Genetic variants as markers for use in Uinary Bl adder Cancer Risk
Assessnent, Diagnosis, Prognosis and Treat nent | NTRODUCTI ON Cancer, the
uncont r olwedogroowtoh of malignant cells, is a mjor heal PoTpsnbl/@wot the
nodern nedical era and is one of the heading causes of death in devel oped
countries. In the United States, one in four deaths is caused by cancer.
Urinary bl adder cancer is the 6th nost common type of cancer in the United
States with approximtely 67,000 new cases and 14,000 deaths fromthe
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factor for the devel opnment of bl adder cancers. Tobacco use (specifically

Ci gy etk éo agpi%lqg) is thought to cause 50% of bl adder cancers discovered in
mal e patients and 30% of those found in female patients. Thirty percent of

bl adder tunors probably result from occupati onal exposure in the workpl ace
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sarcoma, small cell carcinoma and secondary deposits from cancers el sewhere
in the body. TCCs are often nultifocal, with 30-40% of patients having a
nore t harwoneidaowsdn at di agnosis. The pattern of growt hpoi/13266Bs00ert be
papillary, sessile (flat) or carcinona-in-situ (ClS). Superficial tunors
are defined as tunors that either do not invade, or those that invade but
stay superficial to the deep nuscle wall of the bladder. At initial

di agnosi s, 70% of patients with bl adder cancers have superficial disease.
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Prescrlbed for patients with tumors that are large, multiple, high grade or superficially invasive.
;ntravesical therapy consists of drugs placed directly into the bladder through a urethral
f:atheter, in an attempt to minimize the risk of tumor recurrence and progression. About 50-70%
;of patients with superficial bladder cancer have a very good response to intravesical therapy. The
;urrent standard of care consists of urethro-cystoscopy and urine cytology every 3-4 months for
jche 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



bl adder cancer that has extended beyond the bl adder wall, radiation and
chenot herapy are treatnent options. Local |ynph nodes are frequently

radi at ed we 2pavd4D the therapy to treat them croscopi cpcansmoy/aebd7s which
may have spread to the nodes. Current3treatnent of advanced bl adder cancer
can involve a conbination of radiati on and chenot herapy. Early detection
can inprove prognosis, treatment options as well as quality of life of the
patient. | f screening nmethods coul d detect bladder cancers destined to
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are more likely to have aggressive forms of bladder cancer from those patients that are
dlagnosed 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 genome among individuals in a population.
Variations in the human genome are most frequently due to single 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 250,000 base
bairs 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
;\o effect on gene function, while others may alter transcription, splicing, translation, or stability
bf the mRNA encoded by the gene. Additional genetic polymorphisms in the human genome are
caused by insertions, deletions, translocations or inversion of either short or long stretches of

bNA. Genetic polymorphisms conferring disease risk may directly alter the amino acid sequence
i



of the nMRNA encoded by the gene. Additional genetic pol ynorphisns in the
human genone are caused by insertions, deletions, translocations or
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col oas tenuedylatnteefddaidar ganoeri migknfrhe most studied polymorphisms in connection with
bladder cancer risk are polymorphisms in genes for some important enzymes, especially N-
;cetyltransferases (NATSs), glutathione S-transferases (GSTs), DNA repair enzymes, and many
Bthers An improved understanding of the molecular biology of urothelial malignancies is helping

to define more clearly the role of new prognostic indices and multidisciplinary treatment for this

dlsease

It has been suggested that some of the NAT variants modify individual susceptibility to cancer.
élow 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
thange in the NAT1 gene, putatively associated with increased NAT1 activity, has been
suggested as increasing the risk of bladder and colon cancer, and decreasing that of lung cancer
{A. Hirvonen, IARC Sci Publ 148 (1999), pp. 251-270). NAT1 polymorphisms may affect the
ihdividual bladder cancer risk by interacting with environmental factors and interacting with the
NAT2 gene (Cascorbi I, et al. Cancer Res 61:5051-6).



Change in the NATI gene, putatively associated with increased NATI

activity, has been suggested as increasing the risk of bladder and col on
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;certain other embodiments, markers predictive of risk of urinary bladder cancer on chromosome
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in certain embodiments, it may be useful to determine the nucleic acid sequence for at least two
Eolymorphic markers. In other embodiments, the nucleic acid sequence for at least three, at
i'east four or at least five or more polymorphic markers is determined. Haplotype information
’fan be derived from an analysis of two or more polymorphic markers. Thus, in certain
lembodiments, a further step is performed, whereby haplotype information is derived based on
sequence data for at least two polymorphic markers. In some embodiments, the susceptibility
eetermined by the method which is conferred by the presence of the at least one allele or
haplotype is increased susceptibility.

';I'he invention also provides a method of determining a susceptibility to urinary bladder cancer
kUBC) in a human individual, the method comprising obtaining nucleic acid sequence data about
:"':1 human individual identifying both alleles of at least two polymorphic markers associated with
UBC determine the identity of at least one haplotype based on the sequence data, and
determmmg a susceptibility to UBC from the haplotype data.
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It will be appreaated 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 age, gender, ethnicity,
%ocioeconomic status, previous disease diagnosis, medical history of subject, family history of
iJrinary bladder cancer, history of occupational exposure to chemicals, biochemical
gneasurements, and clinical measurements. As discussed further herein, information concerning
tobacco smoking habits and/or tobacco smoking history of said individual may be particularly

usefui 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
iiiuman individual. The kit may comprise reagents for selectively detecting at least one allele of at
iﬁeast one polymorphic marker in the genome of the individual, wherein the at least one
fbolymorphic marker is selected from the group consisting of rs9642880, rs710521, rs12982672,
if512584999, rs233716, rs233722, rs10240737, rs17418689 and rs4733677, and markers in
i_inkage disequilibrium therewith, and collection of data comprising correlation data between the
ét least one polymorphism and susceptibility to urinary bladder cancer.

i;referably, the at least one polymorphic marker is one or more of the above mentioned,
i‘ncluding but not limited to rs9642880 (SEQ ID NO:1) or rs710521 (SEQ ID NO:2).
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iboth hybridized to the nucleic acid, a single base gap exists between the oligonucleotides; and
§vherein treating the nucleic acid with the endonuclease will cleave the detectable label from the
;3' terminus of the detection probe to release free detectable label when the detection probe is
hybridized to the nucleic acid.

@btaining nucleic acid sequence data can in certain embodiments comprise obtaining a biological
$amp|e from the human individual and analyzing sequence of the at least one polymorphic
:flﬂarker in nucleic acid in the sample. Analyzing sequence can comprise determining the
bresence or absence of at least one allele of the at least one polymorphic marker. Determination
féf the presence of a particular susceptibility allele (e.g., an at-risk allele) is indicative of
é‘usceptibility 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
individual.
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urinary bl adder _cancer, conpri sing
bla¥jder cancer. The at [east one marker is pre%raebly ser?ectgd from rs9642880 (SEQ ID NO:1)

gnd 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
a 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
E)robe hybridization, allele-specific primer extension, allele-specific amplification, nucleic acid
sequencing, 5’-exonuclease digestion, molecular beacon assay, oligonucleotide ligation assay,

size analysis, and single-stranded conformation analysis.

in some embodiments the genotyping method comprises:



t he presence or absence of at |east one allele of at |east one pol ynorphic
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group consoWiomy4d®H rs9642880, rs710521, FS12982672, r sipe58s989000005233716,
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| east one allele of the at |east one pol ynorphic marker is indicative of a
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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
brograms for urinary bladder cancer, comprising: assessing with the methods described herein
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. Said screening program can preferably be
selected from a urine dipstick test for hematuria, cytoscopy and urine cytology.

i’\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
obtamed from the individual, wherein the at least one polymorphic marker is selected from the
(group consisting of rs9642880, rs710521, rs12982672, rs12584999, rs233716, rs233722,
ij510240737, rs17418689 and rs4733677, and markers in linkage disequilibrium therewith,
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indi cates that the detection probe specifically hybridizes to the first
segnent of the nucleic acid, and indicates the sequence of the pol ynorphic
site as the conpl ement of the detection probe. In another aspect of the
invention a nethod is provided for sel ecting candi dates for screening
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manufacture of a reagent for diagnosing and/or assessing susceptibility to urinary bladder cancer
!n a human individual, wherein the probe hybridizes to a segment of a nucleic acid whose
:E)ucleotide sequence is set forth in SEQ ID NO:1, SEQ ID NO:2 or SEQ ID NO:11-52, wherein
aid probe can be 15-500 nucleotides in length.
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The invention provides in yet a further aspect a computer-readable medium having computer
;executable 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

r a routine stored on the computer readable medium and adapted to be executed by a processor
to 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,
2;;5710521, rs12982672, rs12584999, rs233716, rs233722, rs10240737, rs17418689 and

:{;54733677, and markers in linkage disequilibrium therewith,
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| i nkage di sequilibriumtherewith, wherein the presence of the at |east one
al | el e i swondicmtsose of the treatnment outcone of the indcwiishoad/ooodite at

| east one pol ynorphi ¢ marker can be sl ected in certain enbodiments from
rs9642880 (SEQ ID NO 1), rs710521 (SEQ ID NO 2) and markers in |inkage
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The computer readable memory of said apparatus comprises in some embodiments data
:itndicative of the frequency of at least one allele of at least one polymorphic marker or at least
[bne 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
Ieast one polymorphic marker or at least one haplotype in a plurality of reference individuals,
&nd wherein a risk measure is based on a comparison of the at least one marker and/or
haplotype status for the human individual to the data indicative of the frequency of the at least
one marker and/or haplotype information for the plurality of individuals diagnosed with urinary

bladder cancer.

in one embodiment, 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 the condition, and data indicative of the frequency of at
ithe 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 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.
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measure of the at [east one marker or hapl otype as a genetic indicator of
urinary bl adder cancer for the human individual. The conputer readable
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deflned as fulfilling two criteria of r* and |D’ l, such as r>> 0.2 and |D’| > 0.8. Other

combinations of values for r>and |D’| 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.

?RIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages of the invention will be apparent from

",che following more particular description of preferred embodiments of the invention.

}=IG 1: A schematic view of the structure and association results in the cancer-associated region
f
on chromosome 8¢24.21



nucl eoti de sequence at the particular allelic site is determ ned. Such
enbodi nents provide a direct indication of the presence or absence of

parti cul avoabliogloe®o | n certain enbodi nents of the i nventcons2obd/evenye
disequilibriumis characterized by parsticul ar nunerical values of the

| i nkage di sequilibriumneasures r2 and |D|. In certain enbodi nents,

| i nKkage di sequilibrium between genetic elenents (e.g., markers) is defined
as r2 > 0.1 (r2 greater than 0.1). In other words, for genetic markers with
a co¥)riteatdirewise oerfrélathinesituctuze of agyBe@ ke intedvyain(13811 -ai28.8 dvs iNGSE 8851 be i n
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Jhe S%‘F%"g@oﬁa ‘and ot her Obj ects, features and advantages of the invention
will be apparent fromthe follow ng nore particular description of

pr ef EXG 2dSerdoudiciviat sf af exehldrneempiten systerfFif@ implementing tiea ingentiosw of t he
structure and association results in the cancer-associated region fp n
chronosone 8g24. 21A) The pair-wi se correlation structure in an 800 kb

i nterval l(—l.128 1 - 128.9 My, NCBI B35) on chronosone 8qg24. The upper pl ot
shonDETAILER RESCRIBTION conmpn SNPs (with MAF > 5% fromthe HapMap
(v21) CEU dataset. The |ower plot shows the corresponding r2 val ues. B)
Estimated reconbination rates (saRR) in cM/ M fromthe HapMap (v21l) Phase
| I data. C) Location of known genes in the region. p ) Schematic view of
the association with bl adder cancer for all SNPs tested in the region for

t he Pefinitiens scan (1cel and and the Netherlands). Also indicated (red arrows)
are the locations of previously identified associations to prostate cancer
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the range and include each integer or any non-integer fraction within the defined range. Unless
g:leﬂned otherwise, all technical and scientific terms used herein have the same meaning as

é:ommonly understood by the ordinary person skilled in the art to which the invention pertains.
?I'he following terms shall, in the present context, have the meaning as indicated:

A “polymorphic marker”, sometime referred to as a “marker”, as described herein, refers to a
genomic polymorphic site. Each polymorphic marker has at least two sequence variations
characteristic of particular alleles at the polymorphic site. Thus, genetic association to a
polymorphic marker implies that there is association to at least one specific allele of that
particular polymorphic marker. The marker can comprise any allele of any variant type found in
i'che genome, including SNPs, mini- or microsatellites, translocations and copy number variations
(insertions, deletions, duplications). Polymorphic markers can be of any measurable frequency
;n the population. For mapping of disease genes, polymorphic markers with population
[requency 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
i‘par’cicular copy number variations (CNVs). The term shall, in the present context, be taken to
include polymorphic markers with any population frequency.
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i (Definitions Unless otherw se indicated, nucleic acid sequences are
witten left toright in a5 to 3 orientation. Nuneric ranges recited

wi t hi n t wogpmaioissoati on are inclusive of the nunmbers deCirnsxgyddoa7r ange
and include each integer or any non-imteger fraction within the defined
range. Unl ess defined otherwi se, all technical and scientific terns used
herein have the sane neani ng as pommonly understood by the ordinary person
skilled in the art to which the invention pertains. The follow ng terns
shal Ap “alielef’ iefers togbanuderttdesequdnae ef & Bivendeask tpsiion) Adiachradesome. A

" pol Yophehhk rﬂ’é‘rrkgfeéllele %B‘?éfbmortﬁé erﬁ&@lttdﬂ @8., @eqd@l’:éﬁ&ff the ASrdeoAM bed

herein, refers to a ic si mar ker has
P e e S eu e Ao R ST M B 5o o[0T B8 YRERDL G ker b
t he paiugnaespfuraengigiven phhumrpigemetker, messentativonf ¢aoh aopobfithempiker arar ker

i npl L&, Mkﬁqﬁos,fon%r eséq%eﬁés&ﬁé@ﬁo‘r%cl&&m%% uls@oaﬁéremrgeesmesuf te 8l el g oL that
particul ar |l el'e of any

var i anfo% WféOSra 'htﬁ a”ﬁ'ef Hae &E%ﬁ%‘“p'fe r‘E?rﬁ}Eﬁ ﬂSt"%RPéu gﬁkymorpfbﬁfx%ﬁa?"ag‘at ellites,
t r angératdtd @pssitnyg CEPPYsanpihE347veR)iiatsainss { raisendd, omsshodel eliélonEgach
dupl }n(i:c%%a(?{'ﬁt)e in E’Iﬁjs ¥£F9n@8h§ Set%Efol%%%uCo%‘ertéﬁ%e@E nﬁ&}l]e ahleh{serency in

the po EI)_ di sease gen m)r Ic markers with
popur%@tioﬁrtofth'é(ﬁ@féfﬁf‘ﬁe hi E‘I*Fele G- haliglest Td%’l%ﬂoég?rﬁh@’éﬁﬁ%ﬂortﬁbélﬂe'%%f“ﬁlc‘fpﬁomever
pol yaaﬁ;ﬂb} &levey keer Bp mgeradhsmﬂrwartleouMe pouhulcapmambreequm«aemes bpserefer as

1- 50 e uenc p rt

var HArORe Freolste B el B TRR e S0 o e SRR ERRE

i ncl aw@e pathg EEPHsemPeaekele s2 1812 b sfvytep smn @?lsb@i’tﬂr%'q@éﬂé@ﬁ @EPH %ﬁrﬂféf—e"
refegg. t o the nucleotide sequence of a given locus (position) on a
chrofmsorre A "pol ynorphic marker allele thus ref ers to the corrposi tion
(i.e., sequence) of the marker on a chronpsone. Gen rom an

i ndi PEAHPAFE EYHCiEPHde pRBIoHItY 83 descliedyherely)is as Br°§6%eéji L'PV I(E’Pé\ngU@n hese §5eS any

gi veardd@mpaebrhwien fherdeés uded piy@Re€ BMBL| enBahk eaelPIR@ptabagest he marker on each
chrormsorre Sequence codes for nucleotides used herein are: A=1, C=2, G

3,"T =—4__For microsatellite alleles, the CEPH sanple (Centre d' Etudes du
Ponnorph#snéQEﬁﬁﬂFn, genoni-cs—rep¥ , pl e 1347-02) is used as
Anen  +hA chart o Al al s ~fAdepasine . . ) ; ; ;
a ref er epee; the-sherter—attete UIC_,iﬁeu.b.uaaLc...te inthis sanple is
set as antd—al other—attetes—n %ﬁ L csanptes—are nunbered in relation to
thi sireference Thus, €}y ailele”&nﬂgng pp-tonger| than the shorter allele
in the CEPH sanmpl'e, allTele 2 1S 2 bgdr@angér than the shorter allele in the
CEPH sanple, allele 315 3 bp longerotktan the | ower| allele in the CEPH
sanple, letc., ard allelp - 1 is 1 bewhorter than the shorter allele in the
CEPH:sanple, alMele -2 |s 2 bp shorfer G han the shorter allele in the CEPH
sanple, etc. Se8uence Pﬂnurlﬂnt!de—gﬁﬁéguLLy—as—descrlbed herein is as
pr oposed HUB—TFhese—ecodes—Aor
1 B CGorT
) D A, GorT
’ H A, CorT
! vV A, CorG
| N A, C, G orT (any base)

A nucleotide position at which more than one sequence is possible in a population (either a
hatural 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
éingle 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
thromosomal copies of the individual have the same nucleotide at the SNP location), or the
individual is heterozygous (i.e. the two sister chromosomes of the individual contain different
ijucleotides). The SNP nomenclature as reported herein refers to the official Reference SNP (rs)

t
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are conpatible with the codes used by the EMBL, GenBank, and PI R dat abases.
A nucl eotide position at which nore than one sequence is possible in a
popul at i omo(2eiwdoesooa nat ural popul ation or a synthetic popusmvy/@ogo7e. g., a
i brary of synthetic nolecules) is reflferred t o herein as a "pol ynorphic
site". A "Single Nucleotide Polynorphisnmt or "SNP" is a DNA sequence
variation occurring when a single nucleotide at a specific location in the
genopre differs between nenbers of a species or between paired chronpbsones

i n ald idedtificetioratag astassigepPtpeich piqpR ISYRPYHAS ationp! Senter Ecg Bigtgeoloagplvi dual
IS |fh$ﬁwﬁmh@ﬁégwce ei ther honozygous for one allele of the polynorphism

(i.e. both chronmbsonmal copies of the individual have the sanme nucl eoti de at
t he SNP | ocation), or the individual is heteroz¥%ous i.e. the two_sister
chr oADEwineY’, 8% dessibech Bereind tiafersde it sepmet ARVt Alierebendhs jefereRes RND

(rs)!lD.i ifica a RJ y the National
Cent &f"F" A I?ﬁ tg' %%’gﬁoéﬁlo%'a %%%rnrgf% rI%Or%% %@%F) o é}%ﬂ; %;lrlg}egnt as descri bed
herein, refers to a segnent of DNA that differs fromthe reference DNA,
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such:as pe conprises one menb air alleles for
each opicynelephine Sﬁﬂm@é? e Ftais e@P%@eﬂhéh%B@%@fPe C?“ ?P rtssrt‘fvauoﬁ more
enbodiiged)threk beniw@lanmyspeo&aﬂ NG BRNEISE ot Vie OF Moty &letds| ¢l=p®tydehmee or nore

Slelsglrdg%fé'ae(ﬁﬁ?rgln F(H'gext leSRe {narl?et‘ b%r%e%%d [EWJ gllez?%l; !)feghg%arﬁg'% Qlafpes are

cont ex allele of the
mar kéeplotypehag., Ham%@@@" refegs to tha 4r%'9@4’28mkerrré$@r2§89 &etngdn Bheflapiteresf

mar kehg rssﬁﬁfﬂl%ﬁﬁgt@%@@f%@o tahae bfapF@*tl')’é?ﬁlor@%dellcscoewln\ﬂﬂpﬁiﬂ\ﬁpets aré §s@642880
all el‘e_4". Furt ernDre aIIellg 8§de§4_nLhaplotypes are as for individual

narké@%“mﬁlgw”ﬁ“&'ﬁ 7 £ T. The term "susceptibility”, as
descri bed herein, refers to the proneness of an individual towards the

deVE'T‘HB@@H “ngceétlﬁlﬁfyt' Ahd\destAbeR! Hefeil, refels ECtheairondniesd bf, arpiheiniotiyizewends
ver SacbevbrieBhal < Sundh BBun FeR AR T b R e Bh R e L g e B '?4"%‘ and
decr dessetilesusesyta bartitulyr. stateutban preravewgr dndidfya dge &'Ttmp@TG?FﬁB??ﬂ?F goth
increased susceptibility and decreased susceptibility. Thus, particular alleles at polymorphic
;'narkers and/or haplotypes of the invention as described herein may be characteristic of
;ncreased susceptibility (i.e., increased risk) of urinary bladder cancer (UBC), as characterized by
a relative risk (RR) or odds ratio (OR) of greater than one for the particular allele or haplotype.
Alternatively, the markers and/or haplotypes of the invention are characteristic of decreased
:susceptibility (i.ei, decreased risk) of UBC, as characterized by a relative risk of less than one.

norrensﬂuseéwrﬁlyag “hepert &th *}:@Hy&nhd"rplﬁleﬁﬁlﬂ&rt a8 dehpedhdreini 8l thRefoeti@ncfea SNP

The terms Urinary bladder cancer, UBC and bladder cancer are synonymously used in this text.

j‘he 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

i“one or the other or both”.

The term “look-up table”, as described herein, is a table that correlates one form of data to

another form, or one or more forms of data to a predicted outcome to which the data is relevant,
{



mar kers and/ or hapl otypes of the invention as described herein may be
characteristic of increased susceptibility (i.e., increased risk) of
urinary bveddsvoosmncer (UBC), as characterized by a rel acirusond/akoq7RR) or
odds ratio (OR) of greater than one f®r the particular allele or haplotype.
Al ternatively, the markers and/or hapl otypes of the invention are
characteristic of decreased susceptibility (i.ei, decreased risk) of UBC,
as characterized by a relative risk of less than one. The terns Uinary
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I n certalne odi nen he detection of seC| Eﬂm(' 'BEI)Z{EC mar ker s
and/ Gr4siA Y ERle F%b%ﬁlﬁtlaé'iee FroBY AN veSpiedn Eto?%‘ FeeLeWEHORNE "83ch a
nucl ejldbdesemrbles asmpbple of amnheicobtdisamdiefof cenchrgpisallifiuid drhiasuecanié frsmg&imoni c
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:I'he term “UBC therapeutic agent” refers to an agent that can be used to ameliorate or prevent
symptoms associated with urinary bladder cancer.

i‘

i:I'he 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 haplotypes in strong linkage
;jisequilibrium (LD) therewith
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The term “nucleic acid sequence data” 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

i
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bl ood sanple, sanple of amiotic fluid, sanple of cerebrospinal fluid, or
ti ssue sanple from skin, mnmuscle, buccal or conjunctival nucosa, placenta,
gast r oi ntwetnmalo4gonact or ot her organs. The term "UBC t Ireragmud/ocnoergent "
refers to an agent that can be used t190 aneliorate or prevent synptons
assdciated wth urinary bl adder cancer. The term "UBC-associ ated nucleic
aci d", as described herein, refers to a nucleic acid that has been found to
be associated to urinary bl adder cancer. This includes, but is not limted
t o, refee toahlyaone ranidotidpleat yipesldie swtisdad kremai pohanadpnfaskeris wimh daspthst ypes
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sequence dat&"-in’ £he cont extp of this application refers to generally any
data indicating the sequence of a nucleic acid containing one or nore
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to only one nucleotide, e.g. the allelic status of a known pol ynorphic
site, in which case the data woul d generally also indicate a position
reference or other definition of the nucleotide site. J*ucleic acid
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with UBC. W and ot hers have previously found SNPs at 8qg24.21 to be
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Nat ©2(3¢1637:77(A0R0D Eeles TRAwes al.Glat Geaet T8e40(3D08S-20((300B1 6rBindadl) ) .
Subsggqu Yae ; S LIONE EheRSEOS LA Mot (weBHL ect al cancer
(TonF'ﬁHgégtr?l,l'qat.éggﬁgﬁﬁzohlwé?%éi%ét 39, ,982—_8 208673?; Hai( nDCA et gll. Nat
GeneBuBgauemly, 5s6083RF7) Wasalskenows, tgyasgqciale witkyeplopeaRlcagT g (6b%)) and
nost NpeGcent3p, p84-328464)5 Haindm, lar/eas tal. o@n Genet( 325462007 ¥; . Zagke,8B.W. Raslur e
447" | 87- Q%) vari ant i ! Eegion
(F1 gl EoFTs: et ool LERF iy RE Y. 5y Pilath ARAGRER: Ly Beati D Ao o
3). Vealf datue A67 2E1831934200N) bEIRR énvar RS @re disRpgehAve" BEEOKR "eHR" EvHiP ned
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mar k essociation between rs9642880 and prostate, breast or colorectal cancer in Icelandic case contro
éamples (Table 8). Association of markers on chromosome 3 (rs710521 and surrogate markers

thereof) to UBC was also identified.

Methods of determining susceptibility to disease

§

The present invention provides methods of determining a susceptibility to disease in a human
jndividual.

i

%ssessment 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
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thereof) to UBC was al so identified. Methods of determ ning susceptibility
to disease \ The present invention provides nethods of determning a
suscept i bivbi2oy/doesodi sease in a human individual. A" ssegsmastood/@oocrar ker s
and hapl ot ypes The genom c sequence w0t hi n popul ations is not identical
when individuals are conpared. Rather, the genone exhibits sequence
variability between individuals at many | ocations in thegenone. Such
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ar e gamioynes Lizioh yatigsonsiin héqueaegecdre gemmmIYP@fereedamrﬂS@devéPM%m&rﬁngéh@”ﬁe
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genemidrogatgllite ek omultiple amgk nepeals, of paseprievqhassers retpaﬁtSc‘o'ﬁﬁr\ |tB%CQaTﬂﬁglmrﬁm¥fér of
specg,];. ) ak !a%laﬁc%u\’g'rtsné ﬂ1 \W@h %Wn%e‘r%ﬁrep@la@ RAgEH vgﬁé“shn rMta'é“@éhelré'ldl vi dual has
ees at each hic site - 51 nfa P n Enal

LT epeaviatisns Th g0l BRBGUTHENTS B e SRoanrane Crseenhs 9iRmoRRLR e

char a@;im"tlozzedltmgh Ractphesen teividuat hes towo ateles ankbdl mdyrmaerphinpitgi-voen
pOpUIm%Eerﬂg\ and o?\ %ﬁ?etrhﬁrarllglgbqugﬁrgne e%dnﬁér}frgp‘&@lh%ﬂtfoﬁ Gﬂa}foﬂﬁﬁ&blﬁ@ﬁ% by

the pre nore alleles in a population. | n anot
enboéharm’iﬁr'ze@rm' th8 IPYeRSP Ehe SWP 08 ”&ﬂﬁ%?%ﬂf%se'f‘lai‘é&"@? Roﬁ%'aB?résHh?ﬂé’t'Eﬁr t hree or
nor eeﬁhbb@k@.ﬁt the Boloﬁnbﬂih@moﬁbmemnaed bhanepm%eymé phitsee bismolwallatsen bzed by

];mr epgﬁ)ql Oé\s In ﬁnﬁhe thPi[?V'Be%[ T ? n?orPlgfr% 15 cl%réctglrlze yQ:Ihg‘gLe%kﬁse' o'rscﬁ%%n or
pol yiomohe sifeiesc dn dbeerienitiodirests, riihQ h@ymtmlsﬁérﬁtqge%w e °bf‘”@§%nt

;B\Jﬁggérll%gﬁvé‘egg%g%gﬁ% sM dr b e Ef@essgé@@#\ &fméﬁé%llbl@!{&nﬁé &Nmote MRst 6 t hei r
genok#! oraeE Aeles | 5Hcrhﬁﬁ>érﬁor§ﬁrﬁ%é%%8\}é Bjé'gﬁeec@ﬁl | E&e arle %F‘I QS bftnkhe humen
present invention, and are thus within the scope of the invention.
Pue to their abundance, SNPs account for a majority of sequence variation in the human
genome. Over 6 miilion human SNPs have been validated to date
(www.ncbi.nIm.nih.gov/projects/SNP/snp_summary.cgi). However, CNVs (copy number variants
or copy number polymorphisms) are receiving increased attention. These large-scale
polymorphisms (typically 1kb or larger) account for polymorphic variation affecting a substantial
;ﬁ)roportion of the assembled human genome; known CNVs covery over 15% of the human
genome sequence (Estivill, X., Armengol, L., PloS Genetics 3:1787-99 (2007);
bttp://projects.tcag.ca/variation/). Most of these polymorphisms are however very rare, and on
average affect only a fraction of the genomic sequence of each individual. CNVs are known to
éffect gene expression, phenotypic variation and adaptation by disrupting gene dosage, and are
?lSO known to cause disease (microdeletion and microduplication disorders) and confer risk of
gommon complex diseases, including HIV-1 infection and glomerulonephritis (Redon, R., et al.
Nature 23:444-454 (2006)). Itis thus possible that either previously described or unknown
§NVs represent causative variants in linkage disequilibrium with the markers described herein to
i:)e associated with UBC. Methods for detecting CNVs include comparative genomic hybridization

(CGH) and genotyping, including use of genotyping arrays, as described by Carter (Nature
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(www. ncbi . nl m ni h. gov/ proj ects/ SNP/ snp_summary. cgi ). However, CNVs (copy
nunber variants or copy nunber pol ynorphi sns) are receiving increased

at t ent i onwO Bhasm439ar ge- scal e pol ynor phi sns (typically | koTas20bseogerr)

account for polynorphic variation affHcting a substantial proportion of the
assenbl ed human genorre known CNVs covery over 15% of the human genone
sequence (Estivill, X, Arnmengol, L., PloS Genetics 3 : 1787-99 (2007);

http://projects. tcagmp a/variati on/) Most of these pol ynorphisns are
howe\RENEYRSI3P: § k821 70n HecPaigensafof GenorvinlMariantsr act i on of t he genorri c

sequen@@/,@fme@@lacalgrtdyoﬁrﬂu )c&Nyﬁls%é‘atEa‘%rﬁanoﬂfaB&‘}ttthg d&QE&ﬁQ an@ P so

phen n tation di srupting gene
knovvr% o%g%sﬁ eda{:'g as-gh ‘?ﬁtﬁl?%ﬂéf’réf’?ta’ OQF?dPSrﬁacF?S?fL&YIeFEMP%ENMFsorders) and
confer risk of pommon corrpl ex diseases, including HV-I infection and

gl omén sbrom eptanicéd, sefeRedons mRie toedifféknt dNaledl=€ a%%lyﬁ‘ﬁﬂ'pﬁlléélté #RR&I)choddind § thus
S represent

possi i descri bed or

causé%*lgﬁeé]&%]/%h@n%lg&ﬁ% 9 hkare]zeré/ & SETHE PRI Qﬁ??rﬁe%efo%@@c lagescri bed
her eiPRIYIETRIEE Htes o"&ied’@@deﬂmtaﬁe@H}OMMmdsfefr@d tdes etot wilg-1ghd/salierecdndde
COrrpall%@etHVVﬁcf@@é}Oé@ @tt’fafl@ﬁé flisE 8dduRRcddGtle AR e By BhRG, “rloﬂc%ﬂégﬂfgg use of
geno rrays, Aas dﬁ%crl ed hy Carter {NatureCenetics 3 S21
(2005){%’)\!&%% $a aE) VL 96 pot aY(f ait or disease phenotype).

((http /'l projects.tcag.cal/variation/) contains updated information about
the Abelat fooBNPyPReranRE reficzad & héi@ﬁ\%feb@@tl@\ﬁé%es Ahe dat &%%ﬁeﬁe’cﬂre&tthx

Fon Bp oA O 8 UE et MO el terdl SO ISR 2 Tonae ™
al | eP&ce ppmap @é‘ﬁ rvéwb'eﬁtra@qe@v m@rsmopmmen treerarb@ilk eh kertbak byOas‘sa)nn@or

part rwir@rth@ebp’mé @NA@stﬁdnHetheTclaﬁ\pTe‘?ﬁé%EﬁQ%ﬁel@lcgﬁ||r?eécﬁ 28416 E(?f erred to
IS chosen as e|t e first
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oppog,gt A, : t%e all el e can ﬁ%ﬁ se be neasured,
t hus; g’? a %?e{?ﬁg%prﬁ%dg&sv?ow PO ?lgr%tg)?}p;r mﬁ%sruk%rp?nthggefg%r AP an A G

pol y%‘?%’kﬁrs“rﬁt"atnﬁé nmet hodol ogy enpl oyed to detect the nmarker nay be designed
to specifically detect the presence of one or both of the two bases

pOSSﬂ’W@“y la Peferéhmq@end%l it ?Jf&%d %Q’l)ya 9%IC§E§ 's&:{”h H&Dh&let?esstﬁyt cili E?rtf{c?]{ﬁ

desi d to detect the conplinentary ran
pres cré C6TNCE RE %ﬂﬂl@?ﬁeﬁ%f‘%ﬂ tB§§e‘éa"F”hrRi'e@Scé‘nVatﬁ@nmslam@das used herein,

Quantdférato usbguehtothae xitfepd Bomithe te@EdRcOfequeh@l hutes 66h§||‘®|se é@@@t’\h&l results

WOU' er#ﬂsr OQfefisnedhd 58%m§cud’e%g§pﬁwa&erseéets@l%ec’%\b?}em aré vana i, \t/ar?arrllts o
;ncl)ude changes that affect a polypeptide. Sequence differences, when compared to a reference
pucleotlde sequence, can include the insertion or deletion of a single nucleotide, or of more than
gbne nucleotide, resulting in a frame shift; the change of at least one nucleotide, resulting in a
;g:hange in the encoded amino acid; the change of at least one nucleotide, resulting in the
generation of a premature stop codon; the deletion of several nucleotides, resulting in a deletion
of one or more amino acids encoded by the nucleotides; the insertion of one or several
jnucleotides, such as by unequal recombination or gene conversion, resulting in an interruption of
’j;che coding sequence of a reading frame; duplication of all or a part of a sequence; transposition;
or a rearrangement of a nucleotide sequence,. Such sequence changes can alter the polypeptide
;encoded by the nucleic acid. For example, if the change in the nucleic acid sequence causes a
frame shift, the frame shift can result in a change in the encoded amino acids, and/or can result
gn the generation of a premature stop codon, causing generation of a truncated polypeptide.
Alternatively, a polymorphism can be a synonymous change in one or more nucleotides (i.e., a
;change that does not result in a change in the amino acid sequence). Such a polymorphism can,
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Typically, a reference sequence is referred to for a particul ar sequence.
Alleles that differ fromthe reference are sonetines referred to as

"vari ant "wel2bsless90A vari ant sequence, as used herein, reras®od/@moso7sequence
that differs fromthe reference sequextce but is otherw se substantially
simlar. Alleles at the polynorphic genetic markers described herein are
vari-ants. Variants can j.nclude changes that affect a pol ypeptide. Sequence
di f frerences, when conpared to a reference nucl eotide sequence, can include
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mar k‘?’faﬁs RRAY st§mpﬁsor@'§qql5@rﬁ>msﬁﬁ|%éq'ute@§ng haMoBsg, latdihe wear Br@lﬁI@J S8tet t he
I C S|tes he pl ot t hus co a n of alleles

at vé?'iogﬂ@ gERepd éNﬁﬁfekaé‘? §y5t‘f%%/g%etc}<'ﬁ‘6”§ pEeY P'hmﬁﬁa] Vﬁgg%\l? Y'Rers and/ or
hapl aFfrypeEihCadelripaeetaygeh), SradAyy Tehholdgiek (man Iliumlhhéiobjet\Gﬁt@randet ecting
sequ?rr{'ipne@m%tssa?/g yéwgmbcfeéfngﬁﬁy (gﬂr P@F‘a’fl’ig% eand%tnam\'e@se based fluorescence

hybrldlzatlon technology (Invader; Third Wave). Some of the available array platforms,

iincluding Affymetrix SNP Array 6.0 and Illumina CNV370-Duo and 1M BeadChips, include SNPs

that 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

or more alleles at polymorphic markers, including microsatellites, SNPs or other types of

polymorphlc markers, can be identified.

In certain embodiments, polymorphic markers are detected by sequencing technologies.

j{Jbtaining sequence information about an individual identifies particular nucleotides in the

%:ontext 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

;rnucleotide, sequence information about the nucleotides of the individual that contain the
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techni ques for genotyping for the presence of SNPs and/or microsatellite
mar kers can be used, i; such as fluorescence-based techniques (e.g., Chen,
X. et al .woGemamwesoRes. 9(5): 492-98 (1999); }<utyavin ewcallszoommm ¢ Acid
Res. 34:el 28 (2006)), utilizing PCR, 23CR, Nested PCR and ot her techniques
for nucleic acid anplification. Specific comrertial nethodol ogi es avail abl e
for 'SNP genotypi ng include, but are not limted to, TagMan genotypi ng
assays and SNPlex platfornms (Applied Biosystens), gel electrophoresis
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Gol denGat e and Inf| ni um assays) , array tag technology (e.g., Parall eI e),
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!'elatlves can then be computed by:

fPr(genotypes of relatives;d) = ZPr(h;H) Pr(genotypes of relatives | /) ,

he{dd,AG,GA4,GG}

T\g)vhere 0 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 6:

iL(0) = HPr(genotypesof relativesof casei;d). (*)

¢ i

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 pseudolikelihood approximation of the full likelihood
function for 8 which properly accounts for all dependencies. In general, the genotyped cases and
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13:569-577 (2008)), and Supported A igonucl eotide Ligation and Detection
Platform (SCOLi D) technol ogy (Applied Bi osystens,

ht t p: / / wwwappldoedbi osyst ens. con); Strausberg, RL, et alpcDasmoddiwarToday
13:569-577 (2008). i t is possible t4inpute or predict genotypes for

un- genotyped rel atives of genotyped individuals. For every un-genotyped
case, it is possible to calculate the probability of the genotypes of its
relatives given its four possible phased genotypes. In practice it may be
pr ef @nrblsén & casencdniich agokiptiorhgudie ast b étdependane aeh sl Wnp Hreetasscortell dr en,
si bl Hg@tﬂ%d tch?éléteé 'CQAe'sréaé cbRfls fshe ahelofgo§§ Qédragnﬁt.&ar R FkthodloRBendraient s,
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an odds ratio (OR). In a further embodlment the significance is measured by a percentage n

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

feast 1.15, at least 1.16, at least 1.17, at least 1.18, at least 1.19, at least 1.20, at least 1.21, at
ieast 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

ji‘aarticular embodiment, a risk (relative risk and/or odds ratio) of at least 1,10 is significant. In
another 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
slgmflcant. In another further embodiment, a significant increase in risk is at least 1.45 is

eignificant. 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
E)ther 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

18%, about 19%, about 20%, about 21%, about 25%, about 30%, about 35%, about 40%, and
ebout 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

are however also contemplated, and those are also within scope of the present invention. In

certain embodiments, a significant increase in risk is characterized by a p-value, such as a p-
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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,
g:ompared 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
ii.e., at a decreased risk) for a disease or trait is an individual in whom at least one specific allele
;t one or more polymorphic marker or haplotype conferring decreased susceptibility for the

i idisease or trait is identified. The marker alleles and/or haplotypes conferring decreased risk are
;élso said to be protective. In one aspect, the protective marker or haplotype is one that confers

a significant decreased risk (or susceptibility) of the disease or trait. In one embodiment,
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yvith a given combination of genotypes at all loci to a group of individuals who do not carry risk

variants at any of those loci. The group of non-carriers of any at risk variant has the lowest

estimated risk and has a combined risk, compared with itself (i.e., non-carriers) of 1.0, but has

an overall risk, compare with the population, of less than 1.0. It should be noted that the group

pf non-carriers can potentially be very small, especially for large number of loci, and in that case,

its relevance is correspondingly small.

El'he 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
¢ommon variants for common diseases, and if reported are usually only suggestive since very
r!.arge sample sizes are usually required to be able to demonstrate statisticai interactions between
loci.
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variants are us suggesti ve
Si n(f@cqm@q@atlon hotspots) and larger regions of low recomblnatlon frequency, which are cornmonly

referred to as Linkage Disequilibrium (LD) blocks (Myers, S. et al., Biochem Soc Trans 34:526-
530 (2006); Jeffreys, A.l., et al.,Nature Genet 29:217-222 (2001); May, C.A., et al., Nature
Genet 31:272-275(2002)).

Linkage Disequilibrium (LD) refersto a non-random assortment of two genetic elements. For
%axample, if a particular genetic element (e.g., an allele of a polymorphic marker, or a haplotype)
E)ccurs in @ population at a frequency of 0.50 {(50%) and another element occurs at a frequency
jé)f 0.50 (50%), then the predicted occurrance of a person’s having both elements is 0.25 (25%),
essuming a random distribution of the elements. However, if it is discovered that the two
elements occur together at a frequency higher than 0.25, then the elements are said to be in
linkage disequilibrium, since they tend to be inherited together at a higher rate than what their
independent frequencies of occurrence (e.g., allele or haplotype frequencies) would predict.
iRoughly speaking, LD is generally correlated with the frequency of recombination events
between the two elements. Allele or haplotype frequencies can be determined in a population by



| arge sanple sizes are usually required to be able to denonstrate
statistical interactions between |oci.By way of an exanple, |let us consider
t he case wbenm/m4i90t al of eight variants that have beenprasasmosdoeshwi t h a
di sease. One such exanple is provi dedsby eight |oci associated with
prostate cancer (Gudnundsson, J., et al., Nat Genet 39:631-7 (2007),
@Qudmundsson, J., e ah, Nat Genet 39:977-83 (2007); Yeager, M, et a/, Nat
Genet 39: 645-49 (2007) Amundadottir, L , el al., Nat Genet 38:652-8
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polymorphlc sites might be desurable (e.g., testing whether the strength of LD differs significantly

famong loci or across populations, or whether there is more or less LD in a region than predicted
ﬁnder a particular model). Roughly speaking, r measures how much recombination would be
':required under a particular population model to generate the LD that is seen in the data. This
f:ype of method can potentially also provide a statistically rigorous approach to the problem of
f:letermining whether LD data provide evidence for the presence of recombination hotspots. For
the methods described herein, a significant r* value between markers indicative of the markers
pein in linkage disequilibrium 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 r* value can be
at least 0.2, Alternatively, markers in linkage disequilibrium are characterized by values of |D’|
bf 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
b.99. Thus, linkage disequilibrium represents a correlation between alleles of distinct markers.
in certain embodiments, linkage disequilibrium is defined in terms of values for both the r* and
']D’l measures. In one such embodiment, a significant linkage disequilibrium is defined as r* >
0.1 and |D’| >0,8, and markers fulfilling these criteria are said to be in linkage disequilibrium.
In another embodiment, a significant linkage disequilibrium is defined as r* > 0.2 and |D’| >0.9.
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}t is now established that many portions of the human genome can be broken into series of
@:liscrete haplotype blocks containing a few common haplotypes; for these blocks, linkage
‘éisequilibrium data provides little evidence indicating recombination (see, e.g., Wall., J.D. and
!?ritchard, J.K., Nature Reviews Genetics 4:587-597 (2003); Daly, M, et al., Nature Genet.
:,29:229-232 (2001); Gabriel, S.B. et al., Science 296:2225-2229 (2002); Patil, N, et al., Science
294:1719—1723 (2001); Dawson, E. et al., Nature 418:544-548 (2002); Phillips, M.S. et al.,
{Vature Genet. 33:382-387 (2003)).

:“:rhere are two main methods for defining these haplotype blocks: biocks can be defined as
i*egions of DNA that have limited haplotype diversity (see, e.g., Daly, M. et al., Nature Genet.
29:229-232 (2001); Patil, N, et al., Science 294:1719-1723 (2001); Dawson, E, et al., Nature
5118:544-548 (2002); Zhang, K. et al., Proc. Natl. Acad. Sci. USA 99:7335-7339 (2002)), or as

ri*egions between transition zones having extensive historical recombination, identified using
H



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, 0.96, 0.97, 0.98, or at least 0.99. | n one
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Alternatively, markers in |inkage dis®quilibriumare characterized by
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represent “tags” for a genomic region (i.e., a haplotype block or LD block) that is associating

iNith a given disease or trait, and as such are useful for use in the methods and kits of the

Earesent invention. One or more causative (functional) variants or mutations may reside within

Fhe region found to be associating to the disease or trait. The functional variant may be another

SNP, a tandem repeat polymorphism (such as a minisatellite or a microsateliite), a transposable

element, or a copy number variation, such as an inversion, deletion or insertion. Such variants in

}.D with the variants described herein may confer a higher relative risk (RR) or odds ratio (OR)

ij:han observed for the tagging markers used to detect the association. The present invention

ichus refers to the markers used for detecting association to the disease, as described herein, as

yvell as markers in linkage disequilibrium with the markers.Thus, in certain embodiments of the

fnvention, markers that are in LD with the markers originally used to detect an association may

pe used as surrogate markers. The surrogate markers have in one embodiment relative risk

j(RR) and/or odds ratio (OR) values smailer than originally detected. In other embodiments, the

‘;surrogate markers have RR or OR values greater than those initially determined for the markers
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i t is now established that many portions of the human genone can be broken
into series of discrete hapl otype bl ocks containing a few comon
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J.K.,, Nature Reviews Genetics 4:587-597 (2003); Daly, M et al., Nature
Genet. 29:229-232 (2001); Gabriel, S.B. et al., Science 296:2225-2229
(2002); Patil, N et al., Science 294:1719-1723 (2001);, Dawson, E. et al.
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i=or single marker association to a disease, the Fisher exact test can be used to calculate two-
jsided 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, J.
Genome Res., 8:1273-1288 (1998)) for sibships so that it can be applied to general familial
felationships. The method of genomic controls (Devlin, B. & Roeder, K. Biometrics 55:997
t1999)) 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 model (haplotype
wi“elative risk model) (Terwilliger, 3.D. & Ott, 1., Hum. Hered. 42:337-46 (1992) and Falk, C.T. &
Rubmsteln P, Ann. Hum. Genet. 51 (Pt 3):227-33 (1987)), i.e., that the risks of the two
alleles/haplotypes a person carries multiply. For example, if RR is the risk of A relative to a,
;hen the risk of a person homozygote AA will be RR times that of a heterozygote ‘Aa’ and RR?
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uncevmﬁ%;cmf rFWOH‘@gé agﬁcl})erﬁuggp ﬁd“@e@‘?&?ﬂfp@“ ct The sample size in the first study

mmay not have been sufficiently large to provide an observed P-value that meets the conservative
;hreshold 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
'i‘eplicated in a second case-control cohort, the appropriate statistical test for significance is that
for a single statistical test, j.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
association signal in additional populations, thus simultaneously confirming the initial finding and
providing an assessment of the overall significance of the genetic variant(s) being tested in
1.‘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 Mantel-Haenszel model (Mantel and Haenszel, J Nat/
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can be relied on to give valid p-values, it would still be of interest to
know how nuch i nformation had been | ost due to the information being

i nconpl etwo 20tvaousybor mat i on neasure for hapl ot ype anal yecs/asmog@serri bed in
Ni col ae and Kong (Techni cal Report 538, Departnent of Statistics,
University of Statistics, University of Chicago; Bionmetrics, 60(2):368-75
(2004)) as a natural extension of information neasures defined for |inkage
analysis, and is inplenmented in NEMO. Associ ation anal ysis For single
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het erozygote Aa' and RR2tines that of a honbzygote aa'. The multiplicative
nodel has a nice property that sinplifies analysis and conputations -

hap! &K/ pEessaeat PRAOCIFERLREIGE, i.e., in Hardy-Winberg equilibrium within the
af fected popul ation as well as within the control population. As a
consgguesnesatidnapl otype counts of the affecteds and controls each have

mul t'i nom al distributions, but with different hapl otype frequenci es under
the alternative hypothesis. Specifically, for two haplotypes, h,- and ht
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of sane country, or different countr of the s or different
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frequency in cases and controls differ significantly.

The results are typically reported in odds ratios, that is the ratio between the fraction
(probability) with the risk variant (carriers) versus the non-risk variant (non-carriers) in the
broups of affected versus the controls, i.e. expressed in terms of probabilities conditional on the

éffection status:
OR = (Pr(c|A)/Pr(nc|A)) / (Pr(c]|C)/Pr(nc|C))

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
pfobability 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



300, 000 tests performed (one for each SNP) can be perforned. Since many
SNPs on the arrays typically used are correlated (Ae., in LD), they are not
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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 to the average population risk

It is most convenient to represent the risk of a genetic variant relative to the average population
since it makes it easier to communicate the lifetime risk for developing the disease compared



Ri sk Cal cul ati ons The creation of a nodel to calculate the overall genetic
risk involves two steps: i) conversion of odds-ratios for a single genetic
vari ant iwbaeoromoatoove ri sk and ii) combination of risk Pcomszvd/adopize
variants in different genetic loci imSo a single relative risk val ue.
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di seases that have been published to date in authoritative journals have
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ensure that they did not have the disease at the tinme of the study. Hence,
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population. It is noted that this assunption is rarely expected to be

satisfied exactly, but the risk estimates are usually robust to noderate
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and ‘t he recessive nodels, where we have a risk variant

R =0.23%1.46 + 0.50%x1.21 + 0.27x1 = 1.21

Therefore, the risk relative to the general population (RR) for individuals who have one of the
following genotypes at this marker is:

RR(TT) = 1.46/1.21 = 1.21, RR(TG) = 1.21/1.21 = 1.0, RR(GG) = 1/1.21 = 0.83.

Combining the risk from multiple markers

When genotypes of many SNP variants are used to estimate the risk for an individual a
multiplicative mode! 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 g1 and g2:



carrier, "c", and a non-carrier, "nc", the odds ratio of individuals is the
same as the risk ratio between these variants: OR = Pr(Alc)/Pr(Alnc) =r
And | i keweeofomn4tone rul ti plicative nodel, where the ri gkTiis2obheomroduct of
the risk associated with the two all elee copies, the allelic odds ratio
equals the risk factor: OR = Pr(A|aa)/Pr(A|ab) = Pr(Alab)/Pr(A bb) =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
st udRRésL BT RB(BARRIA he | ast few years, reporting comon variants
associated wth conpl ex diseases, the nultiplicative nodel has been found
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0.23x1.46 + 0.50x1.21 + 0.27x1 = 1.21

Marker | Genotype | Calculated risk
M1 cc 1.03
M2 GG 1.30
M3 AG 0.88
M4 T 1.54

Combined, the overall risk relative to the population for this individual is: 1.03x1.30%0.88x1.54
= 1.81.

{
4

j4djusted life-time risk

ifhe lifetime risk of an individual is derived by multiplying the overall genetic risk relative to the
’bopulation with the average life-time risk 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 will pick studies that are well-powered for the disease definition that has been used for the

genetic variants.



Therefore, the risk relative to the general population (RR) for individuals
who have one of the follow ng genotypes at this marker is: RR(TT) =
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Long-distance LD can for example arise if particular genomic regions (e.g., genes) are in a
;’unctional relationship. For example, if two genes encode proteins that play a role in & shared
iﬂetabo!ic pathway, then particular variants in one gene may have a direct impact on observed
%/ariants 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
;econd gene that confers decreased expression levels of that gene. These two genes may be
located in different genomic 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 LD 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 particuiar example discussed here represents only
one such possible scenario.

i\darkers with values of r* equal to 1 are perfect surrogates for the at-risk variants (anchor
variants), i.e. genotypes for one marker perfectly predicts genotypes for the other. Markers with



Note that since the average RR for a population is one, this multiplication
nodel provides the sane average adjusted life-tine risk of the disease.
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barticular 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 acid
eequence 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
from two to 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 disequilibrium with at least one marker
ESSociated 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 &
plurality of markers (e.g., an indication of the presence or absence of certain at-risk alleles), or
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Thus, in one embodiment of the invention, a plurality of variants (genetic markers, biomarkers

?nd/or haplotypes) is used for overall risk assessment. These variants are in one embodiment
eelected from the variants as disclosed herein. Other embodiments include the use of the
:yariants 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 haplotypes is determined in an individual, and the status of the individual
compared with the population frequency of the associated variants, or the frequency of the
variants in clinically healthy subjects, such as age-matched and sex-matched subjects. Methods
i<nown in the art, such as multivariate analyses or joint risk analyses, such as those described
herein, or other methods known to the skilled person, may subsequently be used to determine
ihe 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.
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;)ther populations (Sulem, P., et al. Nat Genet May 17 2009 (Epub ahead of print); Rafnar, T., et
{a/. Nat Genet 41:221-7 (2009); Gretarsdottir, S., et al. Ann Neurol 64:402-9 (2008); Stacey,
S.N., et al. Nat Genet 40:1313-18 (2008); Gudbjartsson, D.F., et al. Nat Genet 40:886-91
;:(2008); Styrkarsdottir, U., et al. N Engl J Med 358:2355-65 (2008); Thorgeirsson, T., et al.
Nature 452:638-42 (2008); Gudmundsson, 1., et al. Nat Genet. 40:281-3 (2008); Stacey, S.N.,
et al., Nat Genet. 39:865-69 (2007); Helgadottir, A., et al., Science 316:1491-93 (2007);
Steinthorsdottir, V., et al., 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); Amundadottir, L.T.,
et al., Nat Genet. 38:652-58 (2006); Grant, S.F., et al., Nat Genet. 38:320-23 (2006)). Thus,
genetic findings in the Icelandic population have in general been replicated in other populations,

including populations from Africa and Asia.
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Utility of Genetic Testing

The person skilled in the art will appreciate and understand that the variants described herein in
general do not, by themselves, provide an absolute identification of individuals who will develop
urinary bladder cancer. The variants described herein do however indicate increased and/or
decreased likelihood that individuals carrying the at-risk or protective variants of the invention
Will develop UBC, or symptoms associated with UBC. This information is however extremely
Valuable in itself, as outlined in more detail in the below, as it can be used to, for example,
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Due to the relatively low sensitivity and low PPV of the reagent strip for hemoglobin as well as
%:ytology, multiple urine-based bladder markers have been developed to try to assist in detecting
i:)ladder cancer non-invasively (Lotan Y, Roehrborn CG (2003) Urology 61(1):109~118). These
Enclude the NMP22 BladderChek Test (Matritech Inc,, Newton, MA, USA) and UroVysion (Vysis
bowner's Grove, IL, USA) (Grossman, HB et al. JAMA 293:810-816, 2005).

in accordance with the present invention, individuals that are homozygous for both the 3q and
i8q bladder cancer variants may in particular benefit from screening for the disease, especially if
i:hey are also smokers. A simple urine test such as the NMP-22 assay may be useful for early

diagnosis in this group.

Genetic variants described herein can be used alone or in combination, as well as in combination
§/Vith other factors, including other genetic risk factors or biomarkers, for risk assessment of an
%ndividual for UBC. Many factors known to affect the predisposition of an individual towards
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identify those markers that give strongest association within the specific
popul ation. Thus, the at~risk variants of the present invention nay reside
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the art will appreciate and understand that the variants described herein
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;?e 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
%Jiagnosis, e.g., diagnosis performed by a medical professional. In other embodiments, the
Envention pertains to methods of diagnosis or determination of a susceptibility performed by a
{ayman. 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
pn the genotype status of the individual (/.e., the customer). Recent technological advances in
genotyping technologies, including high-throughput genotyping of SNP markers, such as
Molecular Inversion Probe array technology (e.g., Affymetrix GeneChip), and BeadArray
Technologies (e.g., Illumina GoldenGate and Infinium assays) have made it possible for
individuals to have their own genome assessed for up to one million SNPs simultaneously, at
fjelatively 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
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predictive value (PPV) of the test. The PPV for hematuria dipstick for
screeni ng ranges between 5 and 8.3% resulting in nmany unnecessary workups
wi t h t heiwoabicamdant patient anxiety and cost. Due to tlrernsdoad/ooeal7ry | ow
sensitivity and | ow PPV of the reagen4 strip for henoglobin as well as
cytology, nultiple urine-based bl adder markers have been devel oped to try
to assist in detecting bladder cancer non-invasively (Lotan Y, Roehrborn CG
(2003) Urology 61(1): 109-118). These include the NMP22 Bl adder Chek Test
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barticular genotype for the individual can be based on comparing the genotype of the individual
fto previously determined risk (expressed as a relative risk (RR) or and odds ratio (OR), for
example) for the genotype, for example for an heterozygous carrier of an at-risk variant for a
[’)articular disease or trait . The calculated risk for the individual can be the relative risk for a
berson, or for a specific genotype of a person, compared to the average population with matched
é)ender and ethnicity. The average population risk can be expressed as a weighted average of
i:he 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
berformed. 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
hon-carriers of the at-risk allele, Using the population average may in certain embodiments be
bwore 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
?verage in the population. The calculated risk estimated can be made available to the customer
é/ia a website, preferably a secure website.
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hapl otypes is indicative of a susceptibility to UBC. Such prognostic or
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polymorpHic marker is selected from the group consisting of the polymorphic markers listed in

:rable 1, and markers in linkage disequilibrium (defined as r? > 0.2) therewith, such as those

listed in Tables 4 and 5.

tn another embodiment, the invention pertains to methods of diagnosing a susceptibility to UBC
ina human individual, by screening for at least one marker allele as listed in Table 1 or markers
jn linkage disequilibrium therewith, such as those listed in Tables 4 and 5. In another
embodiment, 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
eubject (control, such as population controls). In certain embodiments, the significance of
essociation of the at least one marker allele or haplotype is characterized by a p value < 0.05.
In other embodiments, the significance of association is characterized by smaller p-values, such
és < 0.01, <0.001, <0.0001, <0.00001, <0.000001, <0.0000001, <0.00000001 or
<0.000000001.
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array technol ogies. Results from such genotyping are stored in a conveni ent
data storage unit, such as a data carrier, including conputer databases,
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dat abase or a post-rel ational database. The genotype data is subsequently
analyzed for the presence of certain variants known to be susceptibility
varicants for particul ar human Conditions, such as the ?eneti c variants
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and methods for genotyping particular polymorphic markers.

iro determine a susceptibility to UBC, a hybridization sample can be formed by contacting the
éest sample, such as a genomic DNA sample, with at least one nucleic acid probe. A non-limiting
gaxample of a probe for detecting mRNA or genomic DNA is a labeled nucleic acid probe that is
.:capable of hybridizing to mRNA or genomic DNA sequences described herein. The nucleic acid
Earobe can be, for example, a full-length nucleic acid molecule, or a portion thereof, such as an
oligonucleotide of at least 15, 30, 50, 100, 250 or 500 nucleotides in length that is sufficient to
épecifically hybridize under stringent conditions to appropriate mRNA or genomic DNA, In certain
émbodiments, the oligonucleotide is from about 15 to about 100 nucleotides in length. In
:certain other embodiments, the oligonucleotide is from about 20 to about 50 nucleotides in
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| n addition, in certain other enbodi nents, the present invention pertains
to nmet hods of diagnosing, or aiding in the diagnosis of, a decreased
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hapl ot ypes that appear |ess frequentl4 in UBC patients than in individual
not di agnosed with UBC or in the general population. As described and
exenplified herein, particular marker alleles or hapl otypes (e.g. the
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correspon % cé asso
mOIetles The detection probe is deS|gned to hybridize to a short nucleotide sequence that

mcludes the SNP polymorphism to be detected. Preferably, the SNP is anywhere from the
termmal residue to -6 residues from the 3' end of the detection probe. The enhancer is a short
oligonucleotide probe which hybridizes to the DNA template 3’ relative to the detection probe.
jj'he probes are designed such that a single nucleotide gap exists between the detection probe
énd the enhancer nucleotide probe when both are bound to the template. The gap creates a
synthetic abasic site that is recognized by an endonuclease, such as Endonuclease IV. The
énzyme cleaves the dye off the fully complementary detection probe, but cannot cleave a
;cletection probe containing a mismatch. Thus, by measuring the fluorescence of the released
fluorescent moiety, assessment of the presence of a particular allele defined by nucleotide
éequence of the detection probe can be performed.

The detection probe can be of any suitable size, although preferably the probe is relatively short.
in one embodiment, the probe is from 5-100 nucleotides in length. In another embodiment, the



wi th UBC. Such fragments enconpass the DNA sequence of the pol ynorphic

mar ker or hapl otype in question, but may al so include DNA segnents in
strong LBvOl2omkmg®odi sequilibrium) with the marker or hapiras2peooodorn one
enbodi nent, such segnents conprises s&8gnents in LD with the marker or
hapl-otype as determ ned by a value of r2 greater than 0.1 and/or |D| >
0.8). { In one enbodi nent, diagnosis of a susceptibility to UBC can be
acconpl i shed using hybri di zation met hods, (see Current Protocols in
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oligonucleotide is fromabout 20 to about 50 nucleotides inlength. For
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eneniarY sequence O such S her suitab robes for use in
t he q}p@@}e@& S@nag.sgg,gl d3oGoRikg. 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
g}narker alleles or haplotypes that are associated with UBC. In one embodiment of the invention,
a test sample containing genomic DNA obtained from the subject is collected and the polymerase
_E:hain 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
%Ilele or haplotype associated with UBC, can be accomplished using a variety of methods (e.g.,
;%equence analysis, analysis by restriction digestion, specific hybridization, single stranded
;’:onformation polymorphism assays (SSCP), electrophoretic analysis, etc.). In another
1éambodiment, diagnosis is accomplished by expression analysis, for example by using
c;:;uantitative PCR (kinetic thermal cycling). This technique can, for example, utilize commercially
available technologies, such as TagMan® (Applied Biosystems, Foster City, CA). The technique
:é:an assess the presence of an alteration in the expression or composition of a polypeptide or
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invention are described herein. Hybridization can be performed by nethods
well known to the person skilled in the art (see, e.g., Current Protocols
in Ml ecuveroBiohdgy, Ausubel, F. et al., eds., John W Ppey/1$2080608007

including all supplenents), | n one ettbodi nent, hybridization refers to
speeific hybridization, i.e., hybridization with no m smatches (exact
hybr| di zation). | n one enbodi nent, the hybridization conditions for

speC| fic hybridization are high Stri ngency. Specific hybridization, if
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enbd'&qoﬁ%q{?te at 36'88 oif gh‘?tP[ﬁtﬂ?Pi@Pﬁ'ﬁ methods and solid pha!sg%gggnuc eotide

eynthesns methods, or by other methods known to the person skilled in the art (see, e.g., Bier,
:F.F., et al. Adv Biochem Eng Biotechnol 109:433-53 (2008); Hoheisel, 1.D., Nat Rev Genet
%7:200—10 (2006); Fan, 1.B., et al. Methods Enzymol 410:57-73 (2006); Raqoussis, J. & Elvidge,
G, Expert Rev Mol Diagn 6:145-52 (2006); Mockler, T.C., et al Genomics 85:1-15 (2005), and
i;eferences cited therein, the entire teachings of each of which are incorporated by reference
herem) Many additional descriptions of the preparation and use of oligonucleotide arrays for
detectlon of polymorphisms 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
‘6,733,977, 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 acid analysis that are available to those skilled in the art can be used
i;o detect a particular allele at a polymorphic site. Representative methods include, for example,



nucl eotides in length. Qher Iengths of the probe are possible and wthin

scope of the skill of the average person skilled in the art. | n a
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anplified by Polynerase Chain Reactio® (PCR) prior to detection. | n such

an enbodi nent, the anplified DNA serves as the tenplate for the detection
probe and the enhancer probe. Certain enbodi nents of the detection probe,
t he, enhancer probe, and/or the f%rl mers used for_anplificati on of the
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to the skil person. >. ‘Alternatively, peptide nucleic acid (PNA) probe
can‘be used in addition to, or instead of, a nucleic acid probe in the
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for (\?;)&arfplseweplYkn‘éWnrtgat regulatory element affecting gene expression may be located far
away, even as far as tenths or hundreds of kilobases away, from the promoter region of a gene.
By assaying for the presence or absence of at least one allele of at least one polymorphic marker
pf the present invention, it is thus possible to assess the expression level of such nearby genes. .
i’ossible mechanisms affecting these genes include, e.g., effects on transcription, effects on RNA
;,plicing, alterations in relative amounts of alternative splice forms of mRNA, effects on RNA
étability, 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
Einked immunosorbent assays (ELISA), Western blots, immunoprecipitations and
immunofluorescence. A test sample from a subject is assessed for the presence of an alteration
m the expression and/or an alteration in composition of the polypeptide encoded by a nucleic
%lcid 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 polypeptide expression
:(i.e., the amount of polypeptide produced). An alteration in the composition of a polypeptide
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quantitative PCR (kinetic thermal cycling). This technique can, for

exanple, utilize commercially avail able technol ogi es, such as TagMan(r)
(Appl i ed WBoasyaioesys, Foster City, CA). The techni que pamrCaas®»ss0dbE
presence of an alteration in the exprdassion or conposition of a polypeptide
orj ! splicing variant(s) that is encoded by a nucleic acid associated with
UBC. Further, the expression of the vari ant(s) can be quantified as

physi cal or functionall étedl fferen of the net hods

nt
of t?ﬁ%"dieﬂééﬁt']“&v?'c hpsFeriatedyithd &G ‘isc?f’la(l)tﬁra&'ioaé%fri Wnﬂﬁ’ﬁ'VSBOIMB%'dﬁo detect a
par telxﬁrlel;sﬂcﬁn algl; ebxpredsidrngf aainbiaine polgsapkitis or of 4 Héfecane aplicbmy \ariasd)i fMhoaéi on of a

reSt H%a%& h]%ﬂt i %ﬁoéu@' E‘E %)ebé?m yrtSD%E:%ﬁFa é%%%%%ﬁng g{%éhfchfér— E;SN& gr agment

anal'ysi's can e con cribed in
Cur wemntpﬂexd@é@wsa TYFlaibPEE BFSRF 2B BYYBC iy RErtioHRr Rﬁt@érs?ﬁ%’Hc'b%utern of the
rel easts. DNA fragnent indicates the presence or absence of the particular
allele in the sanple Sequence anal ysi s can also be used t o detect
speC|f|c al leles or Iotéges associ ated w

. g, ,.a tion of
Rt A R AR A Rty A i
di seqlypépthiei expresbion enkerhpositiing pe hisdeerein, efers enboditererien indecpessaionat i on of

the cgnwgé%em%rteép ?rﬂﬁtre Rfco g?f"erdttb‘%l"v@ é[pr@%f&ﬁe&rfcﬂwﬁg&ﬁén Wﬁﬂ@%@ly@&%%ﬁn

conpri ses sequence anal'ysi s anmpl e tained froma
subjaeentralsamig- vA geriro! SF@R‘edF AGETBle BRHIBISFPAIE Pt hEaS ST Beduseieto
anplihé yanse poetor 0&lspfardl inBohed sutAedt tvhass nel sfeetbdvidyl Bnd/BCyharddes e I‘plvesence

of a S%cher% E!Ilgyl t{%l lJF!:e I%%Fe %F!]%Bduﬁn%iqf’%ﬁee&%n%l Qé.f\&‘été %ORV%&%ﬁ’é&?%‘t ?Igest1t e

pol ynor p
genms@smarhertahleieﬁrmp@tvne aﬁscecra@%wh ERboas ﬁeﬁﬁflbedafﬁeravs Scbm"ar Y, the

oli gﬁéuéﬁ&ee&tdnd%rW&Ee&fetrmtsp%@g @amatsaﬁﬁm Eersysérapnégcsrg;féfpmeh@ oF aC|h d

sequen a entlfy po phi,sns in
S R TR Bt P E o R bR et E i ek o RPE AR TS, L")
and therdeeros samplej ceoageeindicstizpuafla dos¢aphibitityeioddG. hin alferetienxiarthé exprassion

oli go%ynb@s%dnde tﬁé ?Wp@ﬁ@eb#tﬂ@t@& saqduéaeaeshegﬁéd%tratrhwﬁu&%em@ le¥n

conpri se lurali 9/ ferent ol igonucleotid ij L@§ upl ed
to aPeemi'?aétYe obf spedibltetelipdne RstnFs @F‘g’ﬁtthﬁ RBHA aF?fézi'ﬁ ﬁess'terrﬁ K€ g‘? ﬁ?ys can
genaegtdnge betherooducied myse. ngaree hamhs af exsymhing exsrersérhodomositioglef adi r ect ed
Synh%glée n%eenra?&i%j l.I) QBU&IQF%EB%F@F@OV@\ L§QH@'p@@s‘6h QRnes lngﬁgépclénh@grb@ph' c

hase o I gonuc eot1 de synthesis y ot her

net Hise IRHEAIRE Fﬁﬁcﬁrﬁéc%é»r%%ﬂf”%%mf IGEGWPWOW%S doelectisdocusing, andgj o | et
iNWINBhReE. N DalH @t ec sl PA0R048376,3 102808 )as irfﬂﬁﬂablﬁeﬂtmglsda e. d\lat Rev

Gene t,ho zynol 410:57-73 (2006);
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capable of binding to a polypeptide 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., Fv,
Fab, Fab’, F(ab"),) 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.qg., 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
jassociated with UBC in a test sample is compared with the level or amount of the polypeptide in
e control sample. A level or amount of the polypeptide in the test sample that is higher or lower
%han 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



herein). Many additional descriptions of the preparation and use of

ol i gonucl eoti de arrays for detection of polynorphisnms can be found, for
exanpl e, WO 208/64888, 394, US 6, 429, 027, US 5, 445, 934, UBCH/15009/6€8007 US
5,744,305, US 5,945,334, US 6,054, 2702 US 6, 300,063, US 6,733,977, US
7,364,858, EP 619 321, and EP 373 203, the entire teachings of which are

i ncorporated by reference herein. Qther nethods of nucleic acid anal ysis
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PCR.Kitsn anot her enbodi ment of the invention, diagnosis of UBC or a
susceptl bility to UBC can be rrade by exam ni ng expression and/ or
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the Adtfdraity, Qs &Y BlovRie rebEdhtRABRNYEENES used in combination with the methods of

the present invention, e.g., reagents for use with other UBC diagnostic assays.

in 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 UBCin a
subject, wherein the kit comprises reagents necessary for selectively detecting at least one allele
;)f at least one polymorphism of the present invention in the genome of the individual. In one
;embodiment, the kit further correlation data between the at least one polymorphism and risk of
QBC. In a particular embodiment, the reagents comprise at least one contiguous oligonucleotide
ithat hybridizes to a fragment of the genome of the individual comprising at least one
polymorphism of the present invehtion. In another embodiment, the reagents comprise at least
one pair of oligonucleotides that hybridize to opposite strands of a genomic segment obtained
from a subject, wherein each oligonucleotide primer pair is designed to selectively amplify a
fragment of the genome of the individual that includes at least one polymorphism, wherein the
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possi bl e nmechani sns affecting these genes include, e.g., effects on
transcription, effects on RNA splicing, alterations in relative anpunts of
al t er nat iwe 28pldog®of orns of NMRNA, effects on RNA stabi |l iPCy/gsm®bd/@odw on
transport fromthe nucleus to cytoplasm and effects on the efficiency and
accuracy of translation. A variety of nmethods can be used for detecting
protein expression levels, including enzyme |inked i munosorbent assays

(ELI SA), Western blots, imunoprecipitations and i munof| uorescence. A test
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of the polypeptide in the test sanple, as conpared with the control sanple,
can'be indicative of a specific allele in the instance where the allele
al t 87 8 piefepRf embediment, éh%lPi'\'Oéew@t% FRItRIBINE M ERP PRYIREPEBRIT BT EafY e.

Var ipglysnef@chatf REXAH (HARY peisptesatadnpancoMasifed wah afnpifigioy pept i de

enCaUSslelly BWeL Sicuadh dydr & KPOUA L0, HheaREfAbRL arkd fothspatd and

can.b S e Spect roscopy, col ctrop or esi
|so@rd@eﬁetﬁcf'@tambﬁ@ndénﬁjefih?ﬁﬁﬁ’fdﬁg@ays (e.g., DaV| det al., US. Pat. No.
4,376,110) such as i munoblotting (see, e.g., 'Current Protocols in

Nbl efﬁ %hg m% SILI%QY, thQ%‘f\lwthlp%Eé % amﬂgcﬂay ;r%an§ pr\'/’\lﬂéale Genome Amplification

(WGA) methods, prior to assessment for the presence of specific polymorphic markers as
;;iescribed herein. Standard methods well known to the skilled person for performing WGA may
be utilized, and are within scope of the invention. In one such embodiment, reagents for -
performing WGA are included in the reagent kit.

in certain embodiments, the presence of a particular marker ailele or haplotype is indicative of a
$usceptibility (increased susceptibility or decreased susceptibility) to urinary bladder cancer
zUBC). In another embodiment, the presence of the marker allele or haplotype is indicative of
E‘esponse 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
fntervention by surgery, medication or by other means (e.g., lifestyle changes).



For exanple, in one enbodi nent, an antibody (e.g., an antibody with a
detectabl e | abel) that is capable of binding to a pol ypeptide encoded by a
nucl ei ¢ awodosmme®bat ed with UBC can be used. Anti bodi epcraseobsogpai7ycl ona
or nonoclonal. An intact antibody, ors4a fragnent thereof (e.g., Fv, Fab,
Fab':;, F(ab') 2) can be used. The term "l abeled", with regard to the probe
or antibody i's intended to enconpass direct | abeling of the probe or
anti:bod coupling (i.e., ¥S|call | i nki ng) a detectabl e substance to
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expression. Alternatively, the conposition of the polypeptide in a test
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corrnempp,glg?'ntﬁgkiglhe pol ypepti de can be assessed in the test sanple and in
the .control sanple. I n another enbodi nent, the diagnosis of a
susceptibility to UBC is nade by detecting at |east one narker or

hapl the present invention (e.g., associated alleles of the

mar k@%es/a%?&mto‘;egc?n n Table 1, and markers in |inkage disequilibrium
therewith), in conbination with an additional protein-based, RNA-based or
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Wt hthe function and/or levels of the target genes or their gene products.

':I'he nucleic acids and/or variants of the invention, or nucleic acids comprising their
complementary sequence, may be used as antisense constructs to control gene expression in
cells, tissues or organs. The methodology associated with antisense techniques is well known to
the skilled artisan, and is described and reviewed in AntisenseDrug Technology: Principles,
Strateg/'es, and Applications, Crooke, ed., Marcel Dekker Inc., New York (2001).

fIn general, antisense agents (antisense oligonucleotides) are comprised of single stranded
oligonucleotides (RNA or DNA) that are capable of binding to a complimentary nucleotide
eegment. By binding the appropriate target sequence, an RNA-RNA, DNA-DNA or RNA-DNA
duplex is formed. The antisense oligonucleotides are complementary to the sense or coding
etrand of a gene. It is also possible to form a triple helix, where the antisense oligonucleotide
binds to duplex DNA.
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UBC , etc. The kits can for exanple include necessary buffers, nucleic acid
primers for anplifying nucleic acids of the invention (e.g., a nucleic acid
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herein), and reagents for allele-specisfic detection of the fragnents
anplified using such priners and necessary enzynes (e.g., DNA pol ynerase).
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combi nation with the nethods of the present invention, e.g., reagents for
use SRRl WAskEs oflaBEseRsa pHeRTUCteoHds apdnomN A0 HiRse skiedinmibarert fskidingvent i on

per tcrRbigs bAd Blokikdrs.f The AFHRY bing ta tHFETRMA ite@Maaivatdiheedelilar dedierts (8.,

pr e%ienc O];I%ngsBc\a,C\Hé%Maﬁp ctl?aﬁ/e tﬁs aorgelt%\ﬁd Wockgrs'“ﬁgd{: {ar%etmcer%t%ltbﬁljo'cetﬁl to UBC

in a rein i’ ses reagen el ectively
det é@mln@oraby $teds bingrpsce pf weenqgﬁora@s |@@§1p'et§rfé %k?rmcﬁmesnﬂctﬁc ads: pr esent
:cnVQrKHrbIQﬂinb@orfnb@r@l@nl@BlEédeucte]‘lﬁadd‘é@nU|rﬁ¥!tﬁ\l/lphdslﬁh&ﬂ@e£@ﬂh@ﬁﬂp§&marué hedkl_t C of
urtner cor all ween the St ., 0 sSm an r's (0]
UBC DREop T Tl S FhoBa st g oMo BRRh A Dot IRERAY BT 2N 01 S
conttheapausic ebégenan o tolspersefuh for liptermnthingeand: \@lidatindagame dunagipn t flee expemee  of

the gy rgd.hé/kmlou%neéhékﬁ&k%whe&?ém@ms pﬂhe@mwmcﬁm@y e @R 8dHbed
i nventl on n _anot her enbod e at | east one pair

of o FYERURS aéoﬁ”ffe?”f%éﬁ”%?ﬁf:?"d|Dfée't o SéﬂJp%gl (1280:§)t ﬁ%@gniﬁt %, GERofPE segnent
obt aiaieThef.rsomi g 1222 GO3), Kuvmkefwr gaibrheln. goonickear (de0); Dissret phj Mol s

designed AP 15%#‘8 é!@d?ﬁ ho"z'fsf FNRNY stzlt&%(% a% JtB? bl vi dual

t hat” 1 ncl udes™ at £ 1'sm erelnt hismis
sel @ped q%rf‘r@ftgﬁ@ 19#66;96669. Ii)s@n%erwrettt H@’%ﬁ—'ﬁ?‘i/%?’ﬁﬁﬁé’ rag qei/s%%aﬁ n Tabl e
1, a@adzped)ynorphic markers in linkage disequilibriumtherew th, including
those in Tables 4 and 5. | n yet anot her enbodi ment the fragrrent is at
| east 20 bass airs in size. Oj@ onucl eot i des, or cleic acids

& |f

ol i d??ﬁdé'?'%f riged herel) cap e 58 SEIEFHRY ad‘grdtef‘@ﬂsotgaf‘t'steﬁée Fﬁ?@?'@%c aci d
sequbatcee bpexificifogpgrotyanvaplansmals(me. |gform81MPsatmut thecvapsatselescribed hetdimt ar e

' nd'alﬁﬁ%éngg oﬁchnuagotl s%r%ﬂ%tbrgﬁﬂseﬁgpﬁ%e%@g thattPP Cf(%ll\?%ét'rﬁ A HifecllesMTON €

nucl el C aCI geCI tection o one Oor nore
spec,thérh ©Ni3H1 o PRPE Vr?ﬁ'?R‘éroé they InvRIpieB1CoH 88 d888RRT: AN SiPITHe USSP resRian
r eags MRNAf blebleéegiat 6ohtath dnber e ariahuof el ;ﬁesie&b&iv&nﬁud’mdx dd@rtan tharked

radi: |soto | uor.esc I enz el Z -factor
I abeal ele%arp]gg t;]%?plotyﬁn%sge? %e mhnbn%ﬁ or b%lckecgn%g%e e%?oodfm%ﬂ ﬁ\% a\ﬁggen% i cul ar
enbadtlemirssre designsgl tyrmﬂcpmﬂaﬁy hind Ieerarmulahreaﬁelm fyrm (t®, bee @ll’e%eéeltaéuawt% he

[ ﬁanfEIe% éhfd/ctrh\%plet\tpeegrmrthes@ﬁg&m\@de{c amar ﬁwe"r@fy‘ﬁﬂﬁl&tmb%n@ﬂétl&péﬁa E@e&&r S,
ree, or

ol GEeBRURY bR R arlin e e e B KEER oS iogh bGPl TPLfeBkers
and \ariats pt trecipkdfic poipoorphimsites bhehertardee nudeic heip Inodlgquée. t Avaritisenset ect ed

Con%éléfﬁesegan lbeasty %ﬁa&Wak@%Rf\lﬁ%maE r@@lrgﬁ%n%festglgﬁ SaHth§§ ﬁi%wn | i nkage

di sequi l1 brium as fined %/ val ues of r2 rg eater (Tq Q at | east
one S3PreEHR™ dP%ﬂl?'??P‘eﬁéF'RQ?é‘s q fof digedss Hepmeny | TWeHE?tiﬂa?' ngi‘yr?@sf@zvq Ysted in
Tabl @vélgeahsydeand ofrit@ayh e coneathioglnn@edtidetskqueraek esmemhbisip hotoygme drandre

regions in the mRNA that attenuate the ability of the mRNA to be translated. Such mRNA
f*egions include, for exampile, protein-coding regions, in particular protein-coding regions
::orresponding to catalytic activity, substrate and/or ligand binding sites, or other functional
domains of a protein.

The phenomenon of RNA interference (RNAI) has been actively studied for the last decade, since
its original discovery in C. elegans (Fire et al.,Nature 391:806-11 (1998)), and in recent years its
potential use in treatment of human disease has been actively pursued (reviewed in Kim & Rossi,
Nature Rev. Genet. 8:173-204 (2007)). RNA interference (RNAI), also calied gene silencing, is
based on using double-stranded RNA molecules (dsRNA) to turn off specific genes. In the cell,
%:ytoplasmic double-stranded RNA moiecules (dsRNA) are processed by cellular complexes into
:§mall interfering RNA (siRNA). The siRNA guide the targeting of a protein-RNA complex to
specific sites on a target mRNA, leading to cleavage of the mRNA (Thompson, Drug Discovery

'%



detected is selected fromrs9642880 and rs710521. | n a preferred
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anplified DNA serves as the tenplate for the detection probe and the
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of Whol e _Ge ificatio hods, prior_to assesspent for the
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mar IAabth@I* b&theap forragli-otedpeed senensiheﬁalhg mﬂaglméteiJBCérpibggmmsiysancheld prietar@anot her

enb%uzs&ngf@ﬁ E@Rﬁﬁfﬁ?&%ﬁ?@f\g ﬁ Féiﬁﬁé‘ééss% m‘lﬂB'cQﬁ }’rfﬁ je?atle{ﬁgécﬁﬁstd‘ M#Rr@/i

progress reat ment ervention by

sur gereymMiRiddi dagseTRIRHA ras;/'e@{'%‘eq‘rre PEBeTERY feor t the wq*%ttwtae Extariges) wherg a
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f or sgbﬁ@qmantrmfﬁ@ d@grﬁ@a’cto@ ttyfprpctﬁés'p@ @s@ﬂtes|(mmwe|don Kirp& Rssic Neg&@ Raer ei n. The
themﬁpgyglpnﬁg@ngm@an be a small nol ecul e drug, an antibody, a peptide,, an
anti.sense or RNAI nolecule, or other therapeutic nolecules. | n one

enbaodi nent, an individual identified as a carrier of at |east one variant
of taHeicRrPREFRLONHYRNA HiFlyde thA & TROFSIPN o SYRReSIRNA SEP KRS WAlBe of t he
thefpa@etablwaragﬁmxm%atélyQnaﬁmoaaémldlsmnand mfdréwlwa@ww owedmtaffz ed as a

honozygous carrier | east_on t he ese IS
ot uEpesr Bnptidend o Bens FB ke s %5 AP BY e EpBtie R MR M 8 ot her
enbdaligremRNAarseberdl carofnercial gisest fof prtinalsiesignend émthe%?f ofoﬁucbmq'@agﬁ aghe
varwge%ngét&ﬁgsgngpﬁqgebﬂyent|on is instructed to take a prescribed dose of
the it herapeutic agent. In certain enbodinents, the kit further conprises a

set of instructions for using the reagents conprising the kit. Therapeutic
agerﬂtberm@l'vaénonaﬁftoyfd(er&wqeéussRNArmwé@'%a(ﬁYm@ayp% 30 pycigotigesid ensitsi n to conf er
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t herqai?:l%g ée% |;[1 ?engt%t)s TLe latter are na I[,lra y e%)reséedgas Sescrlbed in Amarzguioui et al.
;(FEBS Lett, 579:5974-81 (2005)). Chemically synthetic siRNAs and shRNAs are substrates for in
‘V/'vo processing, and in some cases provide more potent gene-silencing than shorter designs
(K|m et al., Nature Biotechnol. 23:222-226 (2005); Siolas et al., Nature Biotechnol. 23:227-231
(2005)) In general siRNAs provide for transient silencing of gene expression, because their
mtracellular concentration is diluted by subsequent cell divisions. By contrast, expressed shRNAs
pedlate long-term, stable knockdown of target transcripts, for as long as transcription of the
shRNA takes place (Marques et al., Nature Biotechnol. 23:559-565 (2006); Brummelkamp et
al., Science 296: 550-553 (2002)).

:Since RNAiI molecules, including siRNA, miRNA and shRNA, act in a sequence-dependent manner,
;che variants presented herein can be used to design RNAI reagents that recognize specific nucleic
%cid molecules comprising specific alleles and/or haplotypes (e.g., the alleles and/or haplotypes
bf the present invention), while not recognizing nucleic acid molecules comprising other alleles or
haplotypes. These RNAi reagents can thus recognize and destroy the target nucleic acid
i’nolecules. As with antisense reagents, RNAi reagents can be useful as therapeutic agents (i.e.,
for turning off disease-associated genes or disease-associated gene variants), but may also be
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containing, or in |linkage disequilibriumwth, variants (markers and/or
hapl ot ypes) associated yvith UBC, or their products, as well as genes or
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descri cov 6: 561- 569
(20687 ”Llﬁteﬁﬂéﬁ’é” @%/5%416(2(@9?'@”51@‘1’% g B’F’ﬁegr R4%0'4171§egf% (2003), Kurreck,
Eur. J. Biochem 270:1628-44 (2003), Dias et al., M. Cancer Ter. 1:347-55

20 B fotQR3opMémdbretdisdase, Curr.
&n%ﬁ’ene@@gecméd}l%j& lméasew?#ed%%f@%;"oﬁﬁl kBgcﬁ éIOD Ant ?Jé ns'eailfjcl elc Acid
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can
usedo teubjehtecaspiirecthi dafeanal nd@e;c gniddfaganent Heh sworperajent sepair sequence that

supplies the normal/wild-type nucleotide(s) at the site of the genetic defect. Such site-specific
';fepair sequence may encompass an RNA/DNA oligonucleotide that operates to promote
T’endogenous repair of a subject’s genomic DNA. The administration of the repair sequence may
pe 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
%:ompositions suitable for promoting intraceliular uptake of the adminstered nucleic acid. The
genetic defect may then be overcome, since the chimeric oligonucleotides induce the
fncorporation of the normal sequence into the genome of the subject, leading to expression of
the normal/wild-type gene product. The replacement is propagated, thus rendering a permanent
repalr 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
Atreat UBC. Thus, the variants of the invention are useful as targets for the identification and/or
;jevelopment of therapeutic agents. In certain embodiments, such methods include assaying the
iability of an agent or compound to modulate the activity and/or expression of a nucleic acid that
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that are specific for particular variants. Using information about the
variants descri bed herein, antisense oligonucleotides or other antisense
nol ecul eswohato/mpeci fically target nRNA nol ecul es that eomtsdony/@oe7or nore
variants of the invention can be designed. In this manner, expression of
MRNA nol ecul es that contain one or nore variant of the present invention
(i.e. certain marker alleles and/or hapl otypes) can be inhibited or
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éignificantly greater in the presence of the candidate compound or agent than in its absence,

fhen the candidate compound or agent is identified as a stimulator or up-regulator of expression

bf 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

Eompound is identified as an inhibitor or down-regulator of the nucleic acid expression.

The invention further provides methods of treatment using a compound identified through drug
icompound and/or agent) screening as a gene modulator (i.e. stimulator and/or inhibitor of gene

faxpression).



transl ational inhibition by recognizing target sites in the 3" untransl ated
regi ons of nMRNAs, and subsequent nRNA degradation by processing P-bodies
(revi ewedworzotiomuoRossi, Nature Rev. Genet 8:173-204 ( 20@A32009/6obati cal
applications of RNAI include the incavporation of synthetic si RNA dupl exes,
whi ch preferably are approxi mately 20-23 nucl eotides in size, and
pref‘erabl y have 3' overl aps of 2 nucl eotides. Knockdown of gene expression
|s est bl i shed b rpeC|f|c design for the t et MRNA. Sever al
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i ncl z_utée of the marker, or haplotype, is present), then the physician recommends one particular
?herapy, while if the patient is negative for the at least one aliele of a marker, or a haplotype,
_then a different course of therapy may be recommended (which may include recommending that
L’ho immediate therapy, other than serial monitoring for progression of the disease, be
berformed). 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
ﬁo 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
";’fesponded 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,
individuals can be classified with greater certainty to such pre-defined groups.

As described above, current clinical treatment options for UBC include different surgical
procedures, depending on the severity of the cases, e.g. whether the cancer is invasive into the



nodi fications at the 2' position of the ribose, including

2'-O-nethyl purines and 2'- fluoropyrimdines, which provide resistance to
Rnase actwwoi2ow/ioo@er chem cal nodifications are possi blpeTasmokeoover t o
those skilled in the art. The followaddg references provide a further
summary of RNAi, and possibilities for targeting specific genes using RNA :
Kim & Rossi, Nat. Rev. Cenet. 8:173- 184 (2007), Chen Rajewsky, Nat Rev.
Genet. 8 93-103 (2007), Reynol ds, Nat . Biotechnol. 22:326-330
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can be done for example, by monitoring expression levels or polypeptides for several genes
belongmg to the network and/or pathway, in samples taken before and during treatment.
{-\Iternatlvely, metabolites belonging to the biological network or metabolic pathway can be
;jetermined before and during treatment. Effectiveness of the treatment is determined by
é:omparing observed changes in expression levels/metabolite levels during treatment to
gorresponding data from healthy subjects.

In a further aspect, the markers of the present invention can be used to increase power and
effectxveness of clinical trials. Thus, individuals who are carriers of at least one at-risk variant of
’ghe present invention, i.e. individuals who are carriers of at least one allele of at least one
?olymorphic marker conferring increased risk of developing UBCmay be more likely to respond to
a particular treatment modality. In one embodiment, individuals who carry at-risk variants for
?;;ene(s) in a pathway and/or metabolic network for which a particular treatment (e.g., small
Fnolecule 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
;s altered by the at-risk variant, are more likely to be responders to a treatment modality
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res pembé@ media. par ¢exaopleathg m@\:l'@py d@@c_n@r_eq herein may be implemented in hardware,
;Alternatively, the method may be implemented in software stored in, for example, one or more
;fnemories or other computer readable medium and implemented on one or rnore processors. As
is known, the processors may be associated with one or more controilers, calculation units
and/or other units of a computer system, or implanted in firmware as desired. If implemented in
software, 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.
More generally, and as understood by those of ordinary skill in the art, the various steps
éjescribed above may be implemented as various blocks, operations, tools, modules and
i;echniques which, in turn, may be implemented in hardware, firmware, software, or any
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systems or devices, and the like.

frhe steps of the claimed method and system may be described in the general context of
:gomputer-executable instructions, such as program modules, being executed by a computer.
Qenerally, program modules include routines, programs, objects, components, data structures,
:etc. that perform particular tasks or implement particular abstract data types. The methods and
%pparatus may also be practiced in distributed computing environments where tasks are
performed by remote processing devices that are linked through a communications network. In
iooth integrated and distributed computing environments, program modules may be located in
E)oth local and remote computer storage media including memory storage devices.

:With reference to Fig. 2, an exemplary system for implementing the steps of the claimed method
énd system includes a general purpose computing device in the form of a computer 110.

s
i



procedures, depending on the severity of the cases, e.g. whether the cancer
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progress of therapy using any one of these treatment options. Thus, genetic
profiling can be used to select the appropriate treatnent strategy based on
t he Cgemendnts sft campsitasfliPhpay idiude diipre et limitegdg, Haragewsins $iptddct t he

O;Jt %?Jf@m%erﬁ@‘? 1B@rzﬁdcpélE@&e&ﬂﬁ@ﬁﬁ?'ﬂﬁat@@@ﬂléﬁ"varmﬂ sydterd dmpuR@itslInciu@inghe
Stra

ic selection_ o at nen o a ggl nat,i on off aval‘l abl e
t r e SR EFtELPEMERS o Wﬁaﬁrﬂces§’ﬁ%f‘|”'§5tlg$ %@ysg% Efg YO58 87V Hdi vi dual s
is $ympof bmjstfusttttrhemcblylmblarmemanawqﬁs:rmgerkwmntypliﬁnp@ p@!ﬂpfpaithbéﬁta@dfaor mar ker
and/ Qo NRRISHHRG o'%Ta%Héw cﬁt%u%&%b&%sflsn/tvtb%roffé%l%b@ andBotRinR&@BA, | Nvention
also relates to neth nonitorin re tiveness F
treéP?Pe?th'Fe(SFur%S 'l']ﬁéde Wﬂ”éﬁyl%ar@?fdr ﬁgf'{)f‘t‘{fgl({?félbé's 'H'Cboeﬁ%a}nﬁfe[ AEhtest Tt ypes
of ¢EmOapbud, EednventSA (HIES) e Vizro dtargobias 8thndards esagemiot Y pESAnelfabbus,
ihag'aﬂ& ¥Bﬁp@§wﬁqﬁeﬁerhhﬁtevwn'ﬁs&s(péﬁ%ubaeb%m%s e dBgSENt | nvention,

assessl e absence or ‘presence of | east one allele of at
| east one ponnDrphlc mar ker as di scl osed herein, or by nonitoring
expriesmutm 160 tyecedy indhales aneriatysdcompegr wiadable reediar fempwe( readide s and

hapln%d?%)be@ny@ﬁ@nlﬂ@ﬁ%@fa thE‘c\’(%'ﬂtHe%cesIE@W b&hp&%ﬂ@l@é‘ﬂ%cl@&eé theenh encoded
poly ? can be neasured in a tjssue sa ﬁ/ﬂ{ﬁpﬁé@ral ClbI ood
sar‘rﬁ{P@ ‘eo"}“da{‘OBY?i?ﬂJ? Mg &Y OV AR S ANG T TNE 'Fé“%fh?j/ BY Wﬁ’RIO 1%"%an t hus
be det emnbthed chrepurersadabldurddiegmby eathpréset cotrpubarsiidrege imegiaefflect i veness.

A' t%%ﬂ’{dn\’cﬁl Srt(m%ﬂlac%mér Lﬁ%/g{ e el ..Sl&lmfsﬁﬁﬁn @&Wl@%n@ﬁ%\%ﬁw& status of at

ast one ri varil an presented herein is determ ned before and
dur irRRgOYabieanfEIRN - e aYahiptoRdia W'@Wée@ iNAIE8thoR of ERER'PPEIY SRR Ygi cal
net WerokSat@h sIel abedrhsutpiaitdananis inselietdond, dta btractiBesk programm chodalet ot yipes of t he

or eé‘egt &‘l%nvgu%r s%oraégn &2 | Iﬂhésorbgguls%t Eﬁtg& i, '&A’MJ RW’%EQ@SKAOﬂasRm g peptide

| ev 'S can one for éex ression | evels or

pol yp@rp@ﬂvdes»trfeornwft@qhngl@absctbépwngigﬁgl \teésatt'lﬁ?ed'ﬁ‘ést (\WW ox At PPy ARy, in

Ealrrgélt@rg gd avké%jt ﬂfﬁ@&%&&t&n%a@bléﬂld"@pé rrﬂ@éﬁ@ﬁﬂ@sk@tdr@@eﬂ@ﬁ étﬁ@ Magrﬁ&t&hﬁbgd es |
e 0 i ol,0gic olic eterm ne

Dot R0 ot S PP rReBAh Bl " BRIl AEL UL ARl BB ARG oL m e

by cemsaed ngcahmaeved. chanyesicatirrergdia swiicaiy Iembews;G ma@ew i‘etaéam%vel s during

tr e%&ﬁl&hg dQ@%E@%R@&d' pcg;rglﬁtrﬁocfuﬁé%rﬂrr&%rtdlaya ﬁ@hﬁ%@lﬁl&ed |dafb AgridiEhidheds

aspect e nmarkers present inventio F g 0_i ncriﬁlse power
and X 'é?ft"f’i)’ér?é@g“eéftra@ﬁ?"rﬂ E‘&Fhaﬂsi”%l?%d '”?'HE]%S ar?yn‘ﬂ c\ﬂ“ﬂﬂ%rf el B2 cdPfiers of
at Iteaﬁt‘mecﬂlﬂatatl datasdignaitt mass a)ingmdnehanrhesené of muentf itsgharaceeristicedieviodual s who

are carriers, of, Alnh&ast o Wo oge .hf%:rrﬁae?én fAlend & ﬁél %W&fye{igﬁwpﬂ' ChdTRbker

conferring i ncreasea ris eve nor'e to respond to
a pdimitagighagommienarientmegialBciudss wirehmsaia Séﬁ'béﬁi? r‘férﬁfi ”eF"l‘RIF\?FEl'lﬁ%qté"”Wﬁ‘o carry

at - rdoﬁkedﬁ@ﬁ | #at\Gird1@9s media such as acoustic, RF, infrared and other wireless media.
Combinations of the any of the above should also be included within the scope of computer
g;eadable media.
i
;rhe system memory 130 includes computer storage media in the form of volatile and/or
honvolatile memory such as read only memory (ROM) 131 and random access memory (RAM)
132, A basic input/output system 133 (BIOS), containing the basic routines that help to transfer
Enformation between elements within computer 110, such as during start-up, is typically stored
ln ROM 131. RAM 132 typically contains data and/or program modules that are immediately
%ccessible to and/or presently being operated on by processing unit 120. By way of example,
and not limitation, Fig. 2 illustrates operating system 134, application programs 135, other
Eprogram modules 136, and program data 137,
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connecte to the processmg unit 120 t rough 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,

game 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 inciude other peripheral output devices such as speakers 197

and printer 196, which may be connected through an output peripheral interface 190.

ﬁrhe computer 110 may operate in a networked environment using logical connections to cne or
t_nore 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
hode, and typically includes many or all of the elements described above relative to the
2t‘:omputer 110, although only a memory storage device 181 has been illustrated in Fig. 2. The
gogical connections depicted in Fig. 2 include a local area network (LAN) 171 and a wide area
hetwork (WAN) 173, but may also include other networks. Such networking environments are
?ommonplace in offices, enterprise-wide computer networks, intranets and the Internet.



Li kew se, this software nmay be delivered to a conputing device via any
known delivery nethod including, for exanple, over a comrunication channel
such as awvopebsypiesye | i ne, the Internet, a wrel ess connectriismp/@ben7, or via
a transportable nmedium such as a comsuter readable disk, flash drive, etc.
More general ly, and as understood by those of ordinary skill in the art,
the .various steps described above may be inplemented as various bl ocks,
operatlons tool s, nodul es and techni ques which, in turn,
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m cro [?ocessor based s stem; % torgdr boxes progranmmabl e con
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may be lmplemented in a standard multi-purpose CPU or on specifically designed hardware or

furmware such as an application-specific integrated circuit (ASIC) or other hard-wired device as
§Iesired, including, but not limited to, the computer 110 of Fig. 2. When implemented in
%oftware, the software routine may be stored in any computer readable memory such as on a
J‘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
giagnostic 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
communication channel such as a telephone ling, the internet, wireless communication, etc.
(which are viewed as being the same as or interchangeable with providing such software via a
transportable storage medium).

ifl‘hus, many modifications and variations may be made in the techniques and structures
%iescribed and illustrated herein without departing from the spirit and scope of the present
jnvention. Thus, it should be understood that the methods and apparatus described herein are
illustrative only and are not limiting upon the scope of the invention.
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conput er - execut abl e i nstructions, such as program nodul es, being executed
by a conputer. Generally, program nodul es include routines, prograns,

obj ects, worpmmemvs, data structures, etc. that perfor mpgansiosudm@oort asks or
i npl enent particul ar abstract data tyges. The met hods and apparat us may

al so be practiced in distributed conmputing environnents where tasks are
performed by renote processing devices that are |inked through a
communi cati ons network. | n both |nteqrated and djstribute uting

env.ﬁcaﬁ%ﬂwstheﬁ?wﬁﬁwﬂﬁf&a [t SOMRHFEHENRTRTRY 3P BURNF 9 Seaape qyﬁar Phlot e
Conmindridrs aho hagetypesltescribed bietzingo e rmesdtias¢owalg erideyitteiser tahtér (UBIRr ence to

Fi g. Sugh afilic %@%ﬂrb}é u%%(f%F Fo'ins{o% | D HEtn:’id Both5t a‘?Bﬁ/zﬁ’% $H&gﬁé aLzed

met ho system i ncludes a gner a purpose conp inthe form

of éhﬁfdﬁﬁﬁf‘éﬁ” l'mnéﬁ??ﬁﬁﬁ%‘iﬁ‘les”‘@f‘t'@'bw@ﬂ? examnle Pﬁﬁ?‘”? FbetGEiég IPRYREr e not

i mnﬁfﬁﬂnéﬂbn canpéd)ﬁe@wsanngdlunu&l ohzeadamrémaasemml b élb%)%o @odidatsy st em bus

121t t _co v S onent ne ng the systemnenory to
c?t(y’ esgl:floﬁ‘m%§on ?o I'drd pi%@ge 8’\ leIHhI_%lg healecl:argRrowdferéeéer{rnglc types of

bus a@@lwaesw@g prwﬂblqﬁjoradawrmﬁvom@m@rfrmﬁm ger@@mer k4, &:9., BY peri pheral

bus,coﬁqaéima; ﬂh@(@@hotl?jdé dH&l tgnfBYat®h abolegdrRtiY riok fdtys asrthbit@glttitfeasBy Way of
exa tatio %?;bﬁ |te tures include Industry Standard

A ormrieey iy tf Pl ot Pt s et P e PEERLFE" (MCh) bus. Enhanced | SA
(El SA) bus, Video El ectronics Standards Associati on (VESA) | ocal bus, and

Per |Iplgerr\earal eonpenamutarmesdabiimmedie hePcipabliitiss of gorikndndeatdiekiioarition bus,
Conmght £heabd Bnd E&L/.%Ldr% Bk IES hap I ¥Fpé qsryfeeafbumﬁmwrasrer&aﬁ@elleteaﬂﬁh a. .
can e_an e accesse
o 1§ B e S obe ety phoERe e ey B e SoroCossed by
and marker; enﬁ\eaftrtcalenedwfea ha@yotweey innindeidamisiveth WBC avotan indicatat pfothe conput er
rea%fah@nc%@“aélle%&yor%%(e'é%au ?ﬁé&@énéﬁwgrflégeorffﬁ@'rr@q@émy CPIRAMNLGAE) Ay medi a.

Conputer storage media I nclu oth volatile and nonvol atile, rempvable
and rﬁfGFF”F%Hﬁ%\?ﬂ'%‘ nEi réfqr‘?ﬁﬂaé’ﬁ‘%‘i’i?té‘ﬂ‘ R %d'ﬁ%ﬁsr%&aeed?optl@eﬂ%i ‘865}’ dugls- st or age
of IANfeﬂTaﬂ’&élV,OUheS*ElﬁéFErﬁs pOQUTBHineEis arreddbab b&mpla StonitHel gensral dedutath] Bied 1sr es,

pl’ (0] It ut i s not
i mQ e‘lb‘iﬁsgﬁ)(eoé{d%/%%ééﬁg@fat %gp%ng %rabgﬁcggﬁq,{g‘?@ rﬂay B&E‘&?u‘é&n tneg Ogy’

CD- Fé@vperngﬁ caynt\o pleles prd/eN Raedotymvppiesr omcnma“%ﬁﬁltqrcoémermsgwwww

mag ri@tules of:ﬂ@s&@mae&eqm@@ié@ttm atr@aﬁuabrmaatel sargldudde reddNirAg ahe meata@by magnet ic

t t h b dt t d d
P o D% e BB P = e o B R et ©
t ypndqitltw gentlydé esunt® npperticularedidiab beparbistipumeikens segksnae datedibatingsde pr ogr am

modylags R peﬁyh%rrprd@h@s.ﬂldmsaetevwaﬁ\ét@@ddﬁatc%nﬁau%}aie addbidIm@giadnHAthtb 86 Wave_or
ot her ﬁ%ﬁins ort mechani sm and gcl udes angpl nf or nafq:g/?cglﬁdel ivery nmedia. The

t er rHSeFHRYLRT Ef@aea'a‘fa UBG fpy particdlan snaskers gRd pagticular B or nore of its

characteristics set or changed in such a manner as to encode information in
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!nterpretatlon and/or analysis of genotype data. . Thus in certain embodiments, determination
i)f the presence of an at-risk allele for UBC, as shown herein, or determination of the presence of
én 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 disequilibrium therewith. The genotype data is
éubsequently made available to a third party, such as the individual from whom the data
;)riginates, his/her guardian or representative, a physician or health care worker, genetic
ft;ounsellor, or insurance agent, for example via a user interface accessible over the internet,
i@ogether with an interpretation of the genotype data, e.g., in the form of a risk measure (such as
én absolute risk (AR), risk ratio (RR) or odds ratio (OR)) for the disease. In another
;ambodiment, at-risk markers identified in a genotype dataset derived from an individual are
‘%:lssessed and results from the assessment of the risk conferred by the presence of such at-risk
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connection, and wireless nedia such as acoustic, RF, infrared and ot her

w rel ess nedia. Conbinations of the any of the above should al so be

i ncl uded wotzhiomwossve scope of computer readable nmedia. JreTay®vsenoonory 130
i ncl udes conputer storage nedia in th&@ formof volatile and/ or ponvol atile
menory such as read only nmenory (ROM 131 and random access nenory (RAM

, 132. A basic input/output system 133 (BIOS), containing the basic routines
t hat, hel p to transfer information between elenments within conputer 110,
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I npWo0d&Y L 66 Ry (kS DOWR) s5RY, 1G] UG sPChBNINE: 2 kb, 1 kb, 0.5 kb or 0.1
i'<b of the nucleotides that flank the nucleic acid molecuie in the genomic DNA of the cell from
which the nucleic acid molecule is derived.

:g_l'he 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
‘,i?isolated” as used herein. Also, isolated nucleic acid molecules include recornbinant DNA
i[nolecules in heterologous host ceils or heterologous organisms, as well as partially or
substantially purified DNA molecules in solution. “Isolated” nucleic acid molecules also
Eencompass in vivo and in vitro RNA transcripts of the DNA molecules of the present invention.
An isolated nucleic acid molecule or nucleotide sequence can include a nucleic acid molecule or
nucleotlde sequence that is synthesized chemically or by recombinant means. Such isolated
nucleotlde sequences are useful, for example, in the manufacture of the encoded polypeptide, as
probes for isolating homologous sequences (e.g., from other mammalian species), for gene
;mapping (e.g., by in situ hybridization with chromosomes), or for detecting expression of the



joystick, ganme pad, satellite dish, scanner, or the like. These and ot her

i nput devices are often connected to the processing unit 120 through a user
i nput i ntwofan@od®0 that is coupled to the system bus, pat/ismys/dmeoscronnect ed
by other interface and bus structuresg8 such as a parallel port, gane port
or a universal serial bus (USB). A nonitor 191 or other type of display
devi'ce is also connected to the systembus 121 via an interface, such as a
video interface 190. | n addition to the nonitor, conputers nay al so

i nclaghe nbissee (Her iNymapAlssunlt sHEh agdyi Nasthesblt arplysiseen@iher Ydridiaadepr i nt er

196 teadigtidsmay be connected through an output peripheral interface 190. The
conputer 110 may operate in a networked environnment using |ogical
connections to one or nore renote cog@uters such as a renote conputer 180.
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be connect ed to t he systen1bus 121 via the user i nput interface 160, or
envi ron am nodul es
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gl 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
ihe website on the world wide web at ncbi.nim.nih.gov. In one embodiment, parameters for
éequence comparison can be set at score=100, wordlength=12, or can be varied (e.g., W=5 or
W=20). Another example of an algorithm is BLAT (Kent, W.]. Genome Res. 12:656-64 (2002)).

é)ther examples include the algorithm of Myers and Miller, CABIOS (1989), ADVANCE and ADAM
:as described in Torellis, A. and Robotti, C., Comput. Appl. Biosci. 10:3-5 (1994); and FASTA
gescribed in Pearson, W. and Lipman, D., Proc. Natl. Acad. Sci. USA, 85:2444-48 (1988).

in another embodiment, the percent identity between two amino acid sequences can be
'accomplished using the GAP program in the GCG software package (Accelrys, Cambridge, UK).
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appropnate molecular weight. Using these or similar methods, the polypeptide and the DNA
%ncoding the polypeptide can be isolated, sequenced and further characterized.

Antibodies

Polydonal 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 immunoglobulin
fnolecules and immunologically active portions of immunoglobulin molecules, i.e., molecules that
Eontain antigen-binding sites that specificaily bind an antigen. A molecule that specifically binds
to a polypeptide of the inventionl is a molecule that binds to that polypeptide or a fragment
;fhereof, but does not substantially bind other molecules in a sample, e.g., a biological sample,
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Qenerally Current Protocols in Immunology (1994) Coligan et al., (eds.) John Wiley & Sons, Inc.,
New York, NY). Briefly, an immortal cel! line (typically a myeloma) is fused to lymphocytes
(typically splenocytes) from a mammal immunized with an immunogen as described above, and
i;he culture supernatants of the resulting hybridoma cells are screened to identify a hybridoma
broducing a monoclonal antibody that binds a polypeptide of the invention.

i

Any of the many well known protocols used for fusing lymphocytes and immortalized cell lines
can be applied for the purpose of generating a monoclonal antibody to a polypeptide of the
invention (see, e.g., Current Protocols in Immunology, supra; Galfre et al., Nature 266:55052
§1977) ; R.H. Kenneth, in Monoclonal Antibodies: A New Dimension In Biological Analyses,
Flenum Publishing Corp., New York, New York (1980); and Lerner, Yale J. 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.

iAlternative to preparing monoclonal antibody-secreting hybridomas, a monoclonal antibody to a
polypeptide of the invention can be identified and isolated by screening a recombinant
;combinatorial immunoglobulin library (e.g., an antibody phage display library) with the
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i}ntibodies may also be useful in pharmacogenomic analysis. In such embodiments, antibodies
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Vi vo excision, and the cloned insert can be sequenced in either or both
ori entations by artr- ecogni zed nethods to identify the correct reading
frame encodi ng a pol ypeptide of the appropriate nol ecul ar wei ght. Using
these or simlar nethods, the polypeptide and the DNA encoding the
pol y é@gtl de can be isol ated, sequenced and further characterized.
Ant i MRLEG| ycl onal anti bod| es and/ or nonocl onal anti bodi es that
speci fi caIIy bi nd one form of the gene product but not to the other form of
t he Rr.o vi ded ntlbod re al so provided which bind
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i Mmieghakil diidMi@! ecul es and i nmunol ogical |y active portions of
i mmynogl obul in nol ecules, i.e., nolecules that contain antigen-binding

sites that specifically b| nd an antigen. A nolecule that specifically binds
o a Golesjivapf bised spmples andmedick binfarmatiomybe carldectet atithinfodsed cortshat and

pol e iréeewbodrdf dpResvBNG tORESRE withithe FRE1rARH o‘f‘#’lgﬁmnt ially bind other
nol cules in a sanple e.g., a blologlcal sanpl e, | fwhich naturally

cont ol es of noI ctive ortlons of
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pol y dFe the i nvention. The term "nonocl onal
Is ollow up genotyping was performed in sample sets from Leeds, UK (724 cases and

530 controls), Torino, Italy (329 cases and 389 controls), Brescia, Italy (182 cases and 192
t:ontrols), Leuven, Belgium (195 cases and 382 controls) and an Eastern European sample set
;t)btained from the German Cancer Research Center (DKFZ) in Heidelberg (213 cases and 521
gontrols).
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1. Icelandic study population. Records of all urinary bladder cancer diagnoses were
obtalned from the Icelandic Cancer Registry (ICR) (http://www.krabbameinsskra. is). The ICR
contams all cancer diagnoses in Iceland from January 1, 1955. The ICR contained records of

‘.t 642 Icelandic UBC patients diagnosed until December 31, 2006, and all prevalent cases were
ehg|b|e 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
f‘ecruitment clinics. Participants in the study donated a blood sample and answered a lifestyle
questlonnalre A total of 545 patients (76% males; diagnosed from December 1974 to June
2006) were included in a genome-wide SNP genotyping effort, using the Infinium II assay



anti body" or "nonocl onal antibody conposition”, as used herein, refers to a
popul ati on of anti body nol ecul es that contain only one species of an

ant i gen bwodbngosiove capabl e of i mMmunoreacting with a pactriiswbsecoepi t ope of
a pol ypeptide of the invention. A nondclonal antibody conposition thus
typi.cally displays a single binding affinity for a particular polypeptide
of the invention with which it i mmunor eacts. Pol ycl onal antibodi es can be
prepared as descri bed above by immunizing a suitable subject with ia
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YorkSt‘(‘Ji’é%?ﬁtjc'paé'ﬁ%W%theérge P8y, Biol. Med. 54:387-402 (1981)). Moreover,

the ordinarily skilled vvorker will appreciate that there are many
var l:at | OINijMtgén Biladiriricatheel BAlLdyD tB® NoERE it (e LarAbbRus Kiénentp).
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scr etém Hgces-eaeyrdovAgy membership.html). The Nijmegen Bladder Cancer Study identified
patlents through the population-based regional cancer registry held by the Comprehensive
cancer Centre East, Nijmegen that serves a region of 1.3 million inhabitants in the eastern part
X(Z)f the Netherlands (www.ikcnet.nl). Patients diagnosed between 1995 and 2006 under the age of
75 years were selected and their vital status and current addresses updated through the hospitai
information systems of the 7 community hospitals and 1 university hospital (Radboud University
j}lijmegen Medical Center, RUNMC) that are covered by the cancer registry. All patients still alive
bn 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
to fill out and blood samples were collected by Thrombosis Service centers which hold offices in
%II the communities in the region. 1,651 patients were invited to participate. Of all the invitees,
f'},082 gave informed consent (66%): 992 filled out the questionnaire (60%) and 1016 (62%)
i)rovided a blood sample. The number of participating patients was increased with a non-
;E)Verlapping series of 376 bladder cancer patients who were recruited previously for a study on
gene-environment interactions in three hospitals (RUNMC, Canisius Wilhelmina Hospital,
h'IF\”J‘megen, and Streekziekenhuis Midden-Twente, Hengelo, the Netherlands). Ultimately,
L

4
4



conmbi natorial immunoglobulin library (e.g., an anti body phage display
library) with thepol ypeptide to thereby isolate i munoglobulin |library
menber s twet2otwmassphe pol ypeptide. Kits for generating aouaswmpeenddtg phage
display libraries are cormmercially available (e.g., the Pharnacia
Reconbi nant Phage Anti body System Catal og No. 27-9400-01; and the
Stratagene SurfZAP(tm Phage Display Kit, Catal og No. 240612).

Addi ti ona %L¥ exa Ies L met hods and reagents particularly anenable for
ise PSR PTRTIS AL PO SHEPIAR WPBRIF RIS Iy 219 Bicht yOR BRI ound i n,
for rexseayvedy. AU.tRe pﬁﬁrﬁmthal\l@leréseﬂ%m%h%ly@a@[m@BQV&))HNNG of YéIr-5hoht8619;
PCT 727 PCT
N e T A S o
PubIRREEARAGES Were MErD PREA 0m Wmestaga H1d ¢ats BAreNRRIAINEs Yppumiehe canmet

Publregiatry.on No. WO 90/ 02809; Fuchs et al., Bio/Technology 9 : 1370-1372
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ni cal cedure or exanpl e erm ne e efficacy
of dﬁgPV6ﬁmﬂﬁ@EWW%h%mﬁ@§|nen The anti body can be coupled to a detectable
substance t o facilitate its detection. Exanples of detectable substances
i nclaide viatelds BIadlor\CiBcer StOd), Biited RingUpm (ﬁzbum-.enﬁmkﬂtratawiml S,
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d| cr(erRbT)rwlazhawmrawpu@y beerofogsd eirnyere avssghuartilyshpde, torhaphycskeliat talii n;
:;arcinoma of the bladder were included. Exclusion criteria were significant mental impairment, or
? blood 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
Tt'he 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
)outpatients and ophthalmology inpatient and outpatient departments at St James’s Hospital,
}Teeds, from August 2002 to March 2006. All controls of appropriate age for frequency matching
i{/vith the cases were approached and recruited if they gave their informed consent. As for the
Z’cases, exclusion criteria for the controls were significant mental impairment, or a blood
:éransfusion in the past month. Also, controls were excluded if they had symptoms suggestive of
'bladder cancer, such as haematuria. 2.8% of the controls were non-Caucasian leaving 545
taucasian controls for the study. 71% of the controls were male. Data were collected by a health
guestionnaire 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



an exanple of a lum nescent material includes |umnol; exanples of

bi ol um nescent materials include luciferase, luciferin, and aequorin, and
exanpl es w0 2810vdoadbe radi oactive material include 3H Arcrhsmoesooey al so
be useful in pharmacogenom ¢ anal ysisi6 | n such enbodi nents, antibodies
agai-nst variant proteins encoded by nucleic acids according to the

i nvention, such as varlantprotelns that are encoded by nucl eic acids that

contain at | east one %er of the invention, an be used to
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5 The Brescia bladder cancer study, Italy (PI: Dr. Stefano Porru). The Brescia
:l(aladder cancer study is a hospital-based case-control study. The study was reported in detail
Previously (Shen, M, et al. Cancer Epidemiol Biomarkers Prev 12(11 Pt 1):1234-40.(2003)). In
§hort, the catchment area of the cases and controls was the Province of Brescia, a highly
i‘ndustrialized 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 subjects was 216
cases and 220 controls. The response rate (enrolled/eligible) was 93% (N=201) for cases and
97% (N=214) for controls. Only males were included. All cases and controls had Italian
natlonallty and were of Caucasian ethnicity. All cases had to be residents of the Province of
Brescna, 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
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prepared agai nst specific protein fragnents containing sites required for
specific function or against an intact protein that is associated with a
cell or owblomenwisvane. For adm nistration in vivo, an amCirhsmyo/emeyrbe
linked with an additional therapeutic7/payl oad, such as radi onuclide, an
enzyme, an immunogenic epitope, or a cytotoxic agent, including bacterial
toxi ns (diphtheria or plant toxins, such as ricin). The in vivo half-life

of an anti or a fragnment thereof be increased b th h
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wer @peak Dutch. The median age of the patients was 68 years. 86% of all the patients were males.
[—'or the recruitment of controls, a request was made to the “Kruispuntbank” of the social security
for simple random sampling, stratified by municipality and socio-economic status, among all
C|t|zens 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
(nales Three trained interviewers visited cases and controls at home. Information was collected
through a structured interview and a standardized food frequency questionnaire. In addition,
ti)iological samples were collected. Preference was given to blood samples. However, if this was
;tefused by the participant, buccal swabs were collected (less than <5% of all participants).
éenomic DNA was extracted from peripheral blood lymphocytes or buccal swabs using standard
fnethods. Data were collected on medical history, lifetime smoking history, family history of
bladder cancer, 20-year residential history, and a lifetime occupationa! history. Based on the
ijfetime occupational history, occupational exposure to PAHs and aromatic amines were blindly
;eoded by two experienced occupational physicians. A standardized food frequency questionnaire,
derived from the IMMIDIET study (Iacoviello, L., et al. Nutr Metab Cardiovasc Dis 11(4
$upp|):122—6 (2001)), was used to register nutritional characteristics. Finally, blood levels of

;éelenium and cadmium were measured. An exact response rate of the cases is not known
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eligible to participate. The nmean participation rate for newy di agnosed
cases was 65% Patients Were recruited by trai ned nurses on behalf of the
pat i ent s'woreswdomgophysi ci ans, through special recruitmeat/siongiecesn?
Participants in the study donated a bi8ood sanple and answered a lifestyle
questionnaire. A total of 545 patients (76% mal es; di agnosed from Decenber
1974 to June 2006) were included in a genome-w de SNP genotyping effort,
using the Infinium assaynet hod and, either the Sentrix HumanHap, 300 or
RS ReN6 PAUG RBUR8 S o 7 O ST ANG BPATSS5Peess |G POHI LS PR wer e
suceasisvasy~ genotiyfeded Zfdsrsemadamtaged aromdillagpniospats amd dlelstuynsant i ng

cas Y/ - r 1 r all
UBCg at1en sth?é%ﬁi' al@%\%%g%%ﬁ% gghe\érgg&é%r?’?l?%)?g%lﬁgﬁeé@%eﬁ%%?%uejegi years,
SD Eelgl]é)n used in this study consisted of individuals from other ongoing
genone-w de associ ation studies at deCODE. The controls were absent from
t he znat i sheliedetdrnBurope sBfdynpdpdation GRISOIDH RYjiV Kunbeer 3eRDr.Seamyl es from
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uni ver os I tal Iversit | megen i cal Center, RUNMC)
t hatCO%FF%!S &%?eédo Bye ?‘Héy Werfclakeryigyed by éa'”ﬂfj |Pef§aﬁﬂeé ﬁﬁg campleredz gengel

lifestyle guestionnaire. Ethnic background for cases and controls was recorded along with other
&haracteristics of the study population. Local ethical boards approved the study plan and design.
jc:lassification of “low risk” and “high risk” patients. Based on stage and grade information,
%Il patients were classified with regards to risk of progression. Patients with low risk of
brogression were defined as having TNM stage pTa in combination with WHO 1973 differentiation
Qrade 1 or 2 or WHO/ISUP 2004 low grade (Epstein, 1.I. et al. The World Health
brganization/International Society of Urological Pathology consensus classification of urothelial
?{transitional cell) neoplasms of the urinary bladder. Bladder Consensus Conference Committee.
Am J Surg Pathol 22(12):1435-48 (1998)). All other tumors were classified as high risk of
i)rogression (stage pTis or = pT1 or WHO 1973 grade 3 or WHO/ISUP 2004 high grade).



pn August 1, 2007 were invited to the study by the Conprehensive Cancer
Center on behalf of the patients' treating physicians. | n case of consent,
pati ents werelmemooa |ifestyle questionnaire to fill outcanstobd/@moch7sanpl es
were coll ected by Thronbosis Service ®enters which hold offices in all the
communities in the region. 1,651 patients were invited to participate. O
all the invitees 1,082 gave infornmed consent (66%; 992 filled out the
que(tfl onnaj re 9 and 1016 (62% provided a blood sanple. The nunber of
par tYVIPRIEg ‘o’t?" 8Ws was increased with a nonoverl apping series of 376
bl adder cancer patients who were recruited previously for a study on
gene-environnent interactions in three hospitals (RUNMC, Cani sius
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22, 538 wh t%lélﬁf{%lwség‘es,c??a%r?ﬂ%&a e°§ﬁﬂ%‘ft¥@ess%|r'§ & ﬁéﬂ?f—’ﬁ P¥PIBY N j negen.
mntmasformﬁdlllvmaar@ Gantanruflevdd 3 9BB¥n Bi onedi cal Study were invited to
participate in a study on gene-environnent interactions in multifactorial

di seases, such as cancer. Al the 1,832 participants in the present study
arestatlsﬁéa‘waaan;stged Eur opean descent and were fully informed about the
goal's and the procedures of the study. The study protocols of the Nijnegen
Bl adder Cancer Study and the Nijmegen Bi onedi cal Study were approved by the
| nstAssatiabinalanRéxsiew IBetinebdafrotdierdiidNMDdaaind agirkvistuplyblisatijngcGretagsdotting i t t en
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Al Kilt

s? 3396 h%ﬁ?lé‘aﬁ%?m%réﬁar%%tt%?wtﬁm e %@Rtvpe a&'nd'\étﬂuaét andgplh SitRsyeaerier( irz)
226%haB a(2O0H)ak wak higHer ttedh, 9394t evdrg sfutlp ardupe Ths SNPgs4degmEotament of St
203%&620'1@7%5%%4&)5 p'atpcso?'tt@hum'ag%gsquzhsmgﬁgmwo%t LD, PHOMRLE SRt 0 Mar ch

atients atte 0SCO Fansure
r eséCPISRf B 'argsﬂ'éﬁtmc EANOH se(ttaemet*)aswlltdceﬁwwp@é% aus awlnﬁe/ectvatsdmw theor wer e
SubSJelﬁHJthﬁidy)grsdmeWbre gendtayel by ahfleliaak asRls. We tested the association of an allele

to UBC using a standard likelihood ratio statistic that, if the subjects were unrelated, would have
%symptotically a x* distribution with one degree of freedom under the null hypothesis. Allelic
;*requencies rather than carrier frequencies are presented for the markers in the main text.
)?\Hele-specific ORs and associated P values were calculated assuming a multiplicative model for
the two chromosomes of an individual ( Falk, C.T., Rubinstein, P. Ann Hum Genet 51 (Pt 3):227-
53 (1987)). Results from multiple case-control groups were combined using a Mantel-Haenszel
;model ( Mantel N, Haenszel W. J Nat/ Cancer Inst 22(4):719-48 (1959)) in which the groups
were allowed to have different population frequencies for alleles and genotypes but were
assumed to have common relative risks.

7

Correction of the GWA studies by genomic control. To adjust for possible population
:etratification and the relatedness amongst individuals, we divided the x? test statistics from the
?ndividual scans using the method of genomic control ( Devlin, B., Roeder, K. Biometrics
?5(4):997-1004 (1999)), i.e. the 302,140 x* 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
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Carci noma of the bl adder were included. Exclusion criteria were significant
mental inpairnment, or a blood transfusion in the past nonth. All

non- Caucasoans/ooesse excl uded fromthe study | eavi ng 764 ppaiismnd/&0007

Genot ypi ng was successful in 724 patissnts or 95% The nmedi an age at

di agnosis of the patients was 73 years (range 30-101). 71%of the patients
were male and 61% of all the patients had a low risk tunor (pTad/2). The
controls were recruited fromthe otol aryngol ogy outpatients and
ophtTHATHBIAYFIL!E AR4)i Ritof afef‘dcfb&ﬂb%rﬁ%tst'&e%sw%m gftefadBistyeRte 398N IR t al
Leedsi-sduacaniifttigpusén. 2002 t o March 2006. All controls of appropriate age for
frequency matching vm'th the cases were approached and recruited if they
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Cas EOBRRIIGH Thg ERESF'atPPé%e?’VG(qBI"é R s c-iyqrndgpe gﬁmtwqwfmsw rsgﬁé%%’ Vi nei s).
The wesuested by ramesihgitbe MLRB ohdhe rmorribleﬁdrd@upnes@nderats’askdwalmteeoﬂm%meb,ogy

depa;se u@ﬁﬂg% ﬁor% {& B for umai%'&@dd mé LNl qﬁ&géﬂ@o@t"xf'flgr"a'ﬁ??ﬂ

. ncer enlo onmar Ker s rev
| ) @%@teﬂafezrﬁbaiyqnesm%% '%ﬁ'\éd'éﬂW bta%&%tir@rseﬁ@wpe%tjw%dh@écemdjﬁear s ( medi an
63 yeasH)gedtthrevividngdédaribdte(SterahstanRE, I @Rl Vitasenat 87 2): They208) R TReWM Y

d| a pgoseéis Q%%}gggzgweereg%ges%g 0?6% lvyash}!]e_db'ﬁ%?l ogically confirnmed, invasive

N si ancer. patrents with i nformation on st age
and ‘grade, 56% were low risk (pTad/2). The source of controls are urol ogy,
nmedi.cal and surgical departments of the same hospital in Torino. All
conﬁftﬁué- &re Caucasian men resident in the Torino nmetropolitan area. They
mere di agnosed and treated between 1994 and 2006 for benign di seases (such

as erpl asi St i ni as,__he rt f ure
ben%naéengoﬁcypcil d?ggscg%s an&?f' 2% ConErof hfrom S g5 Wl olr%geﬁaﬁﬁé aniigggs an
srn)l(:P'mfgth'i3 &loat 'og ’@@miaﬂ@%@fsth@éﬂlénmpaﬂ@’(ﬂ*umh@ﬁ%m dvo BepslChfpsdTele 2bont roI S

Was apér y&asand Sﬂmﬁmﬂ@ LRty 4dntrddhaciees®, €4 SR ﬁé"em!st@d Rireksseaiiienal
Iaz;[jeé%'nfﬁl@efrﬁ%]és w&ref a@gstse%)r&#rd*el’ércee%egsube%wegnn{?1 Vi ua}soanldrt%re ;go\éelenet\llgl both cases

populatlon stratification using the method of genomic control.

No single SNP reached our genome wide significance threshold (P<1.6x107; corresponding to
Q.05/302,140) either in the combined or individual analysis of the Icelandic or Dutch GWA
;ample sets. The 10 most significant SNPs (all P<5x 107, see Table 1) were genotyped using
Centaurus single track assays in additional 1,643 UBC cases and 2,014 controls from five follow
Up groups all of European ancestry (Table 2).

;;The strongest association with UBC, reaching genome wide significance in the overall analysis of
fhe discovery and follow up groups, was observed for the T allele of rs9642880 at 8924.21
(comblned odds ratio (OR)=1.23 (95% confidence mterval 1.16-1,31), P=2.82 x 10™). This was
followed by rs710521 (A) on 3928 (combined OR= 1 20 (95% CI 1.12-1.29), P=3.38 x 107)
(Table 1). Both rs9642880 and rs710521 were nominally significant (P<0.05) in the combined
anaIyS|s of the follow-up groups. The association of the 8 other SNPs to UBC did not significantly
repllcate in the follow up groups.
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were col |l ected on denographics (age, sex, ethnicity, region and education),
active and passive f snoking (including brand and tobacco type),
occupat i ovael2omxpe®ur es, drug use, famly history, intakecwofisfooaedoend
veget abl es, tea and coffee intake, argdl fluid intake. For cases, additional
data Were collected @n tunor histology, tumor site, size, stage, grade, and
treatnent of the )Eﬁ@pry funor. The response rates were 90% for cases and
75% f or controls gSﬁitlng in 333 cases and 392 controls. Ethical approval
for the study obfai ned from Conitato Etico Interaziendale, A O U San
G ovanni Bati s @u @A). C. T.O/ Maria Adel aide. 5. The Brescia bl adder
cancer study, §t@ % gg Dr. Stefano Porru). The Brescia bl adder cancer
study is a hogg sed case-control study. The study was reported in
detai | previouSly|(Shen, M et al. Cancer Epideniol Bionarkers Prev 12(11
Pt 1): 1234-40. (2) I35 . In short, the catchnent area of the cases and
control s was t heProvi nce of Brescia, a highly industrialized area in
Northern Italy (mainly netal and nechanical industry, construction,
transport, textil ><)Ebut also with relevant agricultural areas. Cases and
controls were gn% Iéﬁ in 1997 to 2000 fromthe two main city hospitals.
The total nunbgr ellglble subj ects was 216 cases and 220 controls. The
response rate &en albed/ellglble) was 93% (N= 201) for cases and jJ7%
(N=214) for cogtP ﬁsﬁ Only mal es were included. Al cases and controls had
Italian nation Im @ and were of Caucasian ethnicity. Al cases had to be
residents of t ovi nce of Brescia, aged between 20 and 80, and newy

di agnosed mﬁtH‘h& tolpgically confirnmed bl adder t cancer. The medi an age of
the patients wasofp3d years (range 22-80). 29% of all the patients with known
stage and grade had a low risk tunor (pTad/2). Controls were patients

adm tted forvagio S,Q;Q;Qgﬁgag @pﬂgneoplastlc di seases and were frequency

mat ched to casBse O &9¢: BOSpEta >and period of admi ssion. The study was
formally appr ofed g&;ghgggtﬁ @aE connlttee of the hospital where the
mej ority (ﬁf sufj e ts were re (L”Ulted A witten infornmed consent was
obt ai ned fg om 31T part i:ci:paﬂtg. ln.Dgta were collected fromclinical charts
(tunor hls—tolo ye| &l tel gr adey gtage, treatnents, etc.) and by neans of
face-to-face |nt£ Vi éws: durtng RoSpital admi ssion, using a standardi zed
sem -strucd ur el guestionnaire. The questionnaire |ncluded data on

S & FhiTi’y] Fedi on, education, residence, etc.),

denogr aphigs (S g
occupati orp (i i e imhdustrialr étt|V|ty, j ob title and i ndividua
activities spec ic evaluation for PAH and aromati c am nes), snoking
(I|fet|nec,actgv§ Qng pagglye er non and ex-snokers), diet (food
frequency,swtH & §§kscqﬁ5f&u%¢° veget abl es and PAH contai ni ng foods),

[*))

liquid coﬁ;unpglen (al cohol, water, soft drinks, coffee, tea), diuresis,
certain emirofinent al exposures (Iifetlne reS|dent|aI hi story, PAH, water
chlorlnatﬂbn bygr ¢ducts), leisure tine activities. |1SCO and |SIC codes and
expert asg;essmaﬁvH CO<CC <O
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were used for occupational coding. Blood sanples were collected from cases
and controls for genotypi ng and DNA adducts anal yses. 6. The Bel gi an Case
Control Svodyioaf4Bbadder Cancer (Pls: Dr. Frank Bunti nxpamdsioe/ooveorr i ce
Zeegers). The Bel gi an study has been &eported in detail ( Kellen, E et al.
Int J Cancer 118(10):2572-8.(2006)). In brief, cases were selected fromthe
Li mburg Cancer Registry (LI KAR) and were approached through urol ogi sts and
gener yfabls .ﬁ.Cbésf,dri?ﬂ&{ 5f thBlchseC@as! Youss tdeagnasestudis h hi st ol ogi cal Iy
confirmed urothelial cell carcinoma of the bl adder between 1999 and 2004,
and were Caucasi an inhabitants of the Bel gian province of Linburg.
Exclusion criteria ere nental sickness or incapacity to conprehend the
guestions or unable to understand or kfwesigePgech. The nedi an age of the
patients was 68 years. 86% of all the paliagensis viemelesral es, for the

recr ui stodyGroop cont r ol s, #cases eqiiemtirolsas rteage)t 0 t (rasesSKr ui s§iudy tyaek" of t he

soci al pg&ibyidriuds@Enal pl e random sanpling, stratified by nunicipality and
soci o- 259 mc status, anong,al |3f_1:(54i zen (39-% 50 YRar s atiglggasgp t he

pr ovi n%g%bse uently, an |%ita' on |le #@rg S ser]gt t[p t ? sel ected
subj ecte NeEHAUE t he " Kkr ui Spift bah®2 Ext4 @%h cri t%r i 2PAGFR R¥edont r ol s
were simlar as those for the cases. The nedi an age of the controls was 64
year s; FdloWupfGrolygs controls were nales. Three trained interviewers visited
cases grRfeémntrol s at home. 7inf or nedo on7yvee-waj | ect ed t huaapigdr-basest r uct ur ed
i nterviawdntb,)a standardi zeigbood 3deauepLMmogapst | oppal Ngspitdl.naddi tion,

bi ol og|. cal_ s |l es were col [ ected.  Prefe € s gjyen tao bl ood sanples.
Howevellé,':Iy HeR{ s was refuse y thleﬁpartég{ﬁgﬁwi bu%:o\(@al %’v‘?ﬁ%s'%ased

wer
col | ecBegup|les¥enr) han <5% of 138 1 pa?ta ci p%@“g)g?’) GenorfiSc EREA'aHa8 b%%?ﬁr act ed
f r om pEastgpiBurape {pHluagaly,! ynphocyt es or buccal swabs using standard nethods.
Dat a wedeartf)Sloeddizdd on nedi e hi sszry, 6% 36t90pe s ngHdspisdldiased fam |y
hi story of bl adder cancer, 20-year residential history, and a lifetine
occupati.onal history. Base t { fetime occupational history,
occupaﬁtgﬂal exposure to P%‘Iil&swan%é?éérdormti c amnes were blindly coded by two
experi
guestionnaire, derived fromthe | MM D ET study (lacoviello, L., et ai. Nutr
Met ab Cardiovasc Dis 11(4 Suppl): 122-6 (2001)), was used to register
nutritional characteristics. Finally, blood | evels of eleniumand cadm um
were nmeasured. An exact response rate of the cases is not knownbecause the
participating clinicians did not register the non-responders. The response
rate of the controls was 30% Informed consent was obtained from all
participants and the study was approved by the ethical review board of the
Medi cal School of the Catholic University of Leuven, Belgium 7. The
Eastern Europe study population (Pls: Dr. Rajiv Kumar and Dr. Tony
Fl etcher). The details of this study have been described previously (
Thirumaran, R K, et al.




Car ci nogenesi s 27(8):

1676-81 (2006)).

Cases and control

S were recruited as

part of a study designed to evaluate the risk of various cancers due to

envi r onmewoab1en0$®ni ¢ exposure i n Hungary,

2002 and 2004. The recr
Bekes,

Csongrad and Jasz- Nagykun- Szol nok in Hungary;
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Bi hor and Arad in
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® For the combined study populations, the reported control freyt

? Results presented for Iceland and the Netherlands were individvgi
estimated using the Mantel-Haenszel model.

All P values shown are two-sided. Shown are the correspondm
ratio (OR) with P values based on the multiplicative model.




deened usabl e due to

consi stency in genotype frequencies between the two arrays.
r at e 020v®438 %
Genetics in Reykjavik,

cal |

(Nanogen) (Kutyavin,

yield, faithful ness to Hardy-Winberg expectati ons and
Al'l sanpl es had
Al'l follow up genotyping was car r iP€t/Isa009/impocte CODE

| cel and appl yi ng &ingle track pentaurus assays

LV. , et al. Nucleic Acids Res 34(19) :el 28 (2006)).

The quality of the Centaurus SNP assays was eval uated by genotypi ng each
assay in the CEU HapMap sanples and conparing the results with the publicly

rel eased HapMap dat a.
| i nkage di sequilibrium (LD) test was used for

The concordance rate

(I''lum na and Centaurus) was >99. 5%
A likelihood procedure described in a previous publication (
S, et al.
the NEMO software was used for the association anal yses.

anal ysi s.
G etarsdottir

made to genotype alg
hi gher than 95%in &
not a part of the Hg
subset of the |argeé
and al |l individual g
track assays. W tesy
st andard |Ike|lh00do
woul d have ' asynpto%
under the null hypa2
frequencies are preas
ORs and associ ated f
for the two chronosp
Hum Genet 51 (Pt 3):

groups were conbi ned
J Natl Cancer | nst

assunmed to have co
genom c control. To

rel at edness anDngstg
i ndi vi dual scans us$
K. Bionetrics 55(4)g
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Net her | ands, respec§
pl ot of the chi-squa
ehi -square distribug
c-Mc in whole bloo§

p

R2
0.838760 '0.354058

Dt

F

snp2

R
tohavedifferentp-%pﬁ@zg
ndpH el ative risks.

Assays with >1.5% m smatch rate were not used and a
mar kers known to be in LD
of genotypes derived fromthe two genotyping platforns
Statistical anal ysis Association
Nat Genet 35(2): 131-8 (2003)) and inplenented in
An attenpt was
8rigli vidual s and all SNPs reported had a yield that was
Verly study group. The SNPs rs4645960 and rsl 6901979 are
ran Hap300/ HumanCNV370- duo chi ps. For these SNPs, a
celandic control set as well as all Icelandic cases
from the ot her study groups were genotyped by single
ed the association of an allele to UBC using a
fatio statistic that, if the subjects were unrel ated,
cally a c2 distribution with one degree of freedom
hesis. Allelic frequencies rather than carrier
pateed for the markers in the main text. Allele-specific
Val ues were cal cul at ed assuming a nultiplicative node
es of an individual ( Falk, C T., Rubinstein, P. Ann
BRKn 33 (1987)). Results fron1nu|tip|e case-contro
msmng a Mantel - Haenszel nodel ( Mantel N, Haenszel W
719-48 (1959)) in which the groups were all owed
lation frequencies for alleles and genotypes but were
Correction of the GM studies by
adj ust for possible population stratification and the
ndi vi dual's, we divided the c2 test statistics fromthe
hg the nethod of genomic control ( Devlin, B., Roeder,
DO7-1004 (1999)), i.e. the 302,140 c2 test statistics
[oEgans, which were 1.04 and 1.075 for Iceland and the
geaby. Appendix Figure 1 is aquantile-quantile (QQ
e statistics, before and after adjustnent, against the
o Correl ation between genot ype and expressi on of
bqg adi pose

o .

L‘T" W

¥

1.000000 0.289805

P

All markers with r2 >0.2 with rs9642880 (1Mb each side)

Table 4:
Cco8
snp1

rs12547643 rs9642880
rs17186926 rs9642880



ti ssue. c-Myc expression was anal yzed in whol e bl ood and adi pose tissue
from 744 and 602 individuals respectively and correlated with rs9642880
genot ype woanusno49ol | ecti on of whol e bl ood and adi pose tcsdasmos@opi7es, MRNA
i solation and expression profiling we described previously ( Emlsson, V.,
et al. Nature 452(7186):423 (2008)). Expression changes between two sanpl es
were quantified as nmean logarithm (log 10 ) expression ratio (MR), i.e.
expression ratios conpared to background corrected intensity values for the
two channels for each spot on the arrays ( Schadt, E.E., et al. Nature
422(692@9"82@7 302 (2003). The hybridizations went through the standard QC
process . signal to noise ratio, reproducibility and accuracy at
spi ke- |ﬁ npounds. The correl ati on between MR for c-M/c and the genotypes
of the %PSF@%’H@E{%GOM’W%@P% (H¥P pGrE88i ng the MLR s on the nunmber of
copi es gfPlt he atsnpRsk TRl lel eRef rso@ RO SESR i po
f or whotse7dobemd, rstios20i Tofavees® I0aloeiicodd8easl countoo Al | P-198b46,36aner €3
adj ust eglogmsl eIr@m@lﬁlﬁs§).ez>tsostshé)_.209ﬂzovf3cizaalcs_ by siadoat i ng 19gom, ypmes tiar ough
the | celsaggia6 9682M-90Y RRoRHe bl Ausdoy 20escki bed (HiAf anssap ok 37set ak. Nat
Genet 3% zingrsx_ )7090-5% Ws%?@ss“%%etl% rest £hja exprasspaispf c 1'85’0
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for pot enl192415]popEdosel orO 887856 |0f36¢%241 dnl9us1|0n t hg8,58@ hod dPLgehoi ¢ 21

cont r ol rs3XB988 Ngls210BMP feesnabasd ‘0ouD6Tye [TETR - Mi de si2gpB3 i canael,066,83shol 2
(P<1. 6xks@rghpaz or isempendingoba 0.2396:302,248410) "ei t heysg n t hasgoehdoed @3

i ndi vi dugbosanal yisifosof Thevob&eloddie Brzobutich GMzgasp! e selses, 7 1Ganmost
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r $71052is168190n 3gRB2( ¢ Gutsined 0GRs75E, AR1EAB% CI  BALES 1. 29)191,873588 X 0 7)
(Tabl e Jgre13Bot h weRB428800cmoch fos8¥6532 . overs homi ajoby si gniofjoszots (P<. 05)
in the caebiosed RnRisysi S1.@oodd1®.4:85320% di- B SUpPs .37 508 assoweh,abi,ees of 3she 8
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o6 rs710521

O 572167 O 230853 4 88e-06 45,256 191,020,320 36

|r>()|él<

rs4687100 rs710521 1.000000 1.000000 1.15e-35 =~ 48,656 191,093,720 37
rs9681004 rs710521 '0.582182 0.255506 3.21e-07 = 48,824 191,093,888 38
rs4687102 rs710521 '1.000000 0.929204 4.84e-31 54,172 191,099,236 39
rs17514925 rs710521 '1.000000 '0.964222 1.37e-33 55,179 191,100,243 40
rs7628595 rs710521 '1.000000 '0.930070 4.16e-32 56,126 191,101,190 41
rs7642848 rs710521 '1.000000 '0.397993 2.05e-15 65,702 191,110,766 42
rs12493699 rs710521 '1.000000 '1.000000 1.15e-35 68,069 191,113,133 43
rs12490406 rs710521 0.960724 '0.883996 2.21e-25 68,279 191,113,343 44
rs1447931 rs710521 '1.000000 1.000000 4.23e-34 = 69,189 191,114,253 45
rs4479569 rs710521 1.000000 '1.000000 2.74e-34 " 69,562 191,114,626 46
rs4687103 rs710521 '1.000000 1.000000 1.78e-35 " 70,294 191,115,358 47
rs4687104 rs710521 '1.000000 1.000000 5.11e-35 70,530 191,115,594 48
rs12491886 ‘rs710521 1.000000 '1.000000 1.15e-35 = 75,217 191,120,281 49
rs11706540 rs710521 '1.000000 '1.000000 '1.15e-35 i 78,683 191,123,747 ' 50

rs837776  rs710521 '1.000000 '0.358974 3.24e-14 81,230 191,126,294 51
r 4 "
rs710555  rs710521 '0.580974 0.214793 1.45e-06 139,075 191,184,139 52



Seq I D Position Avg. control Genonme w de associ ati on FoUow up groups
AUconbi ned SNP Chr onosone AUele No BuUd 36 frequency OR 95% ClI P OR 95% Cl
P OR 95%WwWD 2P1v®@®42880 1 8 128,787,250 T 45% 1. 21 1.12PCT3%2089/0080070 6 1. 27
1,15-1,39 2.72x10 6 1.23 1,16-1,31 2.828 O u rs7 10521 2 3 191, 128,627 A
73%1.23 1.13-1.35 7.1x10 6 1.16 1,03-1,29 7.1x10 6 1.20 1,12-1,29
3.38x10 7 rs 12982672 3 19 40,960,311 G 91% 1.33 1.17-1.52 2.35x1 0 5
rs12584999 4 13 85,735,283 A 20% 1.24 1.13-1.36 2.02xI0 5 rs233716 5 12
111,524,326 A 59%1.22 1.12-1.33 3.69x1 O 6 rs233722 6 12 111,515,857 T 59%
1.22 1.12-1.33 3.3IxI10 6 rs10240737 7 7 131,715,919 A 89% 1.32 1.16-1.51

1.8IxI0O5 rsl 74 &689 8 2 dpB7,706,145 G6% 1.36 1.17-1.56 4.11xI O 5Table 2 :
Description of I%ucas@(@ trol groups used in the studies Average age at
di agnosi s %al e >S€-udy G oup tfcases ~controls (range) (cases) Study type
D scovery G oup (GV\A) Jcel and 525 32.504 67 (22-94) 76 Popul ation based
the Netherlands}l. 278 ];;%2 62 (25-93) 81 Popul ati on based Fol | ow-up G oups
UK (Leeds) 724 $30x73 {(3QfL01) 71 Hospital-based Italy (Torino) 329 389 63
(40-75) 100 Hospitél-hased| Italy (Brescia) 182 192 63 (22-80) 100
Hospi t al - based Bel gi umd Lgpven) 195 382 68 (40-93) 86 Popul ation based
East ern Europe Iguﬂgarﬁ Fomani a, Sl ovaki a) 213 521 65 (36-90) 83
Hospi t al - based 3. 446] 36. 350Tabl e 3: Association results for rs9642880
(T) on 8qg24.21 nd«srs 052fL (A) on 3g28 and UBC in Icel and, The
Net her | ands, UK} 1 &al y?ol?f% gi um Eastern Europe, Sweden and Spain. Study
popul ation rs96 2850 nY1Pp21 (N cases/ N coutrols) Frequency OR 95% Cl P
val ue Frequency CR&S%@:I P val ue Cases Controls Cases Controls Discovery
groups (GM) Icel and (523432,458) a 0.53 0.48 1.21 1.07-1.37 3.10xI0 '3
0.76 0.72 1.23 1. 0% 1. zﬁj 4| 32xI O "3 The Net herl ands (1, 269/1,824) a 0.53
0.48 1.22 1.10-1.38 2./53%PD 4 0.76 0.72 1.24 1. 10-1.40 4.87x10"* Fol | ow up
groups Leeds, UK (695/|507F]0.49 0.45 1.21 1.03-1.42 0.021 0.75 0.72 1.14
0.95-1.36 0. 147 o oo :
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Torino, Italy (323/381) 0.50 0.41 1.43 1. 16-1.77 8.69XI0 4 0.76 0.75 1.04
0.82-1.32 0.747 Brescia, Italy (174/1 83) 0.44 0.41 1.13 0.84-1.52 0.419
0.74 0. 69W0.228/@489- 1. 70 0. 207 Leuven, Bel gi um (195/ 372PC01829090006071. 15
0.90-1.46 0.254 0.79 0.73 1.34 1.00-1. A 0.048 Eastern Europe (186/515)
0.52 0.44 1.40 1.10-1.78 5.73xI0"3 0.78 0.75 1.13 0.85-1.50 0.401

St ockhol m Sweden (341/930) 0.52 0.48 1.16 0.97-1.40 0.10 0.79 0.75 1.27
1.03-1.56 0.026 Zaragoza, Spain (172/888) 0.48 0.46 1.08 0.85-1.36 0.53
0.73 0.74 0.97 0.75, 1.25 0.80 GM (1,792/34,282) b 0.48 1.21 1. 12-1.3 1
2.72x1 0 "6 0.72 1.23 1. 13-1.35 7.1x10'6 Foll ow up groups (2,086/3,776) b

0.44 1.22 1. 13-1.83 | . IxI 016 0.73 1.15 1.05-%4,27 0.0028 1. 15-1.28
AUconbi ned (3, 878/ 3 9 058) 0.46 1.21 1.2x%0,-n 1.|E2-1.27 0.73 1. 19 1.
10x10" AUP val ues are twoysi ded. Sﬁown Al € & he éorrespondi ng nunbers
of cases and cogtr ;Lﬁﬁ al l|leEic fﬁequ@nm & d& varifants in affected and
control individgal 52 ghe aI | elli & oddS8r at igo (&R @th E val ues based on the
mul tiplicative wpdgE < a Resul {s present ea for Igél and and t he Net herl ands
wer e i ndi vi dual gy E\i’ij usted by |t he net hodfof genogl C c@ntrol (see
Suppl enent ary Ng.[hbds) Forj t he conbi ned study pe puI atdi ons, the reported
control frequengy 41@5 the gvenage, unweight ed: comtrol Efrequency of the
i ndi vi dual popuLat %ns whil=e tBe O@andot he&p \A%I ue Were estinmated using
the Mantel - Haen§ze|E nmodel . Tablle 4 : €08 Aumafker§ wit ¥ r2 >0.2 with
rs9642880 (1Mo gac1=-5| de) gnpl snp2 D R2 p val ue mchr or%psorre position Seq ID
No pos SEQ ID .54;_;;rs| 2547643 $59642880%' 05834760 0.5354058 r1. 74e-10 Q08
128,782,355 384" |Bsl 7186956 |r59642880 1.@00(; 0 | b=289805 4.03e-11 COS
128, 787,625 12 557D asTablg 5|: C03 Al markers @lth £2>0.2 with rs710521
(1Mo each side)&snpl snp2 Dk R2 p val ue posSEQ [ NOG 3 Qjosml on Seq | F3 No.
rs6780540 rs710521| 0. 6960593 0. 206378 3.28e- 66 360 19% 045,364 13 rs9817981
rs710521 0. 696088 (206370 (£3./28e- 061, 180 161, 446, 22@ 14 rs9818301
rs710521 r0. 700¥32|®. 213540 r2. 26e-06 1,311 191,[646, 35 15 rs2056124
rs710521 r0.9048%00{®. 6516557 6. #8e- 1§ 5, 348 ¥91, @50 582 16 rs2378526
rs710521 0.8710%5 E_5241186 & 40Q- 08 32 077 191 C@?, 148 17 rsl 913720
rs710521 0.9028F1 {545077S & 46%- 13 212 4§7 1g1 4%7, 52F 18 rsl 7448036
rs710521 0. 869496 DS 235635 |4. 74e 08 T 17,141 191£062, £05 19 rsl 913721
rs710521 0.869486 |®.235639 4. 74e 08Nr 18 623 103 063,3687 20
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rsli 1924151 rs710521 r0. 887856 0.361974 1.19e-10 18,650 191, 063, 714 21
rs3773928 rs710521 0.904648 0.440671 7.53e-14 21, 335 191, 066, 399 22
rs6783043w060m2sbo1. 000000 r 0. 254032 2. 24e-10 22, 838 1LTAS0H0HGB0ER3
rs1399773 rs710521 1. 000000 "0.59514288r 2. 79e-21 23,660 191, 068, 724 24
rsl 399774 rs710521 0. 809402 0.518237 r6. 14e-13 23,812 191, 068, 876 25
rs6790167 rs710521 |.0OO00000 0. 393258 r3. 17e-15 24,904 191, 069, 968 26
rs9865857 rs710521 1.000000 0.572708 9.43e-20 25,680 191, 070, 744 27
rs9882348 rs710521 1. 000000 0.397993 r2.05e-15 28,987 191, 074, 051 28

1

l.

r598120§§ﬂ£§J10521 . 000000 0.411765 r7.80e-16 29,832 191, 074, 896 29
rs7610966 rs710521 | . 000000 0.397993 r2.05e-15 30, 284 191, 075, 348 30
rs1515490 rs710521 "b. 781714 0.513753 1.21e-13 34,485 191, 079, 549 31
rs761379; ’ 99 36,954 191, 082, 018 32
r sl 543969—rs10521 08800, .Fﬁ% el 95&}; 082368 33
rsl 21070 05 ot 6‘§1ln, 5e- 1t 37 9- 19 -Q& 854 34
rsl 55413 0000005 ﬂ 0867 392 35

r5679006§“P§W105§?70 572867 ooﬁ -85304888e 335%5 %%%l%bl 7320 36
rs46871003?§7105kf 1. 0gh0B0 1. 6v0000 034 5e. 337%3 %%%1?919 % 720 37

r $9681002R19ect) : 9¢r8 -, 4 7,e°3 888 38
rs4687102 rs710521 1. 000000 O. 929204 x4, 84e-31 54,172 191, 099, 236 39

rsl 7514925 rs710521 1.000000 0.964222 1.37e-33 " 55,179 191, 100, 243 40
rs7628595 rs710521 1.000000 0.930070 4. 16e-32 56,126 191,101,190 4 1
rs7642848 rs710521 1.000000 rO . 397993 2. 05e-15 65, 702 191, 110, 766 42

rsl 2493699 rs710521 1.000000 1.000000 1.15e-35 68,069 191, 113,133 43 rs
12490406 rs710521 0.960724 0.883996 r2.2le-25 68,279 191, 113, 343 44

rsl 447931 rs710521 1.000000 1.000000 4.23e-34 69,189 191, 114, 253 45
rs4479569 rs710521 1.000000 1.000000 r2.74e-34 69,562 191, 114, 626 46
rs4687103 rs710521 1.000000 1.000000 1.78e-35 70,294 191, 115, 358 47
rs4687104 rs710521 1.000000 1.000000 r5.1le-35 70,530 191, 115,594 48 rs
12491886 rs710521 1.000000 1.000000 1.15e-35 75,217 191, 120,281 49 rs
11706540 rs710521 1.000000 1.000000 1.15e-35 78,683 191, 123, 747 50 rs837776
rs710521 1.000000 rO .358974 r3.24e-14 81,230 191, 126, 294 51 rs710555
rs710521 rO . 580974 rO .214793 1.45e-06 139, 075 191, 184, 139 52Tabl e 6:
Associ ation of markers rs733677 and rsl 2547643 on 8g24to UBC.




Position Average OR P value Marker Allele (build 36) #cases #controls LD to
rs9642880 allele OR 95% Cl P val ue adjusted 95% Cl adjusted D frequency
rs473367 W0 20080782, 003 3. 409 36.224 0.6460 0.1855 0. 22ptTaR0de/doBedl. 29
8.00xIO 7 1.10 LA -1. 19 0.021 rs 127643 A 128,782,355 3.318 36. 157
0.8388 0.3541 0.40 1.08 1.01-1.15 0.018 0.96 0.89-1.04 0.307 OR and P-val ue
for association to UBCis shown before and after adjustnent to rs9642880.
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controh groups of the study were between 1.13-1.43 and no heterogeneity was
obser VBYSHBIwodR8EhE leetedatthe same R dIork g spe MPaeneassoe rad poim 30kached

nom napstssagmof ik ¢Eiare 1) ne-Bryolstthebnly, IgbaHRENé Tok & @%642@6@ &Itfbe;sreélélf’e% at this

| ocus 4ehes BEBRST S, (518 R the Jsng)‘egaawd V(/esl_;gr?oégp%%%a bles from amhe s%uc?y 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) (D’=1, r*=0.04) with a frequency of 3.3% in cases and 3.7% in controls (OR=0.91, 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 mRNA expression and the number of copies of the T allele of rs9642880 carrled
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 rs9642880 and c-Myc. We and others found SNPs at 8q24.21 to be
strongly associated with cancer of the prostate (rs1447295, rs6983267 and rs16901979) (
Gudmundsson J., et al. Nat Genet 39(5):631-7 (2007); Eeles, R.A., et al. Nat Genet 40(3):316-
21 (2008); Amundadottir L.T., et al. Nat Genet7:7 (2006); Thomas, G., et al. Nat
Genet;40(3):310-5 (2008). Subsequently, rs6983267 was also shown to associate with
colorectal cancer ( Tomlinson, 1., et al. Nat Genet 39(8):984-8 (2007); Haiman, C.A., et al. Na:t
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 ( E'aston, D.F., et al. Nature 447(7148):1087-93



nom nal significance in the GM anal ysis. rsl 2547643 was no | onger
significant after adjusting for the effect of rs9642880 (P = 0.31). Wile

t he si gniwbDcamme4seas greatly reduced, rs4733677 renmai ne@¢Cmasaonsbdoyo7
significant (P=0. 02) after adjusting %or rs9642880 (Table 6). To

i nvestigate the node of inheritance nore carefully, we conputed the

genot ype-specific OR for rs9642880. Results from al I gr oups conbi ned,
denonstrated that the association of rs96428 Ig % 9 gC di dwe%ﬁ%tLDqleﬁ ate
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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 15q24 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, T.E., et al. Nature 452(7187):638-42 (2008); Amos, C.I. et al. Nat Genet
98(2):274-8 (2008); Hung, R.J., et al. Nature 452(7187):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 rs710521 (A) on chromosome 3 was observed between ever smoking and



UBC in the conbined study groups (Table 7). Mreover, we found no
associ ati on between rs9642880 and prostate, breast or colorectal cancer in
| cel andi cwoasm/masyvr ol sanples (Table 8). Information omrcsismmey/a@nd7gr ade
was available for 5 of the 7 groups. Based on this information the UBC
cases were classified into patients with a good prognosis ('low risk':
tunor confined to the bl adder nmucosa and not poorly differentiated) or

tients with iderable si f ot _ sk it
oo o ReS R T o 402 Phn O S0 S LR anc o
ConpaPitag conieold steyeertbyt the resde 42880 Py repethd@thanshisy €9 GaNPeE Beow and hi gh
ri sk Limrs Shanedosaiith HethesPaenab ksihoRmb AsiBatidHeorSsmlihgdi RHAS (dBRtAdgent s

with lowrisk tumrs fr th erl ands and Eastern Europe had a higher
fr equ@??&‘&?‘)'orﬁgﬁ‘?@gaé@c%@”f%19%&%&% réaﬁtcgrrﬁha{]%w'ﬁ? g#e P LRI & 5?'%%‘? e no

di f f evizeoe anagyedeerextieet(allrP>tth@5)ot her groups (conbi ned OR=l. 13, P=0 05).
This potential association with tunor aggressiveness needs to be
investigated further in a | arge nunber of cases and controls. Association
wi th 3928 The second strongest signal in the conbined anal ysis was observed
for rs710521 (A) on chronosone 3928, which nearly reached genone-w de
significance (OR=l. 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 associ ation
of rs710521 (A) to UBC did not deviate fromthe nultiplicative node
(P=0.35). The estimated population attributable risk (PAR) of rs710521 (A
is 24% No significant interaction was observed between the effects of
rs9642880 and rs710521 (P=0O51). No difference was detected in frequency of
rs710521 (A) between patients with ow vs. high risk of progression. The
rs710521 SNP is located in an LD block that overlaps the TP63 gene
(encodi ng tunor protein p63), a honol ogue of the tunor suppressor gene
TP53. Snoking-rel ated effects W and ot hers have recently found an

associ ation between variation in the nicotinic acetylcholine receptor gene
cluster on 15924 and nicotine addiction, snoking behavior, |lung cancer and
peri pheral arterial disease ( Saccone, S.F., et al. Hum Mol GCenet
16(1):36-49 (2007); Thorgeirsson, T.E., et al. Nature 452(7187):638-42
(2008); Anps, CI. et al. Nat Cenet 98(2):274-8 (2008); Hung, RJ., et al.
Nat ure 452(7187):633-7 (2008)). Since smoking is a strong risk factor for
UBC, we tested the reported snoking-associated variant, rsl 051730, in al
the 7 UBC case control groups but found no association between the risk

all el e and di sease (conmbined OR=I. 005, P=0.88). No difference in the
frequenci es of rs9642880 (T) on chronmosone 8 and rs710521 (A) on chronosone
3 was observed between ever snoking andnever snoking cases (P=0 38 and

P=0O 79 respectively). Simlarly, analysis of the Icelandic and Dutch
controls showed that the results observed for rs9642880 and rs710521 cannot
be



expl ai ned by an association of these SNPs to snoking initiation or snoking
quantity (data not shown). rs9642880 (T) and rs710521 (A) did not correlate
wi th age w0 2diczpmdsi s nor did we observe any gender eff ect/i$mbd/000007
P>0.05). CLAIMS 1. A nethod for determizning a susceptibility to urinary

bl adder cancer in a human individual, conprising determ ning the presence
or absence of at |east one allele of at | east one pol ynorphic marker in a
nucl e'ﬁ'—&f%‘% sanpl e obtained fromthe individual or in a genotype dataset
deriv the individual, wherein the at | east one pol ynorphic marker is
selected fromthe group consisting of rs9642880, rs710521, rsl 2982672,

rsl 2584999, a m&ﬁﬁ?faﬁdetersﬁaﬁ@%Zsustainemé,ommaFﬁblZéda?&aﬁceanda haﬂazsl’rﬁmduaa,nd

markers in c! #@FQQ§ e?r%l i rg@n}.?glr gb‘@e%& 0 t‘i’e%é’f"c?ﬁe al elfa o Ieaspa%elbfjlnl ?;

the presence el s Adica
to urinary nﬂW@h*cm&mnfad"ructepfeacimmnl@lalapmeg frOWhté‘en'é@lwddal@C@D? ding to

Caimil, whehetypeidbeiset ddrvas trofefdiyiamd PRh&eBhK OF Idast SRl Rpinesiphieom t he
group consi stin

428 | 2547 hod
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| east one prﬂb&@&ﬁﬁhh%d@%i@%hnlnbﬁurﬁ%h@@%ﬁﬁl Fdamd-68 &E&qua@gn%r%wgse%
rs710521, Or6t780540 rs 5 4 526, rsl913720

1 1 L
r sl 7448036, °' 8% éﬁ'éﬁf”eraﬁijﬂfa@Wf%&t'veré§f7‘§@a2§b'%%@7‘§§@&‘3 'aF%ﬁf@é@Lﬁé"
rsl 399774, indi@gd08167, rs9865857, rs9882348, rs9812089, rs7610966,
rsl 515490, rs7613791, rsl543969, rsl 2107036, rsl 554132, rs6790068,

rs4687100, 1s96 rs| 7514925, rs76285 7642848

o1 2ac5096, TRANORGAtTE AHE Fouares 1) Wb 188 ab R G epp PP E T A0S,

rsl 2491886, Sefegtqdfmlll@? glioy8 3TTETBIna 19l ra96 FAETHE Bs 1254 7 Gt feanesh 6tB6826.or di ng to
claim4 wherein the at | east one pol ynorphic marker is rs710521. 6. The

met hods, accgﬂ@ @&haa)a@eavd.&?@o @ ik B8 Ha%eﬁﬁg\@?roeﬁ Al ;er%LQﬁ&y@teﬁqw sing

assessi ng requenc I"east one € conprisi cast two
ponnDrphld“W%Pk@ﬂg*ﬁﬁsﬁ%e i ndi vidual. 7. The nethod of any one of the
preceding clainms, wherein the susceptibility conferred by the presence of

the aty | easf, %&haé ggof—a@é ;;bé;e m&ywﬁeﬂeﬁ t'hQ%E %%é@&eswﬁ@fg Qi rﬁﬂr&é/r is8. The

met hod according t resence rs9642880,
allele A rFeFe§‘?eﬂ6532‘1thea9'I°éP £OT5iSting 10§ 798 72567§|0t5@<P,gs${31.@8%:]52&@@@99 '
allele A insees53dqd 23285926 &1913720, rs17448036, rs1913721, rs11924151, rs3773928,

rs6783043, rs1399773, rs1399774, rs6790167, rs9865857, rs9882348, rs9812089,
rs7610966, rs1515490, rs7613791, rs1543969, rs12107036, rs1554132, rs6790068,
rs4687100, rs9681004, rs4687102, rs17514925, rs7628595, rs7642848, rs12493699,
rs12490406, rs1447931, rs4479569, rs4687103, rs4687104, rs12491886, rs11706540,
rs837776 and rs710555,

5. The method according to claim 4 wherein the at least one polymorphic marker is
rs710521.

6. 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 in
the individual. )

7. 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.

8. The method according to Claim 7, wherein the presence of allele T in rs9642880, allele A
in rs710521, allele G in rs12982672, aliele A in rs12584999, allele A in rs233716, allele T
in rs233722, allele A in rs10240737, allele G in rs17418689 and allele T in'rs4733677is
indicative of increased susceptibility to urinary bladder cancer.



in rs233722, allele Ain rsl g.240737, allele Gin rsl 7418689 and allele T
in rs4733677is indicative of increased susceptibility to urinary bl adder
cancer . 9.woheiwmm®isvod according to Claim?7 or 8, whereinrchhaspoeeemre of the
at least one allele or haplotype is i%93dicative of increased susceptibility
to urinary bladder cancer with a relative risk (RR) or odds ratio (OR) of
at least 1.20. 10. The nethod according to any one of the clains 1-6,

wherei g the_susceptibility copferre t he resence the at | east one
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measurenents, and clinical neasurenents he nmet hod of claim 11 wherein

said non-genetic information conprises information relating to tobacco
smoki nit-habltesmaihar 8f e e fdhe RERRAIGY I er irtber comriisingdinglvainanon-penetic

met hod of diefeemetior togmake tSCeRbismdnt,tdiadrosi) dibyndslsastdies inganrer, in a human
individual the met hod conprising obtaining nucl eic aci d sequence data

about i ntgi glg Ial |den£’ at least one allele of at |east one
pol yro h| c rpﬁ P8 #55? édr YPY; nttI‘? ngr YR ORI TRtionyisselerisd 6ppBaes
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wherein di f er ent east
associ at ed WA PlosPERIca ST HRTHI i anH elinied) mﬁqshwnbﬁ adder cancer in
humans, and determ ning a susceptibility to urinary bl adder cancer fromthe
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| i nkage di sequi I ibriumtherewith. 16. The nethod of claim15, wherein

mar ker s4.i n A hﬁh&@%f@b&eﬁhwuﬂug bl’suétebt\mlﬁtP t6 8AR4 %ﬁﬂbd@t ean%@rl BG R RaN DS,
gr oup conS| Qg%o rsl 2547643 and rsl 7186926.. 17. kit for assessing

suscept i bi I PURTHEI %1 adder cancer in a human i nd| vidual, the kit
conpri si ng: reagents for selectively detecting at | east one all eI e of at

| east one patyinmy mhtlslcraardkceauéntetdhe mue%un{antﬂﬂﬁv.hmi@@'ndﬂ,a{g atVtEt%E@n@ the
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rs9642880, rs710521 rs12982672, rs12584999, rs233716, rs233722, rs10240737,
rs17418689 and rs4733677, and markers in linkage disequilibrium 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.

15, The method of claim 14, wherein said at least one polymorphic marker is selected from
the group consisting of rs9642880 (SEQ ID NO: 1) and rs710521 (SEQ ID NO: 2), and
markers in linkage disequilibrium therewith.

16, The method of claim 15, wherein markers in linkage disequilibrium with rs9642880 are
selected from the group consisting of rs12547643 and rs17186926..

17. A kit for assessing susceptibility to urinary bladder cancer in a hurnan individual, the kit
comprising:



rsl 0240737, rsl 7418689 and rs4733677, and markers in |inkage disequilibrium
therewith, and a collection of data conprising correlation data between the
at | east woeopaloysyor phi sm and susceptibility to urinary Polrasidesoooeotcer . .

18. The kit of Claim17, wherein the ®ollection of data is on a
conput er -readabl e medium 19. The kit of Cdaim17 or Caim18, wherein the
kit conprises reagents for detecting no nore than 20 alleles in the genone
of the indi Vaaggﬁttfo éc]ghtle&rtogt |§a%tsﬁé5r@e grndLdatas Bl%oﬁqc]rr@nmg
programs for C I ng: asse essi h "hod
of claim1 Be qﬂnammomhemsw?@ébwhsrqn ttgﬁr Ftotvrtﬁrph'amﬂrbtraaa@?ctﬁd freeﬁéemw a
group of i nedﬁélsdu@bs;s%@mw Ps7|105b1\4|rdn@bsswm@sm534glm egzamea rsps3vage

i ncreased Su§§9 3?} rsl%Xlé&Quarnld E%?C!a%%rmgr Qnﬁsﬁndﬁ(argeso%e B‘\rqﬁ The

candi dates f% eeni ng 'urirnary can

met hod of cﬂETmMQDﬁndhereln sald screenlng prograntls selected froma urine
di pstick test for hematuria, cytoscopy and urine cytology. 22. A nmethod of
assessing a

cancer ther asciielith 8 foce cORLRPERIaalal Rla bEARORSE Ilel bt BAVKORIIRAC
of at |east a'ﬁﬁt%’S&PH’t&"éyé‘? U'ét'tarb’é’b@tjercﬁ@écﬁiol ynor phic marker in a nucleic acid
sanpl e obtained fromthe individual, wherein the at | east one pol ynorphic
marker 414 S%@gt%ﬁctarnq%tnﬁergrnQH@c&eeﬁars&ﬂ §M¥a Rf orf £ 38R R80realiSd ARgihim.
rsl2982672 2584999, 1s233716, rs233722, rsl 0240737, rsI7418689 and
rs4733677, and markers in |inkage dlseqU|I|br|un1theremnth, wherein the
presené® of Tadlsit af Claisad? oo il IBevbersin thi kitznomipsises regpenterfaridetectiag no
indhcative gforatHihoiedieldstiy tiRf geoR@Dr the/iBdivRRBONSE to the therapeutic
agent. 23. A method of predicting prognosis of an individual diagnosed with
urinaré bl adder cancer, the nethod conprising determning the presence or
absenc8lof Atmetbedforsalecting endidgtes £pr §CEReSINIGHRIBBISAROY I PREAIKSANFH: a
nucl ei ¢ aci dorsgigmhge obt ai ned fromthe individual, wherein the at |east one
pol ynor phic marker is selected fromthe group consisting of rs9642880,
rs710521, rsl 2982672, rsl 2584999, rs233716, rs233722, rsl 0240737

rsl 7418689 ArRESTaavERahe meliind qhslekBAor kI icadisceRtOlRUR YBINURPEIRT ewi t h,
wher ei n t hepsresemcegeiiptonmdatiddagashe@neindividebis v dradiemamnined tohaae wor se
prognosi s of ncFé}Eeé’E&&g&pﬁﬁ?&’%&@@@%&& éaﬁcérha‘?e s@gétga QE@éndlia%es o get hod of
noni'toring progress o i ndi'vi dual’ "under goi ng freatnent for
urinary bl agereeniedpegram foreirimenhaddes §pnaesi ng deterntnlng the presence or
absence of at |east one allele of at |east one polynorphic marker in a

nucl ei %1@Ci Qhéﬁm&l &FQ‘ia%%‘? wfhEI‘%m said screening program is selected from a urine dipstick

test for hematuria, cytoscopy and urine cytology.

22. 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 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 of the at least one marker is

vl

indicative of a probability of a positive response to the therapeutic agent.

23. 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,

J 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



the individual, wherein the at |east one pol ynorphic marker is sel ected
fromthe group consisting of rs9642880, rs710521, rsl 2982672, rsl 2584999,
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at | east one iC.m is selected fromthe group consisting of
rs9642880, PE‘%T(%%%QMFW% rsl 2584999, rs233716, rs233722,

rsl 0240737, rsl 7418689 and rs4733677 and markers in |inkage di sequi l'ibrium
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i ndicative t ast, one ic_marker. co i ses _par ane

i cat | ve "Rl E B s B ARREDe ProR it G ook PGt Gydeds and
pol ynor phi ¢shHEiBRE26. |, 29. An apparatus for determning a genetic indicator
for urinary bladder cancer in a human individual, conprising: a processor,

a co ter I exe utable i nstructions adapt ed
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wherein the probe is 15-500 nucleotides in length.

27. A computer-readable medium having computer executable instructions for determining )

susceptibility to urinary bladder cancer in an individual, the computer readable medium
comprising:

data indicative of at least one polymorphic marker;

a routine stored on the computer readable medium and adapted to be executed by a

processor to determine risk of developing urinary bladder cancer for the at least one
polymorphic marker,

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.

28, The computer-readable medium of claim 27, wherein said data indicative of at least one
polymorphic marker comprises parameters indicative of risk of urinary bladder linked to

said at least one polymorphic marker.



di sequilibriumtherewi th, and generate an output based on the marker or

hapl ot ype information, wherein the output conprises a risk nmeasure of the
at | east woeomenk®n or hapl otype as a genetic indi cator pofi/ismoogenyo7bl adder
cancer for the human individual. 30. 9%he apparatus according to C aim 29,
wherein the conputer readable nmenory further conprises data indicative_of
the frequency of at |east one allele of at |east one pol ynorphic marker or

at | egpt OA€a é@gymetanmpd Hgahéticyin@tatontdir vitdagl Saddeagmesed amdrhart he
condi tion, ata indicative of the frequency of at the | east one allele

of at IeasTg%H@abB?Vﬁﬁ?ﬁﬁlc marker or at |east one haplotype in a plurality
of reference individuals, and wherein the risk neasure of devel oping the
condi tion 4§ grdeased on a conparison of the frequency of the at |east one
allele or haplotype in individuals di agnosed with the condition and

reference individuals. met hod of assessj a subject's r
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the digita enerate a ri assessnment report for
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assessnent of fRARE 0% A g MR WdidRYF 6€urinary bladder cancer for the human

individual.

30. The apparatus according to Claim 29, 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
the condition, 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 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..

31. A method of assessing a subject's risk for Urinary Bladder Cancer, the method

comprising:

a) obtaining sequence information about a human subject identifying at least one allele of
at least one polymorphic marker selected from the group consisting of rs9642880, |
rs710521, rs12982672, rs12584999, rs233716, rs233722, rs10240737, rs17418689 and
rs4733677, and markers in linkage disequilibrium therewith, in the genome of the
subject;

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.



