risk" and "high
risk" patients. Based on stage and grade inform ail patients were
classified with regards to risk of progression. Patients with low risk of
progression were defined as having TNM stage pTa in combination with WHO
1973 differentiation grade 1 or 2 or WHO/ISUP 2004 low grade (Epstein, 3.1.
etal. The World Health organization/International Society of UrologIcal
Pathology consensus classification of uroth,ilal - (transitional cell)
neoplasms of the urinary bladder. Bladder Consensus Conference Committee,
opim 3 Surg Pathol 22(12):1435-48 (1998)). All other tumors were classified
as high risk of progression (stage pTls or Ia pT1 or WHO 1973 grade 3 or
WHO/ISUP 2004 high grade).  79 Genotyping - Overview Samples From Iceland
and the Netherlands were used for the genorn(3-wide association study (GWA)
and were assayed with either the Infinium humanHap300 or homanCNV370 SNP
chips '(Illumina). The analysis was restricted to 302440 SNPs that passed
quality filters and were deemed usable due to yield, faithfulness to
Hardy-Weinberg expectations and consistency in genotype frequencies between
the two arrays. All samples had call rates above 98%. All follow Up
genotyping was carried out by deCODE Genetics in Reykjavik,. Iceland
applying single track Gentaurus assays (Nanoden) (Kutyavin, 11.V., et al,
Nucleic Acids Res 34(19)ie128 (2006)). The quality of the Centaurus SNP
assays was evaluated by genotyping each assay in the CU hiapMap samples and
comparing the results with the publicly released Haptlap data. Assays with
mismatch rate were not used and a linkage disequilibrium (LC) test was used
for markers known to be in LC), The concordance rate of genotypes derived
from the two oenotyping Platforms (Illumine and Centaurus) was >99.5%.
Association analysis. A likelihood procedure described In a previous
publication ( Gretarsdotdr S. et al, Nat Genet 35(2):131-8 (2003)) and
implemented in the NEMO software was used for (he association analyses. An
attempt was made to genotype all Individuals and all SNPs reported had a
yield that was higher than 95% In every study group. The. SNPs rs4645960
and 1'316901979 are not a part of the Human Hap300/1-lurnanCNV370-duo
chips. For these SNPs, a Subset of the large Icelandic control set as well
as all Icelandic cases and all individuals from the Other study groups were
gertotyped by single track assays. We tested the association of an allele
to UGC using a standard likelihood ratio statistic that, if the subjects
were unrelated, would have 



ptotically a x2 distribution with one degree of freedom under the null
hypothesis. Allelic frequencies rather than carrier frequencies are
presented for the markers In the main text, Allele-specific CRs and
associated P values were calculated assuming a multiplicative model for the
two chromosomes of an individual ( Falk, CT., Rubinstein, P. Ann Hum Genet
51 (Pt 3):227-   3 (1987)), Results from multiple case-control groups were
combined using a Mantel-Flaenszel model ( Mantel N, Haenszel W. 3 Nat!
Cancer Inst 22(4)719-48 (1959)) In which the groups        !lowed to have
different population frequencies for alleles and genotypes but were assumed
to have common relative risks. Correction of the GWA studies by genotnk
control. To adjust for possible population stratificatlon and the
relatedness amongst Individuals, we divided the x2 test statistics from the
Individual scans using the method of genornic control ( Devlin, 6..,
Roeder, K. Biometrics 55(4):997-1004 (1999)), i.e. the 302,140 x2 test
statistics were divided by their means, which Were 1.04 and 1.075 for
Iceland and the Netherlands, respectively, Appendix Figure 1 Is a  80
guantlle-quantile (Q--Q) plot of the chi-square statistics,before and after
adjustment, against the bhi-square distribution. Correlation between
genotype and expression of c-illyc in whole blood and adipose tissue! c-Myc
expression was analyzed in whole blood and adipose tissue from 744 and 602
Individuals respectively and correlated with rs9642830 genotype status.
Collection of whole blood and adipose tissue samples, mRNA isolation and
expression profiling was described previously ( Emlisson, V., etal. Nature
452(7186):423 (2008)). Expression changes between two samples Irvere
quantified as mean logarithm (logio) expression ratio (MLR), Le. expression
ratios  ompared to background corrected Intensity values for the two
channels for each spot on the arrays( Schadt, EE., eta!, Nature
422(6929)297-302 (2003). The hybridizations went through the standard QC
process, i.e. signal to noise ratio, reproducibility and accuracy at
spike-in iompounds. The correlation between MLR for c-Myc and the genotypes
of the SNP rs9642880 Was tested by regressing the MLR's on the number of
copies of the at-risk T allele of rs9642880, 'adjusting for age, sex and,
for whole blood, the differential blood cell count. All P-values were
adjusted for relatedness of the Individuals by simulating genotypes through
the Icelandic genealogy as previously described (Stefansson, H., etal. Nat
Genet 37(2):129 (2005)). The probe used to test the expression of c-Myc was
NM002467, RESULTS We genotyped 525 cases and 32,504 controls from eland as
well as 1,278 cases and 1,832 ois from the Netherlands on the
HumenHap300/FiumanCNV370-duo BeadChIps (Table 2). emoving SNPs falling
quality control checks, 302,140 SNPs were tested for association With UBC,
The results were adjusted for relatedness between individuals and for
potential Population stratification using the method of genomlc control. No
single SNP reached our genome wide significance threshold (P<1.6 x10-7;
corresponding to 0.05/302,140) either in the combined or individual
analysis of the Icelandic or Dutch GWA Sample sets. The 10 most significant
SNPs (all Pc5x1.0-5, see Table 1) were genotyped using Centaurus single
track assays in additional 1,643 UBC cases and 2,014 controls from five
follow Pp groups all of European ancestry (Table 2). rongest association
with UBC, reaching genome wide significance In the overall analysis of
discover/ and follow up groups, was observed for the 7 allele of rs9642880
at 8(124,21 (combined odds ratio (OR)=1.23 (95% confidence Interval
1.16-131), P=2,82 x 10-11). This was Mowed by rs710521 (A) on 3q28
(combined OR=1.20 (95% CI 1,12-1,29), P=3.38 x 10'7) (Table 1), Both
rs9642880 and rs710521 were nominally significant (P<0,05) In the combined 



ysis of the follow-up groups, The association of the 8 other SNPs to UK did
not significantly replicate In the follow up groups.  0-1 `? 'c..) 0 a 0 0
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case control croups used in the studies    Average age at diagnosis %tnales



Study Group if cases kontrols (range) (cases)  Study type  Discovery Groups
(GWA)  



Iceland 525 32304 67 (22-94) 76 Population based the Netherlands 1.278
1.832 62 (25-93) 



81 Population based Follow-up Groups      UK (Leeds) 724 530 73 (30401) 71
Hospital-based 



Italy (Torino) 329 389 63 (40-75) 100 Hospital-based Italy (Brescia) 182
192 63 (22-80) 100 Hospital-based   



382    Belgium (Leuven) 195  68 (40-93) 86 Population based Eastern Europe
(Hungary, Romania, Slovakia) 213 521 65 (36-90) 



83 Hospital-based Total 3.846 36.350          



85 Table 5r, CO3 Al? /namewith r2 >0.2 vvith ra710521 (Ira each side)
E41p1snp2R2p value  pos SEO ID N053 posifion  rs6780540 rs710521 0,698058
0,2063703.28e-06  191,045,364 



13    300   rs9817981 rs710521 6,696058 `O.206370 "128e-06 1,180 191446,224
14 rs9818301 



rs710521 6.2135402.26e-06 v'6.700732 1,311 191,046,375 15 rs2056124
rs710521 0.904800 v0.651655 r6.78e-16 5,448 191,050,512 16 s2578526
rs710521 



v0.871045 "v 0,2411363,40E-08 12,077 191,057,141 17 'rs1913720 rs710521
v0.902811 r0.450778 1.46e-13 12,457 191,057,521 12 .rs17448036 rs710521
raS69406 '0.235635 '4,74e-08 



17441 191,062,205 19 rs1913721 rs710521 v6,869406 'a 235835 v4.74e-08
18,623 191,063,687 20 n11924151 r5710521 v0.887856 v0.361974 119e-10 13,850
191,063,714 



21 rs3773928 rs720521 r0.904648 T0,440671 r7,53e-14 21,335 191,066,399 22
n6783043 rs710521 1.000000 371254032 r2.24e-10 22,838 191,067,902 22
-n1.399773 



rs710521 /000000 '6.595142 v2,79e-21 23,660 191,088,724 24 ,rs1399774
rs710521 r0,809402 '6.518237 '8,14e-13 23,812 191,068,878 25 rs6790167
rs710521 1,000000 v0.393258 v3.1.7e-15 



24,904 191,069,968 26 rs9865857 rs710521 1.000000 v0.572708 r9.43e-20
25,680 191,070,744 27 rs9882346 rs710521 /000000 'j1397993 r2,05e-15 28,987
191,074,051 



28 rs9822089 rs710521 1.000000 6,411765 v7.80e-16 29,832 191,074,896 29
rs7610966 rs710521 1.000000 v0.397993 v2.05e-15 30,284 .191,075,348 30
-m1515490 



rs710521 0.781714 0.513753 121e13 34,485 191,079,549 32 rs7513791 rs710521
1000000 r0.3979932,05e-15 36,954 191,082,018 32 rs1543969 rs710521 1,000000
C0.836334 1.07e28 



37,304 191,082,368 33 n12107036 rs710521 1.000000 0.3846155,25e-15 37,790
1.91,082,654 34 rs1554132 rs710521 1,000000 r0.455621 r3.73e-17 41,328
191,086,392 



35 rs6790058 rs71052.1 "0.572167 '6.230853 r4.88e-06 45,256 19'1,090,320 36
rs4687100 rs710521 1.000000 1.000000 1.15e-35 48,656 191,093,720 37
rs9681004 



rs710521 v0,582182 r0.255506 r3.21e-07 48,824 191,093,882 38  rs4687102
rs710521 1000000 '6.929204 94.84e-31 54,172 191,099,236 39 rs17514925
rs710521 1.000000 "1964222 1.37e-33 



55,179 191400,243 40 rs7628595 rs710521 1000000 11930070 r4,16e-32 56,126
191,101,190 41 rs7642848.. rs710521 1.000000 v0.397993 v2,05e-15 65,702
191,110,766 



42 ts12493699 rs710521 1.000000 1000000 115e-Th 68,069 191 113 133 43
.rs12490406 rs710521 L60,960724 0,883996 vine-25 68,279 , 191,113,343 44
.rs1447931 



r5710521 v1,000000 r1,000000 v4.23e-34 69,189 191,114,253 45 rs4479569
rs710521 1.0000001,000000 r2.74e-34 69,562 191,114)626 45 rs4687103
rs710521 /000000 1000000 /.78e-35 



70,294 191,115,358 47 rs4687104 ,rs710521 1,000000 1.000000 v5.11e-35
70,530 191,115,594 48 m12491886 rs710521 1,000000 1.000000 1.158-35 75,217
191,120,281 



49 rs11706540 rs710521. Imam looppoo /15e-35 78,683 191,123,747 50 r5837776
rs710521 1.000000 v0,358974 '124e-14 81,230 191,126,294 51 r710555 



rs710521 .6,580974 y0.214793 1.45e-06 139,075 ; 191,184,139 52      Tnble
8, Association of n9642880 (T) to other cancers In reeiand Cancer type 



#enses #eoutrels OlsenControl frequency frequency OR 95% CI P-value
Prostate 1$97 31384 0A940,481 1,056 0.98-1,14 0.158 



Breast 1781 31200 04660.4132 03338 0,874,01 0.0768 Colorectal 961 32020
0.4820,431 1,001 0,93-1,08  0,979 



89 Association of UGC with 8q24 The variant r59642880 on chromosome 8q24,21
reached genome wide significance in the combined analysis, The individual
ORs for the SNP in the seven case control groups of the study were between
1.13-1,43 and no heterogeneity was observed between the estimates in the
groups (Phet-0.71). The association reached nominal significanc,e In 5 out
of 7 groups (Table 3). Two other SNPs at this locus/ rs4733677 (P=8.0 x
10-7) and rs12547643 (P = 0,018), showed nominal significance In the GWA
analysis, rs12547643 was no longer significant after adjusting for the
effect of rs9642880 (P f..- 0,31). While the significance was greatly
reduced, rs4733677 remained nominally significant (P,',0.02) after
adjusting for rs9642880 (Table 6). To investigate the mode of Inheritance
more carefully, we computed the genotype-specific OR for rs9642880. Results
from all groups combined, demonstrated that the association of rs9642880
(1) to LIBC did not deviate from the multiplicative mode: (PF-0.37),
Relative to the non--carriers, the ORs for heterozygous and homozygous
carriers of the risk allele T were 1.23 and 1,51, respectively. Assuming
that the frequency of the allele is 45%, I,e, the average of the frequency
of all the populations studied (Table 3), then individuals homozygous for
rs9642880 (TT) represent -20% of the population. The estimated population
attributable risk (PAR) of rs9642880 (T) Is 18%, The SNP rs9642880 Is
located in the same LD block as the c-Myc oncogene and only 301th upstream
of it (Figure 1). c-Myc is the only known gene dose to rs9642880, but a
predicted gene, 8C042052, is also in the same region. We genotyped samples
from all the study groups For two known mIssense mutations in the c-Myc
gene (G175C/rs4645960 and N26S/rs4645959) but found no association with
UBC, rs4645960 (T) was very rare, with only two cases in the combined
sample sets carrying the allele. rs4645959 (G) was weakly correlated with
rs9642880 (T)r2=0.04) with a frequency of 3.3% in cases and 3.7% in
controls (OR.:110,91, P=0,29). To determine if the rs9642880 (T) would
affect the expression of c-Myc we analyzed its expression in whole blood
from 744 Individuals and adipose tissue from 602 individuals and correlated
the results with genotype data for rs9642880. No significant correlation
was observed between c-Myc rnRNA expression and the number of copies of the
T allele of rs9642880 carried, either In whole blood or in adipose tissue
(P=0.86 for whole blood and P-0.74 for adipose tissue), Genome wide
association studies have repeatedly reported cancer associated variants on
8q24, 200-700 kb proximal to m9642880 and c-Myc. We and others found SNRs
at 8q24.21 to be strongly associated with cancer of the prostate
(rs1447295, rs6983267 and rs16901979) ( Gudrnundsson 1, etal. Nat Genet
39(5):631-7 (2007); 6e/es, R.A., et at Nat Genet 40(3):316- 21 (2008);
Amundadottlr L,T,, eta!, Nat Genet7:7 (2006); Thomas, G., et at Nat Genet;
40(3):310-5 (2008). Subsequently, rs6983267 was also shown to associate
with colorectal cancer ( Tomlinson, I., at al. Nat Genet 39(8):984-8
(2007); Kalman, C.A., et al. Nat Genet 39(8);954-6 (2007), Zanke, B.W., et
al. Nat Genet 39(8):989-94 (2007)) and most recently rs13281615 with breast
cancer ( Easton, D,F" et al. Nature 447(7148):1087-93  90 (2007)). These 4
variants are dispersed over a 500kb region (Figure 1) and are in weak LID
with each other and with rs9642880 (Table 7), We found no association
between these 4 SNPs and UBC in the combined study groups (Table 7),
Moreover, we found no association between r59642880 and prostate:, breast
or colorectal cancer in Icelandic case control samples (Table 8).
Information on stage and grade was available for 5 of the 7 groups, Based
on this informatlor, the UBC cases were classified Into patients with a
good prognosis (low risk': tumor confined to the bladder mucosa and not
poorly differentiated) or patients with a considerable risk of tumor
progression ('high risk'; tumor invasion In or beyond the lamina prapria or
poorly differentiated). Comparing the frequency of rs9642880 (1) between
patients with low and high risk tumors showed some heterogeneity across the
study groups. Patients with low risk tumors from the Netherlands and
Eastern Europe had a higher frequency of rs9642880 (T) than patients with
high risk tumors, while no difference was detected in the other groups
(combined CR=1,13, P=0.05). This potential association with tumor
aggressiveness needs to be investigated further In a large number of cases
and controls. Association with 3g28 The second strongest signal in the
combined analysis was observed for rs710521 (A) on chromosome 3q28, which
nearly reached genome-wlde significance (0[2=1,20, P=3,38 x 10'7) (Table
1). No heterogeneity was observed between the ORs of the 7 study groups
(Phet=0.83). The association of rs710521 (A) to UK did not deviate from the
multiplicative model (P=0.35). The estimated population attributable risk
(PAR) of rs710521 (A) is 24%. No significant interaction was observed
between the effects of rs9842880 and rs710521 (P=0.51). No difference was
detected in frequency of rs710521 (A) between patients with low vs. high
risk progression The rs710521 SNP is located In an LD block that overlaps
the TP63 gene (encoding tumor protein p63), a homologue of the tumor
suppressor gene TP53. Smoking-related effects 



We and others have recently found an association between variation in the
nicotinic acetylcholine receptor gene cluster on 15o24 and nicotine
addiction, smoking behavior, lung cancer and peripheral arterial disease (
Saccone, S.F., et al, Hum Mol Genet 16(1)36-49 (2007); Thorgeirsson, I.E.,
at at Nature 452(7187):638-42 (2008); Amos, C.I. etal. Nat Genet 98(2)274-8
(2008); Hung, R.J., etal. Nature 452C/187)633-7 (2008)). Since smoking Is a
strong risk factor for UBC, we tested the reported smoking-associated
variant, rs1051730, In all the 7 UBC case control groups but found no
association between the risk allele and disease (combined OR.--1,005,
P=0.88). No difference in the frequencies of rs9642880 (T) on chromosome 8
and rs7 10521 (A) on chromosome 3 was observed between ever smoking and  91
never snicking cases (P=0,38 and Pt).79 respectively), Similarly., analysis
of the Icelandic and Dutch controls showed that the results observed for
rs9642880 and rs710521 cannot be explained by an association of these SNPs
to smoking Initiation or smoking quantity (data not shown). rs9642860 (T)
and rs710521 (A) did not correlate with age at diagnosis nor did we observe
any gender effect (all P>0.05),  WHAT IS CLAIMED IS A method for
determining a susceptibility to urinary bladder 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 from the
IndlYiduai or in a genotype dataset from the individual, wherein the at
least one polymorphic marker is selected from the group consisting of
rs9642880 and rs4733677, and markers in linkage disequilibrium therewith,
wherein linkage diseguilibrium is characterized by values of i-2> 0.2, and
wherein determination of the presence of the at least one allele Is
Indicative of a susceptibility to urinary bladder cancer for the
individual. 2.The method according to Claim 1, wherein the at least one
polymorphic marker is rs9642880. a.The method according to Claim 1, wherein
the markers in linkage disequilibrium with rs9642880 are selected from
rs12547643 and rs17186926. 4.The method according to any one of the
preceding Claims, further comprising 



assessing the frequency of at least one haplotype comprising at least two
polymorphic markers. The method of any one of the preceding claims, wherein
the susceptibility conferred by the presence of the at least one allele or
haplotype is increased susceptibility. The method according to Claim 5,
wherein the presence of allele T in rs9642880, and allele T In rs4733677Is
Indicative of increased susceptibility to urinary bladder cancer. 7. The
method according to Claim S or 6, wherein the presence of the at least one
allele or haplotype is indicative of increased susceptibility to urinary
bladder cancer with a relative risk (RR) or odds ratio (OR) of at least
1.20. 8. The method according to any one of the claims 1-4, wherein the
susceptibility conferred by the presence of the at least one allele or
haplotype is decreased susceptibility. The method of any one of the
preceding Claims, further comprising analyzing non-- genetic information to
make risk assessment, diagnosis, or prognosis of the individual, wherein
the non-genetic information Is selected from age, gender, ethnicity,
socioeconomic status, previous disease diagnosis, medical history of  93
subject, family history of urinary bladder cancer, history of occupational
exposure to chemicals, biochemical measurements, and clinical measurements.
10,The method of claim 9 wherein said non-genetIc information comprises
information relating to tobacco smoking habits and/or tobacco smoking
history of said Individual. 



A method of determining a susceptibility to urinary bladder cancer in a
human individual, the method comprising: analyzing nucleic acid sequence
data about a human individual and identifying at least one allele of at
least one polymorphic marker selected from the group consisting of
rs9642880, and rs4733677, and markers in linkage dIsequillbrIum therewith,
wherein linkage disequIlibrium Is characterized by values of r2> 0.2, and
wherein different alleles of the at least one polymorphic marker are
associated with different susceptibilities to urinary bladder cancer in
humans, and determining a susceptibility to urinary bladder cancer from the
nucleic acid sequence data. The method of claim 11, wherein markers in
linkage disequilibriurn with rs9642680 are selected from the group
consisting of rs12547643 and rs17186926. 13. A method for selecting
candidates for screening programs for urinary bladder cancer, comprising:
assessing with the method of any one of the preceding claims a
susceptibility to urinary bladder cancer in a group of individuals, wherein
Individuals who are determined to have Increased susceptibility to urinary
bladder cancer are selected as candidates for a screening program for
urinary bladder cancer, 14. The method of claim 13, wherein said screening
program is selected from a urine dipstick test for hematuria, cytoscopy and
urine cytology. 15. A computer program for determining a genetic Indicator
for urinary bladder cancer in a human individual,: wherein the computer
program is adapted to be executed on the processor to analyze marker and/or
haplotype information for at least one human individual with respect to at:
least one polymorphic marker selected from the group consisting of
rs9642580 and  94 rs4733677,and markers in linkage dIseguillbrium
therewitn, wherein linkage disequilibrium is characterized by values of r2>
0,2, and generate an output based on the marker or haplotype information,
wherein the output comprises a risk measure of the at least one marker or
haplotype as a genetic indicator of urinary bladder cancer for the human
Individual. The computer program according to Claim 15, wherein the
computer readable memory further comprises data indicative of the frequency
of at least one allele of at least one polymorphic marker or at least one
haplotype In a plurality of individuals diagnosed with urinary bladder
cancer, and data indicative of the frequency of at the least one allele of
at least one polymorphic marker or at least one haplotype in a plurality of
reference individuals, and wherein the risk measure of developing urinary
bladder cancer Is based on a comparison of the frequency of the at least
one allele or haplotype in individuals diagnosed with urinary bladder
cancer and reference individuals. 17.A method of assessing a subjects risk
for Urinary Bladder Cancer, the method 



comprising:  a) analyzing sequence information about a human subject and
identifying at least one allele of at least one polymorphic marker selected
from the group consisting of rs9642880 and rs4733677,and markers in linkage
disequilibrium therewith,in the gertorne of the subjectrwherein linkage
dIsequilibrium is characterized by values of ra> 0.2;  b) representing the
sequence information as digital genetic profile data;  c) electronically
processing the digital genetic profile data to generate a risk assessment
report for Urinary Bladder Cancer for the individual; and  d) displaying
the risk assessment report on an output device, 18, The method according to
Claim 1, substantially as herein described with reference to any one of the
Examples and/or Figures thereof. 19, The method according to any one of
Claims 1 to 10, substantially as herein described. 20. The method accord ng
to Claim 11, substantially as herein described with reference to any one of
the Examples and/or Figures thereof, 21. The method according to Claim 11
or 12, substantially as herein described.  95 22. The method according to
Claim 13, substantially as herein described with reference to any one of
the Examples and/or Figures thereof. 23. The method according to Claims 13
or 14, substantially as herein described. 24. The computer program
according to Claim 15, substantially as herein described with reference to
any one of the Examples and/or Figures thereof! 



25. The computer program according to Claim 15 or 16, substantially as
herein described. 26. The method according to Claim 17, substantially as
herein described with reference to any one of the Examples and/or Figures
thereof. 27. The method according to Claim 17, substantially as herein
described. 








